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Plenary and Early Career Researcher (ECR) Award 
Recipients 
Moyse Hall 

Date Start 
Time 

Presentation 
No. 

Presentation Title 

18-Jun 8:45 407941 Automotive Extrusions with Improved Strength and Ductility 

18-Jun 9:30 404566 ECR: Effects of Mg, Si, and Cu on the Formation of the 
Al3Sc/Al3Zr Dispersoids 

19-Jun 8:45 407942 The Growth of Aluminium Auto Body Sheet in the US and the 
Corresponding Challenge for End of Service Recycling 

19-Jun 9:30 399039 ECR: Brazing Characteristics of Warm Formed Automotive Heat 
Exchanger Components 

19-Jun 9:50 402436 ECR: Precipitation Hardening Optimization by Partial Substitution 
of Si and Mg with Ge and Li in Lean 6xxx Alloys 

20-Jun 8:45 500006 Aspects of Plasticity and Fracture Under Bending 

20-Jun 9:30 401478 ECR: Microstructure and Corrosion Properties of Additively 
Manufactured Aluminium Alloy AA2024 

20-Jun 9:50 401658 ECR: Understanding the Role of Cu on the Work-Hardening and 
Strain-Rate Sensitivity of 6xxx Al Alloys 

Monday June 18, 8:30-10:10, Moyse Hall 
08:30 - Welcome 
08:45 - Presentation 407941 
Plenary: Automotive Extrusions with Improved Strength and Ductility 
Nick Parson, Rio Tinto Aluminium 

ABSTRACT The trend for increased light-weighting in the automotive market represents a growth opportunity 
for aluminum sheet, castings, forgings and extrusions. The latter are particularly suitable for applications such 
as crash structures including bumpers, crash rails and side sills along with structural body components. The 
successful performance of an extruded product relies on the combination of the profile shape and the 
underlying material properties. Thin wall multi void profiles are widely used to provide stiffness and increase 
energy absorption in axial or lateral crush through the formation of multiple plastic hinges which impose 
large strains on the material. In addition, many profiles are cold formed prior to final assembly by bending or 
hydroforming. Joining techniques such as self-piercing rivets also require a minimum level of ductility to 
avoid cracking. Therefore, from a material perspective, extruded profiles have to exhibit good ductility 
combined with high strength to permit down-gauging and structure weight reduction while at the same time 
maintaining sufficient extrudability to allow the profiles to be produced at economical rates. In order to assist 
extrusion billet customers in meeting these challenges, Rio Tinto Aluminium initiated a research and 
development program in collaboration with external partners including the Universities of British Columbia 
and Waterloo and the Canadian National Research Council. This presentation, based on the results of that 
work, will discuss the metallurgical factors contributing towards improved performance of common extrusion 
alloys in automotive applications. 
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09:30- Presentation 404566 
ECR: Effects of Mg, Si, and Cu on the Formation of the Al3Sc/Al3Zr Dispersoids 
Thomas Dorin, Deakin University 
Mahendra Ramajayam, Deakin University 
Timothy J. Langan, CleanTeq 
 
ABSTRACT 6xxx-series Al alloys are the most commonly used alloys in the automotive industry as they have 
an appropriate balance of strength, corrosion resistance and formability. The main strengthening phase in 
these alloys is the β’-Mg2Si precipitates. One opportunity to achieve stronger 6xxx-series Al alloys, without 
affecting corrosion and formability, is the use of Sc. The main challenge of using Sc in 6xxx-series lies in the 
heat treatment, which must be designed to allow for a fine precipitation of both Al3Sc and β’-Mg2Si. In this 
work, two model alloys are used, an Al-Sc-Zr and an Al-Mg-Si-Cu-Sc-Zr, to explore the impact of the 6xxx-
series key elements (Mg, Si and Cu) on the Al3Sc precipitates. Transmission electron microscopy and atom 
probe tomography are used to investigate the precipitates present in the microstructure after casting. We 
find that higher Si content results in the formation of dispersoids upon casting. The average composition of 
these dispersoids is (Al0.8,Si0.2)3 (Sc0.888,Zr0.024,Mg0.08,Cu0.008). A closer look at the solid solution 
reveals that most of the Sc and Zr is supersaturated after casting even in the presence of Mg, Si and Cu. We 
discuss the impact of these results on the design of a suitable heat treatment for 6xxx-series alloys with Sc. 
 
09:50 
Juergen Hirsch Honorary Symposium Introduction 
Mathieu Brochu, McGill University 

 
Tuesday June 19, 8:45-10:10, Moyse Hall 
08:45 - Presentation 407942 
Plenary: The Growth of Aluminium Auto Body Sheet in the US and the Corresponding Challenge for End of 
Service Recycling 
Laurent Chappuis, Light Metal Consultants, LLC  
 
ABSTRACT Aluminium’s recyclability is well documented; and indeed, Ford has demonstrated how to create 
an effective closed loop between its manufacturing sites and the mills that produce its aluminium Auto Body 
Sheet (ABS). In that system, most of the manufacturing scrap can loop several times each year between Ford 
and the mills, but the major portion of the ABS remains “on-wheels” for many years. At the end of their 
service life, vehicles enter a system outside the control of either the mills or the vehicle manufacturers. Not 
only does it happen over a vast geographic area, it takes place randomly over time. Because the aluminium 
ABS flow has remained modest so far, there has been no need to establish any ABS specific considerations. 
Driven by Ford’s F-Series trucks and other domestically produced and imported vehicles, this flow will grow 
exponentially in the next decade. When these aluminium intensive vehicles are scrapped, they will find an 
industry which is already aggressively recycling aluminium. The roots of aluminium recycling are linked to 
long existing cast applications, such as engine and transmission components. Therefore, it is no surprise that 
existing studies are undertaken from a casting perspective. The details of how aluminium ABS is actually 
incorporated into vehicles are poorly understood, and it is most probable that, without intervention, the 
upcoming surge of aluminium ABS will probably not be recycled into ABS, and instead will end up down-
cycled to other products. The presentation aims to provide a sketch of the aluminium ABS landscape in the 
US market from the 1990’s forward, describing the growing volume of aluminium ABS in the scrappage 
market, with a rough estimate of its growth to 2030. It is part of a journey to assess whether there exists a 
commercial driver for ABS-specific end-of-service scrappage developments.  
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09:30- Presentation 399039 
ECR: Brazing Characteristics of Warm Formed Automotive Heat Exchanger Components 
Michael J. Benoit, University of Waterloo 
Kyu Bin Han, University of Waterloo 
Michael J. Worswick, University of Waterloo 
Mary A. Wells, University of Waterloo 
Sooky Winkler, Dana Canada Corporation 
 
ABSTRACT Automotive heat exchangers are fabricated by forming multi-layered aluminum (Al) alloy brazing 
sheets into the desired geometry and subsequently passing the assembly through a furnace for brazing. As 
manufacturers seek to use thinner gauge and higher strength sheet to reduce vehicle weight, forming of the 
Al alloy sheets has become a challenge. Warm forming has previously proven to allay these forming concerns, 
but no consideration was given to the effect of increasing the forming temperature on brazing. Recently, it 
was shown that annealed sheet was more susceptible to the detrimental phenomenon of liquid film 
migration (LFM) during brazing if formed above 150°C, while work hardened sheets showed no increased 
susceptibility to LFM with increasing forming temperature, up to 250°C. In the current study, the brazing 
performance of simulated battery cooling plates was investigated. The plates were fabricated both from fully 
annealed and work hardened sheets. Brazing was assessed by microstructural evolution during a brazing 
cycle. The post-brazed microstructure varied with strain and forming temperature in plates made from 
annealed sheets, while no variation in microstructure with location or forming temperature was observed in 
plates formed from work hardened sheets. 
 
09:50 - Presentation 402436 
ECR: Precipitation Hardening Optimization by Partial Substitution of Si and Mg with Ge and Li in Lean 6xxx 
Alloys 
Eva A. Mørtsell, Norwegian University of Science and Technology 
Øyvind Paulsen, Norwegian University of Science and Technology 
Calin D. Marioara, SINTEF Industry 
Sigmund J. Andersen, SINTEF Industry 
Oddvin Reiso, Hydro R&D Sunndal 
Jostein Røyset, Hydro R&D Sunndal 
Yanjun Li, Norwegian University of Science and Technology 
Randi Holmestad, Norwegian University of Science and Technology 
 
ABSTRACT With the purpose of increasing the extrudability of lean alloys, we reduce levels of the alloying 
elements Mg and Si in a 6xxx extrusion alloy. To avoid sacrificing strength, we investigate the compensating 
effect of smaller amounts of lithium and germanium, alone and in combination. Recent studies by atomically 
resolved high angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) together 
with density functional theory (DFT) calculations have demonstrated that while Li replaces Mg, Ge substitutes 
Si in the columns in the β’’-phase. Several studies have shown that Ge replaces Si in other precipitates as 
well, and that both Li and Ge promote precipitation and can improve macroscopic properties, like strength 
and thermal stability. The scope of the current work has been to investigate and document the combined 
effect of the two alloying elements. Of the investigated alloys, the one containing both elements displayed 
highest hardness, corresponding with a significant increase in precipitate number density. We used HAADF-
STEM to determine the extent of Li and Ge in the precipitate structures.  
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Wednesday June 20, 8:45-10:10, Moyse Hall 
08:45 - Presentation 500006 
Plenary: Aspects of Plasticity and Fracture Under Bending 
David J. Lloyd, Aluminum Materials Consultants 
 
ABSTRACT Bending is involved in the forming of many sheet parts and it is important to understand the 
phenomena involved. In this paper the basic equations describing bending on a global scale are compared 
with strain measurements from bent sheet. The development of strain on a local, microstructural scale is also 
investigated, as is the general aspects of plasticity and the failure process. It is shown that the global 
equations can be used to estimate the strains involved and the local strains can be attributed to various 
aspects of the plasticity. The bendability can be related to the fracture strain of the sheet and the ability of a 
sheet alloy to accommodate the necessary bending to form the part can be assessed. 
 
09:30- Presentation 401478 
ECR: Microstructure and Corrosion Properties of Additively Manufactured Aluminium Alloy AA2024 
Oumaïma Gharbi, Monash University 
Derui Jiang, Monash University 
Darren R. Feenstra, Monash University 
Shravan Kairy, Monash University 
Yuxiang Wu, Monash University 
Christopher R. Hutchinson, Monash University 
Nick Birbilis, Monash University 
 
ABSTRACT Recent developments in metal-based additive manufacturing (AM) technology have generated 
considerable interest in multiple industries, owing to flexibility in design and the ability to produce final 
components in their net shape. The AM of high-strength aluminium alloys has not been widely explored, due 
to findings of undesirable microstructures leading to short fatigue life and poor fracture toughness; 
restricting the application of AM to lower strength aluminium alloys (with cast-like Al-alloy compositions) to 
date. Herein, aluminium alloy AA2024 (Al-3.6Cu-1.2Mg) was additively manufactured via selective laser 
melting (SLM), with the resultant microstructures and corrosion properties characterised and compared to 
wrought AA2024-T3. Microstructural characterisation was carried out using transmission electron microscopy 
(TEM), revealing SLM produced AA2024 included a population of θ-phase (Al2Cu) in preference to S-phase 
(Al2CuMg) typical of wrought AA2024. Additionally, the corrosion properties were investigated by 
potentiodynamic polarisation in a range of NaCl concentrations, whilst elemental corrosion rates were also 
determined (including for open circuit exposure conditions) and quantified in situ with an inductively coupled 
plasma mass spectrometer coupled with an electrochemical flow cell. Results revealed a significant 
improvement in the corrosion resistance, and elemental dissolution of AM prepared 2024 relative to wrought 
AA2024-T3.  
 
09:50 - Presentation 401658 
ECR: Understanding the Role of Cu on the Work-Hardening and Strain-Rate Sensitivity of 6xxx Al Alloys 
Michael Langille, Grenoble-INP 
Brad Diak, Queen's University 
Fred De Geuser, Grenoble-INP / CNRS 
Alexis Deschamps, Univ. Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
Gilles Guiglionda, Constellium 
 
ABSTRACT Increased demand for light-weighting in passenger vehicles has created a need for strong, light, 
ductile materials to be used in body-in-white applications. The AA6xxx-series of aluminum alloys are suitable 
candidates meeting most requirements but can fall short of the formability demands of designers, 
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necessitating an understanding of what controls the formability in this alloy series. This work examines the 
effect of copper alloying in AA6xxx on the pre-ageing and natural ageing responses of the microstructure and 
mechanical properties. The changes in microstructure observed by differential scanning calorimetry and 
hardness testing are related to the work-hardening and strain-rate sensitivity parameters for these alloys 
measured by tensile testing. An observed asymmetry in the measured strain-rate sensitivity associated with 
increasing versus decreasing strain rate changes suggests that a different mechanism operates for the two 
conditions. It is postulated how this asymmetry in strain-rate sensitivity will impact the necking and ductility 
behaviour of these alloys.  
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Advanced Characterization  
Room 0070 

Date Start 
Time 

Presentation 
No. 

Presentation Title 

18-Jun 10:30 400880 Invited Keynote: Characterization of Cu, Ag Segregations at the 
Interfaces of the Metastable Phases in Al-Mg-Si-(Cu, Ag) Alloys at 
Atomic Scale 

18-Jun 11:10 402495 Monitoring Precipitation in Al Alloys by Atom Probe Tomography: A 
Statistical Methodology 

18-Jun 11:30 400451 The Elemental Distribution and Precipitation Kinetics of Chromium 
Dispersoids in Al-Mg-Si Alloys 

18-Jun 14:00 403435 The Nature of Solute Clusters and GP-zones in the Al-Mg-Si 
System 

18-Jun 14:20 399801 Characterization of Al Alloys at High Spatial Resolution in the Field 
Emission Scanning Electron Microscope 

18-Jun 14:40 399158 The Effect of Low Cu Additions in Overaged Al-Mg-Si Alloys 
Studied by Advanced Transmission Electron Microscopy 
Techniques 

18-Jun 15:00 400730 In-Situ X-Ray Diffraction During Quenching of Aluminum Alloy 7150 

19-Jun 10:30 499999 Invited Keynote: Sandwich Distribution of Metastable Precipitates in 
an Al-Cu-Au Alloy 

19-Jun 11:10 401050 Innovative Way to Measure Dynamic Precipitation in AA7XXX 
Using Ex-Situ Small Angle X-Ray Scattering 

19-Jun 11:30 401083 The Influence of Different Trace Elements (In, Sn, Pb, Sb) on the 
Precipitation Behaviour in Al-Cu Alloys 

19-Jun 14:00 401922 Chemical and Kinetic Characterisation of Solute Clusters in Al-Cu-
(Li, Mg) Alloys 

19-Jun 14:20 404508 Controlling the Precipitation Sequence in Al-Cu-Li Alloys Using Sc 
and Zr Additions 

19-Jun 14:40 401092 Multiscale Characterisation of Environmentally Assisted Cracking in 
Al-Zn-Mg-Cu Aluminium Alloys 

19-Jun 15:00 403995 Hydrogen-induced Strain Localization and Nano-voids in an Al-Zn-
Mg Alloy 

20-Jun 10:30 401063 Assessment of Hydrogen Accumulation Behavior in Stressed Al-Zn-
Mg Aluminum Alloys by Means of Kelvin Force Microscopy 

20-Jun 10:50 401057 Age Hardening of a High Purity Al‐4Cu‐1Li‐0.25Mn Alloy: 
Microstructural Investigation and Phase‐field Simulation 

20-Jun 11:10 400101 Long Term Ageing of Alloy 2618a 

20-Jun 11:30 400091 Effect of Sn on the Ageing Kinetics in Al-Mg-Si Alloys 

20-Jun 14:00 401613 Evolution of Al-Zn-Tm (TM = Zr, Ni) Precipitates Morphologies and 
Structures Due to Age Hardening 

20-Jun 14:20 401395 Interaction of Dislocations and Elastic Strain Around 
Nanoprecipitates 
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20-Jun 14:40 402952 The Dependence of Ductility on Quench Rate for Al-Mg-Si-Mn 
Alloys 

20-Jun 15:00 400030 Correlation Between Quenching Rate, Mechanical Properties and 
Microstructure in an Al-Mg-Si Aluminum Alloy 

20-Jun 15:40 394814 Microstructure–Properties Relationship for AA2024 After Short- and 
Long-term High-Temperature Ageing 

20-Jun 16:00 400506 In-Situ Determination of the Influence of Composition and Test-
temperature on the Damage Accumulation of Al-Si Piston Alloys 

20-Jun 16:20 392478 Recovery of Low Temperature Deformed AlMg- and AlMgSi Alloys 

20-Jun 16:40 401054 Nanostructured Al-Ce Eutectic Alloy with Superior Strength-
Electrical Conductivity and Well Heat Resistance 

 
Monday June 18, 10:30-11:50, Room 0070 
Advanced Characterization I 
 
10:30 - Presentation 400880 
Invited Keynote: Characterization of Cu, Ag Segregations at the Interfaces of the Metastable Phases in Al-
Mg-Si-(Cu, Ag) Alloys at Atomic Scale 
Zhihong Jia, Chongqing University 
Yaoyao Weng, Chongqing University 
Lipeng Ding, Chongqing University 
Qing Liu, Chongqing University 
 
ABSTRACT Addition of Cu or Ag in Al-Mg-Si alloy has been found to improve the precipitation kinetics and the 
precipitation strengthening capability in a positive way. This two microalloying elements may modify the 
composition, morphology and structure of the precipitates from an initial stage and through subsequent 
structural formation and evolution. In this work, we will introduce segregation of adding Cu or Ag at the 
interfaces of different metastable phase and its influence on precipitate structures as well, studied by atomic 
resolution electron microscopies and first principle calculations. In the Al-Mg-Si-Cu alloy, Cu atoms segregate 
selectively at some dedicated atomic positions of the precipitate habit plane, and occupation of segregated 
Cu atom also varies with type of metastable phases. In the Al-Mg-Si-Ag alloy, the added Ag is found to 
segregate at the interface between the precipitate and the Al materix, and with changable heat treatments, 
Ag enters the βˊ phase composition, substituting the Si-network to create its own local symmetries and 
changing its hexagonal unit cell parameter from a = 0.715nm to a = 0.690nm. Both added microalloying 
elements shows evident influence on natural gaing and bake hardening properties. 
 
11:10 - Presentation 402495 
Monitoring Precipitation in Al Alloys by Atom Probe Tomography: A Statistical Methodology 
Frédéric De Geuser, Univ. Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
Huan Zhao, Max-Planck Institut für Eisenforschung 
Dirk Ponge, Max-Planck Institut für Eisenforschung 
Dierk Raabe, Max-Planck Institut für Eisenforschung 
Baptiste Gault, Max-Planck Institut für Eisenforschung 
 
ABSTRACT Atom probe tomography (APT) has been a major experimental breakthrough in the understanding 
of the early stages of precipitation in metallic alloys. In particular, it has allowed to show that when a 
metastable phase nucleates, its stoichiometry is usually different from what is expected. For Al-alloys in 
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particular, the early precipitates virtually always contain significantly more Al than expected. In this 
contribution we follow the precipitation kinetics of a model Al-Zn-Mg-Cu alloy by APT with a particular focus 
on monitoring the solute transfer from the matrix to the precipitates. We start by describing a methodology 
which uses readily available APT statistical tools, i.e. 1st nearest neighbours and radial distribution functions 
to fully characterize both matrix and precipitates in the dataset, and extract all the microstructure 
parameters: matrix concentration, precipitates size, concentration, volume fraction, number density. From 
this information, we confirm that the early stages of precipitation in this model alloy are not well described 
by the classical nucleation theory. The concentration of the precipitates is continuously evolving with Al being 
progressively rejected. The behaviour of the different solutes (Zn, Mg, Cu) is also discussed. 
 
11:30 - Presentation 400451 
The Elemental Distribution and Precipitation Kinetics of Chromium Dispersoids in Al-Mg-Si Alloys 
Michael Kenyon, University of Manchester 
Joseph Robson, University of Manchester 
Zeqin Liang, Novelis R&D Center Sierre 
Jonathan Fellowes, University of Manchester 
 
ABSTRACT Dispersoids play a significant role in the recrystallization and texture development for wrought Al-
Mg-Si (6xxx series) alloys by inhibiting grain boundary motion. It is therefore important to understand the 
precipitation kinetics of such particles. It is the additions of Mn and Cr in Al-Mg-Si based systems that can 
lead to dispersoid phases being formed. These phases are currently thought to nucleate on β’-Mg2Si via an 
intermediate semi-coherent precipitate. Scanning transmission electron microscopy (STEM) has been 
conducted to study the precipitation of α-Al(CrFe)Si and α’-AlCrSi dispersoids. Corresponding electron 
dispersive spectroscopy (EDS) has been used to distinguish the dispersoids. The volume fraction and size 
distribution of dispersoids has been measured as a function of distance across a grain. Electron probe 
microanalysis (EPMA) has been conducted to study the inhomogeneity of elements in the cast structure and 
the effect on dispersoid precipitation. Dispersoid free regions have been observed in the microstructure 
correlating to regions depleted in the dispersoid forming elements. 

 
Monday June 18, 14:00-15:20, Room 0070 
Advanced Characterization II 
 
14:00 - Presentation 403435 
The Nature of Solute Clusters and GP-zones in the Al-Mg-Si System 
Calin D. Marioara, SINTEF Industry 
Sigmund J. Andersen, SINTEF Industry 
Jesper Friis, SINTEF Industry 
Olaf Engler, Hydro Aluminium Rolled Products GmbH  
Yasuhiro Aruga, Kobe Steel, Ltd. 
 
ABSTRACT This work investigates the early stages of precipitation in Al-Mg-Si alloys using a combination of 
high angle annular dark field scanning transmission electron microscopy (HAADF-STEM), selected area 
electron diffraction (SAED) and density functional theory (DFT) calculations. Quenching from a high 
temperature (solution) treatment leaves an alloy in a high-energy unstable state, with solute and vacancies in 
supersaturation. Thus, already at room temperature (RT) a large driving force exists for solute atoms to 
cluster and order on the Al matrix positions. DFT calculations indicate that strain alleviation is important at 
this stage. We observe larger regions of Mg-dominated L10 ordering together with a Si-dominated ordering 
of smaller clusters in a particular geometry connected to the Si-network found in all the precipitates. In 



9 
 

addition, building blocks of the main hardening phase beta'', stabilized by vacancies, are observed at higher, 
typical pre-aging temperatures. 
 
14:20 - Presentation 399801 
Characterization of Al Alloys at High Spatial Resolution in the Field Emission Scanning Electron Microscope 
Raynald Gauvin, McGill University 
Nicolas Brodusch, McGill University 
Hendrix Demers, McGill University 
 
ABSTRACT This paper will present start of the art characterization of Aluminum alloys with nano size 
precipitates using the latest technology with field emission scanning electron microscopy including low 
voltage imaging with BES, STEM imaging in BF and DF, nano diffraction, advances EBSD, High resolution x-ray 
microanalysis and also EELS in the SEM. 
 
14:40 - Presentation 399158 
The Effect of Low Cu Additions in Overaged Al-Mg-Si Alloys Studied by Advanced Transmission Electron 
Microscopy Techniques 
Jonas K. Sunde, Norwegian University of Science and Technology 
Calin D. Marioara, SINTEF Industry 
Randi Holmestad, Norwegian University of Science and Technology 
 
ABSTRACT The effect of low Cu additions in two Al-Mg-Si (6082) alloys as a function of overageing has been 
studied. The overaged state is technologically important in understanding the thermal stability of Al alloys 
when used in applications like heat exchangers and electrical wires. When Al-Mg-Si alloys are subjected to 
prolonged high temperature exposure, the precipitate phases coarsen and normally follow the precipitation 
sequence β’’ → β’, U1, U2, B’→ β, Si. With Cu additions, the sequence changes to β’’, L, S, Q’, C, β’(-Cu) → Q, 
Si. Different crystal structures often coexist within individual precipitate cross-sections, forming hybrid 
precipitates. The hybrid character has conventionally been studied using atomically resolved high-angle 
annular dark-field scanning transmission electron microscopy (HAADF-STEM). We have demonstrated that 
scanning precession electron diffraction (SPED) combined with data analysis can yield qualitative information 
on precipitate phase fractions within individual precipitate cross-sections, drawn from significantly larger 
distributions than feasible by HAADF-STEM imaging. This forms the basis for improved precipitate statistics, 
and hence stronger support for general statements about effects on microstructure from different element 
additions. The results obtained through this study will be used to elaborate the overageing behaviour of Cu in 
two 6082 alloys with different Cu content. 
 
15:00 - Presentation 400730 
In-Situ X-Ray Diffraction During Quenching of Aluminum Alloy 7150 
Benjamin Milkereit, University of Rostock  
Wolfgang Kowalski, University of Rostock  
Andreas Stark, Helmholtz-Zentrum Geesthacht 
Olaf Kessler, University of Rostock 
 
ABSTRACT Quench induced precipitation can be analyzed by Differential Scanning Calorimetry. However, 
overlapping DSC peaks often cause problems in the determination of precipitation start and finish 
temperatures. Hence, additional methods are required to gain more detailed insight. In situ X-ray diffraction 
(XRD) on samples under defined temperature courses is one option. At the German Synchrotron DESY in 
Hamburg, the most brilliant X-ray source worldwide, high energy X-rays (≈100 keV) allow transmission 
through several mm thick metallic samples. A quenching dilatometer is installed in the High Energy Materials 
Science beamline and can be used for defined heat treatment of samples, i. e. controlled heating and cooling 
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with rates up to some hundreds of K/s. This setup allows in situ XRD during quenching, because high 
resolution diffraction patterns are achievable during short measurement durations. First experiments were 
conducted on AA7150 during cooling from solution annealing. A cooling rate of 0.25 K/s was chosen based on 
existing DSC results, showing three overlapping precipitation peaks. At this cooling rate the high-temperature 
reaction already is suppressed partially, while the medium temperature reaction has its intensity maximum. 
In situ XRD reveals precipitation of S-Al2CuMg and η-Mg(Zn,Cu,Al)2 and allowed to determine their 
precipitation start and finish temperatures.  
 
Tuesday June 19, 10:30-11:50, Room 0070 
Advanced Characterization III 
 
10:30 - Presentation 499999 
Invited Keynote: Sandwich Distribution of Metastable Precipitates in an Al-Cu-Au Alloy 
Jian-Feng Nie, Monash University 
 
ABSTRACT Precipitation process in binary Al-Cu alloys involves the formation of GP zones, theta'' and theta' 
metastable phases and the equilibrium theta phase, depending on the ageing temperature. Additions of trace 
elements may change the precipitation process or lead to the formation of other precipitate phases. While 
the effects of trace additions of Sn, Cd, In, Mg/Ag, or Mg/Si on the precipitation process are well established, 
the effect of Au addition has been less well studied and therefore remains to be fully established. In this 
work, the precipitation process and the distribution of precipitates in an Al-1.7Cu-0.02Au (at.%) have been 
studied using atomic-resolution high-angle annular dark-field scanning transmission electron microscopy 
(HAADF-STEM) and energy-dispersive X-ray spectroscopy (EDS)-STEM. It is found that GP zones and 
metastable precipitates theta'' and theta' are often distributed in a sandwich manner. This unique 
distribution of precipitates is analysed using first-principles calculations. 
 
11:10 - Presentation 401050 
Innovative Way to Measure Dynamic Precipitation in AA7XXX Using Ex-Situ Small Angle X-Ray Scattering 
Laurent Couturier, Université de Nantes - IMN 
Frédéric De Geuser, Université Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
Alexis Deschamps, Université Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
Fateh Fazeli, CanmetMATERIALS 
Warren J. Poole, The University of British Columbia 
 
ABSTRACT 7XXX-series aluminum alloys are potential candidates to replace certain steels for structural parts 
of on-road vehicles. These alloys are prone to dynamic precipitation which may lead to a substantial change 
in mechanical properties. As shown by previous work, such precipitation events can be monitored during 
warm tensile tests using in-situ Small Angle X-ray Scattering (SAXS). However, the technique is limited to low 
strain rates which do not represent the industrial forming operations used in the automotive industry. In 
order to overcome this limitation, we propose a new method using ex-situ SAXS measurements on tapered 
tensile specimens to quantify the evolution of hardening precipitates during warm forming. This way, the 
evolution of precipitate size and volume fraction with axial strain, for different cross-head speeds and 
deformation temperatures, were determined in an under-aged 7075 alloy specimens. The ensuing results 
obtained at 150°C for low strain rates will be compared with the findings for the equivalent in-situ 
experiments. Further, the influence of strain rate on dynamic precipitation at this temperature will be 
discussed. 
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11:30 - Presentation 401083 
The Influence of Different Trace Elements (In, Sn, Pb, Sb) on the Precipitation Behaviour in Al-Cu Alloys 
Frank Lotter, University of Wuerzburg 
Danny Petschke, University of Wuerzburg 
Torsten Staab, University of Wuerzburg 
 
ABSTRACT AlCu-based alloys have important applications as high-strength and lightweight materials for the 
fuselage in aviation (AlCuMg, AlCuLi) and as cast-alloys (AlSiCu) for engine blocks in the transport sector. 
However, adding trace elements to these alloys can significantly improve their strength, while the underlying 
atomic mechanisms of nucleation are so far only superficially understood. We follow the precipitation 
process, i.e. changes in the micro structure by Small Angle X-ray Scattering (SAXS), giving information on size 
and density of precipitates. In situ SAXS measurements during the ageing process of the alloys give insight on 
the precipitation kinetics as well as the interaction between trace elements and vacancies. These results 
correlate very well with our data acquired by Differential Scanning Calorimetry (DSC), giving information on 
formation and dissolution of precipitates. As an imaging method Transmission Electron Microscopy helps to 
visualize the microstructure of specific ageing states. 
 
Tuesday June 19, 14:00-15:20, Room 0070 
Advanced Characterization IV 
 
14:00 - Presentation 401922 
Chemical and Kinetic Characterisation of Solute Clusters in Al-Cu-(Li, Mg) Alloys 
Rosen Ivanov, SIMAP 
Alexis Deschamps, Univ. Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
Frédéric De Geuser, Univ. Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
 
ABSTRACT The theoretical and experimental challenges surrounding characterisation of solute clusters 
formed at room temperature in 3 subsets of the Al-Cu system are addressed using a combination of small-
angle scattering using X-rays and neutrons. Cu rich cluster are reported for all cases. However, the presence 
of Mg strongly enhances Cu clustering leading to more than double the quantity of sub-nanometer domains 
in the clustered state of a complex Al-Cu-Li-Mg alloy. In-situ experiments reveal that Mg in solution 
profoundly affects Cu clustering kinetics before Mg becomes involved in clusters. The arising possible 
fundamental questions about vacancy solute interactions will be discussed. 
 
14:20 - Presentation 404508 
Controlling the Precipitation Sequence in Al-Cu-Li Alloys Using Sc and Zr Additions 
Katrin Mester, Deakin University 
Baptiste Rouxel, Deakin University 
Matthew Barnett, Institute for Frontier Materials, Deakin University 
Justin Lamb, Universal Alloy Corporation 
Kathleen Wood, Australian Nuclear Science and Technology Organisation 
Timothy J. Langan, CleanTeq 
Thomas Dorin, Deakin University 
 
ABSTRACT Al-Cu-Li alloys are extensively used in modern aircrafts as they exhibit an excellent balance 
between weight and strength. However, the constant development of new materials challenges the 
competitiveness of these alloys, leading to continuous research to improve their mechanical properties. 
Adding Scandium (Sc) and Zirconium (Zr) to Al-alloys is known to enhance the material’s strength, with a 
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limited impact on ductility. This is due to nano-size Al3(Sc,Zr) dispersoids that form with a core/shell 
morphology. The interaction between these dispersoids and the Cu and Li containing precipitates is currently 
unknown. In the present work, model alloys were designed to explore the addition of Sc and Zr in an Al-Cu-Li 
alloy. Three alloys were cast: Al-Sc-Zr, Al-Cu-Li-Zr and Al-Cu-Li-Sc-Zr. These alloys were subsequently 
examined in selected tempers, partially including pre-stretch prior to artificial ageing. The precipitation 
behaviour was characterised with Transmission Electron Microscopy (TEM) and Differential Scanning 
Calorimetry (DSC). It was found that Sc significantly changes the ratio between the volume fraction of the δ’, 
θ’ and T1 phases. Consequently, the balance between strength and ductility was affected. It is suggested that 
this might be utilised to adjust the mechanical properties tailored for the alloy’s application.  
 
14:40 - Presentation 401092 
Multiscale Characterisation of Environmentally Assisted Cracking in Al-Zn-Mg-Cu Aluminium Alloys 
Virginie A. Landais, University of Manchester 
Joseph Robson, University of Manchester 
James Carr, University of Manchester 
Jonathan Fellowes, University of Manchester 
 
ABSTRACT Aerospace Al-Zn-Mg-Cu (7xxx) alloys are known to be susceptible to environmentally assisted 
cracking (EAC). This phenomenon has been studied intensively for many decades, leading to empirically 
adopted methods to mitigate this problem through overaging and composition design. In parallel, many 
theories have been developed to explain EAC in 7xxx, but none is yet universally accepted. Today, a number 
of emerging techniques offer potential to shed new light on EAC in 7xxx. The purpose of the present paper is 
to demonstrate how X-ray tomography (XCT) combined with electron microscopy can be used to identify the 
true crack path in 3-dimensions, and hence identify material for site specific electron microscopy analysis. 
Composition mapping over large areas to high accuracy has been performed using a modern electron 
microprobe analysis system. This has been combined with transmission electron microscopy to investigate 
local composition in matrix and precipitates at high resolution. This combination of techniques across length 
scales offers the potential to provide new insights into the links between local composition, microstructure, 
and EAC resistance. 
 
15:00 - Presentation 403995 
Hydrogen-induced Strain Localization and Nano-voids in an Al-Zn-Mg Alloy 
Kazuyuki Shimizu, Kyushu University 
Hiroyuki Toda, Kyushu University 
Hongye Gao, Kyushu University 
Kentaro Uesugi, Japan Synchrotron Radiation Research Institute 
Akihisa Takeuchi, Japan Synchrotron Radiation Research Institute 
 
ABSTRACT Synchrotron X-ray microtomography was employed to observe hydrogen-induced strain 
localization, nano-void formation and fracture behaviour in a high-hydrogen Al-Zn-Mg alloy. The alloy 
exhibited remarkable hydrogen embrittlement due to hydrogen uptake during its electrical discharge 
machining. Strain localization occurred before the maximum load point during a tensile test. Characteristic 
hydrostatic expansion was analyzed within the strain-localized region, and was dominated the formation of 
high-density nano-voids. In fact, the nano-voids of several nanometers to several hundreds of nanometers in 
diameter were captured directly in the strain-localized region via HAADF-STEM and nanotomography. The 
relationship between the formation of nano-voids and hydrogen have been documented by many 
researchers so far. On the other hand, the influence of the formation and growth of nano-voids on the 
fracture behavior of materials is still unclear. It is important how the trapped hydrogen in the material 
accumulates and repartition to the nano-voids by deformation. Analysis of hydrogen repartitioning before 
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and after deformation is ongoing, and it will be discussed how hydrogen is repartitioned into nano-voids 
during loading, and leads to a fracture. 
 
Wednesday June 20, 10:30-11:50, Room 0070 
Advanced Characterization V 
 
10:30 - Presentation 401063 
Assessment of Hydrogen Accumulation Behavior in Stressed Al-Zn-Mg Aluminum Alloys by Means of Kelvin 
Force Microscopy 
Hiro Fujihara, Kyushu University 
Hiroyuki Toda, Kyushu University 
Kazuyuki Shimizu, Kyushu University 
Akihisa Takeuchi, Japan Synchrotron Radiation Research Institute 
Kentaro Uesugi, Japan Synchrotron Radiation Research Institute 
 
ABSTRACT Hydrogen are trapped at a variety of microstructure, for example grain boundaries, dislocations 
and particles. It is thought that hydrogen trapped at trapping sites is redistributed to the other sites under 
loading and then brittle fracture occurs with hydrogen accumulation. In order to understand hydrogen 
embrittlement behavior, it is necessary to investigate the time evolution behavior of hydrogen accumulation 
at each trap site. In the present study, changes in hydrogen distribution are observed under stress using 
Kelvin force microscopy (KFM) that can visualize hydrogen concentration distribution on material surface at 
high resolution. Spot-like hydrogen enriched regions are observed on the surface of a material. In addition, 
hydrogen depleted regions are observed around those enriched regions, and the appearance of hydrogen 
trap due to particles existing near the material surface is revealed. On the other hand, hydrogen trapped at 
grain boundary can be visualized. From in this result, it was suggested that crystallographic factors influence 
hydrogen accumulation. The relationship between initiation and propagation of intergranular crack and 
hydrogen accumulation under stress will be discussed. 
 
10:50 AM - Presentation 401057 
Age Hardening of a High Purity Al-4Cu-1Li-0.25Mn Alloy: Microstructural Investigation and Phase-Field 
Simulation 
Ines Haeusler, Technical University Berlin  
Christian Schwarze, Ruhr-University Bochum  
Muhammad Umer Bilal, Ruhr-University Bochum  
Walid Hetaba, Fritz Haber Institute of the Max Planck Society 
Reza Darvishi Kamachali, Max-Planck-Institut fuer Eisenforschung GmbH 
Birgit Skrotzki, Bundesanstalt für Materialforschung und -prüfung Division 5.2 
 
ABSTRACT The age hardening response of a high purity Al-4Cu-1Li-0.25Mn alloy (mass %) during isothermal 
aging was investigated experimentally and by phase field studies. In the experiments, two hardening phases 
were identified: the tetragonal θ′ (Al2Cu) phase and the hexagonal T1 (Al2CuLi) phase, which are both plate 
shaped and of nm size. The precipitates were analyzed with respect to the development of their size, number 
density and volume fraction during aging by applying different analysis techniques in TEM, in combination 
with quantitative microstructural analysis. 3D phase-field simulations of the formation and growth of the θ′ 
phase were performed in which the full interfacial, chemical and elastic energy contributions were taken into 
account. 2D simulations of the T1 phase were also investigated using multi-component diffusion model 
neglecting the effect of elasticity. The approach represents a first step toward a complex phase-field study of 
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the T1 phase in the ternary alloy. The results are discussed in the light of previous studies. The comparison 
between experimental and simulated data shows similar trends.  
 
11:10 - Presentation 400101 
Long Term Ageing of Alloy 2618A 
Christian Rockenhäuser, Bundesanstalt für Materialforschung und -prüfung (BAM) 
Eva Augenstein, Fraunhofer Institut für Werkstoffmechanik IWM 
Birgit Skrotzki, Bundesanstalt für Materialforschung und -prüfung Division 5.2 
 
ABSTRACT The aluminium alloy 2618A is an Al-Cu-Mg alloy with additions of Fe and Ni, which is designed for 
long-term operation at elevated temperature in transportation and aerospace industries. The alloy degrades 
due to coarsening and dissolution of GPB zones and coarsening of S-Phase precipitates (Al2CuMg). This work 
investigates the overageing process at the application relevant temperatures of 190°C for durations ranging 
up to 25,000 h. The nm-sized precipitates were selectively imaged along the <001>α direction of the Al matrix 
using dark-field transmission electron microscopy. The resulting images were then evaluated and allow the 
statistically relevant determination of radii distributions and the average radius of the precipitates dependent 
on temperature and heat treatment duration. Ostwald ripening of the S-phase does not describe the ageing 
process adequately. Instead, the evolution of GPB zones during the initial ageing regime needs to be 
considered in addition to the coarsening process of the S-phase. DSC measurement were performed to 
determine the presence of GPB zones in different ageing states. This will allow a quantitative description of 
the ageing process and a comparison to samples aged under external load. 
 
11:30 - Presentation 400091 
Effect of Sn on the Ageing Kinetics in Al-Mg-Si Alloys 
Xingpu Zhang, Technische Universität Berlin 
Meng Liu, Helmholtz-Centre Berlin 
David Leyvraz, Novelis R&D Center Sierre  
John Banhart, Helmholtz-Centre Berlin 
 
ABSTRACT The effect of minor Sn additions on the ageing kinetics in Al-Mg-Si alloys was investigated by 
positron annihilation lifetime spectroscopy (PALS), hardness, differential scanning calorimetry (DSC) and 
electrical resistivity measurements. We applied various types of thermal treatments after solutionising and 
quenching and found: (1) Sn addition delays the ageing kinetics during pre-ageing (PA) at 100°C; (2) For the 
subsequent natural ageing (NA), solute clustering is more effectively suppressed in the Sn-free alloys than the 
Sn-added ones; (3) During the final artificial ageing (AA) at 180°C following PA and NA, a better hardening 
response is found in Sn-free alloys. Interestingly, we also found that in Sn-added alloys, the retardation of 
cluster formation during the following NA is stronger if we introduce a short NA prior to PA. We interpret 
these findings in terms of vacancy-solutes interactions and the nucleation of two types of solute clusters in 
the presence of Sn. 
 
Wednesday June 20, 14:00-15:20, Room 0070 
Advanced Characterization VI 
 
14:00 - Presentation 401613 
Evolution of Al-Zn-TM (TM = Zr, Ni) Precipitates Morphologies and Structures Due to Age Hardening 
Oladeji Fadayomi, Michigan Technological University 
Gregory Odegard, Michigan Technological University 
Paul G. Sanders, Michigan Technological University 
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ABSTRACT A series of ab-initio density functional theory (DFT) simulations has been used to predict the 
formation of metastable L12 precipitate phase during age hardening of Al-Zn-Ni and Al-Zn-Zr alloy systems. 
This was achieved by calculating the enthalpy of formation from the energy/atom of the crystal structures. 
Computational simulations were followed by fabrication of alloys (Al-Zr, Al-Ni, Al-Zn-Zr and Al-Zn-Ni) and 
characterization of the alloy systems with transmission electron microscopy (TEM), scanning electron 
microscopy (SEM) and x-ray diffraction (XRD) to observe how zinc changes the morphology of the systems. 
EDS images were taken at as-cast, peak aged and over-aged temperatures and Selected area diffraction (SAD) 
was also used to determine the lattice planes and structures of the precipitates formed. Finally, electrical 
conductivity, micro-hardness and tensile test measurements were performed to observe the effect of age 
hardening on their properties. 
 
14:20 - Presentation 401395 
Interaction of Dislocations and Elastic Strain Around Nanoprecipitates 
Joel Douin, CNRS 
Nicolas Bello, IRT Saint Exupéry 
Marion Le Fournier, Aurock 
Florence Pettinari-Sturmel, Paul Sabatier University 
 
ABSTRACT Precise measurements of the strain fields around small precipitates embedded in a crystalline 
matrix can be obtained from high-resolution transmission electron micrographs using the geometric phase 
analysis. Such analyses are well designed for structurally-hardened materials to study the influence of the 
precipitates on the matrix, the location of the dislocations in the matrix in the vicinity of the precipitates, and 
the interplay between dislocations and precipitates of structurally hardened materials. It is exemplified here 
in the case of two aluminum alloys of the 2xxx series. In the 2198 alloy, the determination of the strain field 
closely surrounding T1 precipitates show that nucleation of such precipitates is intimately related to the 
initial existence of dislocations in the matrix. In the 2219 alloy, theta’ precipitates appear as strong barriers to 
dislocations motion and this can be correlated to the measurement of the strain field generated in the Al 
matrix by the precipitates and the observations of dislocation loops surrounding the precipitates.  
 
14:40 - Presentation 402952 
The Dependence of Ductility on Quench Rate for Al-Mg-Si-Mn Alloys 
Mojtaba Mansouri Arani, The University of British Columbia 
Zhijun Zhang, The University of British Columbia 
Nick Parson, Rio Tinto Aluminium 
Mei Li, Ford Motor Company 
Warren J. Poole, The University of British Columbia 
 
ABSTRACT The quench sensitivity of 6000 series aluminium alloys has been attributed to the precipitation of 
Mg-Si phases on heterogeneous nucleation sites (dispersoids and grain boundaries) during cooling. The 
precipitation of Mg-Si phases on the grain boundary has a detrimental effect on the mechanical properties of 
the material, in particular, the tensile strain to fracture and bending properties, which are of significant 
importance to the automotive manufacturers. In this study, the dependence of ductility on quench 
conditions and microstructure features such as grain size and dispersoid density has been investigated. Two 
aluminium 6082 alloys were selected, where one was Mn free and the other one contained 0.25% Mn. A 
range of grain sizes was achieved by cold work and annealing. To study a range of quench rates, modified 
Jominy test was performed and the grain boundary precipitation of selected sections were quantified by FEG-
SEM and revealing the grain boundary by gallium dissolution. Furthermore, the variation of the Mg and Si 
content on and near grain boundary was quantified using line scan EDS on FEG-STEM. Mechanical properties 
were studied by tensile test and wrap bending test on selected quench rates after solution treatment. 
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15:00 - Presentation 400030 
Correlation Between Quenching Rate, Mechanical Properties and Microstructure in an Al-Mg-Si Aluminum 
Alloy 
Victor Garric, DEN-Service d’Etudes des Matériaux Irradiés, CEA, Université Paris-Saclay 
Patricia Donnadieu, Univ. Grenoble Alpes, CNRS, Grenoble INP, SIMaP  
Bénédicte Kapusta, DEN-Service d’Etudes des Matériaux Irradiés, CEA, Université Paris-Saclay 
Gilles Renou, Univ. Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
 
ABSTRACT Thermal treatment is key for the mechanical behavior of 6xxx series aluminum alloys. Numerous 
studies have therefore been devoted to the impact of ageing treatment parameters like time and 
temperature. However the influence of quenching rate is rather poorly documented while it could be of 
primary interest for applications requiring thick sections. Using a series of Al-Mg-Si(-Cu) specimens quenched 
in various fluids, we propose to monitor and describe the quench properly and study the impact of the 
quenching rate on the microstructures and mechanical properties obtained after ageing. . Acknowledging the 
critical cooling rate to be about 10°C/s, treatments were performed with different quenching fluids (water, 
air and oil) on 10cm side 6061 cubes. The quench rate was evaluated at several locations in the cubes with 
thermocouples and modeled numerically. For each temper, microstructural and mechanical investigations 
were carried out, investigating the material behavior at local and global scales to highlight some correlations: 
scanning and transmission electron microscopy, tensile tests and micro-hardness measurements. The 
different thermal treatments resulted in multiple quench rate gradients. Results show many microstructural 
differences at the nanoscale and inhomogeneous mechanical behavior we strived to explain and correlate. 
 
Wednesday June 20, 15:40-17:00, Room 0070 
Advanced Characterization VII 
 
15:40 - Presentation 394814 
Microstructure-Properties Relationship for AA2024 After Short- and Long-term High-Temperature Ageing 
Louise Briez, MINES ParisTech, PSL Research University, Centre des Matériaux 
Vladimir Esin, MINES ParisTech, PSL Research University, Centre des Matériaux 
Alain Köster, MINES ParisTech, PSL Research University, Centre des Matériaux 
Jérôme Crépin, MINES ParisTech, PSL Research University, Centre des Matériaux 
Eric Gratiot, Dassault Aviation 
 
ABSTRACT AA2024 (Al-Cu-Mg) is widely used in aircraft industry and is supposed to operate in the 
temperature range from -55 to +85°C. Nevertheless, during the accidents (fire, overheating during process) 
AA2024 can be exposed at temperatures significantly higher than 85°C. The impact of such accidents on 
microstructure and, especially, mechanical properties is not well-known since the literature data are lacking. 
Therefore, the aim of this study was to determine the evolution of microstructure and mechanical properties 
of AA2024 after exposure at temperatures above 85°C. AA2024 was initially available in T3 state and was 
artificially aged at different temperatures in the range from 85 to 250°C for 1 to 10000h. Then, mechanical 
properties were investigated by tensile and hardness tests. The combined use of SEM, TEM and DSC allowed 
to characterize the microstructure at different scales. The evolution of co-clusters, S’- and S-phase 
precipitation was correlated with the change of mechanical properties at different temperatures. Using the 
time-temperature equivalence, the prediction for microstructure was done for the temperature range from 
100 to 175°C and for durations longer than 10000h to approach service conditions. Finally, transformation-
temperature-time diagram was obtained for AA2024 and the formation kinetics of metastable co-clusters 
and S’-phase was discussed. 
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16:00 - Presentation 400506 
In-Situ Determination of the Influence of Composition and Test-temperature on the Damage Accumulation 
of Al-Si Piston Alloys 
Katrin Bugelnig, Institute of Materials Science and Technology, Technical University of Vienna 
Federico Sket, IMDEA Materials Institute  
Holger Germann, KS Kolbenschmidt GmbH  
Thomas Steffens, KS Kolbenschmidt GmbH  
Jérôme Adrien, INSA Lyon 
Eric Maire, INSA Lyon 
Elodie Boller, ESRF-The European Synchrotron  
Fabian Wilde, Helmholtz-Zentrum Geesthacht, Zentrum für Material- und Küstenforschung GmbH 
Guillermo Requena, German Aerospace Centre and Metallic Structures and Materials Systems for Aerospace 
Engineering, RWTH Aachen University  
 
ABSTRACT Cast near eutectic Al-Si alloys are used in automotive pistons due to their high strength-to-weight 
ratio as well as excellent castability and heat conductivity. Particularly, the piston bowl rim in modern diesel 
engines must be able to withstand compressive and tensile stresses at temperatures up to 400°C. The 
microstructure of cast near eutectic Al-Si piston alloys consists of interconnected 3D hybrid networks formed 
by Si (primary and eutectic) and intermetallic phases embedded in a comparatively soft α-Al matrix. The load 
carrying capability of these networks is affected by topological and morphological changes that they can 
undergo during thermal heat treatments and due to the thermo-mechanical conditions during service. The 
damage formation and evolution of different cast, near eutectic Al-Si piston alloys during tensile deformation 
was investigated as a function of chemical composition and test-temperature by means of in-situ synchrotron 
micro-tomography. A clear influence of the test-temperature on damage mechanisms und tensile behaviour 
was determined. Furthermore, a correlation between load carrying capability and local connectedness of the 
rigid phase network owing to variations in chemical composition was established. 
 
16:20 - Presentation 392478 
Recovery of Low Temperature Deformed AlMg- and AlMgSi-Alloys 
Belinda Gruber, Montanuniversitaet Leoben 
Florian Grabner, LKR Leichtmetallkompetenzzentrum Ranshofen GmbH 
Thomas Kremmer, Montanuniversitaet Leoben  
Stefan Kirnstötter, AMAG Rolling GmbH 
Robert Schneider, voestalpine Automotive Components Schwäbisch Gmünd GmbH & Co. KG 
Robin Schäublin, ETH Zurich 
Peter J. Uggowitzer, Montanuniversitaet Leoben 
Florian Spieckermann, Montanuniversitaet Leoben  
Stefan Pogatscher, Montanuniversitaet Leoben  
 
ABSTRACT Production of complex lightweight outer panels for automotive applications require a high 
formability. This has been shown to be reachable via deep-drawing of aluminium alloys at cryogenic 
temperatures. Although the effect of an extended plastic deformation regime is known, the mechanisms 
behind are unclear due to the limits in characterisation methods applied. In previous studies, microstructural 
characterisation of low temperature deformed samples was examined after reheating to room temperature 
(RT) and storage. However, after heating, the dislocation structure of the deformed material changes and is 
intended to be not representative for the cryogenic state. Here we illustrate the evolution of mechanical 
properties of samples deformed at 77 K to different strains after heating to room temperature and storage 
for AlMg and AlMgSi alloys. Tensile tests showed a reduction of the yield point and plastic flow in 
dependence of RT storage before reloading at 77 K. For an overview of microstructural evolution, electron 
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backscatter diffraction was used. Microstructural evolution upon recovery was in-situ studied at cryogenic 
temperatures via synchrotron X-ray line profile analysis and cryo-transmission electron microscopy. The 
results show that recovery upon heating and storage at RT after low temperature deformation need to be 
considered for a microstructural analysis. 
 
16:40 - Presentation 401054 
Nanostructured Al-Ce Eutectic Alloy with Superior Strength-Electrical Conductivity and Well Heat 
Resistance 
Mengmeng Wang, Shanghai Jiaotong University 
Haiyan Gao, Shanghai Jiaotong University 
Jun Wang, Shanghai Jiaotong University 
 
ABSTRACT A new family of heat resistant aluminum alloy were developed using Al-Ce eutectic alloy as the 
material. Such alloy have great potential to apply into power industry as conductors with high strength and 
electrical conductivity, as well as well heat resistance. In this paper, the effect of cold rolling deformation and 
post anneal heat-treatment on the mechanical properties and electrical conductivity were investigated. The 
results show that the UTS (ultimate tensile strength) value of cold rolled specimen is twice than that of as-
cast Al-Ce alloy due to the nanoscale grains in cold-rolled specimen. Post heat treatment on cold-rolled 
specimen results in an increase in electrical conductivity that ups to 56.80%IACS.  
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19-Jun 15:40 401559 Evaluation of V Effect on the Mechanical Properties of Zr-
containing Al-Si-Cu-Mg Alloys 

19-Jun 16:00 401772 Study on Fe-Rich Phase in Al-Mg-Fe and Al-Mg-Mn-Fe Alloys 

19-Jun 16:20 402965 Precipitation of Ca and Transition Metals in Al-Mg Alloys 

19-Jun 16:40 400425 Influence of Cooling Rates on Microstructure and Mn 
Supersaturation in High-Speed Twin-Roll Cast Al-Mn Based Alloy 
Strips 

20-Jun 10:30 398353 Effect of Flux Coating on Interfacial Microstructure in Bimetallic 
Al7SiMg/Cu Compound Castings 

20-Jun 10:50 399421 Synthesizing SiCp in Situ and Its Strengthening Performance on 
the Elevated Temperature Properties of an Al-Si-Cu-Ni-Mg Piston 
Alloy 

20-Jun 11:10 401518 Influence Zinc on Intermetallic Phase Selection in Al-Mg 
Compound Castings 

20-Jun 11:30 401031 A Novel Numerical Model for Prediction of Hydrogen Bubble 
Behavior During Aluminum Casting 

20-Jun 14:00 393525 Experience in the Low Pressure Casting in Printed Molds of a 
Thin Bladed Aluminum A356 Impeller 

20-Jun 14:20 401274 Inhomogeneity in Microstructures, Solute Concentrations, Defects 
and Tensile Properties in High Pressure Die-castings 

20-Jun 14:40 400965 Improved Defect Control and Mechanical Property Variation in 
High Pressure Die Casting (HPDC) of A380 Alloy by High Shear 
Melt Conditioning 

20-Jun 15:00 404588 Solidification Mechanisms During Melt Conditioned Direct-Chill 
Casting 

20-Jun 15:40 405363 First-Principles Calculations on Interfaces Between Al and AlB2-
Type Transition Metal Diborides 

20-Jun 16:00 396568 Grain Refining Aluminium Alloys by the Same-Alloy Rod 

20-Jun 16:20 401711 In Situ and Real Time Quantitative Analysis of the Efficiency of Al-
Ti-B and Al-Ti-C Industrial Grain Refiners on an Al-Cu Alloy 

20-Jun 16:40 405007 Influence of Second Phase Particles on the Thermal Conductivity 
of Al-Si Alloys 

20-Jun 17:00 400817 Effects of Uniform Direct Chill Casting Process on Structure of 
7055 Alloy Bille 
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15:40 - Presentation 401559 
Evaluation of V Effect on the Mechanical Properties of Zr-Containing Al-Si-Cu-Mg Alloys 
Mehdi Rahimian, BCAST-Brunel University London 
Shouxun Ji, Brunel University London 
Paul Blake, Jaguar Land Rover 
Zhongyun Fan, BCAST, Brunel University London 
 
ABSTRACT In order to improve the mechanical properties of the EN-AC-42000 alloy at elevate temperatures 
minor amount of Zr, V as well as Zr and V were added to the Al-Si-Cu-Mg alloy. Standard steel mould was 
used to produce dog-bone shape tensile test specimens by gravity casting method. The heat treatment 
parameters were tailored to obtain the optimum mechanical properties. The addition of Zr improved tensile 
strength at room temperature and 200°C. Although the minor amount of V improved the mechanical 
properties of the EN-AC-42000 alloy at room temperature and 200°C to 287 and 214 MPa, respectively, 
elongation decreased by addition of V. Moreover, the mechanical properties improvement obtained due to 
addition of Zr is higher than that induced by addition of V. Simultaneous addition of Zr and V to the EN-AC-
42000 alloy also results in considerable reduction of elongation from 4.49 to 2.24%. Furthermore, tensile 
strength of Zr and V-containing alloy at 200°C, 238 MPa, does not show tangible improvement in comparison 
to the Zr-containing alloy which is 237 MPa. Microstructural investigations showed the formation of large Zr 
and V-containing intermetallic results in reduction of elongation due to addition of V.  
 
16:00 - Presentation 401772 
Study on Fe-Rich Phase in Al-Mg-Fe and Al-Mg-Mn-Fe Alloys 
Xiangzhen Zhu, BCAST, Brunel University London 
Shouxun Ji, Brunel University London 
Paul Blake, Jaguar Land Rover 
 
ABSTRACT e has been a main concern in recycling Al materials due to its obvious deleterious effect on alloy’s 
ductility. While, benefitting from the excellent ductility of Al-Mg matrix, Al-Mg based alloy provides an 
opportunity to develop high-Fe alloys with balanced strength and ductility. In this paper, the morphology, 
growth mechanism of Fe-rich phases in HPDC Al-5Mg-xFe and Al-5Mg-0.6Mn-xFe alloys were studied. It was 
found Fe forms Al-Al13Fe4 eutectic and large strip-like primary Al13Fe4 phase in Al-Mg-Fe alloys. In Al-Mg-
Mn-Fe alloys (Fe<=1.0%), Fe exists in normal Al-Al6(Fe,Mn) eutectic. When Fe level is more than 1.0%, 
primary Al6(Fe,Mn) phase with a hollow tube prismatic morphology appears. Meanwhile, eutectic Al6(Fe, 
Mn) phase is also completely divorced with Al and shows a nano-scaled solid tube prismatic morphology. It is 
revealed the growth morphologies of primary and eutectic Al6(Fe,Mn) phases are controlled by bulk diffusion 
mechanism. The mechanical properties of Al-Mg-Mn-Fe alloys were also tested. 
 
16:20 - Presentation 402965 
Precipitation of Ca and Transition Metals in Al-Mg Alloys 
Seong-Ho Ha, Korea Institute of Industrial Technology 
Won-Min Do, Korea Institute of Industrial Technology 
Young-Ok Yoon, Korea Institute of Industrial Technology 
Bong-Hwan Kim, Korea Institute of Industrial Technology 
Hyun-Kyu Lim, Korea Institute of Industrial Technology 
Shae K. Kim, Korea Institute of Industrial Technology 
Hoon Cho, Korea Institute of Industrial Technology 
 
ABSTRACT Al-Mg based alloys, mainly represented by 5xxx series, provide the excellent corrosion resistance, 
weldability, formability, reliable manufacturing process and the further reduction of density. The need to 
increase Mg over 5wt% has grown due to their high tensile and fatigue strength and better weldability. On 
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the other hand, the increase of Mg content over 5wt% has been limited because of the affinity to oxygen, 
causing to the formation of Mg oxides dross and inclusions during the melting, holding and casting processes. 
Addition of a small amount of Ca can be considered to reduce Mg oxidation during melt process. To extend 
application of Al-Mg alloys containing high Mg content, improving thermal stability is one of the important 
tasks. Thermal stability can be improved by alloying with transition metals (TM). TMs are able to stabilize the 
mechanical properties at elevated temperatures due to low solubility and diffusivity in the matrix. However, 
it is difficult to predict precipitation behavior between Ca and TMs due to limited information. In the present 
study, precipitation between Ca and TMs, e.g. Fe, Zr, Cr and Mn in Al-Mg alloys was investigated.  
 
16:40 - Presentation 400425 
Influence of Cooling Rates on Microstructure and Mn Supersaturation in High-speed Twin-roll Cast Al-Mn 
Based Alloy Strips 
Ram Song, Tokyo Institute of Technology 
Kazuho Otsuka, Tokyo Institute of Technology 
Yohei Harada, Tokyo Institute of Technology 
Shinji Kumai, Tokyo Institute of Technology 
 
ABSTRACT Recently, vertical-type high-speed twin-roll casting (HSTRC) has been developed. The HSTRC 
shows extremely high cooling rates over 1,000 K/s even at the mid-thickness area. The fabricated strip has 
many metallurgical characteristics; super-saturation of alloying elements, fine solidified structure, and 
homogeneous distribution of fine constituent particles. In Al-Mn based alloys, the Mn alloying element can 
be supersaturated in the α-Al matrix and also form Mn-containing constituent particles during solidification. 
The Mn supersaturation and the distribution of primary/secondary particles in cast products affect the 
metallurgical behavior in the down-stream processing and can improve mechanical properties of the final 
products. In this study, Al-Mn based alloy strips were fabricated by HSTRC with various Mn contents. The 
solidified microstructure, constituent particles and its distribution, and Mn solubility were investigated in the 
as-cast condition. Due to the high cooling rate of HSTRC, fine constituent particles were homogeneously 
distributed, and coarse intermetallics were not observed. Mn solid solubility was estimated by electrical 
conductivity. The estimated Mn solubility was equivalent between strip surface and mid-thickness area. 

 
Wednesday June 20, 10:30-11:50, Room 1100 
Casting & Solidification: Composites 
 
10:30 - Presentation 398353 
Effect of Flux Coating on Interfacial Microstructure in Bimetallic Al7SiMg/Cu Compound Castings 
Aina Opsal Bakke, Norwegian University of Science and Technology 
Yanjun Li, Norwegian University of Science and Technology 
Jan-Ove Løland, Benteler Automotive Farsund 
Svein Jørgensen, Benteler Automotive Farsund 
Jan Kvinge, Benteler Automotive Farsund 
 
 
ABSTRACT Compound casting is a very attractive approach to reduce the weight of components for some 
specific applications while keep both the functional and the mechanical property requirements. In this work, 
Al-7Si-Mg alloy /copper compound castings were produced through a low pressure die casting process. To 
reduce the oxide present in the interface, flux coating of the copper pipes was tested. The interface layer 
formed between the two alloys was investigated using Optical Microscopy (OM), Scanning Electron 
Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDS). Vickers Micro-hardness was also 
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measured across the interface. Results showed that the flux coating prevented the formation of the metallic 
bond between copper and aluminum. Instead, high concentrations of potassium, magnesium and fluoride, 
coinciding with formation of KMgF3 and MgF2, was detected in the interface. In the castings without surface 
treatment, a continuous metallurgical bond was achieved. In the bond layer different Al-Cu intermetallic 
phases have been detected. In addition, formation of primary silicon particles in the reaction layer was 
observed in all castings. The mechanism for the formation of the intermetallic phases, and the strength of the 
interface layer have been discussed.  
 
10:50 AM - Presentation 399421 
Synthesizing SiCp in Situ and Its Strengthening Performance on the Elevated Temperature Properties of an 
Al-Si-Cu-Ni-Mg Piston Alloy 
Tong Gao, Shandong University 
Xiaofan Du, Shandong University 
Xiangfa Liu, Shandong University 
 
ABSTRACT A novel method has been developed to in situ synthesize SiC particles (SiCp) in Al melt. By 
promoting the reaction between Al4C3 and Si, micro- and nano- sized SiCp can be obtained, exhibiting good 
combination with the matrix. The size distribution, volume fraction and crystal morphology of SiCp can be 
precisely designed by controlling the reaction procedure. Reinforced by 2 wt.% SiCp, the mechanical 
properties of an Al-Si-Cu-Ni-Mg piston alloy has been observably improved. The ultimate tensile strength at 
350°C can be increased to 132 MPa. The effect of SiCp on the microstructure, ageing behavior and 
strengthening mechanism has been discussed. This work provides a promising way in developing new alloys 
for high temperature applications. 
 
11:10 - Presentation 401518 
Influence Zinc on Intermetallic Phase Selection in Al-Mg Compound Castings 
Kilian Schneider, Brunel University London 
B. j. McKay, Brunel University London 
H. Nadendla, Brunel University London 
 
ABSTRACT Increasingly stringent environmental legislation and customer demands for lightweight 
construction have in recent years become major driving forces in both the automotive and aerospace 
industries. To meet these requirements single material components may not always be the most suitable 
choice, regarding cost and performance. Aluminium- Magnesium Compound Castings appear to be a 
promising combination as they allow for increased weight savings. During the casting of Al-Mg Compound 
Castings a transition zone consisting of β- Al3Mg2 and γ- Al12Mg17 intermetallic compounds (IMC) is formed. 
This research will describe the effect of Zinc and Silicon on the formation and growth of these phases at the 
interface. The use of Aluminium alloys containing Silicon was found to result in the formation of Mg2Si 
particles at the interface. The amount and distribution of these particles primarily depends on the Silicon 
content of the Aluminium alloy. However these particles also lead to an embrittlement of the interface 
thereby limiting any possible actual application. The addition of Zinc was found to significantly alter the 
interfacial phase selection in Compound Casting through the formation of τ1 and φ Zinc-rich phases. 
Additionally Zinc was found to affect the growth rate of the γ-Al12Mg17 intermetallic compound.  
 
11:30 - Presentation 401031 
A Novel Numerical Model for Prediction of Hydrogen Bubble Behavior During Aluminum Casting 
Takuya Yamamoto, Tohoku University 
Sergey Komarov, Tohoku University 
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ABSTRACT Gas porosity remains an important concern for aluminum industry, particularly in production of 
casting alloys. Although melt degassing is a mandatory operation in aluminum production, a part of hydrogen 
inevitably remains in the melt. Also, some hydrogen can enter the melt from the working environment 
between degassing and casting operations. As a result, hydrogen bubbles release during casting, part of 
which can be trapped by solidifying melt. This may cause deterioration of technological and mechanical 
properties of the casting alloys. Therefore, prediction and control of hydrogen bubble behavior during 
solidification is an important tool in quality assurance. This work presents a novel numerical model 
developed on the basis of Euler-Lagrangian coupling, which is usually used in multiphase flow. The model 
includes a number of complex phenomena like formation, growth and motion of hydrogen bubbles in 
solidifying metal. The model can predict conditions for detachment and entrapment of bubbles at the 
solidifying front, and thus is capable of predicting concentration and distribution of bubbles in casting 
products depending on the product dimension, cooling rate and initial hydrogen concentration. Numerical 
predictions were found to be in good agreement with experimental results. 

 
Wednesday June 20, 14:00-15:20, Room 1100 
Casting & Solidification: Casting Process 
 
14:00 - Presentation 393525 
Experience in the Low Pressure Casting in Printed Molds of a Thin Bladed Aluminum A356 Impeller 
Franco Chiesa, Centre de Métallurgie du Québec 
Jocelyn Baril, Technologie du Magnésium et de l'Aluminium 
Bernard Tougas, Centre de Métallurgie du Québec 
Nicolas Giguère, Centre de Métallurgie du Québec 
Guy Morin, Centre de Métallurgie du Québec  
Bernard Duchesne, Cégep de Trois-Rivières 
 
ABSTRACT An aluminum A356 compressor impeller was sand cast using the Low Pressure technique. The 
casting was limited in size (170mm in diameter, 1.2kg in weight) and very intricate in shape thus making 3D 
mold printing particularly favorable; indeed, producing this part by the traditional pattern-core box route 
would involve mounting 12 cores inside the mold while stringent dimensional tolerances are required as the 
impeller blades are only 2mm thick. Consequently the molds were produce on the X-one MFlex printer of 
Quebec Metallurgy Center - CMQ. A dozen castings were produced with different casting temperatures and 
filling times so that it was possible to assess under which conditions the result would be optimum. Filling and 
solidification modeling allowed predicting misruns and metallurgical properties inside the A356 (AlSi7Mg03) 
casting.  
 
14:20 - Presentation 401274 
Inhomogeneity in Microstructures, Solute Concentrations, Defects and Tensile Properties in High Pressure 
Die-Castings 
Roger Darlington, Brunel University London 
Shouxun Ji, Brunel University London 
 
ABSTRACT High pressure die casting is a promising process to make thin-wall components with high 
dimensional accuracy and excellent surface quality. However, the non-uniformity is one of the important 
features in castings. The inhomogeneity in tensile properties, microstructural characteristics, solute 
concentrations, and defects levels were studied for the castings with different thicknesses made by high 
pressure die-cast Al-Mg-Si alloys. For the local mechanical properties in the die-castings, the casting skin 
provided the highest, whereas the casting centre provided the lowest yield strength, UTS and elongation. The 
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yield strength, UTS and elongation were significantly decreased towards the casting centre. The 
microstructural heterogeneity is characterised by the segregation of coarse fragmented dendrites, the 
reduction of solute concentrations of Mg and Si, and the increase of porosity level from the surface to the 
centre of castings. The growth velocities of eutectic α-Al phase estimated using the Jackson-Hunt model 
confirm that the growth variation is larger in the thin castings than that in thick castings. 
 
14:40 - Presentation 400965 
Improved Defect Control and Mechanical Property Variation in High Pressure Die Casting (HPDC) of A380 
Alloy by High Shear Melt Conditioning 
Yijie Zhang, BCAST, Brunel University London 
Jayesh Patel, BCAST, Brunel University London 
Jaime Lazaro-Nebreda, BCAST, Brunel University London 
Zhongyun Fan, BCAST, Brunel University London 
 
ABSTRACT A380 (Al9Si3Cu) alloy has been widely employed to produce thin-wall components via high 
pressure die casting (HPDC). During HPDC processing, there is a significant problem of property variation 
even with the very stable and precision automated casting procedure. The enlarged variation lowers the 
component performance and affects the steady and uniform property distribution along the whole 
component. In this study, high shear melt conditioning technology was developed and applied to the melt 
prior to pouring into the shot sleeve. Experimental results show that with application of intensive melt 
shearing, the variation of elongation was decreased from 21.8 to 13.9, and yield strength variation was 
reduced from 5.5 to 3.6. The improved property variation is attributed to enhanced nucleation both in shot 
sleeve and the die-cavity, and to the improved distribution of porosity and secondary phases as a benefit of 
high shear induced grain refinement. With application of high shear, large number of the Spinel phase 
(MgAl2O4) particles with two-peak shape distribution in average diameter of 80nm and 300nm were formed. 
Due to the good orientation relationship and small misfit between alpha Al and MgAl2O4, the particles act as 
the effective nuclei in shot sleeve and die cavity, respectively. 
 
15:00 - Presentation 404588 
Solidification Mechanisms During Melt Conditioned Direct-Chill Casting 
Hu-Tian Li, BCAST, Brunel University London 
Jayesh Patel, BCAST, Brunel University London 
Zhongyun Fan, BCAST, Brunel University London 
 
ABSTRACT Melt conditioned direct-chill (MC-DC) casting is a key technology for producing high quality DC 
cast billets/ingots. This technology combines vertical direct-chill (DC) casting with a high shear device directly 
immersed in the sump for in situ microstructural control. In this paper, the solidification mechanism of DC 
casting under varying conditions is discussed. The temperature profiles in the sump were measured under 
the steady state casting conditions by using sacrificing thermocouples. Detailed comparisons of the derived 
thermal condition are made. The individual role of grain refiner additions, natural thermosolutal convection 
and forced convection in the sump and the interplay of these factors in determining the solidification 
structures of DC cast billets are discussed. The MC-DC casting technology can be used to control 
microstructural constituents and casting defects in DC cast billets/ingots by in situ manipulating of the 
thermal and fluid flow conditions.  
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Wednesday June 20, 15:40-17:00, Room 1100 
Casting & Solidification: Grain Refinement 
 
15:40 - Presentation 405363 
First-Principles Calculations on Interfaces Between Al and AlB2-Type Transition Metal Diborides 
Yanfeng Han, Shanghai Jiao Tong University 
Jun Xu, Shanghai Jiao Tong University 
Yongbing Dai, Shanghai Jiao Tong University 
Jiao Zhang, Shanghai Jiao Tong University 
Baode Sun, Shanghai Jiao Tong University 
 
ABSTRACT A common consensus is that the TiB2 particles in the Al-Ti-B master alloy are effective 
heterogeneous nucleation sites. The nucleant capacity of inoculates is closely related to the lattice mismatch, 
as well as the atomic interaction between heterogeneous nucleation sites and melts in their interface. In this 
paper, the (0001) surfaces of the AlB2-type transition metal diborides (TM = Sc, Ti, V, Cr, Mn, Y, Zr, Nb, Mo, 
Hf, Ta) and the interfaces between Al and TMB2 were studied by first-principles calculation aiming to 
investigate the heterogeneous nucleation potency of α-Al grains on TMB2 particles in purity aluminium. It is 
demonstrated that the TMB2(0001) surface models with more than seven to nine atomic layers exhibit bulk-
like interior, while the interlayer relaxations localized within the top three are well converged. The outmost 
layer of TMB2 free surface mainly depends on the TM interfacial chemical potential. The variation of the 
interfacial energies between α-Al and TMB2 was analyzed. It is found that the interfacial energy between α-
Al and TMB2 (TM=Mo, V, Ta, Ti, Sc, and Zr) are much lower than that between α-Al and Al melts, indicating 
their high potency of aluminum nucleation. 
 
16:00 - Presentation 396568 
Grain Refining Aluminium Alloys by the Same-Alloy Rod 
Dmitry Eskin, Brunel University London 
Feng Wang, Brunel University London 
 
ABSTRACT It is well known that it takes some time for the solid phase to completely dissolve upon melting, 
especially inside the defects of insoluble particles, e.g. oxides. Until then the oxides remain active 
solidification substrates in the case of subsequent solidification. It is also known that ultrasonic melt 
treatment causes grain refinement through activation and dispersion of solidification substrates (one of the 
mechanisms) and also accelerates the dissolution of solid metal in the melt. In this study we combine these 
effects and demonstrate that the introduction of an alloy rod into the matrix melt of the same composition 
results in significant grain refinement, this effect being increased by the ultrasonic vibration of the rod. The 
achieved grain size is comparable to that obtained by a standard Al-Ti-B grain refiner. All samples were cast 
using a standard TP-1 mould to enable correct comparison. The effect of the temperature range of the rod 
introduction as well as the effect of ultrasonic vibrations are discussed. 
 
16:20 - Presentation 401711 
In Situ and Real Time Quantitative Analysis of the Efficiency of Al-Ti-B and Al-Ti-C Industrial Grain Refiners 
on an Al-Cu Alloy 
Georges Salloum-Abou-Jaoude, BCAST, Brunel University London 
Yanis Kemmar, Aix Marseille University  
Guillaume Reinhart, Aix Marseille University 
Henri Nguyen-Thi, Aix Marseille University 



26 
 

Philippe Jarry, Constellium Technology Center 
Carla Barbatti, Constellium Technology Center 
 
ABSTRACT Grain refinement of aluminium alloys in the aluminium industry is currently achieved through 
minor additions of Al-Ti-B and Al-Ti-C grain refiners. Although industrially this method is intensively used, 
direct and systematic comparison between the different grain refiners under various solidification 
parameters is still not widely available to the scientific community. In this work and for the first time, we 
have used in situ and real time X-ray radiography technique to observe, quantify and compare α-aluminium 
grain nucleation and growth in an Al-10wt%Cu alloy with the same addition rate of different nature industrial 
grain refiners. The efficiency of the grain refiners was systematically studied in a Bridgman type furnace 
under different temperature gradients and cooling rates. The fading effect of the grain refiners was also 
quantitatively studied after several melting/solidification stages under precisely controlled solidification 
parameters. We found that Al-3Ti-0.15C performs better in terms of refining the as-cast grain size and its 
efficiency fades less than traditional Al-5Ti-1B grain refiner even after 5 consecutive melting/solidification 
experiments. 
 
16:40 - Presentation 405007 
Influence of Second Phase Particles on the Thermal Conductivity of Al-Si Alloys 
Wenping Weng, Soochow University 
Weizhong Fan, Guangdong Hongbang Metal Aluminum Co., Ltd 
Hiromi Nagaumi, Soochow University 
 
ABSTRACT The effects of dimension, morphology and distribution of second phase particles during 
solidification and heat treatment on the thermal conductivity of Al-Si alloys were studied in this paper. 
Results showed that thermal conductivity of Al-Si alloys has improved from 121W/(m·K) to 143W/(m·K) due 
to the Sr and Ca modification, by which eutectic sillicon phase changes from coarse strip to lump or fine strip 
and the eutectic sillicon phase refines efficiently from 40-100μm to 2-10μm. The volume fraction of second 
phase particles decreased achieved by the rapid cooling rates, subsequently the ordered intermetallic alloy 
formed during aging precipitation, thermal conductivity of Al-Si alloys has improved to 162W/(m·K) because 
of the reduction of electron scattering. 
 
17:00 - Presentation 400817 
Effects of Uniform Direct Chill Casting Process on Structure of 7055 Alloy Billet 
Yajun luo, General Research Institute for Non-Ferrous Metals 
Zhifeng Zhang, General Research Institute for Non-Ferrous Metals 
 
ABSTRACT To obtain large-sized billets with fine grains and homogeneous elements distribution, uniform 
direct chill (UDC) casting process, based on annular electromagnetic stirring coupling with intercooling, was 
employed to produce 7055 alloy billets with a size of Φ584 mm in this study. The results indicated that there 
were the coupled effects of annular electromagnetic stirring and intercooling on grain refinement and 
element homogenization, and also the billets produced by the UDC casting process showed excellent hot 
workability in comparison to the normal direct chill casting process. 
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Corrosion & Surfaces  
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Date Start 
Time 

Presentation 
No. 

Presentation Title 

18-Jun 10:30 401096 Effect of Surface Finishing on Corrosion Resistance of DMLS-
AlSi10Mg_200C Alloy 

18-Jun 10:50 405273 Improvement of Corrosion Resistance by Rapid Solidification of 
Al-Mg-Ag Alloys 

18-Jun 11:10 398338 The Influence of Stabilization Treatment at 220°C on Long-Term 
Intergranular Corrosion Resistance in 5083 Alloy with Trace Er 
and Zr 

18-Jun 11:30 401109 Effects of Anodizing Pores Structure on the Adhesive Bonding 
Performance of AA5754 Automotive Sheets 

18-Jun 14:00 401638 Effect of Cyclic Deformation and Corrosion on the Performance of 
Coated AA6xxx Hem Flange Joints 

18-Jun 14:20 399791 The Effect of Simulated In-Service Heat Impact on the 
Microstructure and Corrosion Properties of a Cu-rich Al-Mg-Si 
Alloy 

18-Jun 14:40 405015 Etching Treatment of Al-Mg-Si Alloys Containing Zn Element 

18-Jun 15:00 400098 Study of the Influence of Initial Ph on the Aqueous Corrosion of an 
Al-Mg-Si Alloy at 70°C 

19-Jun 10:30 405171 Localized and Stress Corrosion Susceptibility of Sheet Gauge AA 
7075 

19-Jun 10:50 402434 The Effect of Overaging on Stress Corrosion Cracking in a Low 
Cu Al-Zn-Mg Alloy 

19-Jun 11:10 392448 Characteristics of Aluminum Alloy Sheet Pre-Coated with High 
Lubricating and Removable Film 

 
Monday June 18, 10:30-11:50, Room 0100 
Corrosion & Surfaces I 
 
10:30 - Presentation 401096 
Effect of Surface Finishing on Corrosion Resistance of DMLS-AlSi10Mg_200C Alloy 
Parisa Fathi, Memorial University of Newfoundland 
Mohsen Mohammadi, Marine Additive Manufacturing Centre of Excellence, University of New Brunswick 
Xili Duan, Memorial University of Newfoundland 
Ali M. Nasiri, Memorial University of Newfoundland 
 
ABSTRACT Direct metal laser sintering (DMLS) is an additive metal manufacturing technology that creates 
highly complex components by fusing metal powder into a solid part. In this study, the impact of surface 
finishing on corrosion resistivity of AlSi10Mg_200C alloy manufactured through DMLS is investigated. The as-
printed DMLS-AlSi10Mg _200C alloys were subjected to various surface finishing processes including grinding, 
polishing, and sandblasting. The corrosion performance of the surfaces was then evaluated by using 
potentiodynamic polarization testing and electrochemical impedance spectroscopy (EIS) in a 3.5 wt.% NaCl 
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solution to mimic sea water environment. Surface characterization and corrosion morphology of the samples 
were assessed by Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray (EDX) spectroscopy. The 
results of this study show that the surface finishing process and the resultant surface roughness has a 
significant impact on the corrosion resistivity of the DMLS-AlSi10Mg_200C alloy in the seawater environment. 
 
10:50 AM - Presentation 405273 
Improvement of Corrosion Resistance by Rapid Solidification of Al-Mg-Ag Alloys 
Xiang Ma, SINTEF 
Christian J. Simensen, SINTEF 
Hans J. Roven, Norwegian University of Science and Technology 
Rune Østhus, SINTEF Raufoss Manufacturing 
 
ABSTRACT Addition of the trace Ag to the commercial 5xxx series Al-Mg alloys has drawn attention due to 
that Ag may improve the precipitation hardening response. However, most researches concern Al alloys rich 
in Mg as the hardening level and potential in increase are low when the weight percentage is below 7-10%. 
Recently, a new type of Al-4.5wt%Mg-1.0wt%Ag alloy is developed by rapid solidification technology. 
Although the content of Mg is much less, this alloy shows strong ageing hardening. More importantly, the 
new material displays excellent corrosion resistance. To identify and determine what phases are formed in 
Al-4.5Mg-1.0Ag, transmission electron microscopy (TEM) are used. The samples are heat treated 100 hours at 
120 and 200 degree Celcius, respectively. The first sample contains the metastable T' phase and the second 
one the T phase. Our analysis indicates there are a few of the particles which are nucleated on the Al8Mg5 
phase. 
 
11:10 - Presentation 398338 
The Influence of Stabilization Treatment at 220°C on Long-Term Intergranular Corrosion Resistance in 5083 
Alloy with Trace Er and Zr 
Yusheng Ding, Beijing University of Technology 
Kunyuan Gao, Beijing University of Technology 
Shengping Wen, Beijing University of Technology 
Hui Huang, Beijing University of Technology 
Xiaolan Wu, Beijing University of Technology 
Zuoren Nie, Beijing University of Technology 
 
ABSTRACT The effect of stabilization annealing in 5083 aluminum alloy containing Er and Zr on the long-term 
intergranular corrosion (IGC) was studied using Nitric Acid Mass Loss Test (NAMLT) and transition electronic 
microscopy (TEM) observation. After stabilization at 220°C for 0-12 h, the alloy was exposed to 175°C for 
accelerating the sensitization process. The results of mass loss tests showed that the alloy was fast sensitized 
at 175°C in 0.9±0.1 h before stabilization annealing. With the prolonging time to 12 h at stabilization 
temperature of 220°C, the subsequent sensitization time of 175°C annealing could reach 15 h, which 
indicated a significant improvement in long-term IGC resistance through 220°C stabilization treatment. TEM 
observation revealed that the sample sensitized directly at 175°C for 2 h showed the fine continuous chain-
like β phases along the grain boundary. While the sample stabilized at 220°C for 12 h plus post-sensitized at 
175°C for 2 h exhibited the coarse sparse separated β phases at the grain boundary. The morphology change 
of the β phases led to the improvement of IGC resistance, and the mechanism to form the coarse sparse 
separated β phases was discussed thermodynamically and kinetically.  
 
11:30 - Presentation 401109 
Effects of Anodizing Pores Structure on the Adhesive Bonding Performance of AA5754 Automotive Sheets 
Yingdong Li, Chinalco Material Applications Research Institute Co. Ltd. 
Pizhi Zhao, Chongqing University/Chinalco Material Applications Research Institute Co. Ltd. 
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Yingjuan Feng, Chinalco Material Applications Research Institute Co. Ltd. 
Hailong Cao, Chinalco Material Applications Research Institute Co. Ltd. 
 
ABSTRACT The process of sulfuric acids anodizing was studied as a pre-treatment for adhesive bonding of 
AA5754 automotive aluminum alloy. The morphology, composition and microstructure were examined by 
using scanning electron microscope (SEM), glow discharge optical emission spectroscopy (GDOES) and 
electrochemical impedance spectroscopy (EIS), respectively. The adhesive bonding strength and durability in 
corrosive environment were investigated by using single lap shear test and salt spray corrosion test (NSS), 
respectively. The results showed that an anodic film with high porosity can be obtained by the process of 
sulfuric acids anodizing. The porous film was beneficial to improve the lap-shear strength of the bonding 
joints because the adhesive would gradually penetrate into the outer porous layer during bonding procedure. 
In contrast, sealing procedure which could cause the formation of hydrated alumina on the surface of outer 
porous layer would decrease the bonding strength. However, proper sealing procedure would make the 
presence of hydrated alumina exist only within the inner oxide layer, and thus, the adhesive could still 
penetrate into the oxide layer and provide high bonding strength and durability in corrosive environment. 

 
Monday June 18, 14:00-15:20, Room 0100 
Corrosion & Surfaces II 
 
14:00 - Presentation 401638 
Effect of Cyclic Deformation and Corrosion on the Performance of Coated AA6xxx Hem Flange Joints 
Shiqi Zheng, McMaster University 
Joe McDermid, McMaster University 
Joey Kish, McMaster University 
 
ABSTRACT The cyclic corrosion and deformation behaviour of coated AA6xxx automotive hem flange joints 
were investigated. Neutron radiography was used to reveal the existence of an inter-connected network of 
pores within the adhesive layer of the hem flange coupons. Cyclic corrosion tests revealed that the inner 
compressive surface of the outer sheet (area B) was the weak link in the corrosion resistance of a hem flange 
due to the high degree of plastic deformation combined with micro-cracking present in this area. Cyclic 
deformation test revealed that cyclic deformation caused cracking in the adhesive layer and subsequent loss 
of load bearing ability. The cyclic deformation of pre-exposed hem flange coupons showed that cyclic 
corrosion exposure resulted in adhesive embrittlement and an earlier initiation of cracking in the adhesive 
layer. The current evidence was not enough to demonstrate that the corrosion resistance of a hem flange 
coupon is altered by the damage accumulated during cyclic deformation. An imposed low-level static stress 
on pre-cracked hem flange coupons was found to have a synergistic effect with the cyclic corrosion 
environment and resulted in adhesive failure at the adhesive-metal interface, thereby exposing new sites for 
corrosion. 
 
14:20 - Presentation 399791 
The Effect of Simulated In-Service Heat Impact on the Microstructure and Corrosion Properties of a Cu-Rich 
Al-Mg-Si Alloy 
Christian Schnatterer, RWTH Aachen University 
Christoph Altenbach, RWTH Aachen University 
Daniela Zander, RWTH Aachen University 
 
ABSTRACT The heat-treatable high Cu containing 6056 aluminum alloy is known as one of the most 
important alloys used for aluminum screws in the automotive industry. Besides technically applied heat-
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treatments, unintended heat-impact during service may arise that can cause microstructural changes and 
therefore influence the corrosion properties. In automotive applications, components near the engine as well 
as those near the exhaust-gas system may suffer long-term heat impact that may cause appreciable over-
aging of the microstructure. During over-aging, the precipitations may coarsen and/or transform and their 
impact on precipitation strengthening usually decreases. In addition to the degradation of the mechanical 
properties, the microstructural changes may influence the corrosion properties as well; however, so far 
limited information is present in the literature about the correlations between long-term heat treatments at 
moderate temperatures significantly below the usual T6 temperatures and the corrosion properties of the 
high Cu-containing 6056 aluminum alloy. In the present study, the corrosion mechanisms of the Cu-rich 6056 
aluminum alloy in NaCl containing solutions in dependence of long-term heat treatments at 135°C were 
studied in detail by utilizing accelerated corrosion tests, DSC, TEM and 3D-APT.  
 
14:40 - Presentation 405015 
Etching Treatment of Al-Mg-Si Alloys Containing Zn Element 
Seungwon Lee, University of Toyama 
Yuka Tomuro, University of Toyama 
Takeshi Saito, Hydro 
Oystein Bauger, Hydro 
Sigurd Venner, SINTEF 
Calin D. Marioara, SINTEF Industry 
Randi Holmestad, Norwegian University of Science and Technology 
Susumu Ikeno, University of Toyama 
Kenji Matsuda, University of Toyama 
 
ABSTRACT Zn containing 6☓☓☓ alloys influence on gloss of anodized surface. Because Preferential grain 
etching(PGE) occurs during etching prior to anodizing, the surface topography became uneven. The 
phenomena of PGE are some grains etched deeper than other grains. We have previously reported that a 
6060 alloy containing 0.05% Zn showed PGE more than 2 min etching time. Compering T4 and T6 condition, 
PGE occurred in T4 condition earlier than T6 condition. In this report, Al-1.0mass%Mg2Si alloys (Base alloy) 
and Al-1.0mass%Mg2Si-0.5mass%Zn alloys were etched for several etching times. The Zn containing alloy 
showed PGE more than 20s etching time. The base alloy showed PGE at 5min also.  
 
15:00 - Presentation 400098 
Study of the Influence of Initial pH on the Aqueous Corrosion of an Al-Mg-Si Alloy at 70°C 
Sarah L'haridon-Quaireau, Université Paris-Saclay  
Kimberly Colas, Université Paris-Saclay 
Bénédicte Kapusta, Université Paris-Saclay 
Sylvie Delpech, IPNO, Université Paris Sud  
Dominique Gosset, Université Paris-Saclay 
 
ABSTRACT As many components of research nuclear reactors are composed of aluminium alloys, the study of 
the corrosion of aluminium alloys is important for their safe and efficient operation. In particular, at 70°C, pH 
can be optimized. In order to study the impact of initial pH of aqueous solutions on corrosion of an Al-Mg-Si 
alloy at 70°C, three corrosion experiments at different pH are performed on AA-6061-T6 alloy, in autoclaves 
for 33 days. Corrosion solutions with initial pH of 5, 6 and 7 are obtained by dilution of nitric acid in pure 
water. Various characterization techniques are used to study hydroxide phase, composition and structure. X-
ray diffraction on corrosion products indicates bayerite (α-Al(OH3)) is the main crystalline phase formed 
during the corrosion experiments. Generalized corrosion thickness measured with Scanning Electron 
Microscopy are the same for all three pH. However, mass gain is most important for samples corroded at pH 
6. This difference in mass gain is attributed to pitting corrosion caused by Fe-Si-Al precipitates in the 
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aluminum matrix. Detailed study of these precipitates by EDS has been performed in order to further 
understand corrosion mechanisms. From this study, suggestions on optimal pH for corrosion resistance can 
be proposed.  

 
Tuesday June 19, 10:30-11:50, Room 0100 
Corrosion & Surfaces III 
 
10:30 - Presentation 405171 
Localized and Stress Corrosion Susceptibility of Sheet Gauge AA 7075 
Ganesh Bhaskaran, Novelis Inc. 
Anna Janoff, Novelis Inc. 
Luis Vega, Novelis Inc. 
Rajeev Kamat, Novelis Inc. 
Cedric Wu, Novelis Inc. 
Yudie Yuan, Novelis Inc. 
 
ABSTRACT 7xxx series aluminum sheet alloys are potential candidate for automotive structural applications, 
due to their high strength to weight ratio. However these alloys are very sensitive to various forms of 
corrosion in peak aged temper. Most of the published corrosion work on AA7075 is predominantly on plate 
products, while the present work focuses on sheet product. The localized corrosion resistance of AA7075, 
particularly intergranular corrosion (IGC) resistance was assessed in 3.5% NaCl containing H2O2 according to 
ASTM G110 in T6 (peak-aged) and T73 (over-aged) temper. Electrochemical polarization technique and slow 
strain rate test (SSRT) are used to ascertain the stress corrosion cracking (SCC) resistance of the alloy in 
various saline electrolyte compositions under free corrosion potential and controlled constant potentials. 
Optical and scanning electron microscopy were used to examine the corrosion and fracture morphology. 
Scanning transmission electron microscopy was used to characterize the grain boundary microstructure. 
Results show that the IGC and SCC behavior of the AA7075 alloy strongly depends on temper and electrolyte. 
A correlation between the IGC and SCC susceptibility of the alloy is discussed, and the possible SCC fracture 
mechanism is proposed.  
 
10:50 AM - Presentation 402434 
The Effect of Overaging on Stress Corrosion Cracking in a Low Cu Al-Zn-Mg Alloy 
Adrian Lervik, Norwegian University of Science and Technology 
Lars Lodgaard, BENTELER Automotive Raufoss 
Calin D. Marioara, SINTEF Industry 
John Charles Walmsley, University of Cambridge 
Randi Holmestad, Norwegian University of Science and Technology 
 
ABSTRACT In the present work, a low Cu (0.01 wt.%) high Zn/Mg ratio (8.20) 7xxx aluminium alloys is studied 
using Transmission Electron Microscopy (TEM). In T6, the alloy is highly susceptible to Stress Corrosion 
Cracking (SCC) when water quenched from solution heat treatment, while in T79 only minor cracks are visible 
by optical microscopy. Anodic dissolution due to the potential difference between MgZn2 (η) grain boundary 
precipitates and the adjacent cathodic precipitate free zones is believed to play a key role in SCC. 
Observations of Cu in η, which is proposed to counteract SCC [1,2], have not been made, suggesting that 
other factors are responsible for SCC in this alloy. Energy-dispersive x-ray spectroscopy shows Cu segregation 
to grain boundaries in T6 and T79. Another curiosity in T79 is the observation of clustering of Mg-Si rich 
phases both in the bulk and at grain boundaries. SCC is complicated as many mechanisms are proposed and 
there is probably no single responsible factor. The finding of Mg-Si phases in grain boundaries is relevant, as 
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some suggest this to be potential hydrogen trapping sites [3]. [1] 10.1016/j.corsci.2010.08.024 [2] 
10.1016/j.actamat.2009.09.003 [3] 10.1016/j.corsci.2013.10.027  
 
11:10 - Presentation 392448 
Characteristics of Aluminum Alloy Sheet Pre-Coated with High Lubricating and Removable Film 
Makoto Tawara, Kobe Steel, Ltd. 
Yosuke Ota, Kobe Steel, Ltd. 
Tetsuya Kojima, Kobe Steel, Ltd. 
 
ABSTRACT Dry lube has been used in Europe to enhance formability of aluminum sheet for automotive, but it 
is difficult to ensure degreasing performance with lower degreasing-bath temperature. Newly developed 
highly lubricating pre-coat with organic compounds which is soluble in water showed excellent degreasing 
performance. And richer film weight lead to lower friction coefficient and better formability. Combined use 
of anti-rust liquid oil showed different friction coefficient depending on applied surface pressure. 
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Date Start 
Time 

Presentation 
No. 

Presentation Title 

18-Jun 10:30 401171 Efficiency of Transient Phases in Al-Cu-Mg(-Ag) as Strengthening 
Agents 

18-Jun 10:50 403979 Effects of Second-phase Particle Size on High-Temperature 
Ductility of Al-Mg Solid Solution Alloys Containing Small Amounts 
of Impurity Atoms 

18-Jun 11:10 401363 Effect of Composition and Microstructure of 5xxx Series 
Aluminium on Lüders Elongation and Dynamic Strain Aging 

18-Jun 14:00 400961 Invited Keynote: Four Regions in Low-Temperature Creep of 
Ultrafine-Grained Aluminum 

18-Jun 14:40 404583 Origin of Ductility During Tensile Deformation of Commercial-
Purity Aluminum Subjected to ARB Process 

18-Jun 15:00 398641 A PLC Effect in Particle Reinforced AA2017 

19-Jun 10:30 400075 Evaluation of the Lateral Crush Performance of Al-Mg-Si 
Extrusions 

19-Jun 10:50 403877 Advanced Sheet Aluminum Alloys with Engineered Surfaces for 
Forming Lightweight Automotive Products 

19-Jun 11:10 400906 Recrystallization of Industrially Processed 5xxx Aluminum Alloys 

19-Jun 11:30 401775 Experiments and Modelling of the Portevin-Le Chatelier Effect in 
AA5182 

19-Jun 14:00 399441 Strategies to Eliminate Grain Coarsening in Aerospace Alloys 

19-Jun 14:20 401503 The Effect of Microstructure on Hot Compression Deformation 
Behavior of an Al-3.8Cu-1.8Li Alloy 

19-Jun 14:40 401733 Deformation Behaviour of Aluminium Alloy 7075-W 

19-Jun 15:00 400449 Two-Stage Creep Ageing Behavior of an Al-Cu Alloy 

19-Jun 15:40 401593 Hot Deformation Behavior of Aluminum-Matrix Composite Alloys 
Based on Al-Ca Eutectic System, During Radial-Shearing Rolling 

19-Jun 16:00 399445 The Precipitation and Mechanical Behavior of Al Alloys Containing 
TiC Nano-Particles 

19-Jun 16:20 401494 Microstructure and Mechanical Properties of Al/Ti Composite 
Plate by Cold Rolling Bonding 

20-Jun 10:30 405227 Invited Keynote: Memory Effects in Models for Forming 
Simulations 

20-Jun 11:10 406057 The Analytical Post-Necking Correction of Stress in Axisymmetric 
Tensile Specimen with Fiber Texture 

20-Jun 11:30 405003 Texture Development in Al-Mg-Si Alloys Extruded Through 
Porthole Dies 

20-Jun 14:00 405222 Thin Gauge Aluminum Sheet Formability Measurement: 
Challenges and Recent Developments 

20-Jun 14:20 404995 Fracture Determination in Bending of AA6111 
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20-Jun 14:40 401175 Hot Deformation Behavior and Microstructure of AA2195 Alloy 
Under Plane Strain Compression 

20-Jun 15:40 401572 Molding of Aluminum Foam Using Metal Mesh as Die During 
Foaming of Aluminum Foam Precursor by Optical Heating 

20-Jun 16:00 401047 Characteristics of Localized Unstable Plastic Flow During Equal-
Channel Angular Pressing 

20-Jun 16:20 405249 Elevated and High Strain Rate Behavior of Additively 
Manufactured AlSi10Mg_200C by Direct Metal Laser Sintering 
(DMLS) 

 
Monday June 18, 10:30-11:50, Room 1090 
Deformation Behaviour & Formability I 
 
10:30 - Presentation 401171 
Efficiency of Transient Phases in Al-Cu-Mg(-Ag) as Strengthening Agents 
Rustam Kaibyshev, Belgorod State National Research University 
Marat Gazizov, Norwegian University of Science and Technology 
Ivan S. Zuiko, Belgorod State National Research University 
 
ABSTRACT Analysis of precipitation structure and yield stress showed that the specific precipitation 
strengthening efficiency normalized to a volume fraction of the shearable {100} plates of the θ’’-phase is 
highest in comparison with the shearable {111} and non-shearable {100} plates of such transient phases as Ω 
and θ’, respectively, in AA2519 and AA2139 alloys containing similar amount of Cu. In AA2519 alloy, only ~0.5 
wt. % of Cu is consumed for the formation of the θ’’-phase. The contribution of precipitation strengthening 
for the θ’-phase plates is only slightly higher in comparison with the θ’’-phase plates, whereas ~3.3 wt. % of 
Cu is consumed for θ’-phase precipitation. It should be noted that number density of the θ’-phase is lower by 
~40 times than that of the θ’’-phase. As result, the specific strengthening efficiency of the none-shearable θ’-
phase is significantly lower. Thickness of the θ’-phase plate strongly affects their strengthening efficiency. The 
strength of the AA2519 and AA2139 is similar due to the fact that the formation of Ω-phase consumes ~2.5 
wt. % of Cu, and Ω-phase plates with thickness <2 nm) provides its very high number density, and, therefory, 
a high stregthening efficiency.  
 
10:50 AM - Presentation 403979 
Effects of Second-phase Particle Size on High-Temperature Ductility of Al−Mg Solid Solution Alloys 
Containing Small Amounts of Impurity Atoms 
Tsutomu Ito, Toyama Prefectural University 
Haruki Fujiwara, National Institute of Technology, Kagawa College 
Kentaro Kawasaki, National Institute of Technology, Kagawa College 
Takashi Mizuguchi, Ehime University 
 
ABSTRACT We characterize the high-temperature deformation of typical “Class I” solid solution Al−Mg alloys 
as superplastic elongation attributable to the solute drag creep of dislocations. We report that the second-
phase particles formed by adding Fe or Si impurity atoms in a non-solid solution to the Al−Mg alloys 
decreased their hot ductility by impeding the gliding motion of dislocations, resulting in cavity formation. 
High-temperature tensile tests were performed with initial strain rates of 1×10−3 - 1×10−1 s−1 and air 
temperatures of 673-723 K. The dominant high-temperature deformation mechanism in these alloys was 
solute drag creep controlled by the interdiffusion of Mg in Al. In this study, the calculation of the critical 
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length, defined by the relaxation region around second-phase particles produced by atomic diffusion in 
response to concentrated stress, is reported using the Needleman-Rice parameter. An analysis of the impact 
of cavity formation based on a comparison of the Needleman-Rice parameter and second phase particle size 
is also reported. 
 
11:10 - Presentation 401363 
Effect of Composition and Microstructure of 5xxx Series Aluminium on lüders Elongation and Dynamic 
Strain Aging 
Paul Ebenberger, Montanuniversitaet Leoben 
Bodo Gerold, AMAG Rolling GmbH 
Stefan Kirnstötter, AMAG Rolling GmbH 
Ramona Tosone, AMAG Rolling GmbH 
Peter J. Uggowitzer, Montanuniversitaet Leoben 
Stefan Pogatscher, Montanuniversitaet Leoben  
 
ABSTRACT 5xxx series aluminium alloys are well-established for a variety of applications in automobile 
manufacturing. However, cold forming generates stretcher strain marks which originate from Lüders 
elongation and dynamic strain aging. In this work the influence of deformation temperature, deformation 
rate, variation of the chemical composition and microstructure obtained via various thermo-mechanical 
treatments on the mechanical properties and the surface appearance are investigated. Increasing testing 
temperature und increasing deformation rate result in the well-known reduction of dynamic strain aging 
based on dislocation-solute dynamics. Alloys with varying Mg and Mn content were produced in lab-scale and 
reveal the following: reduction of Mg decreased the extent of Lüders elongation and improves the optical 
appearance of the deformed specimen; reduced Mn content results in slightly reduced mechanical properties 
and in only little effect on Lüders elongation and dynamic strain aging. The particle distribution, adjusted by 
the lab-scale casting process, has a strong impact on the microstructure evolution during lab-scale 
processing. In general, a fine-grained microstructure can be linked to larger Lüders elongation and increased 
dynamic strain aging and therefore affects the optical appearance of the deformed aluminium sheets 
negatively. Finally, potential improvements for 5xxx series aluminium alloys for automotive applications are 
discussed. 
 
Monday June 18, 14:00-15:20, Room 1090 
Deformation Behaviour & Formability II 
 
14:00 - Presentation 400961 
Invited Keynote: Four Regions in Low-Temperature Creep of Ultrafine-grained Aluminum 
Eiichi Sato, Institute of Space and Astronautical Science, JAXA 
Kenta Higane, Tokyo Metropolitan University 
Hiroshi Masuda, The University of Tokyo 
Koichi Kitazono, Tokyo Metropolitan University 
 
ABSTRACT The present study investigated the low-temperature creep mechanisms in ultrafine-grained (UFG) 
aluminum manufactured by accumulative roll bonding. UFG aluminum with grain size 0.39 μm showed steady 
state creep even at room temperature under low stresses as confirmed by the creep curves in the ε-ε plot. 
The low-temperature behavior was divided into four regions by three distinctive stresses, σI, σII and σIII: σI 
(=45 MPa) is denoted as the micro-yielding stress with which dislocations start movement, σII (=85 MPa) the 
dislocation multiplication stress above which dislocations multiply with creep deformation, and σIII (=171 
MPa) the conventional yield stress above which macroscopic plastic strain is generated. During low-
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temperature creep, below σI, negligible plastic strain is generated. Between σI and σII, creep deformation 
with stress exponent 2.5 occurred, which is accommodated by dislocation absorption into grain boundary 
and by grain boundary sliding, similarly to the low-temperature creep of h.c.p. metals. Between σII and σIII, 
creep deformation with stress exponent 7.0 occurred, whose mechanism is similar to the low-temperature 
creep of coarse-grained aluminum. Above σIII, power-law breakdown occurred. 
 
14:40 - Presentation 404583 
Origin of Ductility During Tensile Deformation of Commercial-Purity Aluminum Subjected to ARB Process 
Shoichi Hirosawa, Yokohama National University 
Toshiki Fujii, Yokohama National University 
Zenji Horita, Kyushu University, WPI, International Institute for Carbon-Neutral Energy Research (I2CNER) 
Yongpeng Tang, Kyushu University 
Seungwon Lee, University of Toyama 
Kenji Matsuda, University of Toyama 
Daisuke Terada, Chiba Institute of Technology 
 
ABSTRACT Accumulative roll bonding (ARB) process is one of severe plastic deformation techniques for 
obtaining ultrafine grains at submicrometer or nanometer scale, and enables metals and alloys to strengthen 
to a great extent without a major change in the sheet shape. In a previous study, the authors reported that 
the application of ARB up to 10 cycles can improve not only strength but also ductility of A1050 commercial-
purity aluminum. In this study, the origin of such an improvement of ductility was aimed at elucidating from 
the viewpoints of tensile properties, microstructures, strain hardening exponent (n-value) and strain rate 
sensitivity exponent (m-value). From the results of tensile test under various strain rates, it was found that 
uniform elongation is increased with increasing n-value, whereas local elongation increases linearly with m-
value. These can be explained by the underlying microstructural deformation mechanisms; i.e. the increased 
number density of grain boundaries by ARB act as annihilation site of dislocations, and the increased strain 
rate around necked regions prevent further deformation, resulting in the sustained deformation even beyond 
necking. 
 
15:00 - Presentation 398641 
A PLC Effect in Particle Reinforced AA2017 
Markus Härtel, Chemnitz University of Technology  
Philipp Frint, Chemnitz University of Technology 
Christian Illgen, Chemnitz University of Technology  
Martin F.-X. Wagner, Chemnitz University of Technology 
 
ABSTRACT The Portevin-Le Chatelier (PLC) effect results in a serrated plastic flow during tensile testing of 
aluminum alloys. The characteristics of PLC effects are often sensitive to heat treatment, strain rate and 
deformation temperature. Dynamic strain aging, caused by the interaction of solute atoms with mobile 
dislocations often is the reason for serrated flow. We analyze the plastic deformation behavior of Al-Cu alloy 
AA2017 and a particle reinforced AA2017 +10 vol.-% SiC alloy in two different conditions: solid solution 
annealed (W) and naturally aged (T4). For the W-condition of both materials, a pronounced serrated flow is 
observed, while both T4-conditions do not show distinct serrations. We find that a reduction of the 
temperature (-60°C, -196°C) shifts the onset of serrations to larger plastic strains and additionally reduces 
their amplitude. Testing at room temperature with alternating strain rates confirms a negative strain rate 
sensitivity for the W condition. The PLC effect as well as the propagation of the corresponding bands in the 
W-condition is characterized with the help of digital image correlation (DIC) and acoustic emission 
measurements during tensile testing. The formation of PLC bands in the reinforced material is accompanied 
by distinct stress drops combined with perceptible acoustic emission.  
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Tuesday June 19, 10:30-11:50, Room 1090 
Deformation Behaviour & Formability III 
 
10:30 - Presentation 400075 
Evaluation of the Lateral Crush Performance of Al-Mg-Si Extrusions 
Jean-François Béland, National Research Council Canada 
Nick Parson, Rio Tinto Aluminium 
 
ABSTRACT The design of extruded aluminum crash structures including crash rails, crash cans, bumpers and 
structural body components is dependent on the mechanical behavior of the materials used in these 
components along with other specific requirements such as the stored energy level, maximum allowable 
crush force and space available for the structure. The main design objective of crash structures is to maximize 
the energy absorption capability while also minimizing part weight. Alloy and temper selection play a vital 
role in increasing the energy absorbed-to-weight ratio of a part since the profile shape and thickness are 
determined by the material’s extrudability, strength and ductility. The axial crush behavior of Al-Mg-Si 
extrusions has been widely studied, including work by the current authors, and a visual ranking system is 
typically used in the industry. However, information pertaining to material performance in the case of lateral 
crush, relevant to intrusion beams or side sills, is still limited. This paper focuses on the development of a 
lateral crush test protocol and presents an evaluation of the transverse crush performance of common Al-
Mg-Si alloys. 
 
10:50 AM - Presentation 403877 
Advanced Sheet Aluminum Alloys with Engineered Surfaces for Forming Lightweight Automotive Products 
Mehdi Shafiei, Novelis Inc. 
 
ABSTRACT In recent years, the need for more energy-efficient vehicles has necessitated a rapid expansion in 
the use of aluminum alloys in body panels and structural components of cars and trucks. This expansion has 
fueled an exceptional growth in development of new aluminum alloys and manufacturing processes that 
often create new challenges in automotive industry. During forming of sheet aluminum alloys for automotive 
products, aluminum transfer to die surfaces may significantly reduce process efficiency and quality of the 
final products. A deep understanding of tool piece/ work piece tribological interactions can often help resolve 
manufacturing challenges, such as surface defects generated in forming. In this study, major challenges in 
forming of aluminum flat rolled products for cars and trucks are reviewed, testing techniques for tribological 
simulation of forming processes are discussed, and potential solutions based on material, lubricant and 
process modifications are presented. Moreover, effectiveness of advanced engineered surfaces in improving 
friction, wear and lubrication conditions in forming of sheet aluminum alloys is examined and discussed in 
detail. The findings highlight the potential benefits of highly engineered surfaces in improving forming 
processes used in mass production of high-quality, lightweight automotive products. 
 
11:10 - Presentation 400906 
Recrystallization of Industrially Processed 5xxx Aluminum Alloys 
Xiuchuan Lei, Chongqing University 
Robert Edward Sanders Jr., Chongqing University 
Xiaofang Yang, Chongqing University 
Yin Ye, Chongqing University 
Zhenzhen Fan, Chongqing University 
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ABSTRACT 5xxx aluminum alloy sheet products are used in a wide range of automotive, packaging, and 
construction applications. The grain size and texture of these alloys largely determine the strength, 
formability and surface appearance in both soft (“O”) and work-hardened tempers. Several alloys, including 
5754, 5182, 5657, and 5252, were chosen for recrystallization studies. Industrial hot band samples were cold-
rolled and annealed to assess the effects of the microstructure on the mechanisms of recrystallization and 
grain growth. EBSD and TEM were used to study the differences between alloys 5754 and 5182, which 
contain high volume fractions of constituent phases (Mg2Si and Al-Fe-Mn particles), and the relatively high 
purity 5657 and 5252 alloys. The prior hot-rolled microstructures (constituent particle size, dispersoid 
population, and Mg solute levels) clearly influenced the recrystallization mechanisms and resultant textures 
and grain sizes. The competition between particle-stimulated nucleation and recrystallization at previously-
deformed cube bands is discussed. 
 
11:30 - Presentation 401775 
Experiments and Modelling of the Portevin-le Chatelier Effect in AA5182 
Jianbin Xu, Norwegian University of Science and Technology 
Bjørn Holmedal, Norwegian University of Science and Technology 
Odd Sture Hopperstad, Norwegian University of Science and Technology 
Tomáš Mánik, Norwegian University of Science and Technology  
Knut Marthinsen, Norwegian University of Science and Technology 
 
ABSTRACT Tensile tests with a constant cross-head velocity in the range from 10-5 to 1 s-1 were carried out 
on an AA5182 Al-Mg alloy. The material exhibits a sharp yield point, a Lüders plateau, and both type A and 
type B serrations within the range of strain rates. Measurement based on digital image correlation (DIC) is 
used to capture the spatio-temporal features of the PLC behavior. A dislocation based simulation model with 
strain rate and temperature dependence (i.e. a combined Kocks-Mecking and McCormick approach) has been 
implemented to study the Mg solute strengthening and forest hardening behavior. Results show that the 
evolution of the dislocation density has a strong relation with the deformation instabilities; also, the 
dislocation strain hardening as well as the strain-rate softening, have a competitive influence on the band 
propagation and band morphology.  

 
Tuesday June 19, 14:00-15:20, Room 1090 
Deformation Behaviour & Formability IV 
 
14:00 - Presentation 399441 
Strategies to Eliminate Grain Coarsening in Aerospace Alloys 
Katharina Regl, AMAG Rolling GmbH 
Josef Berneder, AMAG Rolling GmbH 
 
ABSTRACT In the aircraft industry, aluminium sheets are most commonly formed in their soft state, followed 
by solution heat treatment and natural or artificial aging. If the deformation in the working process exceeds a 
critical amount, grain coarsening occurs during the subsequent recrystallization at the solution heat 
treatment. A later deformation to this condition leads to orange peel surface, which requires an additional 
polishing. Furthermore the coarse grain leads to a drop in the mechanical properties. If there is no 
subsequent deformation after the heat treatment, this effect is not visible and without destructive testing 
there is no possibility to detect the error. AMAG investigated different aspects to improve the resistance 
against grain coarsening and was successful in finding several ways to minimize and even avoid this effect. 
The first aspect is the chemical composition and thus the amount of dispersoids that are formed during 
homogenization. Secondly the grain size itself has a big influence, the effect of grain coarsening is stronger or 
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weaker depending on the initial grain size. Additionally it is important to choose the right process sequence 
for the component production, which makes it possible to eliminate the problem of grain coarsening.  
 
14:20 - Presentation 401503 
The Effect of Microstructure on Hot Compression Deformation Behavior of an Al-3.8Cu-1.8Li Alloy 
Xiao-Ya Wang, Harbin Institute of Technology  
Jian-Tang Jiang, Harbin Institute of Technology 
Guo-Ai Li, Beijing Institute of Aeronautical Materials 
Liang Zhen, Harbin Institute of Technology 
 
ABSTRACT Deformation behavior of 2A97 aluminum alloy containing coarse secondary phases was studied 
using uniaxial hot compression (HC, 340-490°C, 0.4001-1 s-1). The flow stress could be described by a Zener-
Hollomon parameter in hyperbolic sine function with the hot deformation activation energy of 237 kJ/mol. 
Based on the experimental data and dynamic materials model, processing maps were generated to 
demonstrate the hot workability of the alloy. The coarse secondary phases experienced dissolution by 
varying degree under different deformation temperature, which producing different effects on the 
microstructure evolution. When deformed at relatively low temperatures, a mass of fine grains shaped up in 
the original grains and grain boundaries, and the dominating deformation mechanism was believed to be 
dynamic recrystallization. As the deformation temperature rising to 490 oC, most secondary phases 
disappeared and few recrystallized grains were observed, indicating that the secondary phases dissolved 
sufficiently along with dynamic recovery occurred during the hot deformation. Particle stimulated nucleation 
related to the coarse secondary phases was believed to promote the recrystallization and the recrystallization 
behavior was sensitive to deformation temperature.  
 
14:40 - Presentation 401733 
Deformation Behaviour of Aluminium Alloy 7075-W 
Julie Lévesque, Université Laval 
Augustin Gakwaya, Université Laval 
 
ABSTRACT Aluminium alloy 7075 is used extensively in the aerospace industry. During the manufacturing 
process, it is sometimes formed in the as-quenched (W) condition, in order to avoid distortion of finished 
parts during the quench. In this work, the deformation behaviour of 7075-W extruded tubes is studied. As the 
material naturally ages after the quench, its yield stress increases rapidly, while its work hardening stays 
relatively unchanged. The occurrence of the Portevin-Le Chatelier effect is reduced as natural ageing time is 
increased. This effect can negatively affect the ductility of the material, but its severity depends on the initial 
microstructure and anisotropy of the tubes. 
 
15:00 - Presentation 400449 
Two-Stage Creep Ageing Behavior of an Al-Cu Alloy 
Ziyao Ma, Central South University 
Lihua Zhan, Central South University  
Lingzhi Xu, Central South University  
Chunhui Liu, ,Central South University 
 
ABSTRACT The creep ageing forming (CAF), taking advantage of the concurrent creep and age-hardening 
behaviors, has been used to manufacture large integrated aero-space components made of Al alloys. To 
accelerate the CAF process and improve the forming efficiency, a novel two-stage CAF treatment is proposed 
for an Al-Cu alloy. A short-term high-temperature stress-ageing process is introduced before the conventional 
long-term CAF treatment at a relatively low temperature. Creep ageing behavior of the investigated Al-Cu 
alloy during the novel two-stage CAF treatment is fully investigated in this paper. The mechanical property 
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and the creep strain increase much faster than those in the conventional single-stage CAF treatment. A 
bimodal precipitation, generated by the high-temperature stress-ageing and following low-temperature CAF 
treatment, is responsible for the increase in yield strength. The effect of the applied stress is analyzed based 
on microstructure evolution to explain the cross of the stress and stress-free ageing hardening curves. The 
steady creep strain rate in the second stage of the new CAF process is lower than that in the conventional 
CAF treatment. 

 
Tuesday June 19, 15:40-17:00, Room 1090 
Deformation Behaviour & Formability V 
 
15:40 - Presentation 401593 
Hot Deformation Behavior of Aluminum-Matrix Composite Alloys Based on Al-ca Eutectic System, During 
Radial-Shearing Rolling 
Torgom Akopyan, National University of Science and Technology MISiS 
Nikolay Belov, National Research and Technological University MISiS 
Alexander Aleshchenko, National Research and Technological University MISiS 
Sergei Mishurov, National University of Science and Technology MISiS 
 
ABSTRACT The phase composition, microstructure and mechanical properties of eutectic alloys based on the 
Al-Ca system after hot deformation, including radial-shearing rolling (RSR) were studied. To study the 
evolution of the microstructure during the deformation, microhardness measurements and electron 
microscopic analysis were performed. It is shown that RSR leads to the formation of a gradient 
microstructure with an ultrafine-grained surface layer characterized by high microhardness and thickness of 
about 1.5-2.5 mm and a coarse-grained interior of the billet. The microhardness gradually decreases from the 
surface layer to the center of the billet. Uniaxial tensile tests have revealed that the strength of the model 
Al7.6Ca eutectic alloy (with a total fraction of the Al4Ca intermetallic phase exceeding 30 vol. %) after the RSP 
at 400-450°C with a total elangation ratio of μ = 9.0 is increased by 2.0-2.5 times compared with the as-cast 
or annealed state, while the ductility is either not inferior to ductility in the annealed state or increases 
several times. Thus, it can be concluded that the radial-shearing rolling can be used for deformation 
processing of composite aluminum alloys and emerging gradient structure provides a high complex of 
mechanical properties.  
 
16:00 - Presentation 399445 
The Precipitation and Mechanical Behavior of Al Alloys Containing TiC Nano-Particles 
Qinglong Zhao, Jilin University 
Run Geng, Jilin University 
Feng Qiu, Jilin University 
Qichuan Jiang, Jilin University 
Huiyuan Wang, Jilin University 
 
ABSTRACT The precipitation and mechanical behavior of Al-Mn and Al-Mg-Si alloys with the small addition of 
in situ TiC/TiB2 nano-particles were investigated. A small addition of nano-particles refines the as-cast and 
recrystallized grain structure, and promotes precipitation, leading to improved tensile properties. Concurrent 
precipitation during hot deformation suppressed work softening by pinning effect, leading to significantly 
enhanced ductility and creep rupture life. 
 
16:20 - Presentation 401494 
Microstructure and Mechanical Properties of Al/Ti Composite Plate by Cold Rolling Bonding 
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Yu Cao, Chongqing University  
Chenghang Zhang, Chongqing University  
Peng Liu, Chongqing University  
Guangjie Huang, Chongqing University  
Qing Liu, Chongqing University 
 
ABSTRACT In this work, AA1100/TA2 composite plates were prepared by roll bonding at room temperature. 
We investigated the influence of annealing process parameters on the microstructure and mechanical 
properties of rolled plates through the techniques of electron backscattered diffraction and micro-hardness 
tests. Based on the above work, the optimum processing parameters of cold rolling and annealing treatment 
were proposed as: one-pass cold rolling with a critical reduction ratio of 50% followed by annealing at 550°C 
for 120min. 

 
Wednesday June 20, 10:30-11:50, Room 1090 
Deformation Behaviour & Formability VI 
 
10:30 - Presentation 405227 
Invited Keynote: Memory Effects in Models for Forming Simulations 
Bjørn Holmedal, Norwegian University of Science and Technology  
Jisheng Qin, Norwegian University of Science and Technology 
Odd Sture Hopperstad, Norwegian University of Science and Technology 
Tomáš Mánik, Norwegian University of Science and Technology  
 
ABSTRACT During non-monotonic loading the formability of aluminium alloys may be severely reduced due 
to a built-in material memory of its previous loading history. For example a 12% cold rolled AA1xxx sheet will 
have nearly no uniform elongation in the transverse direction, as compared to 20% uniform strain in the 
rolling direction. Memory effects have been included in crystal and continuum plasticity models. In this paper 
recent progress in model formulations, behavior and predictability is reviewed. 
 
11:10 - Presentation 406057 
The Analytical Post-Necking Correction of Stress in Axisymmetric Tensile Specimen with Fiber Texture 
Tomáš Mánik, Norwegian University of Science and Technology  
Bjørn Holmedal, Norwegian University of Science and Technology  
 
ABSTRACT The Bridgman correction is commonly applied for obtaining stress-strain curves up to strains 
beyond the onset of necking. Other corrections exist, as alternatives to the Bridgman correction. However, 
their derivations all assume isotropic material and rely on various simplifying mathematical assumptions. The 
aim of the present study is to probe the performance of necking corrections for realistic yield conditions 
represented by a high-exponent yield locus suitable for FCC metals. An extruded aluminum alloy with a fibre 
texture is considered, for which the Barlat 2004 yield surface is calibrated to crystal plasticity calculations. 
The predictions by several correction formulas were compared to a FEM simulation of an axisymmetric 
tensile test. 
 
11:30 - Presentation 405003 
Texture Development in Al-Mg-Si Alloys Extruded Through Porthole Dies 
Jingqi Chen, The University of British Columbia 
Yahya Mahmoodkhani, University of Waterloo 
Yu Wang, University of Waterloo 
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Nick Parson, Rio Tinto Aluminium 
Mei Li, Ford Motor Company 
Mary A. Wells, University of Waterloo 
Warren J. Poole, The University of British Columbia 
 
ABSTRACT The extrusion of hollow profiles from aluminum alloys can be done using a porthole die. In a 
porthole die, the aluminum is split into multiple feeds which passes around a bridge and then re-weld 
together. In this work, an idealized porthole die was used where a round billet was extruded into a strip with 
a bridge in the centre of the strip. The material used in the trials was an aluminum alloy based on AA6082 
with a high dispersoid content to inhibit recrystallization. In comparison with a conventional strip extrusion 
where there is no bridge in the die, the porthole die extrusion displayed a strong texture variation around the 
centre weld line, i.e. for the areas close to the centre weld line, only copper-type texture was observed, 
whereas approximately 0.4 mm from the weld line, a single component of the brass texture was observed. It 
was observed that strain is localized near the region of weld line when room temperature tensile tests were 
conducted on the extruded strip parallel to the transverse direction. Simulations using the visco-plastic self-
consistent model suggests that this phenomenon is due to the observed texture variation along the 
transverse direction of the extruded strip.  

 
Wednesday June 20, 14:00-15:20, Room 1090 
Deformation Behaviour & Formability VII 
 
14:00 - Presentation 405222 
Thin Gauge Aluminum Sheet Formability Measurement: Challenges and Recent Developments 
Daehoon Kang, Novelis Global Research and Technology Center 
Vivek Srivastava, Hindalco Innovation Center 
 
ABSTRACT Measurement of the formability of thin-gauge aluminum sheet, such as that used for the 
manufacture of beverage can bodies and ends, gives rise to a number of challenges relative to the evaluation 
of thicker gauge sheet. Despite tremendous efforts to develop the most accurate and industrially practical 
method to evaluate the formability in ways relevant to the can-making process, there are still various 
challenges, such as providing sufficient sensitivity to discriminate slight differences in performance in the 
process, as well as achieving reproducibility with minimum operational variation. Simple uniaxial tensile test 
are still widely used to attempt to measure metal formability, but are not generally sufficiently sensitive or 
discriminating. In the present research, Novelis has approached this from an understanding of the stress 
state of thin gauge can materials under the operational conditions of the forming process. A number of 
typical sheet metal formability measurement techniques were assessed focusing on the sensitivity and 
practicality. Among the formability measurement methods evaluated, the Kahn tear test and DENT (double 
edge notched tension) test have shown the best potential. Some additional modifications that have been 
made to the test conditions to improve the quality and reproducibility of the measurement will be discussed. 
 
14:20 - Presentation 404995 
Fracture Determination in Bending of AA6111 
Andreas Kupke, Deakin University 
Matthew Barnett, Deakin University 
George Luckey, Ford Research and Advanced Engineering 
Matthias Weiss, Deakin University 
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ABSTRACT Quantifying fracture in bending of metal sheets is challenging, especially for ductile materials such 
as AA6111 aluminium. The commonly used standard VDA 238-100 may not provide the best solution. A new 
bend test setup was designed to fracture highly ductile aluminium alloys while simultaneously monitoring the 
surface strain. Optical profilometry was employed to analyse the surface during test interruptions. 
Profilometry data are combined with strain measurements to reveal the failure strain. The results obtained 
for AA6111 are compared to those generated using standard fracture analysis techniques. The present 
approach is found to reveal that fracture in AA6111 occurs later than suggested by the VDA 238-100 standard 
and the fracture strain is underestimated using conventional fracture analysis techniques. 
 
14:40 - Presentation 401175 
Hot Deformation Behavior and Microstructure of AA2195 Alloy Under Plane Strain Compression 
Qingbo Yang, Chongqing University 
Zhiqing Zhang, Chongqing University 
 
ABSTRACT Hot deformation behavior of Al-Cu-Li alloy (AA2195) was subjected to isothermal plane strain 
compression in the temperature range of 400-500°C and strain rate of 0.01-10 s-1. The microstructural 
evolution during compression was analyzed by optical microscopy (OM), electron back-scattered diffraction 
(EBSD) and transmission electron microscope (TEM). The flow characteristic of a peak stress and subsequent 
softening was attributed to dynamic recrystallization rather than precipitates coarsening. Hot deformation at 
400°C-1 s-1 induced a large number of coarse T1 and θ′ phases due to precipitates coarsening, which 
contributed to discontinuous dynamic recrystallization nuclei. These discontinuous dynamic recrystallization 
nuclei made less contribution to softening in the flow curve. However, while deformed at 420°C-0.1 s-1, fine 
T1 and θ′ phases resulted in some discontinuous dynamic recrystallization originated from triple junctions. 
The coarse discontinuous dynamic recrystallization made significant contribution to softening in the flow 
curve. However, there was no obvious coarse precipitates deformed at 420°C-0.1 s-1. Therefore, the distinct 
occurrences of the peak stress and subsequent softening were not consistent with coarsening of precipitates 
in the present work. 

 
Wednesday June 20, 15:40-17:00, Room 1090 
Deformation Behaviour & Formability VIII 
 
15:40 - Presentation 401572 
Molding of Aluminum Foam Using Metal Mesh as Die During Foaming of Aluminum Foam Precursor by 
Optical Heating 
Yoshihiko Hangai, Gunma University 
Kenji Amagai, Gunma University 
Takao Utsunomiya, Shibaura Institute of Technology 
Nobuhiro Yoshikawa, The University of Tokyo 
 
ABSTRACT Aluminum (Al) foams are expected as components of vehicles and construction materials. Among 
the several routes for fabricating Al foams, a precursor foaming route has been commonly used to produce Al 
foam. In this study, optical heating, which can directly heat a precursor, was employed through metal mesh 
to obtain Al foam. Fundamental investigations on the molding of the Al foam using a metal mesh as a die, 
which can transmit light during foaming, were conducted. 
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16:00 - Presentation 401047 
Characteristics of Localized Unstable Plastic Flow During Equal-Channel Angular Pressing 
Philipp Frint, Chemnitz University of Technology 
Martin F.-X. Wagner, Chemnitz University of Technology 
 
ABSTRACT We report on the plastic flow behavior during ECAP of a commercial 6000 series aluminum alloy. 
Stable homogeneous or unstable heterogeneous plastic flow can take place, depending on different pre-ECAP 
material conditions of the same alloy. A visio-plastic method, where local deformation is studied by analyzing 
the distortion of equi-axed grids of micro-indents, helps to understand the plastic flow of the material and 
the formation of shear bands. From XRD measurements, pre-ECAP texture is found to be a key factor for the 
onset of strain localization. Interestingly, the directional (anisotropic) strain hardening prior to ECAP 
(introduced by cold extrusion) hardly affects shear banding. We furthermore analyze the local mechanical 
behavior of individual bands by small scale tensile and shear testing. The shear bands exhibit a considerably 
higher tensile strength compared to the surrounding matrix - but their shear-strength is lower. Moreover, a 
local Bauschinger effect in the shear bands under shear loading can be documented. Since this locally 
anisotropic material behavior strongly affects macroscopic deformation of the as-ECAPed material, we 
consider local vs. global behavior and discuss the roles of texture, local strain rate sensitivity, and load path-
dependent behavior, which contributes towards a detailed understanding of the post-ECAP deformation 
behavior. 
 
16:20 - Presentation 405249 
Elevated and High Strain Rate Behavior of Additively Manufactured AlSi10Mg_200C by Direct Metal Laser 
Sintering (DMLS) 
Amir Hadadzadeh, University of New Brunswick 
Babak Shalchi Amirkhiz, CanmetMATERIALS, Natural Resources Canada 
Akindele Odeshi, University of Saskatchewan 
Mohsen Mohammadi, Marine Additive Manufacturing Centre of Excellence, University of New Brunswick  
 
ABSTRACT Additive manufacturing (AM) is a revolutionary manufacturing route for fabricating high quality 
products directly from powder or wire material through layer-on-layer joining process. Due to unique 
advantages of AM over conventional manufacturing processes, AM process is finding increasing attraction in 
the marine and defense sectors. Amongst various types of metallic materials fabricated by AM processes, 
aluminum alloys are of particular interest in marine and defense industries due to their high specific strength 
and superior corrosion properties. Meanwhile, due to the nature of service conditions in these industries, 
impact properties of the products are of particular importance. In the current study, elevated and high strain-
rate properties of additively manufactured AlSi10Mg_200C by direct metal laser sintering (DMLS) process 
were investigated. Rod shaped samples (12 mm in diameter and 120 mm long) of AlSi10Mg_200C were 
fabricated by DMLS process in both horizontal and vertical directions. Shock loading of the samples was 
conducted using a Split Hopkinson Pressure Bar (SHPB) at strain rates ranging from 150 s-1 to 5400 s-1 on the 
cylindrical samples 9.5 mm in diameter and 10.5 mm long. The resulting microstructure and texture were 
investigated using XRD, SEM, EBSD and TEM to elaborate the deformation mechanisms over each strain-rate 
regime.  
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Monday June 18, 10:30-11:50, Room 1100 
Joining I 
 
10:30 - Presentation 399157 
Joining of 3D Printed Aluminium Alloys by Friction Stir Welding 
Zhenglin Du, Nanyang Technological University 
Ming Jen Tan, Nanyang Technological University 
Hui-Chi Chen, Singapore Insitute of Manufacturing Technology 
Guijun Bi, Singapore Insitute of Manufacturing Technology 
Chee Kai Chua, Singapore Centre for 3D Printing and Nanyang Technological University 
 
ABSTRACT Selective Laser Melting (SLM) is a powder bed fusion additive manufacturing technique, and its 
ability to fabricate complex geometries with dimensional accuracy, superior mechanical properties has drawn 
much research interest. Such superior properties are mainly attributed to the rapid cooling and solidification 
process to produce very fine grains. However, SLM is limited by the size of the equipment, hence joining 
using Friction Stir Welding (FSW) is being explored here. FSW is the solid state joining technique consisting of 
a non-consumable rotating tool with a specially designed pin and shoulder being inserted into the abutting 
edges of the workpiece and traversing along the weld direction. During the process, friction between the 
rotating tool and the workpiece soften the workpiece allowing plastic deformation and dynamic 
recrystallization process welds the workpiece together without melting. The intense plastic deformation at 
elevated temperature during the process results in the generation of fine equiaxed recrystallized grains in the 
nugget region In this study, the joining SLM-3D-printed aluminium alloys are presented with its optimal 
processing parameters and resultant mechanical properties, together with its accompanying microstructures. 
The study shows the possibilities of printing and joining aluminium alloys.  
 
10:50 AM - Presentation 400878 
Formation Mechanism and Control of Impact Welded Interface in Dissimilar Metal Joints 
Shinji Kumai, Tokyo Institute of Technology 
Junto Nishiwaki, Tokyo Institute of Technology 
 
ABSTRACT Mechanical and physical properties of the impact welded dissimilar metal joints are controlled by 
joint interface morphology. An intermediate layer (IML) is often formed at the joint interface and this 
deteriorates the interface quality in some metal combinations. Numerical and experimental studies were 
performed in order to examine the formation mechanism of the wavy interface and intermediate layer for 
explosive welded Al/Cu dissimilar metal joints. The impact welding process consists of (1) high-speed oblique 
collision of metal plates, (2) metal jet emission and large deformation and temperature increase at collision 
point and (3) rapid cooling at the joint interface. Euler-Lagrange coupling method, smooth particle 
hydrodynamic (SPH) method and modified laplacianFoam(LF) method were linked together to simulate a 
series of processes from (1) to (3), and the final interface morphology including the formation of IML was 
reproduced. The wavy morphology (wave-height, wavelength) and the position and composition of IML 
formed at the joint interface of Al/Cu joints were quantitatively in good agreement with those reproduced by 
numerical analysis. Our simulation results are useful for the control of the interface morphology, reduction of 
the amount of IML, and improvement of the mechanical properties of the impact welded dissimilar metal 
joints. 
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11:10 - Presentation 399941 
Joining of Steel and Aluminum by Means of Friction Stir Welding Process 
Sazol Das, Novelis Inc. 
Hany Ahmed, Novelis Inc. 
Ganesh Bhaskaran, Novelis Inc. 
Zhuoru Wu, Novelis Inc. 
 
ABSTRACT Friction stir welding (FSW) process in lap configuration for dissimilar materials has been developed 
and tested for steel to aluminum joining. A novel cylindrical tool was designed for improved material flow. 
The joining of steel to high strength 5xxx and 6xxx aluminum was carried out by FSW technique using 
optimized process parameters. The microstructure, micro-hardness, joint strength and corrosion properties 
at the weld interface have been investigated. Optical and scanning electron microscopy reveled a well 
layered structure at the interface and lap shear tests of the welds showed excellent fracture resistance. 
Neutral salt spray tests for up to 500 hours (ASTM B117) were carried out on the bare steel to aluminum FSW 
joints, which did not show neither evidence of corrosion at the weld interface, nor any degradation of the 
weld strength. The FSW lap configuration was applied to prototype commercial vehicle structural component 
whereby a steel stiffener insert was friction stir welded to high strength 6xxx aluminum alloy. The interface 
microstructure showed layered root without any steel shattering in aluminum side. A finite element study 
was carried out to quantify the benefits where it was found that the stiffness increases by 76% under bending 
loads and 36% in torsion loads. 
 
11:30 - Presentation 401033 
Characterizing Various Zones Formed in Friction Stir Spot Welding with Different Tool Pins 
Ashu Garg, Indian Institute of Technology Patna 
Anirban Bhattacharya, Indian Institute of Technology Patna 
 
ABSTRACT Friction stir spot welding of aluminum alloy AA6061-T6 sheets were performed with circular tool 
pin (at 0.2 and 0.4 mm plunge depths) and square, triangular tool pin (plunge depth 0.2 mm) moreover 
constant 0.2 mm shoulder penetration to observe and characterize various zones of weld nugget. Depth of 
the stir zone below the tool pin is found alike however wider zone is observed with circular tool pin. The size 
of sir zone formed at the interface of tool pin and a tool shoulder increases with plunge depth for circular pin 
and is observed to be larger for triangular and square tool pin due to higher swept rate. Predicted strain from 
finite element analysis, calculated strain rate using Zener-Hollomon relationship and experimentally 
measured grain size distribution indicate severe amount of plastic deformation in and around the 
nugget/spot region. Finer grains in various stir zones were observed compared to other zones due to 
continuous dynamic recrystallization. Relatively finer grains in stir zone were observed for tool with circular 
pin as compared to other pin profiles. Microhardness results indicate that welded region is softened than the 
base metal and maximum hardness among various zones is observed mostly around thermo-mechanically 
affected zone region. 

 
Monday June 18, 14:00-15:20, Room 1100 
Joining II 
 
14:00 - Presentation 401835 
Dissimilar Underwater Friction Stir Lap Welding of Aluminum Alloy to Pure Copper for Industrial 
Application 
Simon Larose, Structures, Materials and Manufacturing, National Research Council of Canada - Aerospace 
Priti Wanjara, Structures, Materials and Manufacturing, National Research Council of Canada - Aerospace 
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Javad Gholipour Baradari, Structures, Materials and Manufacturing, National Research Council of Canada - 
Aerospace 
Gail Comeau, Groupe Tremblay 
 
ABSTRACT The purpose of the present work was to develop the Friction Stir Welding (FSW) process for 
joining of Cu-Al electrical connectors. More precisely, 3 mm thick commercially pure copper was welded to 
AA6061 in overlap configuration, with the copper plate positioned at the top of the joint. The temperature at 
the Cu-Al interface was measured using thermocouples for selected welding trials, and the tool and weld 
surface temperature fields were captured using an infrared camera. Challenges related to heat accumulation 
during welding of the Cu-Al dissimilar metal combination were overcame by performing the joining process 
while the coupons were entirely immersed in water, thus allowing for enhanced cooling. The interface 
characteristics of selected joints were examined to evaluate the inter-mixing between the copper and 
AA6061, and compared with those of similar joints produced by linear friction welding in a related project. 
The underwater FSW process was then gradually migrated from coupons involving AA6061 plates to the 
actual parts involving AA6063 bars. A series of electrical connector prototypes was finally produced for 
validation purpose in a production representative configuration. 
 
14:20 - Presentation 401710 
Effect of Laser Wobbling on AA6022 Al Alloy to AZ31 Mg Alloy Dissimilar Welding with Ni Interlayer 
Luqman Hakim Ahmad Shah, University of Waterloo 
Farzad Khodabakhshi, University of Tehran 
Adrian Gerlich, University of Waterloo 
 
ABSTRACT This study investigates the effect of laser wobbling during dissimilar laser welding of aluminum 
and magnesium with nickel foil interlayer. Sheets of 2 mm thick AA6022 and AZ31 alloy were joined with a 
0.1 mm thick Ni foil sandwiched between to facilitate joining. The welding process was conducted with 
conventional and wobbling method using various laser speeds (mms-1) and power (W). Microstructural 
characterization was conducted using optical microscope, scanning electron microscopy (SEM) and energy 
dispersive spectroscopy (EDS). The hardness values of the joints were measured using Vickers hardness test. 
The micrographs reveal that conventional laser samples fractured prematurely during the cutting process due 
to the presence of Al-rich brittle interface. However, most of the wobble laser samples remained intact due 
to the presence of a Mg-rich interface which provided some ductility. Hardness tests show that the Mg-rich 
interface has a hardness comparable to the base metal, but the Al-rich interface exhibits a significantly higher 
hardness, indicating brittle phase. EDS analysis reveals preferential interaction between Al and Ni to form 
AlxNiy compounds. It can be concluded that the laser wobbling technique enhances the joint strength by 
substituting the joint interface with a Mg-rich ductile phase and limiting Al to Mg interaction. 
 
14:40 - Presentation 396925 
Critical Comparison of Residual Stresses and Performance of Stationary Shoulder and Conventional Friction 
Stir Welding for High Strength Alloys 
Tianzhu Sun, The University of Manchester 
Matthew Roy, The University of Manchester 
Philip Withers, The University of Manchester 
Anthony Reynolds, University of South Carolina 
Phil Prangnell, The University of Manchester 
 
ABSTRACT The effect of a stationary shoulder on the distribution of residual stresses and microstructure 
heterogeneity in AA7050 friction stir welds (FSWs) has been investigated by comparing welds manufactured 
with a conventional tool, using different levels of downforce, to welds produced with a stationary shoulder 
using (SSFSW) either the same power input or rotation rate, in butt and T joint configurations. The residual 
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stresses were measured both by neutron diffraction and the contour method. The stationary shoulder led to 
a significant reduction in the width of the tensile residual stress field (by ~20%), and peak stresses (by ~25%) 
over FSWs made at similar input powers. This improvement found in the residual stress distribution could be 
directly correlated to a reduction in the weld temperature and heat affected zone (HAZ) width, while the 
most important welding parameter affecting the peak tensile stresses was the travel speed. The residual 
stresses found in ‘T’ welds sections were asymmetric, being strongly affected by the welding sequence. 
Overall SSFSWs could be produced with a substantial improvement in weld performance relative to FSW, 
showing both a smaller and less severe HAZ, a more refined nugget grain structure, and lower residual 
stresses. 
 
15:00 - Presentation 400024 
The Welding Combination Types on the Mechanical Properties of Dissimilar AA2024-7075 Joints Produced 
by Friction Stir Welding 
Chenghang Zhang, Chongqing University  
Guangjie Huang, Chongqing University  
Yu Cao, Chongqing University 
Wei Li, Chongqing University  
Qing Liu, Chongqing University 
 
ABSTRACT In this paper, we performed some dissimilar friction stir welding between AA2024 and AA7075 
sheets using nine different types of weld combination. The influence of base metal direction on the 
microstructure and mechanical properties of welded joints were subsequently investigated based on the 
welding experiments. The results showed that the weld combination of 45o‖RD contributes to deteriorated 
mechanical properties of the dissimilar joints. However, some optimal mechanical properties can be acquired 
with the weld combination of 45o‖45o. 

 
Tuesday June 19, 10:30-11:50, Room 1100 
Joining III 
 
10:30 - Presentation 404587 
A Comparison of Cold Metal Transfer Welding, Laser Welding and Friction Stir Welding on a Newly 
Developed, Extruded High-Cu 6000 Series Alloy (Constellium HSA6TM) 
Avinash Prabakar, Loughborough University 
Carla Barbatti, Constellium Technology Center 
Gary Critchlow, Loughborough University 
Simon Hogg, Loughborough University 
 
ABSTRACT This paper investigates the effect of welding processes on the mechanical properties of a newly 
developed aluminium 6000 alloy (Constellium HSA6TM), which is extremely attractive to the automotive 
sector due to its excellent mechanical properties. Butt-welds were fabricated in the T6 condition by Cold 
Metal Transfer welding (CMT), Laser welding (LW) and Friction Stir welding (FSW). The weldments were 
subjected to a simulated paint-bake cycle. Filler wire 5183 was used for CMT and LW processes, while FSW 
was carried out without a filler wire. Assessment of the weldment was performed using tensile testing, 
micro-hardness mapping and scanning electron microscopy and electron backscatter diffraction. FSW offered 
the best tensile performance in the as-welded condition and after the paint-bake cycle. An average ultimate 
tensile strength of 332 MPa was obtained for the FSW weldment subjected to paint-bake cycle compared to a 
base material value of 399 MPa. Hardness mapping showed that the TMAZ/HAZ was the softest region in the 
FSW weldment, while the fusion zone was the softest region in the LW and CMT weldments. Fracture in the 
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CMT weldment mostly occurred in the HAZ and not in the fusion zone, due to the larger cross-section area of 
the weld-bead. 
 
10:50 AM - Presentation 398834 
Microstructure Characteristic of Protruding Anchor Layer Fabricated by Laser-Induced Combustion 
Synthesis Reaction of Al-Ti-C System 
Seung Gwang Kim, Nagoya University 
Asuka Suzuki, Nagoya University 
Naoki Takata, Nagoya university 
Makoto Kobashi, Nagoya University 
 
ABSTRACT For reducing the weight of vehicle body, “multi-material structure”, where the most suitable 
material is used at each component of the vehicle, has been focused on. It is essential to establish 
technologies to join different materials e.g., metal and polymer. We have developed an innovative joining 
technology of metal and polymer utilizing “anchor effect”. Protruding Anchor Layer (PAL), which consist of 
many metallic granular products, is fabricated on a metal substrate. Molten polymer is infiltrated into the 
PAL and solidified to form interpenetrating phase layer. We have fabricated the PAL using laser-induced 
combustion synthesis reaction of Al-Ti and Al-Ti-C system. Each of mixed powder of Al-Ti (molar ratio of 1:1) 
and Al-Ti-C (molar ratio of 1:1:1) was set onto Al alloy substrate (A5052), and diode laser was irradiated onto 
the base powder, inducing the combustion synthesis reaction of Al-Ti and Ti-C systems. The morphology and 
the microstructure of the PAL were observed with a SEM. EDS analysis and XRD measurements were also 
conducted to identify the products in the PAL formed by the combustion synthesis reaction and investigate 
the mechanism of the PAL formation. Finally, the joint strength of A5052 and Nylon-6 joint was measured by 
the lap shear test. 
 
11:10 - Presentation 401499 
Dissimilar Laser Brazing of A5052 Aluminum Alloy and AZ31 Magnesium Alloy 
Tomo Ogura, Osaka University 
Shunsuke Netsu, Osaka University 
Kazuyuki Ike, Osaka University 
Kazuyoshi Saida, Osaka University 
 
ABSTRACT This investigation into the microstructure and mechanical properties of a joint produced by laser 
brazing between A5052 and AZ31 with the Ti insert metal has revealed that a laser-brazed joint was 
successfully obtained through thin intermetallic compounds of Ti-Al series are formed at the AZ92/Ti and 
Ti/A5052 interface respectively. Tensile shear test showed that the obtained maximum strength fractured at 
A5052 base metal was over 80% that of the A5052 base metal. 
 
11:30 - Presentation 404593 
A New Joining Method for Flexible Production of Modular Body-in-White (BIW) Structures in Al-Steel 
Hybrid Design and Its FEM-Modeling 
Fan Zhang, University of Siegen 
Xiangfan Fang, University of Siegen 
 
ABSTRACT Up to now for the assembly of an Al-steel-mixed BIW the traditional spot welding must be 
replaced by mechanical joining which requires investment in new equipment. The spot welding and 
mechanical joining cannot be used simultaneously by utilizing the same peripheral equipments. A new joining 
method called Rivet-Resistance-Spot-Welding (RRSW) has therefore been developed. It makes the existing 
spot welding units adaptable to both pure steel and Al-steel-mixed BIW structures by setting steel rivets as 
welding mediums in Al-sheet parts with only one additional step in the forming process. The Al and steel 
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parts can be spotwelded directly with existing facilities. The contact corrosion could be prevented by a small 
gap between Al and steel after welding. In this work, beside the properties of the new joints, the FEM-
modeling of RRSW with a substitute model (MAT_100DA) in LS-Dyna is conducted to simulate the bimetallic 
joints and its failure during a crash event. For the modeling, the quasistatic and high-speed tensile tests with 
KS-II-specimens were carried out to identify the connection properties. The proper parameters from 
MAT_100DA were calibrated by using LS-Opt. Several component crash tests such as T-component, axial 
crash and 3-point-bending have been conducted for the validation.  

 
Tuesday June 19, 14:00-15:20, Room 1100 
Joining IV 
 
14:00 - Presentation 401209 
Selection of Metallurgical Coatings for Preventing Interfacial Reaction in Al - Mg Dissimilar Metal Welding 
Yin Wang, The University of Manchester 
Joseph Robson, The University of Manchester 
Phil Prangnell, The University of Manchester 
 
ABSTRACT Aluminium - magnesium dissimilar welding is challenging because of the rapid formation of brittle 
intermetallic compounds (IMC) at the weld interface. Thermodynamic calculations have been used to identify 
potential candidate coating alloys to alleviate this problem. The effectiveness of the coatings has been 
assessed in static inter-diffusion and welding conditions, using the RefillTM friction stir spot welding (FSSW) 
technique. The changes in reaction path and reaction kinetics have been studied as well as their effect on the 
welding process. Thermodynamic calculations showed that a Si-rich coating will preferentially produce the 
Mg2Si phase in competition with the less stable, -Al3Mg2 and -Al12Mg17 binary IMC phases, and this 
reduced the overall reaction layer thickness. Diffusion simulations were also used to predict the minimum Zn 
concentration (20 at.%) to suppress the formation of Al3Mg2.This was verified by static diffusion 
experiments. However, in a real welding scenario, the short reaction time and the effect on the weld 
interface temperature were found to dominate the response. An Al-Si coating was found to be the most 
beneficial, due to the softer coating material both reducing the welding temperature and incorporating Si 
particles into the reaction layer, which toughened the brittle interfacial IMC phases during crack propagation.  
 
14:20 - Presentation 400452 
Modelling Intermetallic Growth in Dissimilar Joining with Aluminium Alloys 
Joseph Robson, The University of Manchester 
Li Wang, The University of Manchester 
Yin Wang, The University of Manchester 
Phil Prangnell, The University of Manchester 
 
ABSTRACT Successful welding of aluminium to dissimilar metals such as steel or magnesium alloy is of great 
practical interest, particularly in the manufacture of lightweight vehicle structures. Controlling the formation 
and growth of intermetallic compounds that form as a reaction layer between the dissimilar metals is key to 
achieving acceptable weld performance. In this paper, a model is presented to predict intermetallic growth in 
dissimilar joints between Al-Mg and Al-steel. The model accounts for multiple intermetallic phases, and 
includes a consideration of both grain boundary and lattice diffusion pathways. Grain boundary diffusion and 
grain growth in the intermetallic layer are shown to be critical in controlling the thickening kinetics, 
particularly in the Al-steel case. The model has been used to explore strategies to limit the intermetallic layer 
thickness during welding. 
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14:40 - Presentation 399466 
Microstructure and Mechanical Behavior of Novel Resistance Spot Welds of AA 6022 -T4 Aluminum Thin 
Sheets 
Liting Shi, NRCan-CanmetMATERIALS 
Jidong Kang, NRCan-CanmetMATERIALS 
David Sigler, General Motors Global R&D Center 
Amberlee Haselhuhn, General Motors Global R&D Center 
Blair Carlson, General Motors Global R&D Center 
 
ABSTRACT Resistance spot welding of aluminum alloys is increasingly being used in the automotive industry 
for vehicle structural lightweighting and better fuel efficiency. In this contribution, we studied the 
microstructure and mechanical properties of resistance spot welds (RSWs) of 0.8-mm thick AA 6022-T4 
aluminum alloy produced using General Motors proprietary Multi-Ring Domed electrode (MRD). The 
resultant spot welds had an equiaxed grain structure on the periphery of the weld nugget while the welding 
defects concentrated in the centre of the nugget. The mechanical properties of base metal, heat affected 
zone (HAZ) and weld nugget were tested with standard tensile and shear specimens, which exhibited the 
highest tensile strength in HAZ and the lowest tensile load in weld nugget. Load controlled fatigue test results 
show that structural stress-fatigue life curves for both configurations fall onto a single master curve indicating 
the weld nugget size is the controlling parameter of fatigue life. The fracture mode varied with the load 
amplitude from full button pullout at high amplitude to eyebrow-like fracture with kinked crack paths at low 
load amplitude. This is consistent with microhardness measurements and transmission electron microscopy 
analyses confirming that the weld nugget is the weakest location while the HAZ is enhanced by precipitation 
aging due to a combination of welding and paint bake thermal cycles. 
 
15:00 - Presentation 400436 
Towards Welding-Time-Temperature-Precipitation Diagram of Aluminium Alloy 6082 T6 
Philipp Wiechmann, University of Rostock 
Hannes Fröck, University of Rostock 
Benjamin Milkereit, University of Rostock 
Michael Reich, University of Rostock 
Olaf Kessler, University of Rostock 
 
ABSTRACT 6XXX-aluminium alloys obtain their high strength mainly by precipitation hardening. Welding is 
one of the most important joining processes and is often used for aluminium alloys. This joining technique 
causes localized softening in the heat-affected zone (HAZ) due to changes in microstructure especially 
dissolving of strength-increasing precipitates. In the weld fusion zone a new microstructure forms relating to 
a usually divergent chemical composition of the base and weld filler material. Welding is characterized by 
high heating rates, high peak temperatures and almost no soaking at maximum temperature. This thermal 
load during welding is very different from conventional heat treatment. For this reason, conventional time-
temperature-transformation (TTT) diagrams cannot be used for welding. In order to estimate the welded 
microstructures, welding-TTT-diagrams are well known for steels. For aluminium alloys, such diagrams are 
not yet available. The precipitation behaviour of alloy EN AW-6082 T6 during solution annealing and cooling 
was investigated by differential scanning calorimetry in dependence of maximum temperature, soaking time 
and cooling rate typically for HAZ. In addition, the weld fusion zone (with filler material AlSi12) was 
investigated by DSC to detect precipitation reactions during cooling.  
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Juergen Hirsch Honorary Symposium  
Room 2100 

Date Start 
Time 

Presentation 
No. 

Presentation Title 

18-Jun 10:30 399095 Stabilities of Texture Components During Rolling of 
Polycrystalline Aluminum Based on Its Instinctive Behaviors of 
Strain and Stress Equilibria 

18-Jun 10:50 399794 Direct Artificial Ageing After Integrated Hot Forming and Die 
Quenching of AA6082 Extrusions 

18-Jun 11:10 400607 Evolution in Texture and Its Through-Thickness Variations in 
AlMgSi-Extrusions: Experiments and Modelling 

18-Jun 11:30 400858 Identification of the Role of Al-Fe-Mn-Si Casting Dispersoids in 
Age-Hardenable Aluminum Alloys Using Small X-Ray Scattering 

18-Jun 14:00 400552 Progress in the Physical Metallurgy of Al-Cu-Li Based Alloys: A 
Fertile 10-year Academia-industry Collaboration 

18-Jun 14:20 400032 Precipitation in a Binary Al-Li Alloy: A Kinetic Monte Carlo Study 

18-Jun 14:40 400090 Ageing Phenomena Studied by Positron Annihilation 
Spectroscopy 

18-Jun 15:00 396860 Experimental Investigation and Modelling of the Age Hardening 
Behavior of Aluminum Castings 

19-Jun 10:30 403590 Through Process Modelling of 6xxx Aluminum Extrusions for 
Automotive Applications 

19-Jun 10:50 403036 Correlation of Texture and Earing upon Thermo-Mechanical 
Processing of Aluminium Sheet for Packaging Applications 

19-Jun 11:10 400934 Alloys and Process Chains for Long-Term Stable Aluminium 
Busbars 

19-Jun 11:30 403188 Analysis of the Fracture Behavior of Fusion Clad Aluminum Alloy 
Sheet During Bending 

19-Jun 14:00 402234 Industrial Through Process Simulation of Alumium Rolling for 
Property Optimization 

19-Jun 14:20 406522 Through Process Modelling, Optimization and Adaptive Control of 
Processing of Aluminium Extrusions 

 
Monday June 18, 10:30-11:50, Room 2100 
Juergen Hirsch Honorary Symposium I 
 
10:30 - Presentation 399095 
Stabilities of Texture Components During Rolling of Polycrystalline Aluminum Based on Its Instinctive 
Behaviors of Strain and Stress Equilibria 
Weimin Mao, University of Science and Technology Beijing 
 
ABSTRACT The stress and strain equilibria during plastic deformation of polycrystalline aluminum in most 
current theories and models are based on certain assumptions, prescriptions or imaginations, which are 
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more or less related with the subjective Taylor principles. Therefore, the orientation evolutions described by 
the theories are often somehow different from those of the grains in polycrystalline aluminum. The simple 
reaction stress model proposed emphasizes that the elastic and plastic interactions between grains during 
deformation should occur in its instinctive way objectively. Both of the stress and strain equilibria are 
obtained in the model by activations of penetrating and non-penetrating slips, while the same Taylor texture 
could be predicted without Taylor principles. It is indicated that reaction stresses calculated between grains 
could not be fully effective on evolution of grain orientations during rolling, and need to be relaxed. Different 
reaction shear stresses may reduce brass texture and promote S, Taylor texture or even copper texture 
instead of Taylor texture. The β-fiber by high rolling reduction is located in the orientation area, where the 
Schmid factors of activated slip systems are sufficiently high and the brass shear strain remains relatively low. 
Detailed engineering conditions should be included in simulation processes. 
 
10:50 AM - Presentation 399794 
Direct Artificial Ageing After Integrated Hot Forming and Die Quenching of AA6082 Extrusions 
Knut Erik Snilsberg, SINTEF Raufoss Manufacturing 
Benedikte J. Myrold, Norwegian University of Science and Technology  
Bjørn Holmedal, Norwegian University of Science and Technology 
Ola Jensrud, SINTEF Raufoss Manufacturing AS 
 
ABSTRACT The automotive industry is searching for lightweight solutions to meet emission regulations. 
Development of an integrated hot forming and in-die quenching process will leverage use of age-hardenable 
aluminium alloys with high specific strength for applications in volume car manufacturing. Compared to 
traditional cold or warm forming processes, this new novel process is energy and cost saving, providing 
improved geometrical tolerances, formability and mechanical product properties. Industrial scale ageing 
capacity is a bottleneck for producing large structural parts by hot forming. The die-quenching process makes 
it possible to reduce the cycling time by doing artificially aging directly after quenching to elevated 
temperatures. The potential benefit of such an integrated process is investigated in the laboratory by 
applying a water-cooled compression tool to control the combination of a temperature drop and 
simultaneously deformation prior to ageing. Extruded 4,6 mm thick AA6082 profiles are deformed during 
different quenching rates and directly transferred to subsequent artificial ageing from various temperatures 
between room temperature and 200°C. The results indicate 20 MPa increased yield stress, without sacrificing 
elongation, after direct ageing from 200°C compared to specimens cooled to room temperature before 
ageing. 
 
11:10 - Presentation 400607 
Evolution in Texture and Its Through-Thickness Variations in AlMgSi-Extrusions: Experiments and 
Modelling 
Kai Zhang, Hydro Innovation & Technology - Europe Extruded Solutions 
Knut Marthinsen, Norwegian University of Science and Technology 
Bjørn Holmedal, Norwegian University of Science and Technology  
Trond Aukrust, SINTEF Materials and Chemistry 
Antonio Segatori, Hydro Innovation & Technology - Europe Extruded Solutions 
 
ABSTRACT The visual appearance and mechanical properties of aluminium alloy extrusions are strongly 
dependent on the microstructure and texture of the extruded profiles, where the desired microstructure and 
texture may depend on the specific applications. In the present work, the evolution of deformation as well as 
recrystallization textures during extrusion of AA6xxx aluminium alloys have been experimentally and 
numerically investigated. Extrusion trials were performed in a laboratory extrusion set-up, which enabled 
immediate water-quenching of the profiles at the exit of the die, and thus the possibility to capture the 
deformation texture prior to post-extrusion recrystallization. The textures and their through-thickness 
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variations were experimentally measured by the electron back-scatter diffraction technique (EBSD, and the 
deformation textures numerically modelled by coupling FEM flow simulations and crystal plasticity (CP) 
simulations. Different CP models as well different choices of model parameters were employed and 
evaluated for texture predictions. With an appropriate choice of crystal plasticity model and model 
parameters, the deformation textures and their through thickness heterogeneities can in most cases be well 
predicted. The corresponding recrystallization textures, either generated through spontaneous 
recrystallization of the extruded profiles or through post-extrusion annealing is far more challenging to 
reproduce with available recrystallization models.  
 
11:30 - Presentation 400858 
Identification of the Role of Al-Fe-Mn-Si Casting Dispersoids in Age-Hardenable Aluminum Alloys Using 
Small X-Ray Scattering 
Shigeo Saimoto, Queen's University 
Marsha Singh, Queen's University 
Michael Langille, Grenoble-INP 
Anna Kula, AGH-University of Science and Technology 
Marek Niewczas, McMaster University 
 
ABSTRACT Aluminum flat-stock incorporates dispersoids to facilitate grain-size refinement upon casting and 
to prevent galling in downstream operation. Industrial-practice has reduced deleterious effects of stringers 
and the focus for cost-effective Al-Mg-Si alloys has been the characterization of nano-precipitation to attain 
optimum-strength conditions. Such studies ignore the role of intermetallic dispersoids during work-
hardening. Constitutive relation analyses which can replicate the stress-strain diagram have revealed that 
parabolic hardening beyond yield point elongation is due to these dispersoids. At maximum age-
strengthening, the enforced strains around non-shearable µm-particles are accommodated by rotated 
structures leading to increased strain hardening. The spreading in lattice orientations enhance the 
occurrence of double Bragg scattering (DBS) which is detectable by small angle X-ray scattering (SAXS). 
Separating the anisotropic signal from the total intensity, the role of layered precipitates can be 
differentiated from that of DBS using 2-D images from the grip and the gauge section of tensile specimens 
aged for various times. Epitaxial precipitation at dispersoid-interfaces during denuded-zone formation are 
detectable as well as plastic deformation within the denuded zone. 

 
Monday June 18, 14:00-15:20, Room 2100 
Juergen Hirsch Honorary Symposium II 
 
14:00 - Presentation 400552 
Progress in the Physical Metallurgy of Al-Cu-Li Based Alloys: A Fertile 10-Year Academia-industry 
Collaboration 
Alexis Deschamps, Université Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
Frederic De Geuser, SIMAP - CNRS 
Christophe Sigli, C-TEC, Constellium Technology Center 
 
ABSTRACT Juergen Hirsch has exemplified the positive role of long-term close relationships between 
academia and industry in the Aluminium community. This contribution will show how such a collaboration, 
carried out between Grenoble Institute of Technology and the research center of Constellium, has led to 
significant progress in the understanding of the mechanisms underlying the development of the last 
generation of Al-Cu-Li based alloys now extensively used in aerospace applications. We will review the 
progress made on the understanding of the precipitation sequence, the precipitation kinetics, the 
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strengthening mechanisms, the plastic behavior, and the combination of those in the microstructure 
distribution of friction stir welds. We will then discuss new strategies for alloy design using combinatorial 
approaches for evaluating the effect of alloy chemistry or processing parameters. 
 
14:20 - Presentation 400032 
Precipitation in a Binary Al-Li Alloy: A Kinetic Monte Carlo Study 
Christophe Sigli, C-TEC, Constellium Technology Center 
 
ABSTRACT Jürgen Hirsch has always promoted modelling and through process modelling of aluminum alloys. 
This contribution focus on a specific aspect of this thematic which is the simulation of the precipitation 
kinetic in a case study: the Al-Li binary alloy. For that purpose, an atomistic approach has been adopted: a 
Kinetic Monte Carlo Method with a direct first nearest neighbor exchange (Kawasaki dynamics) has been 
used together with a simple first and second nearest neighbor description which reproduces the 
experimental phase diagram and the anti-phase boundary data. The lithium impurity diffusion coefficient is 
also used as an input as well as the average energy barrier for diffusion. The predictions have been compared 
with measurements performed on a binary Al-4.5 at% Li held for 1000h at 85°C. The predicted average radius 
compares very well with the experimental one. The yield strength increase due to ordering has been 
simulated from the precipitate size distribution measured in the Monte Carlo box. An excellent agreement is 
also obtained with the measured strengthening after long thermal exposure. This model allows a fine tuning 
of aerospace AlCuLi alloy compositions in order to control their behavior after long thermal exposure 
between room temperature and 85°C.  
 
14:40 - Presentation 400090 
Ageing Phenomena Studied by Positron Annihilation Spectroscopy 
Meng Liu, Helmholtz-Centre Berlin 
Mazen Madanat, Helmholtz-Centre Berlin 
John Banhart, Helmholtz-Centre Berlin 
 
ABSTRACT Positron Annihilation Spectroscopy was used to clarify microscopic changes during and after 
artificial ageing (AA) in Al-Mg-Si alloys. Positron lifetimes are measured directly after AA at 180°C for 1 s to 
several hours in alloys containing up to 1.4 wt.% Mg+Si. The heating rate to 180°C was varied between 2 to 
210 K/s. A pronounced difference in positron lifetime after AA was found between slow and fast heating and 
between the various alloys. This points at a competition between cluster formation and vacancy losses during 
heating to 180°C. The slower heating and the higher the solute content, the more clusters can form. Natural 
secondary ageing after short AA was found to set in after an incubation time and to reflect clustering of the 
residual solutes in the matrix. The kinetics of secondary ageing allows us to discuss trends of vacancy 
concentration and solute supersaturation. Reversion ageing at 250°C of a T4 state was also studied. Natural 
secondary ageing was found to take place after reversion and is most pronounced for 2 min of ageing, 
whereas it is suppressed for short and long reversion. This finding is related to the interplay between cluster 
dissolution and vacancy losses.  
 
15:00 - Presentation 396860 
Experimental Investigation and Modelling of the Age Hardening Behavior of Aluminum Castings 
Fengxin Mao, RWTH Aachen University 
Moritz Weidt, MAGMA Gießereitechnologie GmbH 
Luis Barrales-Mora, Georgia Tech Lorraine 
Sandra Korte-Kerzel, RWTH Aachen University 
 
ABSTRACT The manufacturing of aluminum castings typically consists of the cast and solidification process, 
often followed by a heat treatment process. In this final thermal processing step, the as-cast microstructure 
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undergoes a complex evolution of solution, dissolution and coarsening of phases. As a result, the local 
mechanical properties are strongly influenced. To lower the energy consumption during the heat treatments, 
it is necessary to understand and predict the microstructure and property evolution that the materials 
experience. With this motivation, investigations have been carried out on two commercial Al-Si-Mg-Cu cast 
alloys processed by an industry standard solution heat treatment and multiple artificial aging conditions. To 
characterize the age hardening behavior of the material, wavelength-dispersive X-ray spectroscopy (WDX), 
uniaxial tensile testing, and transmission electron microscopy (TEM) were conducted. In addition, a multi-
component multi-phase precipitation hardening model was developed to predict the resulting mechanical 
properties after various thermal treatments of the alloys. The influences of Cu additions and annealing 
temperature on the age-hardening behavior were studied. The simulation results agree well with 
experimental findings. 

 
Tuesday June 19, 10:30-11:50, Room 2100 
Juergen Hirsch Honorary Symposium III 
 
10:30 - Presentation 403590 
Through Process Modelling of 6xxx Aluminum Extrusions for Automotive Applications 
Warren J. Poole, The University of British Columbia 
Mary A. Wells, University of Waterloo 
Nick Parson, Rio Tinto Aluminium 
 
ABSTRACT The production and fabrication of aluminum extrusions for automotive applications is highly 
demanding and there is a constant drive to produce extrusions with improved mechanical properties at lower 
production costs. In this work, an overview will be presented of a joint project between UBC, Waterloo and 
Rio Tinto Aluminium to develop a through process model for aluminum extrusion alloys based on AA6082. 
The evolution of microstructure has been modelled by considering diffusion of solutes at two lengths scales 
(across the dendrites and within the dendrites) with a precipitation model for dispersoids which is fully 
coupled to a CALPHAD database. The extrusion process has been modelled with the finite element code 
(DEFORM) to study the local strain paths of material as it flows through the die with a particular interest in 
the die exit geometry and its effect on through thickness texture gradients. Crystallographic deformation 
textures has been simulated with the visco-plastic self-consistent (VPSC) code for different deformation 
geometries and preliminary work has been performed on modelling recrystallization textures using the phase 
field method. Finally, the room temperature anisotropy of extruded products has been linked to the textures 
after extrusion with an interest in the effects of through thickness texture effects. 
 
10:50 AM - Presentation 403036 
Correlation of Texture and Earing upon Thermo-Mechanical Processing of Aluminium Sheet for Packaging 
Applications 
Olaf Engler, Hydro Aluminium Rolled Products GmbH 
Kristian Knarbakk, Hydro Aluminium Rolled Products AS 
 
ABSTRACT The development of crystallographic texture upon the thermo-mechanical processing of 
aluminium sheet may result in the formation of pronounced plastic anisotropy and, especially, give rise to the 
well-known earing phenomenon. In the present study we track the evolution of texture, microstructure and 
earing profiles in sheets of Al alloy AA 5050A (ISO AlMg1.5) during down-stream processing according to a 
process route resulting in temper H16 after cold rolling and H44 after lacquering. Both processes were 
designed for producing medium-strength sheet with low earing properties. Besides an experimental analysis 
of sheets at various intermediate steps along the processing chain, the evolution of texture and the resultant 
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earing profiles were simulated with the help of polycrystal-plasticity models. Eventually this will help us to 
optimize the processing routes by adapting hot strip and/or intermediate gauges to minimize earing while 
maintaining mechanical properties. The present results will be discussed in the light of former studies on 
packaging sheet with low-earing requirements, including sheet for beverage can, closures, etc.  
 
11:10 - Presentation 400934 
Alloys and Process Chains for Long-Term Stable Aluminium Busbars 
Olaf Kessler, University of Rostock 
Johannes Aegerter, Hydro Aluminium Rolled Products GmbH 
M. Afshar, RWTH Aachen 
T. Fuhrmann, Technische Universität Dresden  
K. Hack, GTT Technologies 
Richard H. Kemsies, University of Rostock 
Martin C. Lentz, Hydro Aluminium Rolled Products GmbH 
Benjamin Milkereit, University of Rostock 
V. Mohles, Ruhr-Universität Bochum  
S. Schlegel, Technische Universität Dresden  
 
ABSTRACT In electrical power systems, busbars made of copper are common. Due to lower material costs 
and higher specific electrical conductivity, aluminium busbars are a promising alternative. However, a 
tendency towards higher busbar operating temperatures up to 140°C can be observed. Especially in bolted 
busbars, a reduction of the joint force can occur due to creep and/or stress relaxation, which leads to an 
increasing electrical resistance and, in the worst case, to joint failure. New alloys and processes for long-term 
stable aluminium busbars have been investigated in a cooperative research project using Juergen Hirsch´s 
overall view on through process chains and modelling. Dispersoid strengthened aluminium alloys with high 
creep strength and high electrical conductivity at the same time have been developed successfully. Process 
parameters of casting, homogenization and extrusion have been purposefully adjusted towards the desired 
microstructures with nanometre-scale dispersoids and low aluminium solute solution concentration. New 
3XXX alloys behave significantly more stable in practical current-carrying long-term tests of bolted busbars up 
to 140°C compared to conventional 6XXX alloys. 
 
11:30 - Presentation 403188 
Analysis of the Fracture Behavior of Fusion Clad Aluminum Alloy Sheet During Bending 
Waqas Muhammad, University of Waterloo 
Abhijit Brahme, University of Waterloo 
Jurgen Hirsch, Hydro Aluminium Rolled Products GmbH 
Raj Mishra, General Motors R&D 
Kaan Inal, University of Waterloo 
 
ABSTRACT The bendability and fracture behavior of a 1 mm thick fusion clad aluminum alloy AA6016 sheet, 
with approx. 150 µm clad layer, has been investigated using a combination of experimental and numerical 
techniques. The clad sheet has a lower strength and higher ductility as compared to the core alloy. The 
microstructural evolution of the clad sheet as well as un-cladded sheet of the same core alloy and its 
bendability at various bend angles has been investigated using wrap-bending. The results show no evidence 
of fracture for the cladded alloy sheet even at the most severe bend radius and bend angles achievable. On 
the contrary, the bendability of the un-cladded core alloy sheet is limited. Further surface topographical and 
microstructural observations were made using various techniques to investigate the development of surface 
roughness, micro-cracking and through-thickness crack propagation in the un-cladded alloy and the 
effectiveness of cladded layer in delaying the onset of micro-cracking in the clad sheet. The effectiveness of 
the cladded layer in delaying micro-cracks initiation and propagation is further investigated using crystal 



59 
 

plasticity based finite element simulations of the wrap-bending process, with special emphasis on 
understating the relationship between microstructure, strength and resistance to crack initiation and 
propagation. 

 
Tuesday June 19, 14:00-15:20, Room 2100 
Juergen Hirsch Honorary Symposium IV 
 
14:00 - Presentation 402234 
Industrial Through Process Simulation of Alumium Rolling for Property Optimization 
Kai F. Karhausen, Hydro Aluminium Rolled Products GmbH 
 
ABSTRACT Simulations of industrial processes with a view to predicting machine behaviour and process 
performance are well developed and used for the design of rolling mills and possible rolling processing routes 
in the Aluminium industry. While the focus here lies on the plastomechanical mechanisms, the behaviour of 
the material is usually covered by empirical relaionships only, to capture the material behaviour. On the 
other hand, metallo-physical models are available on various scales to formulate the constitutive material 
behaviour. The combination of these types models would allow the computer aided planning of complete 
production schedules ranging from slab pre-heating via hot- and cold rolling, annealing and final finishing 
operations to the desired customer properties, taking into consideration the machine limitations of a given 
factory. The paper describes the development of material models specifically suited for the implementation 
into plastomechanical process simulations, a field in which Jürgen Hirsch has been a technology driver since 
the 1990's. This work is continuing today with refined models and increased computing power and the 
current state of the integrated process and property simulation is presented by application examples in 
industrial production.  
 
14:20 - Presentation 406522 
Through Process Modelling, Optimization and Adaptive Control of Processing of Aluminium Extrusions 
Trond Furu, Hydro 
Ole Runar Myhr, Hydro Aluminium  
Rune Østhus, SINTEF Raufoss manufacturing 
 
ABSTRACT The present paper describes an innovative methodology and an associated software tool called 
PRO3TM that has been developed for optimization of product properties, production costs, and 
environmental impact in fabrication of aluminium alloys. The basic idea behind the methodology is to 
represent each operation along the process chain by predictive models, which include material, mechanical, 
cost, and sustainability models. A multi-objective optimization platform is used to combine the models into a 
common software environment, which allows fully automatic simulations. The optimization tool runs the 
models in iterations until user-defined acceptance levels on properties, costs, and sustainability indices are 
obtained. In the present paper, PRO3TM has been applied for fabrication of aluminium extrusions including 
casthouse operations, the extrusion process and the following age hardening treatment. The software tool is 
used to optimize various product properties by manipulation of microstructure characteristics like grain 
structures, precipitates, dispersoids, and solid solution concentrations by varying alloy chemistry and 
processing parameters in the simulations. At the same time material and production costs, as well as CO2 
emissions along the value chain are attempted to be kept at minimum levels. In addition, the PRO3TM-
methodology is used for adaptive control of the extrusion process.  
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Mechanical Properties 
Room 1080 

Date Start 
Time 

Presentation 
No. 

Presentation Title 

18-Jun 10:30 375996 Invited Keynote: Effect of Cu Additions upon the Strengthening 
Mechanisms and Recrystallization Behavior in Al-Mn-Fe-Si Heat 
Exchanger Fin Stock 

18-Jun 11:10 389101 The Effect of Heat Treatments on Precipitation Behavior of 
Dispersoids in Al-Mg-Si-Mn Alloy 

18-Jun 11:30 387971 Effect of Mn on Elevated-Temperature Properties in Al-13%Si Alloys 

18-Jun 14:00 401848 Precipitation Hardening and Recovery Softening in Al-Mg Alloys 
Containing Small Cu Additions 

18-Jun 14:20 403433 Effect of Pre-Straining After Pre-Ageing on Natural Ageing and the 
Bake Hardening Response in Al-Mg-Si Alloys 

18-Jun 14:40 401077 Long-Term Thermal Ageing Effects on Al-Cu Alloys 

18-Jun 15:00 401510 The Effect of Cold Drawing and Heat Treatment on Mechanical 
Properties and Electrical Conductivity of Al-Sc-Zr Alloy 

19-Jun 10:30 399733 Effect of Zr and V Additions on Microstructure and Mechanical 
Properties of AlSi10Mg Cast Alloy 

19-Jun 10:50 401526 Effect of Copper and Magnesium Contents and Quenching Rate on 
Age Hardening Behavior of 2000 Series Aluminum Alloys 

19-Jun 11:10 401920 Effects of Solute Mg Concentration on Mechanical Properties and 
Dislocation Characteristics of Al-Mg Alloy 

19-Jun 11:30 398105 Precipitate Free Zones and Crack Propagation in Al-Mg-Si Alloys 

19-Jun 14:00 396188 Influence of Alloy Composition on Mechanical and Corrosion 
Properties of EN AW 6082 

19-Jun 14:20 401515 Microstructures and Mechanical Properties of Supersaturated Al-
2%Fe Alloy Produced by High-Pressure Torsion Using Upsized Ring 
Samples 

19-Jun 14:40 405221 Next Generation 7xxx Aluminum Alloys for Automotive Applications 

19-Jun 15:00 396834 Effects of Mg and Si Content on the Microstructure and Mechanical 
Properties of AA6014 Alloys in T4P and T6P Temper 

19-Jun 15:40 401504 Preparation and Mechanical Properties Test of Millimeter Scale 
Second Phase Particles in Aluminum Alloy 

19-Jun 16:00 399795 Effect of Zirconium Additive on Deformation Behavior and 
Electroconductivity of Aluminum Alloy 

19-Jun 16:20 401061 Aging Metallurgy and Mechanical Properties on Al-Si-Cu-Mg Die 
Casting Alloy 

19-Jun 16:40 399438 Investigation of Mechanical Properties in Al-7%Si Cast Alloys with 
Changing the Eutectic Si Particles by Trace P and Sr 

20-Jun 10:30 399773 X-Ray CT Inspection for Micro Porosities and Its Effect on the Fatigue 
Behavior of 7050-T7451 Thick Plate Alloy 

20-Jun 10:50 401895 Strain-Controlled Thermo-Mechanical Fatigue Testing of Aluminum 
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Alloys Using Gleeble 3800 System 

20-Jun 11:10 401520 Evolution of the Static and Cyclic Properties During in Service Aging 
Conditions of Aluminum Alloys 

20-Jun 11:30 404334 Impact of Microstructure and Mechanical Properties on Fatigue Life of 
Die Casting Alloys 

20-Jun 14:00 407937 Age Hardening of Al Alloys Without Heat Treatments 

20-Jun 14:20 407938 Enhancing the Fatigue Performance of Precipitate Strengthened Al 
Alloys 

20-Jun 14:40 401507 Mechanical Properties of High Copper Containing AlCuSi Cast Alloys 
at Elevated Temperature 

20-Jun 15:00 404098 Ductility and Corrosion Aspects in Development of an Ultra-High 
Strength AlZnMg Alloy 

20-Jun 15:40 399155 Compressive Properties of Porous Aluminum Alloys Having Ordered 
and Disordered Cell Structures 

20-Jun 16:00 401465 Unique Mechanical Properties of Cold Rolled Aluminum Foils 

20-Jun 16:20 399999 Synergistic Improvement in Strength and Ductility for Al-Cu-Mg Alloy 
Induced by Flexible Threadiness Array of Nano-Sized TiC Particles 

20-Jun 16:40 399716 Microstructure and Mechanical Properties of AlSi10Mg Permanent 
Mould and High Pressure Vacuum Die Castings 

20-Jun 17:00 401511 Effect of Annealing Conditions in As-Cast and Zr Addition on 
Recrystallization Behavior in Al-Mn Alloy Fin Stocks 

 
Monday June 18, 10:30-11:50, Room 1080 
Mechanical Properties: Heat Treatment I 
 
10:30 - Presentation 375996 
Invited Keynote: Effect of Cu Additions upon the Strengthening Mechanisms and Recrystallization Behavior 
in Al-Mn-Fe-Si Heat Exchanger Fin Stock 
Kenta Suzuki, Nippon Light Metal Co., Ltd. 
Takanori Kokubo, Nippon Light Metal Co., Ltd. 
Tomohiro Sasaki, Nippon Light Metal Co., Ltd. 
Toshiya Anami, Nippon Light Metal Co., Ltd. 
 
ABSTRACT Previous work has shown that the strengthening Al-Mn alloys with copper, while increasing the 
strength of the material leads, to the formation of an undesirable smaller recrystallized grain structure. In this 
study the mechanisms of strengthening and recrystallization behavior with a 0.3%Cu addition, after a brazing 
heat treatment, were investigated in Al-1.1%Mn-0.5%Fe-0.3%Si, using a simulated continuously cast starting 
stock. Metallurgical analysis revealed that the strengthening by Cu was dominated by the formation of 
dispersoid particles, while solid solution strengthening decreased with the Cu addition; this result is 
attributed to the decrease in the amount of Mn solid solution. The recrystallized grain size after brazing heat 
treatment with Cu addition was reduced compared to that without Cu. It is believed the decrease in Mn solid 
solution with Cu addition leads to a finer grain size due to Mn in the aluminum matrix inhibiting some 
boundary migration but allowing other grains to grow during heat treatment. These results are consistent 
with particle stimulated nucleation (PSN), wherein dispersoid particles are more likely to become active 
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recrystallization nuclei during the heat treatment. The increase in the number of active dispersoid particles 
with Cu addition is correlated to the recrystallized grain structure. 
 
11:10 - Presentation 389101 
The Effect of Heat Treatments on Precipitation Behavior of Dispersoids in Al-Mg-Si-Mn Alloy 
Chen Li, University of Quebec at Chicoutimi 
Kun Liu, University of Quebec at Chicoutimi 
X. Grant Chen, University of Quebec at Chicoutimi  
Nick Parson, Rio Tinto Aluminium 
 
ABSTRACT Precipitation-strengthening 6xxx alloys are widely used for building and construction and 
automobile industries due to their high strength, good weldability and corrosion resistance. However, their 
elevated-temperature properties (250-300°C) decrease rapidly due to the fast-coarsening of precipitates. On 
the other hand, dispersoid-hardening is one of the most efficient approaches to improve the elevated-
temperature properties. Therefore, the evolution of dispersoids during heat treatment in Al-Mg-Si-Mn alloys 
was investigated in the present work. Various heat treatments with temperatures ranging from 300-500°C for 
up to 24 hours were performed. Electrical conductivity and microhardness were measured while optical and 
scanning electron microscopy combined with image analysis, were used to characterize the dispersoids. 
Special emphasis was placed on the evolution of the size and number density of the dispersoids under 
different heat treatment parameters. It was found that dispersoids started to precipitate at 350 oC. 
Nucleation and growth were the main mechanisms at temperatures up to 400°C while coarsening occurred at 
temperatures above 450°C. The quantitative results indicated that the dispersoid precipitation reached the 
optimum condition after treatment at 400°C for 2-4 hours with a fine size and high number density, resulting 
in the highest hardness. 
 
11:30 - Presentation 387971 
Effect of Mn on Elevated-Temperature Properties in Al-13%Si Alloys 
Kun Liu, University of Quebec at Chicoutimi 
X. Grant Chen, University of Quebec at Chicoutimi 
 
ABSTRACT Eutectic Al-12%Si alloys are widely used in automotive components, such as cylinder heads and 
pistons. Recently, the demand on the performance of piston alloys at high temperature is greatly increased 
to enhance the engines efficiency and to reduce exhaust emission. The mechanical properties at both 
ambient and elevated temperatures in Al-12%Si alloy are derived from the interconnected Si platelets 
embedded in the matrix. However, the interconnectivity of eutectic Si can be reduced during prolonged 
exposure at high service temperature. In the present work, Mn is added to Al-12%Si alloys to investigate the 
formation of dispersoids and their influence on elevated-temperature properties. Results show that the as-
cast microstructures in alloys without/with Mn were similar, which is composed of eutectic Si, Mg2Si, Al-Fe-
Ni, Al-Cu-Ni and π-phase. In alloys with Mn addition, dispersoids started to form at 425°C and reached the 
peak condition at 500°C for 6 h, leading to the highest hardness at ambient temperature and best yield 
strength at 300°C. Moreover, the creep resistance at 300°C was greatly improved. Meanwhile, the optimized 
heat treatment (500°C/6 h) in alloy with Mn is completely compatible with traditional heat treatments, 
providing another approach to improve the elevated-temperature properties of Al-Si piston alloys 
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Monday June 18, 14:00-15:20, Room 1080 
Mechanical Properties: Heat Treatment II 
 
14:00 - Presentation 401848 
Precipitation Hardening and Recovery Softening in Al-Mg Alloys Containing Small Cu Additions 
Sebastian Medrano, The University of British Columbia 
Chad Sinclair, The University of British Columbia 
 
ABSTRACT Small additions of Cu (< 1 wt%) to wrought Al-Mg alloys allow for the retention of strength during 
the low temperature annealing of formed parts. This is significant as the strength of formed parts can 
decrease by up to 25% during the conventional automotive paint bake cycle. While the suppression of 
softening in such alloys has been known for some time, the mechanisms that control it have remained 
unidentified. In this work we have evaluated whether the softening is dominated by precipitation hardening, 
precipitation induced suppression of recovery or a combination of the two. An evaluation of the precipitate 
phases that form during these short, low temperature treatments will also be presented and compared with 
phases commonly associated with low temperature aging in more conventional 2XXX series alloys. 
 
14:20 - Presentation 403433 
Effect of Pre-straining After Pre-Ageing on Natural Ageing and the Bake Hardening Response in Al-Mg-Si 
Alloys 
Simon Banhart, Technische Universität Berlin 
Zeqin Liang, Novelis R&D Center Sierre 
Aude Despois, Novelis R&D Center Sierre  
Cyrille Bezencon, Novelis R&D Center Sierre  
 
ABSTRACT Natural ageing in 6xxx alloys has a negative effect on the paint bake hardening response. Pre-
ageing is a common practice to reduce the negative effect from natural ageing. However the stabilization 
time is limited and the natural ageing will revisit after a certain period. In this work, a tensile straining directly 
after pre-ageing at 100°C was conducted and its effect on the successive natural ageing and paint bake 
hardening response studied. Tensile testing and differential scanning calorimetry (DSC) were used to 
measure the kinetics of cluster formation and dissolution and precipitate formation in different stages. The 
results showed that pre-straining further stabilized the alloys and natural ageing kinetics was slower. Pre-
straining provided an improved hardening response during PB treatment. However, the extent of the positive 
effect by the straining depends on the alloy composition and the strain level. The results were interpreted in 
terms of the relationship between the dislocations introduced by pre-straining, pre-ageing clusters and the 
level of residual solutes and thermal vacancies. 
 
14:40 - Presentation 401077 
Long-Term Thermal Ageing Effects on Al-Cu Alloys 
Nicolas Bello, IRT Saint Exupéry 
Céline Larignon, IRT Saint Exupéry 
Simon Perusin, IRT Saint Exupéry 
Joël Douin, CEMES, Université de Toulouse, CNRS 
 
ABSTRACT In this study conducted by the IRT Saint Exupery with the CEMES laboratory in Toulouse, 
aluminium alloys are exposed at higher temperatures than traditionally to replace titanium alloys as a new 
approach to weight reduction. To achieve this goal, this study revolves around a heat treatment at 200°C for 
1000 hours to evaluate the changes due to this long-term exposure of a few numbers of selected industrial 
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aluminium alloys. Literature is scarce on papers dealing with properties of aluminium alloys at this 
temperature and focuses only on the evolution resulting from short exposures (less than 500h). However, it 
has highlighted two alloys developed for medium temperatures, the 2219 and the 2618 alloys which were 
already selected for the study. Two more alloys were added following their recent development, the 2050 
and the 2122. A multi-scale characterisation was conducted on these four alloys through mechanical tests at 
room temperature as well as detailed observations with scanning and transmission electronic microscopes. 
This presentation is focused on the effect of the microstructure changes on the plasticity of two aluminium 
alloys, the 2050 and the 2219. Indeed, the mechanical characterisation has highlighted drastic changes on the 
alloys behaviour after long term exposure. 
 
15:00 - Presentation 401510 
The Effect of Cold Drawing and Heat Treatment on Mechanical Properties and Electrical Conductivity of Al-
Sc-Zr Alloy 
Li Liu, Harbin Institute of Technology  
Jian-Tang Jiang, Harbin Institute of Technology  
Bo Zhang, Harbin Institute of Technology 
Wenzhu Shao, Harbin Institute of Technology  
Liang Zhen, Harbin Institute of Technology 
 
ABSTRACT Al-Sc-Zr alloys have great application prospect in heat-resistant conducting material field and the 
ones with high strength and excellent electrical conductivity are particularly desirable. Trade-off between 
strength and conductivity is always encountered in developing conducting materials. In this study, cold-
drawing + ageing and pre-ageing + cold-drawing + annealing were conducted on extruded Al-0.07Sc-0.2Zr 
(wt.%) alloy, aiming to achieve an outstanding combination of high strength and high electrical conductivity. 
Mechanical tests, electrical conductivity tests and microstructure analysis were carried out after each 
process. Results show that cold-drawing + ageing results in improved strength and enhanced electrical 
conductivity, due to the formation of fine recrystallized grains and accelerated precipitation. Pre-ageing + 
cold-drawing yields a higher strength for Al-Sc-Zr wires but brings a slight decrease in electrical conductivity. 
However, the decreased electrical conductivity can be optimized by introducing post-draw annealing. This 
study indicated that the combination of cold drawing and proper ageing as well as annealing is an effective 
method to obtain high strength (UTS=197 MPa) and high electrical conductivity (~59% IACS) for Al-Sc-Zr 
wires, and the processed wires have good thermal resistance (up to 400°C). These findings can push forward 
the potential application of Al-Sc-Zr alloy in heat resistant conductor field. 
 
Tuesday June 19, 10:30-11:50, Room 1080 
Mechanical Properties: Alloy Development I 
 
10:30 - Presentation 399733 
Effect of Zr and V Additions on Microstructure and Mechanical Properties of AlSi10Mg Cast Alloy 
Anil Arici, university of Quebec at Chicoutimi 
Zhan Zhang, University of Quebec at Chicoutimi  
Francis Breton, Arvida Research and Development Centre, Rio Tinto 
X. Grant Chen, University of Quebec at Chicoutimi 
 
ABSTRACT The microstructure of Al-10Si-0.3Mg-0.5Mn alloy with 0.27% Zr and 0.19% V addition was 
quantitatively analysed and compared to the base material. The addition of Zr and V in the AlSi10Mg alloy 
exhibit a beneficial effect on the Si modification, resulting in the reduction of the size of eutectic Si particles 
on both as-cast and T6 conditions. The quantitative image analysis results show that the Zr and V addition 
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and T6 treatment can reduce the size of the intermetallic phases. In addition, the presence of Zr and V is 
favour to the partial dissolution of the intermetallic phases during the T6 treatment. Different heat treatment 
procedures were tested to optimize treatment parameters. The mechanical properties of the alloys were 
evaluated using hardness measurements and tensile tests. The results show that the addition of Zr and V can 
remarkably improve the mechanical properties on as-cast and T6-treated conditions. The correlation 
between the microstructure and mechanical properties of the alloys is discussed.  
 
10:50 AM - Presentation 401526 
Effect of Copper and Magnesium Contents and Quenching Rate on Age Hardening Behavior of 2000 Series 
Aluminum Alloys 
Taichi Suzuki, UACJ Corporation, Research & Development Division 
Hidenori Hatta, UACJ Corporation, Research & Development Division 
Hideo Yoshida, ESD Laboratory (Former UACJ Corporation) 
 
ABSTRACT The effect of the copper and magnesium contents and quenching rate during quenching on the 
age hardening behavior of 2000 series aluminum alloys was investigated. For the higher copper-containing 
specimens as conventional alloys, like AA2024, precipitation of the stable phases increased as the quenching 
rate decreased under the as-quenched conditions. The maximum hardness after the artificial aging of air 
cooled (AC) specimens was much lower than that of the water quenched (WQ) specimens. On the other 
hand, for the lower copper-containing specimens, coarse precipitation did not increase even in the case of 
the AC. The age hardening behaviors of the WQ and AC were very similar such that the maximum hardness 
and aging rate were almost the same. Many parts of the fine precipitates that increased the hardness were 
thought to be the GPB zone or fine S’ phase for the WQ and relatively coarse S’ phase for the AC. From the 
calculated CCT diagrams, the lower copper-containing specimens could maintain the copper and magnesium 
in the solid solution state during the AC, so they could be quenched at a rather slower quenching rate like the 
AC. 
 
11:10 - Presentation 401920 
Effects of Solute Mg Concentration on Mechanical Properties and Dislocation Characteristics of Al-Mg Alloy 
Yuki Koshino, Kobe Steel, Ltd 
Takuya Maeda, Kyushu University 
Yasuhiro Aruga, Kobe Steel, Ltd. 
Kenji Kaneko, Kyushu University 
 
ABSTRACT In general, there is a strong correlation between dislocation characteristics and mechanical 
properties of aluminum alloys. In this study, dislocation characteristics of tensile deformed Al-Mg alloys were 
examined by transmission electron microscopy. Increase in the solute concentration of Mg, ranging between 
0.3% and 1.1%, leads to increase in strength and decrease in uniform elongation. The accumulation of 
dislocations during the tensile deformation is observed in lower strain as the concentration of solute Mg in 
the alloy is higher. It is believed that the solute Mg in Al-Mg alloy promotes the accumulation of dislocation 
during the tensile deformation resulting in the decrease in elongation. 
 
11:30 - Presentation 398105 
Precipitate Free Zones and Crack Propagation in Al-Mg-Si Alloys 
Emil Christiansen, Norwegian University of Science and Technology 
Sondre Sævareid, Norwegian University of Science and Technology 
Bjørn Håkon Frodal, Norwegian University of Science and Technology 
Calin D. Marioara, SINTEF Industry 
Randi Holmestad, Norwegian University of Science and Technology 
Odd Sture Hopperstad, Norwegian University of Science and Technology 
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ABSTRACT Ductile intergranular fracture in Al-Mg-Si alloys can be influenced by the width of grain boundary 
(GB) precipitate free zones (PFZs). During heat treatment, PFZs form along GBs because the GB neighborhood 
is depleted of the solute and/or vacancies that is required for precipitation. We have studied the crack 
propagation during Kahn tear tests of the three alloys AA6060, AA6082.25, and AA6082.50, which are 
examples of a lean recrystallized alloy, a dense fibrous alloy, and a dense recrystallized alloy with large grains, 
respectively. The alloys were extruded, and tear test specimens were machined along, and perpendicular to, 
the extrusion direction. Two slightly different T6 heat treatments were applied, one with a rapid water 
quench after solution heat treatment (SHT), and the other with a slow air-cooling after SHT, resulting in 
different PFZ widths and other microstructural changes. Transmission electron microscopy studies of the 
resulting PFZ widths and precipitate microstructure of each alloy will be presented, and compared to the 
Kahn tear test results. The results will be used to discuss the effect of PFZ widths and other microstructural 
aspects on crack propagation resistance and ductility in Al-Mg-Si alloys. 
 
Tuesday June 19, 14:00-15:20, Room 1080 
Mechanical Properties: Alloy Development II 
 
14:00 - Presentation 396188 
Influence of Alloy Composition on Mechanical and Corrosion Properties of EN AW 6082 
Alexander C. Wimmer, Neuman Aluminium Impact Extrusion 
 
ABSTRACT The standards have a large chemical composition window for EN AW 6082 (AlMgSi1), e.g. allowing 
a Magnesium content from 0.6 to 1.2%. In this study a comprehensive analysis between ten different 6082 
alloys, ranging from low to high alloyed 6082, together with seven other 6xxx alloys, was performed. The 
influence of thermomechanical history, concerning deformation parameters, natural and artificial aging on 
strength, ductility and corrosion properties was investigated on 17 different 6xxx alloys. YS (yield strength) 
and UTS (ultimate tensile strength) values above 400 MPa and an elongation to fracture above 22% were 
observed. Dependent on the aging treatment uniform corrosion, intergranular corrosion and/or pitting 
corrosion with a depth below 100µm, up to 300µm were detected. 
 
14:20 - Presentation 401515 
Microstructures and Mechanical Properties of Supersaturated Al-2%Fe Alloy Produced by High-Pressure 
Torsion Using Upsized Ring Samples 
Takahiro Masuda, Kyushu University, WPI, International Institute for Carbon-Neutral Energy Research 
(I2CNER) 
Zenji Horita, Kyushu University, WPI, International Institute for Carbon-Neutral Energy Research (I2CNER) 
 
ABSTRACT The method of high-pressure torsion (HPT) was applied for grain refinement of an Al-Fe alloy. To 
promote mixture and fragmentation of initial intermetallic particles, the composition with Al-2wt.%Fe having 
a fine eutectic structure was selected. To enlarge the sample size and introduce homogeneous shear strain 
throughout the samples, upsized ring samples with 100mm outer diameter and 94mm inner diameter were 
processed by HPT under a pressure of 2 GPa or 3 GPa. The average grain size of the matrix was reduced to 
170 nm after 1 turn with an equivalent strain of 300. The Fe content in the matrix after HPT processing 
increased with increasing the number of the turns. After HPT processing for 1 turn, the dissolution of Fe was 
increased to as much as 1.0 wt.% in comparison with 0.052 wt.% at the equilibrium state. Tensile tests 
showed that the ultimate tensile strength reached 600 MPa with a total elongation of 10%. The ultimate 
tensile strength was further increased to 730 MPa by conducting aging due to the formation of fine 
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precipitates. Microstructural observation revealed that the sample after aging still maintains the ultrafine 
grained structure with an average grain size of 220 nm. 
 
14:40 - Presentation 405221 
Next Generation 7xxx Aluminum Alloys for Automotive Applications 
Rashmi R. Mohanty, Novelis Inc. 
Rajeev Kamat, Novelis Inc. 
Rajasekhar Talla, Novelis Inc. 
Cedric Wu, Novelis Inc. 
Rahul Kulkarni, Novelis Inc. 
 
ABSTRACT The light-weighting trend within the automotive industry has resulted in an increased demand for 
aluminum sheet for the body-in-white (BIW) applications on top of the traditional hang-on closure panels. 
The BIW applications require high in-service strength while meeting a variety of other attributes such as 
formability, ease of joining, corrosion resistance, and crash worthiness. Owing to their high specific strength, 
the 7xxx series aluminum alloys are attractive candidates for BIW applications. Novelis has developed next 
generation advanced 7xxx alloys to meet such requirements. These new alloys showed enhanced properties 
compared to conventional 7xxx alloys. For example, a 20% increase in yield strength was realized over the 
conventional 7075 alloy in T6 and after paint bake tempers. In this paper, mechanical properties of the next 
generation 7xxx alloys are presented, and are correlated with some of the microstructural features inherent 
to them. The properties were optimized through a combination of alloy design and processing. Aging curves 
were developed to develop suitable aging practices for them. Attributes such as bendability and corrosion 
resistance of these alloys were evaluated and will be discussed. The alloys can be hot stamped into structural 
components such as B-pillar reinforcements while meeting their desired property requirements. 
 
15:00 - Presentation 396834 
Effects of Mg and Si Content on the Microstructure and Mechanical Properties of AA6014 Alloys in T4P and 
T6P Temper 
Zhenguo Li, Chongqing University 
Pizhi Zhao, Chongqing University and Chinalco Material Applications Research Institute Co. Ltd. 
Zhihong Jia, Chongqing University 
Zhenshan Liu, Chinalco Material Applications Research Institute Co. Ltd. 
Zhiqiang Xie, Chongqing University 
 
ABSTRACT The effect of Mg and Si contents on the microstructures and mechanical properties of AA6014 
alloys in T4P and T6P tempers was investigated. Three-dimensional atom probe, Transmission Electron 
Microscope, Scanning Electron Microscope with Electron Back-Scattered Diffraction and tensile testing 
machine were used to characterize the evolution of microstructures and mechanical properties. The results 
shown that tensile strength increased while elongation decreased with increasing Mg and Si contents in both 
T4P and T6P tempers. The strength is dominated by the density of clusters in T4P temper, together with GP 
zones and β" precipitates in T6P temper. The total elongation is dominated by uniform elongation, which is 
related to the work hardening exponent. For the same combined Mg and Si content, the Si-rich alloy has 
larger elongation than Mg-rich alloy due to higher work hardening exponent. The 3DAP results shown that 
clusters and GP zones have a wide range of Mg/Si ratios, but β" precipitate exhibit a narrow distribution of 
Mg/Si ratio of approximately 1.2 to 1.4. 
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Tuesday June 19, 15:40-17:00, Room 1080 
Mechanical Properties: Alloy Development III 
 
15:40 - Presentation 401504 
Preparation and Mechanical Properties Test of Millimeter Scale Second Phase Particles in Aluminum Alloy 
Xinyue Lan, Central South University 
Kai Li, Central South University 
Yong Du, Central South University 
Yanqing Su, Harbin Institute of Technology 
 
ABSTRACT Having a significant impact on the performance of aluminum alloys, second phase particles are 
crucial to the design of the alloy. However the mechanical properties of some fine micron scale second 
phases are not yet clearly understood because they are too small to test. In this paper, the second phases α-
AlFeSi, β-AlFeSi and Mg2Si which are common in aluminum alloy have been tested in a dedicatedly designed 
experiment. Based on calculations of phase diagrams, we have designed 3 alloy compositions for directional 
solidification and have thus obtained α-AlFeSi, β-AlFeSi and Mg2Si particles as large as 300 - 500 μm in size. 
Through nanoindentation examinations the elastic moduli of α-AlFeSi, β-AlFeSi and Mg2Si were obtained. 
Besides the Vickers hardness of these phases were also tested, so that a more intuitive understanding of 
these hard phases, especially of β-AlFeSi for the first time, have been reached. 
 
16:00 - Presentation 399795 
Effect of Zirconium Additive on Deformation Behavior and Electroconductivity of Aluminum Alloy 
Anna Mogucheva, Belgorod State National Research University 
Anna Morozova, Belgorod State National Research University 
Dmitriy Bukin, Belgorod State National Research University 
Rustam Kaibyshev, Belgorod State National Research University 
 
ABSTRACT The microstructure and properties of the Al−Zr alloys after heat treatment were investigated. The 
aluminum alloys with different Zr content were melted in an electric furnace in graphite-chamotte crucibles. 
The alloys were annealed in a wide temperature range (300-600°C) during one hour. The metastable Al3Zr 
precipitations with L12 structure in the Al-Zr alloys were detected after annealing. The particles size 
depended on heat treatment temperature. In a peak aged condition the average size of Al3Zr-particles was 
10-20 nm. The deformation behavior of all samples was characterized by low flow stresses, large strain 
hardening and large uniform elongation. It was found that electroconductivity depended on the phase 
composition. A modified Hall-Petch relationship was applied to analyze the contributions of particle 
strengthening to the yield strength. The effect of zirconium addition on deformation behavior and 
strengthening was discussed. 
 
16:20 - Presentation 401061 
Aging Metallurgy and Mechanical Properties on Al-Si-Cu-Mg Die Casting Alloy 
Shintaro Onuki, Muroran Institute of Technology 
Masakura Tejima, Toyota Motor Corporation 
Tetsuya Ando, Muroran Institute of Technology 
Ryota Enomoto, Muroran Institute of Technology 
Yuji Okada, Toyota Motor Corporation 
 
ABSTRACT Al-Si-Cu-Mg die casting alloys are widely used in the automotive industry, and recent 
advancements in high pressure die casting technology enable heat treating products to achieve desirable 
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properties. However, CO2 emissions associated with die-casting production lines should be reduced to 
address the global warming issue. In this study, the relation between the microstructures and thermal 
stability of precipitates formed during isothermal aging at 423, 485, and 558 K of Al-11.0 mass%Si-1.8 
mass%Cu-0.2 mass%Mg (JIS ADC12) was investigated using Vickers hardness tests and transmission electron 
microscopy (TEM). The hardness tests and TEM results showed that Si compounds and Al-Cu compounds 
enhanced the mechanical properties of the alloy and that the predominant compound affecting the 
mechanical properties differed between specimens treated at 423 K and those treated at 558 K. Moreover, 
additional aging at 423-458 K resulted in a material with a Vickers hardness higher than that of the 
isothermally single-aged material. Differential scanning calorimetry, differential elemental analysis, and 
selected-area diffraction analysis using TEM suggested that the combination of Al-Cu compounds 
precipitated at low aging temperatures and Si compounds precipitated during preliminary aging increased 
the mechanical strength, resulting in a maximum hardness of 130 HV. 
 
16:40 - Presentation 399438 
Investigation of Mechanical Properties in Al-7%Si Cast Alloys with Changing the Eutectic Si Particles by 
Trace P and Sr 
Masakazu Kobayashi, Toyohashi University of Technology 
Shogo Furuta, Toyohashi University of Technology 
Kohei Taniguchi, Toyohashi University of Technology 
Tomoya Aoba, Toyohashi University of Technology 
Hiromi Miura, Toyohashi University of Technology 
 
ABSTRACT Hypoeutectic Al-Si alloy that possess an excellent balance of mechanical properties and castability 
is the most widely used material for automobile parts in order to reduce car weight. A chemical modification, 
being the addition of trace Sr addition, is the most common method to refine eutectic Si particles in 
hypoeutectic Al-Si alloys. This trace Sr addition suppresses the formation of AlP which functions as the nuclei 
of the Si phase. In contrast, if impure P content is reduced, the modification of eutectic Si particles occurs 
naturally. In fact, three-dimensional morphology of Sr modified and naturally modified cast alloys are slightly 
different. So we evaluate the mechanical properties (tensile, impact, fatigue strength and hardness) in Al-
7%Si cast alloys with changing the eutectic Si particles by trace P and Sr.  
 
Wednesday June 20, 10:30-11:50, Room 1080 
Mechanical Properties: Fatigue & Environment I 
 
10:30 - Presentation 399773 
X-Ray CT Inspection for Micro Porosities and Its Effect on the Fatigue Behavior of 7050-T7451 Thick Plate 
Alloy 
Xiang Xiao, Chinalco Materials Application Research Institute Beijing  
Cheng Liu, Chinalco Materials Application Research Institute Co., Ltd. 
 
ABSTRACT A study has been accomplished to characterize the fatigue life in 7050-T7451 thick plate by the 
comparison between experimental alloy and commercial alloy. The fracture origins were specified and these 
sizes were measured by scanning electron microscope (SEM). Additionally, the volume fraction, size, number 
density and spatial distribution of porosities in the experimental material and commercial material were 
characterized and compared, using X-ray Computed Tomography. The results showed that micro porosities 
were the predominant sizes for crack nucleation and subsequent failure of the experimental alloy. However, 
as for the commercial alloy, fatigue cracks were found to originate from constituent particles. The presence 
of micro porosity in 7050-T7451 thick plate reduced fatigue life of an order of magnitude or more compared 
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to the commercial alloy. The relationships between size of origin and fatigue life were proposed. It showed 
that the fatigue endurance was reduced when the size of porosity increased.  
 
10:50 AM - Presentation 401895 
Strain-Controlled Thermo-mechanical Fatigue Testing of Aluminum Alloys Using Gleeble 3800 System 
Jian Qin, University of Quebec at Chicoutimi 
Dany Racine, University of Quebec at Chicoutimi 
Kun Liu, University of Quebec at Chicoutimi 
X. Grant Chen, University of Quebec at Chicoutimi 
 
ABSTRACT Understanding the thermo-mechanical fatigue (TMF) behavior of materials plays a significant role 
in the safety design of critical components used in aerospace and automotive industries, such as engine 
blocks and cylinder heads, which undergo the cyclic change of temperature and stress. However, cyclic 
change of temperature, stress and strain makes it difficult using the traditional testing methods to accurately 
simulate the TMF process. In the present work, the Gleeble 3800 system was successfully applied to develop 
a reliable procedure to measure the TMF behaviors of aluminum alloys. Modified setup together with the 
new designed program allows the Gleeble machine to precisely simulate the cyclic profiles of temperature 
and mechanical strain. The novel procedure includes the calibration and verification of the sample to ensure 
the test validity with Young’s modulus measurement, multi-cycle measurement of the thermal strain and 
zero-force adjustment followed by the online monitoring the TMF cycles. The results of the TMF testing of an 
AA6061 alloy under cyclic temperatures (60–300°C) and various strain amplitudes (0.2, 0.4 and 0.6%) were 
demonstrated. Its TMF behavior was characterized by the typical hysteresis loops and cyclic stress-strain 
response. The TMF life of AA6061 alloy was assessed with various TMF parameters.  
 
11:10 - Presentation 401520 
Evolution of the Static and Cyclic Properties During in Service Aging Conditions of Aluminum Alloys 
Lisa Grosset, Ecole des Mines de SAint-Etienne , une Ecole de l'IMT 
Delphine Thielleux, Safran Group HispanoSuiza 
Nancy Caldera-Meulnotte, Safran Group Hispano Suiea 
Anna Fraczkiewicz, Ecole des Mines de Saint-Etienne, Une Ecole de l'IMT 
Cédric Bosch, Ecole des Mines de Saint-Etienne, Une Ecole de l'IMT 
Christophe Desrayaud, Ecole des Mines de Saint-Etienne 
 
ABSTRACT Because of the evolution of structural requirements for the design of some aircraft parts, for 
longer service life (up to 90,000 hours) at higher operating temperature specifications, a model was 
developed to describe the service conditions aging mechanisms in aeronautic transmission components this 
model was detailed in [1]. An attempt is presented to establish a relation between the static and cyclic 
behavior of the alloys studied (i.e. AS7U1.5G and AA2618) and to propose an extension of the model to 
capture the trends on the cyclic properties evolution with aging. Changes in mechanical properties and 
microstructures of the studied alloys will be presented. The role of the material defects and the fatigue test 
procedure, will also be discussed. An attempt to establish the link between the static properties such as Yield 
stress and the endurance limit will then be presented including the role of the microstructure evolution 
subjected to coalescence while the material undergo service condition aging. [1] Development of an 
accelerated aging test on Aluminum alloys for aeronautics » L. Grosset a, C. Desrayaud a, A. Fraczkiewicz a, C. 
Bosch a, L. Anssems b, S. Becquerelle c. Proceeding of the conferenceTMS 2015. March 15-19, 201- Florida, 
USA.  
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11:30 - Presentation 404334 
Impact of Microstructure and Mechanical Properties on Fatigue Life of Die Casting Alloys 
Francis Breton, Arvida Research and Development Centre, Rio Tinto 
 
ABSTRACT Fatigue properties of aluminum castings play a major role on the initial part design as part failures 
are often linked to fatigue crack growth. Therefore, the factors influencing fatigue life must not be 
overlooked. The fatigue life of aluminum castings can be affected by various parameters such as chemistry, 
temper and defects. Past studies on aluminum castings focused on the impact of shrinkage, gas porosity and 
inclusions on the high-cycle fatigue behaviour where it was determined that defect size is the main 
parameter affecting fatigue life. However, limited studies have looked at the parameters affecting low-cycle 
fatigue. Three Aural™ alloys produced by High Pressure Vacuum Die Casting were studied to determine the 
impact of the microstructure, tensile strength and defects on both the low-cycle and high-cycle fatigue. Strain 
controlled fatigue was used to obtain complete strain-cycle curves. It was found that other parameters than 
defects affect the low-cycle fatigue life of castings.  

 
Wednesday June 20, 14:00-15:20, Room 1080 
Mechanical Properties: Fatigue & Environment II 
 
14:00 - Presentation 407937 
Age Hardening of Al Alloys Without Heat Treatments 
Christopher R. Hutchinson, Monash University 
Wenwen Sun, Monash University 
Lingyu Wang, Monash University 
Qi Zhang, Monash University  
 
ABSTRACT High strength Al alloys exploit solid state precipitation to tailor their mechanical response. This 
precipitation requires two ingredients: a thermodynamic driving force and atomic mobility. For a given alloy 
chemistry, the heat treatment (precipitation) temperature is chosen as a compromise between having 
sufficient driving force for precipitation and sufficient atomic mobility so that the precipitation reaction 
occurs in a reasonable time and results in a ‘not too coarse’ precipitate distribution. It is this compromise that 
frames the competition between nucleation, growth and coarsening that constrains the possible precipitate 
distributions and hence mechanical responses. In this presentation, we demonstrate a new approach to age-
hardening that does not use thermal treatments and therefore allows independent control over the 
thermodynamic driving force and atomic mobility. This provides a means to fully alter the competition 
between precipitate nucleation, growth and coarsening and new microstructures, with new combinations of 
properties are obtained. The approach uses small amplitude cyclic plasticity at room temperature as a means 
of continually pumping vacancies into the system to achieve atomic mobility under conditions of high 
thermodynamic driving force. The approach is self-regulating (in both space and particle size) and results in 
extremely uniform and fine-scale microstructures. The mechanical responses obtained from samples 
prepared with this new method are compared with traditionally heat treated samples and the advantages 
and disadvantages of the approach are discussed.  
 
14:20 - Presentation 407938 
Enhancing the Fatigue Performance of Precipitate Strengthened Al Alloys 
Qi Zhang, Monash University  
Xiang Gao, Monash University 
Christopher R. Hutchinson, Monash University 
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ABSTRACT Aluminium alloys are widely used in moving structures due to their high specific strength, stiffness 
and environmental resistance. The fatigue behaviour is extremely important in these applications and is often 
a major design constraint. The comparatively poor fatigue performance of Al alloys is well known: the fatigue 
ratio (e/UTS) of steels is typically ~0.5 while it is ~0.3 for precipitate strengthened Al alloys. Reasons for this 
comparatively poor fatigue response include the unstable precipitate structure which may evolve during 
loading and the presence of heterogeneities in precipitate distributions (e.g. PFZ’s) that may lead to 
localization of plasticity. In this study, the HCF performance of 2xxx, 6xxx and 7xxx series alloys is studied as a 
function of the initial precipitate state. Recent observations of better HCF performance in underaged Al alloys 
compared with the peak aged states is explained and a new approach for significantly enhancing the HCF life 
by exploitation of dynamic, room temperature precipitation is demonstrated. The experiments include HCF 
and microstructural characterization using SEM, TEM and optical profilometry.  
 
14:40 - Presentation 401507 
Mechanical Properties of High Copper Containing AlCuSi Cast Alloys at Elevated Temperature 
Salar Bozorgi, Light Metals Technologies Ranshofen, Casting/Forming Group 
Salar Bozorgi, Light Metals Technologies Ranshofen, Casting/Forming Group 
 
ABSTRACT The automotive applications of heat treatable AlCu cast alloys are designed for performance at 
high temperature, which can be improved using specially alloying element as well as different heat 
treatment. In this research work an effect of alloying element such as Cu, Ni and heat treatment on 
microstructures and mechanical properties of AlCu alloy were investigated using optical microscope (LIMI), 
scanning electronic microscope (SEM) equipped with energy dispersive X-ray detection (EDS), Differential 
scanning calorimetry (DSC) and mechanical testing. It was found that during solidification most of the 
elements Cu, Mg and Ni segregated at the grain boundaries in the form of Al2CuMg or Al7Cu4Ni and a very 
small part of Cu and Ni element dissolved in the FCC-Al matrix. The latter is not completely reclaimable for 
strengthening mechanisms in FCC-Al matrix in its as-cast state. The results of mechanical test show that yield 
strength and ultimate tensile strength increases after heat treatment significantly compared with the as-cast 
state. Furthermore the mechanical properties at elevates temperature (240°C) is higher with higher Cu+Ni+Si 
containing alloys compared with the less Cu+Ni+Si containing alloy. 
 
15:00 - Presentation 404098 
Ductility and Corrosion Aspects in Development of an Ultra-High Strength AlZnMg Alloy 
Ola Jensrud, SINTEF Raufoss Manufacturing AS 
Rune Østhus, SINTEF Raufoss Manufacturing AS 
Knut Erling Moen, SINTEF Raufoss Manufacturing AS 
 
ABSTRACT The main idea of the new development has been reduction of the elements Cu and Fe in 
comparison with older alloys like AA7278 and AA7050. Constituents of AlCuFe play and key factor in 
corrosion behaviour and ductility. Further addition of Zn gives rather high level of strength in hardened 
tempers without reduction of formability. The new alloy introduced has higher Zn and lower Cu content 
compared with older qualified materials within 7xxx series. To control grain structure during processing of 
the material from ingot casting to final shape and temper the elements Zr and Cr play an important role in 
combination with an exact defined thermo-mechanical route. Tempering the material to T7 conditions, over 
ageing improve ductility, however the additional deformation by cold forging of the as extruded fibrous 
microstructure increase the ductility above this level. Cold deformed and tempered condition is promising 
condition in application of this alloy. The new alloy (Al+Zn8.5+Mg2.9+Cu0.5+Cr0.18+Zr0.15) gives a yields 
strength of 640MPa with an elongation of 8% for a cold extruded and heat treated tubular part, temper T79. 
The improvements are corrosion resistance, better ductility as well as a significantly easier manufacturing 
chain from molten alloy to final rocket engine casings.  
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15:40 - Presentation 399155 
Compressive Properties of Porous Aluminum Alloys Having Ordered and Disordered Cell Structures 
Koichi Kitazono, Tokyo Metropolitan University 
Yoshikazu Sugiyama, Tokyo Metropolitan University 
Keiji Matsuo, Tokyo Metropolitan University 
Toko Miura, Tokyo Metropolitan University 
 
ABSTRACT Impact energy absorbing system for automotive is an important technology. Open-cell porous 
aluminum alloys were manufactured through Powder Bed Fusion (PBF) process. Compressive properties of 
the porous aluminum alloy depend on the cell structure as well as the porosity. The authors manufactured 
two ordered cell structures, truncated octahedron and rhombic dodecahedron, and one disordered cell 
structure, random Voronoi structure using a 3D-CAD software. Compression tests revealed the anisotropic 
deformation of the porous aluminum alloy with ordered cell structure. On the other hand, the porous 
aluminum alloy with disordered cell structure showed relatively isotropic and uniform deformation, which is 
suitable for energy absorbing applications. Therefore, controlling the disordered cell structure designed by 
Voronoi diagram enables to develop the advanced porous aluminum alloy having various mechanical 
properties. 
 
16:00 - Presentation 401465 
Unique Mechanical Properties of Cold Rolled Aluminum Foils 
Takashi Suzuki, Mitsubishi Aluminum Co., Ltd.  
Masaya Endo, Mitsubishi Aluminum Co., Ltd.  
Qi Cui, Mitsubishi Aluminum Co., Ltd.  
Shigeru Kuramoto, Ibaraki University 
 
ABSTRACT Basically, cold working increases the strength and decreases the ductility in metal. So, thin 
aluminum foils manufactured by cold rolling with high reduction ratio have high strength but the ductility is 
very low. However, we observed that aluminum foils containing Fe exhibit high ductility even after cold 
rolling. On the other hand, although it is well known that annealing treatment decreases the strength and 
increases the ductility, some of cold rolled aluminum foils exhibit the decrease in ductility by low 
temperature annealing. In this study, we investigated these unique mechanical properties of cold rolled 
aluminum foils in detail. Mechanical properties were measured by tensile test in various crosshead speeds. 
Strain rate sensitivity was clearly showed on Al-Fe alloy foils, and ductility decreased at high strain rates. We 
also tried to observe deformation of specimens using digital image correlations (DIC) in detail. In addition, we 
observed microstructures of specimens using electron backscatter diffraction (EBSD) in order to confirm the 
relationship between mechanical property and crystal grain structure. 
 
16:20 - Presentation 399999 
Synergistic Improvement in Strength and Ductility for Al-Cu-Mg Alloy Induced by Flexible Threadiness Array 
of Nano-Sized TiC Particles 
Huabing Yang, Shandong University 
Tong Gao, Shandong University 
Guiliang Liu, Shandong Al &Mg Melt Tech. Co., Ltd. 
Yuying Wu, Shandong University 
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Qian Zhao, Shandong University 
Xiangfa Liu, Shandong University 
 
ABSTRACT To improve both the strength and ductility of metal matrix, a spectific threadiness array 
composed of nano-TiC particles (nano-TiCp for short) has been constructed in an Al-Cu-Mg alloy (2024) by hot 
extrusion for the as-cast 2024-1.5TiC alloy. Due to recrystallization inhibition effect of the nano-TiCP during 
hot processing, the size of the matrix grains displays typical bimodal distribution. Compared with 2024 
matrix, strength and ductility of the 2024-1.5TiC have been enhanced simultaneously, with ultimate tensile 
strength and elongation respectively increased from about 425 MPa and 9.8% of the matrix alloy to about 
550 MPa and 15.5% of the 2024-1.5TiC. Microstructure analysis suggest that except for increasing dislocation 
density and impeding dislocation motion in matrix, the specific threadiness array of nano-TiCp can exhibit 
load bearing potential adequately, which strengthens the alloy effectively. Otherwise, as a flexible unit, the 
threadiness array can be elongated along with the matrix after yielding, which avoids severe stress 
concentration and delays crack generation and propagation. Thus, the threadiness array of the nano-TiCP 
also enhances the ductility of the alloy. What’s more, the bimodal distribution of grain size induced by the 
nano-TiCP also contributes to the improvement of strength and ductility for the 2024-1.5TiC alloy. 
 
16:40 - Presentation 399716 
Microstructure and Mechanical Properties of AlSi10Mg Permanent Mould and High Pressure Vacuum Die 
Castings 
Zhan Zhang, University of Quebec at Chicoutimi 
Mengyun Liu, university of Quebec at Chicoutimi 
Francis Breton, Arvida Research and Development Centre, Rio Tinto  
X. Grant Chen, University of Quebec at Chicoutimi 
 
ABSTRACT The microstructures of AlSi10Mg foundry alloy in permanent mould (PM) and high pressure 
vacuum die (HPVD) castings were analyzed and compared. The as-cast microstructures of two castings mainly 
consisted of eutectic silicon particles, primary Mg2Si and Fe-rich intermetallic phases. The surface layer in 
HPVD castings, which has a unique feature and different structures, was carefully characterized. The 
dimension variation of microstructural phases along the cross section in PM samples is less than that in HPVD 
samples, although the size of microstructural phases in PM samples was much larger than that in HPVD 
samples. The mechanical properties of PM and HPVD samples were evaluated on as-cast and T6-treated 
conditions. The tensile properties of HPVD castings are remarkable better than those of PM castings on the 
as-cast condition. The T6 heat treatment greatly improves the tensile strength of PM castings while it has 
limited impact on the tensile strength of HPVD castings.  
 
17:00 - Presentation 401511 
Effect of Annealing Conditions in As-cast and Zr Addition on Recrystallization Behavior in Al-Mn Alloy Fin 
Stocks 
Daisuke Shimosaka, Nippon Light Metal Co, Ltd. 
Kenta Suzuki, Nippon Light Metal Co., Ltd. 
Toshiya Anami, Nippon Light Metal Co., Ltd. 
 
ABSTRACT In Al-Mn alloy heat exchanger fin stock, which simulated continuous casting, effect of annealing 
conditions in as-cast and 0.1%Zr addition on recrystallization behavior was investigated using metallurgical 
analysis. Even though the increase in annealing time in as-cast caused smaller recrystallized grains in the fin 
stock after brazing heat treatment regardless of Zr addition, the recrystallized grains with the Zr addition was 
larger than that without Zr on each annealing time. Investigation of softening behavior during intermediate 
annealing after cold rolling revealed that the recrystallization of the fin stock with Zr addition was complete 
at the higher temperature than the one without Zr. After the annealing in as-cast, fine Al3Zr particles were 
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distributed in the fin stock with Zr addition, in addition to being a-Al(Mn,Fe)Si particles regardless of Zr 
addition. The a-Al(Mn,Fe)Si grew to a large size with increasing the annealing time in as-cast, while the fine 
Al3Zr was stable. The uniform distribution of fine Al3Zr would contribute to the larger recrystallized grain 
structure after brazing heat treatment in Al-Mn fin stock with Zr addition. 
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Date Start 
Time 

Presentation 
No. 

Presentation Title 

20-Jun 10:30 401065 Introduction of Materials Modelling into Processing Simulation of 
Aluminium Alloys 

20-Jun 10:50 404058 Computational Material Design of 6xxx Alloys for High Electrical 
Conductivity Applications 

20-Jun 11:10 407939 Towards Property Driven Process Optimization – on a Framework for 
Through-Process Simulation of AA6xxx Car Body Sheet Production 

20-Jun 11:30 401103 Application of Modified Voce-Kocks Constitutive Material Model to 
Elevated Temperature Forming of 7xxx Series Aluminum Sheet 

20-Jun 14:00 400976 Simulation of Extrusion Processes of Aluminum Profiles with Modeling 
of Microstructure 

20-Jun 14:20 401066 SProC – Smart Process Control Toolkit for Semi-Finished Products 
Manufacturing 

20-Jun 14:40 403184 Framework for Capturing Evolving Shear Anisotropy in Extruded 
Aluminum Alloys 

20-Jun 15:00 397544 Void Evolution in a 7xxx Series Aluminium Alloy During Hot Rolling: 
Quantitative Experimental Results and Mechanism-Based Process 
Simulation 

20-Jun 15:40 405092 An Improved Unified Internal State Variable Model Exploiting First 
Principle Calculations for Flow Stress Modeling of Aluminum Alloys 

20-Jun 16:00 399198 Pressure Dependent Yielding in Solute Strengthened Aluminium – An 
Ab Initio Study 

20-Jun 16:20 401830 Modeling the Dynamic Mechanical Behaviour and Texture Evolution 
of Additively Manufactured AlSi10Mg_200C 

20-Jun 16:40 401044 Phase Field Simulation of 6xxx Al-Mg-Si Alloys During the Whole 
Ageing Process and Its Experimental Verification 

21-Jun 8:45 400100 A New Dislocation Density Based Hardening Model to Simulate Cyclic 
Loading in Aluminum Alloys 

21-Jun 9:05 403200 A Novel Approach of Predicating Failure Strain for Aluminum Alloys 
Along Different Strain Paths 

21-Jun 9:30 401049 Modeling of Anisotropic Behavior of Aluminum Profile for Damage 
Prediction 

21-Jun 9:50 405079 Correlation of the Precipitate Size Evolution and the Creep Rate of 
the Aluminum Alloy EN AW 2618A at 190°C 

21-Jun 10:30 401636 Multi-Phase Precipitation Modelling of Quenching and Ageing in 6xxx 
Alloys 

21-Jun 10:50 401677 Modelling of the Precipitation of β-Mg 2 Si Phase in an A356+0.5 Cu 
Cast Aluminum Alloy 

21-Jun 11:10 400029 Modeling the Precipitation Sequence of Particle-Reinforced Aluminum 
Matrix Composites for the Prediction of Mechanical Properties During 
Ageing 
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21-Jun 11:30 402958 The Evolution of Mn Dispersoids During Homogenization of Al-Mg-Si-
Mn-Fe Alloys: Modelling and Experimental Results 

21-Jun 14:00 401856 Simulating Dislocation Solute Drag Phenomena in Al-Mg Alloys on 
Atomic Length-Scales and Experimental Time-Scales 

21-Jun 14:20 400023 Numerical Analysis of Magnetic Pulse Forming and Deformation 
Structure of Pure Al and Cu Sheets 

21-Jun 14:40 401090 Modeling the Effect of Natural/Pre-Ageing on Artificial Ageing with a 
CALPHAD-Coupled Kinetic Approach 

21-Jun 15:00 407940 Methods of Thermal and Thermo‐Mechanical Treatment on the Micro 
Scale For High‐Throughput Development of Novel Aluminium Alloys 

 
Wednesday June 20, 10:30-11:50, Room 2120 
Modelling & Simulation I 
 
10:30 - Presentation 401065 
Introduction of Materials Modelling into Processing Simulation of Aluminium Alloys 
Zhanli Guo, Sente Software Ltd 
Patrice Lasne, Transvalor S.A. 
Nigel Saunders, Thermotech Ltd. 
Jia-nan Hu, Sente Software Ltd. 
Jean-Philippe Schille, Sente Software Ltd. 
 
ABSTRACT Processing simulation requires an understanding of materials behaviour, particularly with respect 
to flow stress as a function of temperature and strain rate. The traditional way of obtaining such material 
data is through experimentation, which is expensive and time-consuming. It is therefore of no surprise that 
lack of material data has been a common problem for CAE simulation tools. This talk looks at material flow 
from the viewpoint of the actual deformation mechanisms in operation during forming. Two competing 
mechanisms for deformation were considered in this study, either dominated by dislocation glide 
(strain/work hardening) or dominated by dislocation climb (creep or flow softening). Extensive validation has 
been carried out for various series of Al-alloys and good agreement between calculations and experimental 
results has been achieved over a wide range of temperature and strain rates. The length of holding time 
before testing may significantly affect the strength and flow stress curves, which has been considered in the 
model as well. The calculated flow stress curves, as well as physical and thermophysical properties, can be 
readily exported to commercial CAE packages and case studies on forging simulation will be presented. 
 
10:50 AM - Presentation 404058 
Computational Material Design of 6xxx Alloys for High Electrical Conductivity Applications 
Ole Runar Myhr, Hydro Aluminium 
Rune Østhus, SINTEF Raufoss Manufacturing 
Martin C. Lentz, Hydro Aluminium 
Johannes Aegerter, Hydro Aluminium 
Trond Furu, Hydro Aluminium 
 
ABSTRACT Aluminium alloys represent attractive material solutions for applications requiring high electrical 
conductivity like cables and bus bars. In such products, there are usually requirements on other properties 
like strength, thermal stability and creep resistance. It is demanding to design an alloy that yields an 
acceptable combination of these properties without performing an extensive experimental program. The 
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present paper demonstrates an alternative methodology to seek an optimum alloy and processing route 
based on computational material design. This is obtained by a through process modelling approach where 
the evolution of the precipitate structure and the solid solution concentrations are predicted for each time 
step of the thermomechanical processing history. An optimization tool is used to couple and run the models 
in iterations until user-defined acceptance levels on strength, conductivity, thermal stability and creep 
properties were achieved. In the optimization, material and production costs were attempted minimised. 
Some of the result from these simulations were compared with measurements and they showed good 
correlations.  
 
11:10 - Presentation 407939 
Towards Property Driven Process Optimization - on a Framework for Through-Process Simulation of 
AA6xxx Car Body Sheet Production 
Christian Bollmann, Aleris Rolled Products Germany GmbH 
Thiemo Brüggemann, Hydro Aluminium 
Zeqin Liang, Novelis Inc. 
Fengxin Mao, RWTH Aachen University 
Stephan Hojda, RWTH Aachen University 
 
ABSTRACT The manufacturing of AA6xxx car body panels typically consists of rolling, ageing and forming 
processes. Thus, multiple simulation tools can be coupled to set up a through-process modelling (TPM) 
framework for predicting the evolution of microstructure and the final mechanical properties of these 
products. In order to realize such a TPM concept, various industrial processing phenomena were studied and 
modelled in the open innovation research cluster “Advanced Metals and Processes” (AMAP†), involving five 
industrial partners and two institutes from RWTH Aachen university. The TPM framework consists of four 
main parts, being integrated modelling of rolling and microstructure evolution, modelling the surface transfer 
during skin pass rolling, modelling of aging, and forming. The focus will be put on the integrated modelling of 
rolling and microstructure evolution as well as the age hardening behaviour which takes places during the 
industrial paint bake process. To reflect the microstructure evolution of this processing step, a multi-
component precipitation model was developed. So far, the influence of thermomechanical processes, i.e. 
annealing temperature and pre-deformation on the kinetics of MgxSiy precipitates during artificial aging 
were implemented. The precipitation model was linked to a yield strength model in order to simulate the 
evolution of mechanical properties within the TPM framework. For validation, a full size ingot of an AA6016 
alloy was cast and rolled, tracked during industrial production and further lab testing has been performed on 
the material for materials characterization. 
 
11:30 - Presentation 401103 
Application of Modified Voce-Kocks Constitutive Material Model to Elevated Temperature Forming of 7xxx 
Series Aluminum Sheet 
Zhutian Xu, McMaster University  
Mike Bruhis, McMaster University 
Mukesh K. Jain, McMaster University  
Vishwanath Hegadekatte, Novelis Global Research and Technology Center Kennesaw 
 
ABSTRACT Strain rate and temperature dependent deformation conditions are present during elevated 
temperature forming of aluminum and other metallic materials. While many constitutive laws have been 
proposed to represent such deformation conditions, a closer investigation often reveals their limited 
applicability in terms of fit to the experimental data, and interpolation within and extrapolation outside of 
the range of experimental stress-strain curves. This is often because material-specific primary deformation 
mechanisms of temperature-dependent strain and strain rate hardening are poorly captured. In the present 
work, the Voce-Kocks constitutive model based on mechanics of dislocations storage and annihilation has 
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been found to be suitable for many metallic materials. The model was modified to include the effect of 
temperature dependent shear modulus. The modified model is then employed to represent the experimental 
data obtained from uniaxial tensile tests on AA7075-O sheet at elevated temperatures and strain rates. Also, 
hot gas bulging tests were conducted to verify the applicability of this model. Further, finite element 
simulation of the hot gas bulge test was performed by incorporating the model as a user material subroutine. 
Good general agreement was observed between the experimental and FE model predicted results. Some 
sources of discrepancy in the prediction are also discussed. 

 
Wednesday June 20, 14:00-15:20, Room 2120 
Modelling & Simulation II 
 
14:00 - Presentation 400976 
Simulation of Extrusion Processes of Aluminum Profiles with Modeling of Microstructure 
Dong-Zhi Sun, Fraunhofer IWM 
Andrea Ockewitz, Fraunhofer IWM 
Andreas Trondl, Fraunhofer IWM 
 
ABSTRACT Numerical simulation of extrusion processes offers an efficient method for tool design and 
optimization of geometries and properties of extruded parts. However, until now there are few systematic 
investigations about influences of material model and different parameters e.g. for friction and thermal 
processes on calculated local and global responses. Since extrusion processes are essentially influenced by 
friction between billet and extrusion tools, new friction tests were performed in this work to develop a 
reliable friction model. Compression and torsion tests were performed at different temperatures to calibrate 
the material model for extrusion simulations. Extrusion processes for circular rods and U-profiles were 
conducted at TU Berlin with backward and forward extrusion method for different extrusion ratios, billet 
temperatures, product velocities and cooling conditions. This work focuses on numerical simulations of the 
extrusion tests with the FE code HyperXtrude. Based on the calculated distributions of local strain, strain rate 
and temperature the recrystallized volume fraction and grain sizes were calculated with empirical models 
and compared with the experimental results from optical micrographs and EBSD scans. The calculated total 
and friction forces and temperatures were compared with the experimental results and the deviations 
between experiment and simulation were analysed. 
 
14:20 - Presentation 401066 
SProC - Smart Process Control Toolkit for Semi-Finished Products Manufacturing 
Johannes Kronsteiner, LKR Leichtmetallkompetenzzentrum Ranshofen GmbH 
Evgeniya Kabliman, LKR Leichtmetallkompetenzzentrum Ranshofen GmbH 
 
ABSTRACT In present work, we developed a Smart Process Control Toolkit (SProC) as a single simulation 
environment for the modelling of materials microstructure and its interaction with the local microchemistry 
during manufacturing of semi-finished products. This toolkit supports the data communication between sub-
sequent processing steps such as casting, homogenization, pre-heating to deformation, etc. The thermo-
kinetical simulation software MatCalc of MatCalc Engineering© GmbH was used for modelling of 
precipitation kinetics, such as formation of primary and secondary phases and their evolution. An 
import/export functionality of the precipitation distribution after each processing step was implemented to 
follow the parameter history. For the evolution of the local microstructure, a Mean Dislocation Density based 
Model (MD2M) was used. This model consists of two parts: (1) Flow Stress Model for calculation of the total 
strength during the deformation and (2) Static Recrystallization Model for account of the recrystallization and 
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grain growth after the deformation. Validation was done by a comparison of experimental and simulated hot 
compression tests of a conventional AA2024 alloy. 
 
14:40 - Presentation 403184 
Framework for Capturing Evolving Shear Anisotropy in Extruded Aluminum Alloys 
Christopher Kohar, University of Waterloo 
Raj Mishra, General Motors R&D 
Kaan Inal, University of Waterloo 
 
ABSTRACT Accurate calibration of phenomenological models for extruded aluminum alloys is a challenge due 
to the severity of plastic anisotropy that is introduced during the manufacturing process. These difficulties 
are compounded by the evolution of anisotropy and rotation of the orthotropic axes during simple shear 
deformation. Capturing these artefacts can lead to improved simulation predictions of localization and failure 
during deformation of lab-scale components. This work presents a framework for calibrating and capturing 
the evolution of shear anisotropy in extruded aluminum alloys. Experimental characterization of the initial 
and evolving plastic anisotropy (through the flow stress and Lankford coefficient variation) is performed for a 
6000-series aluminum alloy during uniaxial tension and shear. An evolving Yld2004-18p (Barlat et al., 2005) 
yield function is employed that accounts for the evolution and rotation of the orthotropic axis during 
calibration. Comparisons of the resulting yield surfaces are made between the new approach and the 
traditional strategies. Finite element simulations are presented to highlight the effect of capturing the 
evolving anisotropy and rotation during the yield function calibration stage for localized deformation.  
 
15:00 - Presentation 397544 
Void Evolution in a 7xxx Series Aluminium Alloy During Hot Rolling: Quantitative Experimental Results and 
Mechanism-Based Process Simulation 
Georg Falkinger, AMAG Rolling GmbH 
Gregor Angerer, AMAG Rolling GmbH 
Bodo Gerold, AMAG Rolling GmbH 
Peter Simon, AMAG Rolling GmbH 
 
ABSTRACT This contribution presents an investigation of the evolution of shrinkage pores during hot rolling 
with a special focus on the microscopic mechanism. The reliable closure of shrinkage pores, which inevitably 
occur during the casting process, is of crucial technological importance for high-quality hot rolled plate 
products. Therefore, lab-scale tests were carried out under different typical thermomechanical loadings. 
Extensive data from optical microscopy was collected before and after deformation. The analysis shows that 
the average volume of shrinkage pores evolves similar to the volume of an idealized arrangement of spherical 
voids in an ideally plastic matrix. The average shape of the shrinkage pores, however, was found to be almost 
constant during deformation. Even though individual pores exhibit complex morphologies far from any 
idealized geometries, the overall evolution of a large number of pores is well captured by simple 
assumptions. In addition to the quantitative analysis, a schematic representation of this counter-intuitive 
behavior is provided. A simple ‘Gurson’-type void evolution equation was implemented in a three-
dimensional Finite-Element model of the industrial hot rolling process. With the help of this mechanism-
based process simulation the thermomechanical closure of shrinkage pores during the rolling process has 
been optimized for a variety of plate products. 
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15:40 - Presentation 405092 
An Improved Unified Internal State Variable Model Exploiting First Principle Calculations for Flow Stress 
Modeling of Aluminum Alloys 
Su Leen Wong, Max-Planck-Institut für Eisenforschung 
Galyna Laptyeva, Hydro Aluminium Rolled Products GmbH 
Thiemo Brüggemann, Hydro Aluminium Rolled Products GmbH 
Kai-Friedrich Karhausen, Hydro Aluminium Rolled Products GmbH 
Franz Roters, Max-Planck-Institut für Eisenforschung 
 
ABSTRACT In industrial chain modeling, accurate physically based yet computationally fast models are 
required to predict the evolution of the microstructure and flow stress. An improved unified model for cell 
forming metals based on the 3 Internal Variable Model (3IVM+) [1] was developed to describe the flow 
behaviour of aluminium alloys over a wide range of temperatures and strain rates. This model is to be 
included in a through process model to simulate complex metal forming operations like multi-pass rolling. 
This improved internal state variable model considers work hardening and recovery effects due to interaction 
of dislocation densities as well as subgrain growth and refinement processes. The dislocation density and 
subgrain size information is subsequently used to predict static recrystallization processes. We also show how 
ab-initio calculations can be incorporated into statistical flow stress modeling for selected aluminium alloys. 
We use a “scale bridging” approach to calculate the flow stress for different solute states. The 
microchemistry information required as input is calculated using the Classical Nucleation and Growth Model 
(ClaNG). [1] Mohles, V., Li, X., Heering, C. et al., “Validation of an improved dislocation density based flow 
stress model for Al-alloys” International Journal of Material Forming (2008) 1(Suppl 1): 77 
 
16:00 - Presentation 399198 
Pressure Dependent Yielding in Solute Strengthened Aluminium - An Ab Initio Study 
Jonas Frafjord, Norwegian University of Science and Technology 
Inga Gudem Ringdalen, SINTEF Industry 
Ingeborg-Helene Svenum, SINTEF Industry 
Odd Sture Hopperstad, Norwegian University of Science and Technology 
Randi Holmestad, Norwegian University of Science and Technology 
Jesper Friis, SINTEF Industry 
 
ABSTRACT To describe the behaviour of dislocations in solute strengthened alloys subjected to tri-axial stress 
states, it is important to understand how a superimposed hydrostatic pressure affects the dislocation-solute 
interaction. A pressure dependent yield strength has been experimentally observed by Spitzig et al.[1]. They 
suggested that this is a result of a change in the energy barrier of dislocation motion, i.e. the mobility. The 
mobility is calculated by quantifying the solute-dislocation interaction energy, which in turn can be used as 
input in a solute-strengthening model. In this work, the solute-dislocation interaction energy in aluminium is 
calculated using a combination of density functional theory and continuum elasticity theory. This is used as 
input in a parameter-free solute-strengthening model based on the work by Leyson et al.[2]. The model is 
general to fcc structures and applied to different solute elements, e.g. magnesium and silicon. By extending 
this model to account for a superimposed hydrostatic pressure, the pressure dependence on yield strength is 
investigated. This can bring insight to the mechanism associated with the strength differential effect. The aim 
is to get a better understanding of the role of dislocations in a solute-strengthened alloy. 
[1]https://doi.org/10.1016/0001-6160(75)90205-9 [2]https://doi.org/10.1038/nmat2813 
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16:20 - Presentation 401830 
Modeling the Dynamic Mechanical Behaviour and Texture Evolution of Additively Manufactured 
AlSi10Mg_200C 
Edward Cyr, Marine Additive Manufacturing Centre of Excellence, University of New Brunswick 
Mohsen Mohammadi, Marine Additive Manufacturing Centre of Excellence, University of New Brunswick 
 
ABSTRACT To date, several studies have been performed on the static mechanical properties of SLM-
AlSi10Mg alloy, e.g. (Aboulkhair et al, 2016). There have also been more recent studies on the relation 
between scan strategy, texture, and mechanical properties of SLM metals and composites, e.g. (AlMangour 
et al, 2016, 2017; Geiger et al, 2016; Kudzal et al, 2017). However, there is a huge knowledge gap in the 
available literature regarding texture and mechanical behavior of SLM-AlSi10Mg alloy under high strain rates. 
Therefore, in this study, dynamic mechanical behavior of AlSi10Mg_200C alloy manufactured by DMLS 
technique was investigated at high strain rates ranging from 900/s to 1700/s using Split Hopkinson Pressure 
Bar. Texture using X-ray diffraction technique of the initial samples were measured. The yield strength, peak 
flow stress, and ductility increased in all samples with increase of strain rate. TEM studies have also revealed 
evidence of continuous dynamic recrystallization in grains after 900/s-1700/s strain-rate tests. A Taylor 
polycrystal crystal plasticity constitutive model was then developed to capture and predict the texture 
evolution and mechanical response under dynamic loading, using plastic work as a critical parameter for the 
onset of recrystallization.  
 
16:40 - Presentation 401044 
Phase Field Simulation of 6xxx Al-Mg-Si Alloys During the Whole Ageing Process and Its Experimental 
Verification 
Hong Mao, Central South University 
Xiong Shuai, Central South University 
Yi Kong, Central South University 
Kai Li, Central South University 
Yong Du, Central South University 
Dan Cai, Guilin University of Electronic Technology 
 
ABSTRACT The age hardening of 6xxx Al-Mg-Si alloys is a frequently discussed topic, which has been studied 
by a wide range of techniques over years. In the present work, for the first time the combination of phase 
field crystal (PFC) and multi component multi phase field model (MPF) is used to simulate the whole aging 
process of Al-Mg-Si alloy with the experimental verification. At early stage of aging, PFC model at atomic 
scale is used to study the nucleation and growth mechanisms of early clusters in Al alloys. In addition, some 
studies focus on the mechanism of dislocation and solute enrichment region under external stress. 
Moreover, the number density, solute ratio and average solute number of atomic clusters in the early stage 
of aging have been determined by 3-dimensional atom probe (3DAP). The composition, size, number density 
have been determined by transmission electron microscopy and verified by 3DAP. For the later stage of aging 
process, the MPF model, which is coupled to elastic field and CALPHAD(CALculation of PHAse Diagrams)-type 
databases, was used to simulate the growth and coarsen process of the stoichiometric precipitation 
β”Mg5Si6 in Al-Mg-Si alloy. The simulated results agree reasonably with the experimental data.  
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Thursday Jun 21, 08:45-10:10, Room 2120 
Modelling & Simulation IV 
 
08:45 - Presentation 400100 
A New Dislocation Density Based Hardening Model to Simulate Cyclic Loading in Aluminum Alloys 
Yan (Larry) Li, University of Waterloo 
Christopher Kohar, University of Waterloo 
Raj Mishra, General Motors R&D 
Kaan Inal, University of Waterloo 
 
ABSTRACT It is well known that microstructure has a profound influence on the deformation behavior of 
aluminum alloys. In particular, precipitation hardening aluminum alloys, such as 6000-series, can exhibit 
significant variations in flow stress and work hardening following strain path changes due to the evolution of 
dislocations in the microstructure. A dislocation-based hardening model can allow for accurate predictions of 
the onset and propagation of localized deformation that can lead to failure. This work presents a new crystal 
plasticity based hardening model that captures dislocation evolution for large strains and for any strain path. 
Geometrically necessary dislocations are captured in the model by using the dislocation density tensor and 
are directly related to the hardening behavior of the material. The new hardening model also captures the 
evolution of statistically stored dislocation structures. The new hardening model was incorporated into the 
so-called crystal plasticity finite element method to simulate localized deformation phenomena in extruded 
aluminum alloy AA6063-T6 during cyclic shear. Predictions with the new hardening model were compared 
with other existing crystal plasticity hardening models and with experimental data. The results highlight the 
importance of accurately capturing the dislocation restructuring due to strain path changes for predicting 
localized deformation behavior.  
 
9:05 AM - Presentation 403200 
A Novel Approach of Predicating Failure Strain for Aluminum Alloys Along Different Strain Paths 
Ramakrushna Sabat, University of Waterloo 
Waqas Muhammad, University of Waterloo 
Abhijit Brahme, University of Waterloo 
Raj Mishra, General Motors R&D 
Kaan Inal, University of Waterloo 
 
ABSTRACT Aluminum alloys have lower local elongations compared to steel and these alloys fail 
catastrophically. Hence, one of the major challenges for automotive industry is to develop failure criterion for 
aluminum alloys for better modelling of part level components. There is much debate about the exact 
method of failure in Aluminum but in the last decade studies have shown that formation of nano-void and its 
growth is responsible for the ductile failure in aluminum alloys. Based on the concept of point defect 
generation and nano-void growth is due to point defect accumulation, Saimoto and coworkers (2011) have 
proposed a formulation leading to an eventual failure of the material. In the present work, the existing failure 
model is extended to account for failure in solid solution strengthened and precipitation strengthened 
aluminum alloys. The model assumes dislocation-dislocation interactions leading to Stroh-Hirth locks 
formation, solute clustering and fine precipitates as sources for point defects generation and nano-voids 
nucleation. The proposed failure criterion is calibrated using the tensile flow behavior along the rolling 
direction and is used to predict the failure strain along other in-plane directions for multiple strain paths. 
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09:30- Presentation 401049 
Modeling of Anisotropic Behavior of Aluminum Profile for Damage Prediction 
Florence Andrieux, Fraunhofer IWM 
Dong-Zhi Sun, Fraunhofer IWM 
 
ABSTRACT Extruded aluminum profiles are increasingly used for lightweight vehicle construction. Since 
fracture strains of aluminum profiles are relatively low, damage modeling is crucial for crash simulation. For 
aluminum profiles not only the stress state but also the orientation has a strong influence on both the 
deformation and damage behavior. For the material characterization smooth tensile tests were performed in 
six orientations, both stress-strain curves and r-values were registered. Moreover notched tensile and shear-
tension tests were performed in three directions. Finally punch specimens were tested to investigate the 
effect of biaxial loading. Digital image correlation analyses were performed to determine local strains such as 
critical values at failure. Numerical investigations were conducted with the strain based damage model, 
which is well suited and widely applied for crash simulation. For strain based failure models the choice of the 
deformation model is crucial. Deformation models with increasing complexity were investigated to find the 
best compromise over all experiments. It was found that there is still a great requirement on development of 
a material model which describes the orientation dependence of the hardening behavior over all stress states 
in order to be able to use a strain based failure model with a good accuracy. 
 
09:50 - Presentation 405079 
Correlation of the Precipitate Size Evolution and the Creep Rate of the Aluminum Alloy EN AW 2618A at 
190°C 
Philipp von Hartrott, Fraunhofer IWM 
Christian Rockenhäuser, Bundesanstalt für Materialforschung und -prüfung (BAM) 
Sina Schriever, Bundesanstalt für Materialforschung und -prüfung (BAM) 
Birgit Skrotzki, Bundesanstalt für Materialforschung und -prüfung Division 5.2 
 
ABSTRACT The aluminum alloy 2618A is an Al-Cu-Mg alloy with additions of Fe and Ni, which is designed for 
long-term operation at elevated temperature in transportation and aerospace industries. The alloy degrades 
during operation due to the dissolution of GPB zones and the coarsening of the hardening S-phase 
precipitates (Al2CuMg) at elevated service temperatures. In this study, creep tests were carried out on alloy 
2618A in the T61 condition and in an overaged condition at 190°C. The microstructural evolution of the nm-
sized precipitates was characterized by TEM in interrupted creep tests and static ageing tests. The creep 
curves at higher stresses show a pronounced increase in the creep rate after passing the minimum creep rate 
as many technical alloys do. This behavior is correlated to the concurrently changing strength of the material 
due to the coarsening of the precipitates, possibly leading to a decrease in the effectiveness of the Orowan 
mechanism. The coarsening process dependence on the loading is taken into account. The correlation of the 
materials strength and the creep rate is discussed in view of a differentiation between GPB zones and S-
phase.  
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Thursday Jun 21, 10:30-11:50, Room 2120 
Modelling & Simulation V 
 
10:30 - Presentation 401636 
Multi-phase Precipitation Modelling of Quenching and Ageing in 6xxx Alloys 
Zeqin Liang, Novelis R&D Center Sierre 
Liliana Savioz, Novelis R&D Center Sierre  
David Leyvraz, Novelis R&D Center Sierre  
Aude Despois, Novelis R&D Center Sierre  
Cyrille Bezencon, Novelis R&D Center Sierre  
 
ABSTRACT The formation of metastable precipitates, namely β”, determines the final strength of 6xxx alloys 
after artificial ageing. The kinetics of formation and volume fraction of β” precipitated are influenced by the 
precipitates formed during quenching, i.e. β’ and β, as well as by clusters formed during natural ageing. In 
order to simulate the final strength in a certain 6xxx alloy after different process conditions up to the solution 
heat treatment and subsequent ageing, a multi-phase precipitation modelling approach is needed. In this 
work, a multi-phase precipitation model which considers the formation of clusters, and β”, β’ and β 
precipitates, was developed and introduced. An example of one 6xxx alloy quenched at two different rates 
and later naturally and artificially aged was simulated using the model. The results were later compared with 
the results from electron microscopy and tensile testing. It was shown that the model successfully captured 
β’ and β formation which was dominated by the mechanism of heterogeneous nucleation along the grain 
boundaries during the slow quenching. The β” formed after artificial ageing was therefore reduced due to the 
decrease of the solute content and the volume which had been consumed by the precipitated β’ and β. 
 
10:50 AM - Presentation 401677 
Modelling of the Precipitation of β-Mg 2 Si Phase in an A356+0.5 Cu Cast Aluminum Alloy 
Anass Assadiki, Centre des Matériaux MINES ParisTech, The University of British Columbia, Montupet Inc.  
Vladimir Esin, MINES ParisTech, PSL Research University, Centre des Matériaux  
Georges Cailletaud, MINES ParisTech, PSL Research University, Centre des Matériaux  
Rémi Martinez, Montupet Inc.  
Warren J. Poole, The University of British Columbia 
 
ABSTRACT There is currently significant interest in understanding precipitation reactions in casting alloys 
which are used for cylinder heads. In this work, the precipitation of β-Mg2Si particles in an A356+0.5 Cu cast 
aluminum alloy has been modeled. The theoretical approach taken enables the simultaneous treatment of 
nucleation, growth and coarsening. The model is based on the framework of the KWN method and uses an 
implicit finite difference scheme. The continuity equation is discretized in time and space in order to obtain a 
matrix form. The KWN model is coupled to the CALPHAD software (Thermo-Calc) which provides data on the 
driving force for precipitation and the evolution of local equilibrium value for the solute concentration at the 
matrix/precipitate interface, taking into account the Gibbs-Thomson effect. Simulations with software can be 
used to provide quantitative predictions on the impact of the cooling rate and age-hardening heat 
treatments on the size distribution of particles. The results of the model have been validated by TEM 
measurements. This kind of multiscale approach provides new perspective on microstructure evolution for 
highly loaded components such as cylinder heads, i.e. it enables a more accurate prediction of the 
microstructure and its evolution as a function of thermal history. 
 
11:10 - Presentation 400029 
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Modeling the Precipitation Sequence of Particle-Reinforced Aluminum Matrix Composites for the 
Prediction of Mechanical Properties During Ageing 
Gwenaelle Meyruey, Laboratoire MATEIS - INSA de Lyon 
Véronique Massardier, Laboratoire MATEIS - INSA de Lyon 
Michel Perez, Laboratoire MATEIS - INSA de Lyon 
 
ABSTRACT Precipitation-strenghtened alloys as Al-Mg-Si alloys reinforced with ceramic particles appeared as 
an appropriate alternative for industrial applications. The precipitation sequence in Al-Mg-Si alloys could be 
particularly complex when Silicon is in excess and furthermore, some studies reported that the reinforcement 
could affect the precipitation kinetics. Then, for industrial applications under certain temperature conditions 
of using, it is fundamental to be able to predict the evolution of the microstructure in the alloy and the 
consequences on mechanical properties. In this work, the precipitation sequence of an Al-Mg-Si alloy with 
silicon excess and the composite using this alloy as matrix are characterized, indirectly by Thermo-Electric 
Power measurements, and directly by Transmission Electron Microscopy and Atom Probe Tomography in 
order to understand how the particles act on the precipitation in the alloy. A model based on the classical 
nucleation and growth theories, validated by the experiments, is implemented for the prediction of the 
evolution of the microstructure during aging. The precipitation size distribution modelled is used for the yield 
stress estimation during aging with a micromechanical model and compared with results of tensile tests on 
aged samples. Finally, this study provides a powerful tool for the prediction of the strength during industrial 
use. 
 
11:30 - Presentation 402958 
The Evolution of Mn Dispersoids During Homogenization of Al-Mg-Si-Mn-Fe Alloys: Modelling and 
Experimental Results 
Chenglu Liu, The University of British Columbia 
Qiang Du, SINTEF Materials and Chemistry 
Nick Parson, Rio Tinto Aluminium 
Warren J. Poole, The University of British Columbia 
 
ABSTRACT The evolution of Mn containing dispersoids during the homogenization of an Al-Mg-Si-Fe-Mn alloy 
has been studied using a combination of modelling and experimental studies. The model was originally 
developed for AA3xxx alloys (Al-Mn-Fe-Si) and considers diffusion at two length scales (long range diffusion 
across the dendrites and short range diffusion for precipitation of dispersoids) and is fully coupled to a 
CALPHAD database. In this work, the model has been extended to the more complex aluminium alloy, 
AA6082 (Al-Mg-Si-Mn-Fe) to examine the evolution of the dispersoid size distribution, volume fraction and 
chemistry. Experiments have also been conducted on an alloy with 0.5 wt.% Mn with various homogenization 
treatments. The size and chemistry of the dispersoids were characterized using FEG-SEM and TEM/EDS, 
respectively. Good agreement was found between the model experimental measurements for the mean size 
and chemical composition of the dispersoids. The mechanism for the evolution of the dispersoids during 
homogenization was rationalized using this modified multi-component homogenization model, in particular, 
the role of the Fe on the evolution of Mn containing dispersoids. Key words: AA6082 alloy, homogenization, 
dispersoids, CALPHAD  
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Thursday Jun 21, 14:00-15:20, Room 2120 
Modelling & Simulation VI 
 
14:00 - Presentation 401856 
Simulating Dislocation Solute Drag Phenomena in Al-Mg Alloys on Atomic Length-scales and Experimental 
Time-Scales 
Chad Sinclair, The University of British Columbia 
 
ABSTRACT Solute-dislocation interactions are important to the high temperature deformation response of 
many solid solution strengthened aluminum alloys. At sufficiently high temperature and low strain rates, 
solute drag can be an important contributor to the overall flow stress. Predicting this phenomenon is 
challenging as solute redistribution is driven by atomic scale phenomena close to the dislocation core and yet 
the macroscopic phenomenon is observed over experimental (diffusive) time-scales. Conventional atomistic 
simulation techniques achieve the necessary spatial resolution but are unable to operate on the required 
'diffusive' time-scale. In this work we have used a ‘diffusive molecular dynamics’ approach to circumvent 
these challenges, achieving atomistic spatial resolution evolved on diffusive (experimental) time-scales . The 
results of these simulations reproduce the expected ‘classical’ steady-state behaviour over 5 orders of 
magnitude in strain rate while also revealing surprising effects related to transient dislocation motion in the 
‘high’ strain rate regime where ‘cross-core’ diffusion effects dominate.  
 
14:20 - Presentation 400023 
Numerical Analysis of Magnetic Pulse Forming and Deformation Structure of Pure Al and Cu Sheets 
Takashi Kambe, Tokyo Institute of Technology 
Yasutaka Kedo, Tokyo Institute of Technology 
Shinji Muraishi, Tokyo Institute of Technology 
Shinji Kumai, Tokyo Institute of Technology 
 
ABSTRACT Magnetic pulse forming (MPF) is one of the extreme high-speed forming processes. A metal sheet 
which is accelerated by electromagnetic force is collided onto a mold and fine and sharp details of the 
product can be obtained. The deformation mechanism of the MPFed metal cannot be understood only by the 
microstructure observation of the deformed metal. The deformation behavior of the metal should be 
investigated also by considering the local microstructure change with strain, strain rate and temperature 
change during deformation. Numerical analysis is an effective method to achieve this requirement. In this 
study, pure Al and Cu sheets were deformed by MPF. Impact velocity of the metal sheet was calculated by 
using ANSYS Emag-Mechanical. Based on the obtained impact velocity, the deformation behavior of the 
metal sheet was reproduced, and local strain, strain rate, and temperature were analyzed by using ANSYS 
AUTODYN. The relationship between the local microstructure change of Al and Cu sheets and the 
deformation parameters was examined. 
 
14:40 - Presentation 401090 
Modeling the Effect of Natural/Pre-Ageing on Artificial Ageing with a CALPHAD-Coupled Kinetic Approach 
Qiang Du, SINTEF Materials and Chemistry 
Sigmund J. Andersen, SINTEF Industry 
Calin D. Marioara, SINTEF Industry 
Ole Runar Myhr, Research and Technology Development Hydro Aluminium 
 
ABSTRACT It has been well known that natural ageing (NA), or Pre-Ageing (PA) of a solutionzied and 
quenched Al alloys, has a complex influences on the outcome of the subsequent artificial ageing heat 
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treatment. The effects induced by NA or PA could be "positive" or "negative" . The HRTEM and APT studies 
reported in [1-3] have revealed that the composition of the clusters and their thermal stabilities are critical in 
determining the nature of their influences on the following artificial ageing. Vacancy is speculated to be 
relevant. We will demonstrate how the CALPHAD-coupled KWN modeling approach, reported in [4-6], is able 
to shed some light on the clusters composition, their thermal stabilities and even the transportation kinetics 
of quenched vacancy. Preliminary research results will be presented, and the further research activities to 
improve the model's predictive power will be discussed. Reference [1] M. Torsæter et al, Journal of Applied 
Physics 108(7) (2010) 073527. [2] F.A. Martinsen et al Acta Materialia 60(17) (2012) 6091-6101. [3] O. Engler 
et al, 2016, MSF [4] Q. Du et al, Acta Materialia 60(9) (2012) 3830-3839. [5] Q. Du et al Acta Materialia 61(13) 
(2013) 4961-4973. [6] Q. Du et al Acta Materialia 122 (2017) 178-186.  
 
15:00 - Presentation 407940 
Methods of Thermal and Thermo-Mechanical Treatment on the Micro Scale for High-Throughput 
Development of Novel Aluminium Alloys 
Axel von Hehl, Leibniz-Institute for Materials Engineering - IWT 
Anastasiya Tönjes, Leibniz-Institute for Materials Engineering - IWT 
 
ABSTRACT Combining new processes for solidification, forming and heat treatment on the micro scale as well 
as characterization of microscopic material samples, sample logistics as well as mathematical and computer 
science based methods for the analyses of large amounts of data, the Collaborative Research Center 1232 
“Farbige Zustände”, currently funded by the German Research Foundation (DFG), develops of a novel 
high-throughput method for the development of novel alloys with advanced structural properties. This 
integrated material development method helps to overcome resource limitations to open new frontiers for 
evolutionary materials development. The scientific approach of the presented sub-project “thermal and 
thermo-mechanical treatment” is intended to contribute to a wide range of multiscale adjustment of 
properties for samples made of aluminum alloys by technical and, beyond this, novel heat treatment 
processes and process combinations. Hence, it is necessary to attain a deeper understanding of the 
metallurgical mechanisms considering the interaction of heat treatment and alloying. In order to gain this 
understanding fast dilatometric and calorimetric characterization methods have to be developed on micro 
scale to act as conclusive high-throughput descriptors for the materials properties. First results will be 
presented and discussed. The derived functional correlations will be made available to the integrated 
material development method. 
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Presentation Title 

19-Jun 15:40 395607 Aluminium Eutectic Alloys Containing Scandium 

19-Jun 16:00 405137 Aluminum Alloys of New Generation for Additive Technologies 

19-Jun 16:20 405043 Co-extruded Al4.5Mg and Rapidly Solidified Al4.5Mg1Ag – 
Structure and Properties 

19-Jun 16:40 398626 Control of Recrystallization in Cold-rolled AlMn(Mg)ScZr Sheets 
for Brazing Applications 

20-Jun 10:30 392496 Design of Multicomponent Alloys on the Base of Al-Ca Eutectics 
Without Requirement for Quenching 

20-Jun 10:50 386320 Design of Novel Aging-Resistant Cast Aluminum Alloys Using 
Thermodynamic Calculations 

20-Jun 11:10 403275 Development of New High Performance 7xxx-series Aerospace 
Alloy Using Bayesian Optimisation 

20-Jun 11:30 400026 Effect of TiB2 Addtion on Aluminum Alloy Sintered by SPS 

20-Jun 14:00 405014 Effect of TiB2 Contents on Microstructure and Thermal 
Conductivity of Al Matrix Composites Prepared by Spark Plasma 
Sintering 

20-Jun 14:20 405066 Electrical Conductivity and Strength in Aluminium AA1370 Wires 
Produced by Novel Screw Extrusion (MCSE) 

20-Jun 14:40 394404 Enhancing Wear Resistance of 6061-T651 Al Alloy by Cold 
Sprayed Cocrmo Coating 

20-Jun 15:00 398617 Excellence in an Aluminium Alloy Rolling Operation Through Six 
Sigma Application 

20-Jun 15:40 405277 Fabrication of Al-Based Frozen Emulsion Composite Through 
Ultrasonic Irradiation 

20-Jun 16:00 399437 Fabrication of Hybrid Al Sheets with Improved Mechanical 
Properties by Roll-Bonding Process 

20-Jun 16:20 392937 The Influence of Surface Roughness on the Fatigue Performance 
of Selective Laser Melted Aluminium Alloy A357 

20-Jun 16:40 400930 Low Temperature Heat Treatment of AlSi10Mg_200C Alloy 
Fabricated by Direct Metal Laser Sintering: Microstructural 
Evolution, Mechanical Properties, and Corrosion Resistivity 

20-Jun 17:00 400047 Microstructure Evolution in Superplastic Al/Mg/Al Clad Sheet 

21-Jun 8:45 401053 Potential for In-Situ Solutionisation of Wire and Arc Additive 
Manufactured (WAAM) 2xxx Aluminium Alloys 
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21-Jun 9:30 401498 Significant Improvement of Young's Modulus Through Al-Si-
Mg/Fe Hybrid Materials 

21-Jun 9:50 401014 Simultaneous Enhancement of Strength and Ductility in Ultrafine 
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Grained Al-13.4wt%Mg Alloy by High-Pressure Sliding 

21-Jun 10:30 401839 Tailored Thickness Hot Stamping of High Strength Aluminum 

21-Jun 10:50 401257 Tensile Properties and Microstructural Characterization of Entirely 
Built vs. Repaired A357 Specimens Made by Directed Energy 
Deposition 

21-Jun 11:10 388554 Texture Development of AlSi10Mg Alloy Fabricated by Selectively 
Laser Melting 

21-Jun 11:30 399889 Ultrasonic Additive Manufacturing of Parts Made of Al-Mg Alloys 
Containing Different Concentrations of Mg 

 
Tuesday June 19, 15:40-17:00, Room 2100 
New Directions in Manufacturing & Alloy Design I 
 
15:40 - Presentation 395607 
Aluminium Eutectic Alloys Containing Scandium 
Irina Matveeva, UC RUSAL 
Andrey Aksenov, Institute of Light Materials and Technologies 
Nikolay Belov, National Research and Technological University “MISiS” 
Evgenia Naumova, National Research and Technological University “MISiS" 
 
ABSTRACT The comparative analysis of efficiency of Scandium additive to the eutectic aluminum alloys of 
different systems (Al-Si, Al-Ni, Al-Ce and Al-Ca) was carried out. It was shown that at addition of 0.3%Sc in Al-
11%Si and Al-10%Ce alloys primary crystals of the Sc-containing phase are formed. As a consequence, low 
concentration of Scandium in Aluminum solid solution (Al) and impossibility to strengthen alloys by 
nanoparticles of the phases L12. On the other hand, in the eutectic alloys Al-6%Ni and Al-7.6%Ca, addition of 
the similar amount of Scandium is completely included into (Al). The maximum hardening of these alloys, as 
well as in case of reference alloy Al-0.3%Sc, is reached after annealing at 300 0C. At the increase of 
temperature there is a softening caused by coarsening of precipitations of Al3Sc. It is shown that the 
combined introduction of ~0.2%Zr and ~0.1%Sc into these alloys to increase the temperature of softening up 
to 450°C. On the example of some model alloys, the possibility of creating of casting and wrought alloys 
based on Aluminum-Calcium and Aluminum-Nickel eutectics is demonstrated. Such alloys can combine an 
excellent manufacturability (during both casting and metal forming) and good combination of performance 
properties. 
 
16:00 - Presentation 405137 
Aluminum Alloys of New Generation for Additive Technologies 
Roman Vakhromov, LMTI 
Vladimir Korolev, LMTI 
Dmitriy Ryabov, UC RUSAL 
Anna Ivanova, LMTI 
 
ABSTRACT Currently, the main alloy that is used for 3D printing of various products is the AlSi10Mg alloy. This 
alloy has a tensile strength of 300 MPa, which limits its use for highly loaded parts and structural elements. 
Therefore, the volume of the market of additive technologies in the field of aluminum alloys is growing at 
times slower than similar markets for nickel and titanium alloys. The main driver of the growth of the market 
for the use of aluminum for 3D printing is the development of special alloys of a new generation that have 
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improved properties in the synthesized state. The paper presents studies of microstructure, mechanical and 
corrosion properties of samples from aluminum alloys of a new generation made by technology of selective 
laser melting. The mechanical properties of the new generation of aluminum alloys have a strength of 30-
50% higher than the standard AlSi10Mg alloy. 
 
16:20 - Presentation 405043 
Co-extruded Al4.5Mg and Rapidly Solidified Al4.5Mg1Ag - Structure and Properties 
Harald Kalager, Norwegian University of Science and Technology 
Kristian G. Skorpen, Norsk Hydro 
Christian J. Simensen, SINTEF 
Xiang Ma, SINTEF 
Rune Østhus, SINTEF Raufoss Manufacturing 
Hans J. Roven, Norwegian University of Science and Technology 
 
ABSTRACT This work encompasses co-extrusion of alloy Al4.5Mg at the core and rapidly solidified (RS) 
Al4.5Mg1Ag forming the surface layer. The goal was to produce a multi-material by co-extrusion having a 
relatively hard surface as compared to a softer core. At the same time, work hardening in both alloys was 
expected to be significant due to Mg in solid solution. Precipitation hardening at 160°C was studied by 
applying solution heat treatments at 560°C. The hardness increased from 80 to 130 VHN in the surface 
material after 236 hours. Surprisingly, the Al4.5 alloy also showed pronounced aging at this temperature, i.e. 
from 70 to 90 VHN. The relatively high solution heat treatment temperature introduced grain growth in the 
core, but this was insignificant for the RS surface alloy. Blisters formed at the surface and cracks followed 
large portions of the interface. However, the tensile ductility was significant in all conditions due to very 
pronounced work hardening, i.e. for the (i) as co-extruded, (ii) T6, (iii) under- and (iv) overaged. The 
elongation at fracture ranged between 40-45% and the tensile strengths 240-275 MPa. The tensile properties 
increased linearly with the thickness of the RS alloy, i.e. following the rule of mixtures 
 
16:40 - Presentation 398626 
Control of Recrystallization in Cold-Rolled AlMn(Mg)ScZr Sheets for Brazing Applications 
Vahid Fallah, Department of Mechanical and Materials Engineering, Queen's University, Kingston, ON, 
Canada 
Andrew Howells, Alcereco Inc. 
Mary Gallerneault, Alcereco Inc. 
Mark Gallerneault, Alcereco Inc. 
 
ABSTRACT The occurrence of recrystallization in cold-worked aluminum sheet during the brazing process 
leads to loss of strength, inhomogeneous grain structure and reduced corrosion resistance. AlMgScZr alloys 
are known for their extraordinary recrystallization resistance due to the influence of Sc and Zr addition on 
their microstructure. Here, we investigate the effect of alloy composition (i.e. Mn, Mg, Sc, Zr content) and 
cold-roll reduction on the recrystallization behavior of cold-rolled sheets at brazing temperatures typically 
used during the manufacture of heat exchanger units. The analysis of recrystallization behavior is carried out 
through microstructural characterization and mechanical testing. The results are compared with the behavior 
of a commercial, AA3xxx-based heat exchanger alloy.  
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Wednesday June 20, 10:30-11:50, Room 2100 
New Directions in Manufacturing & Alloy Design II 
 
10:30 - Presentation 392496 
Design of Multicomponent Alloys on the Base of Al-Ca Eutectics Without Requirement for Quenching 
Nikolay Belov, National Research and Technological University “MISIS” 
Evgenia Naumova, National Research and Technological University “MISIS" 
Torgom Akopyan, National University of Science and Technology “MISiS” 
 
ABSTRACT The phase composition, structure and hardening of alloys in the aluminium corner of the Al-Ca-
Mn-Fe-Si-Zr-Sc system were studied. Analysis of the phase composition of this system using calculating 
(Thermo-Calc software) and experimental (optical and electron microscopy, DSC and XRD analysis) methods 
has allowed substantiating the optimal concentrations of calcium (2-3%) and manganese (~1%) at allowable 
Fe+Si content of up to 1% inclusive. It is shown that the joint introduction of ~0.2% Zr and ~0.1% Sc into the 
alloy of the selected composition allows to realize the effect of precipitation hardening due to the L12 - 
Al3(Zr,Sc) phase nanoparticles, without quenching. This hardening is maintained up to 450°C. Softening 
occurs at higher temperature, what is associated with the coarsening of these particles. On the example of 
the multicomponent Al-Ca alloy, the possibility of creating casting and wrought alloys based on aluminum-
calcium eutectics additionally alloyed with manganese, zirconium and scandium is substantiated. Such alloys 
can combine high mechanical properties and good manufacturability during both casting and metal forming.  
 
10:50 AM - Presentation 386320 
Design of Novel Aging-Resistant Cast Aluminum Alloys Using Thermodynamic Calculations 
Anass Assadiki, Centre des Matériaux MINES ParisTech, University of British Columbia, Montupet Inc. 
Vladimir Esin, MINES ParisTech, PSL Research University, Centre des Matériaux  
Miguel Bruno, MINES ParisTech, PSL Research University, Centre des Matériaux  
Rémi Martinez, Montupet Inc. 
 
ABSTRACT This study presents an alternative new methodology for designing alloys based on thermodynamic 
analysis of the metastable phases. Most published studies revolving around cast aluminum alloy 
development address other aspects such as eutectic Si-phase morphology and Fe-rich intermetallics. 
Metastable phases such as β'-Mg2Si and θ'-Al2Cu and their double-prime versions are the ones responsible 
for the mechanical properties of cast aluminum alloys. Therefore, the thermodynamic stability of these 
phases is essential to aging resistance. An A356+0.5wt.%Cu alloy is taken as reference and the effect of a 
number of different alloying elements on the stability of aforementioned metastable phases is examined 
using thermodynamic calculations (Thermo-Calc software + TCAL4 database). Constrained calculations were 
carried out for that purpose. Three main categories of alloying elements could be distinguished depending on 
their influence on metastable phase stability: elements with destabilizing effects, elements with no notable 
effects and stabilizing elements. A Ti-modified alloy was cast, since Ti had been found to have the most 
stabilizing effect for β'-Mg2Si and θ'-Al2Cu phases as well as for their double-prime precursors. DSC 
experiments were carried on this alloy and the reference alloy. The comparison of DSC data confirmed the 
stabilizing effect obtained with thermodynamic calculations.  
 
11:10 - Presentation 403275 
Development of New High Performance 7xxx-series Aerospace Alloy Using Bayesian Optimisation 
Alireza Vahid, Deakin University 
Santu Rana, Deakin University 
Sunil Gupta, Deakin University 
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Pratibha Vellanki, Deakin University 
Svetha Venkatesh, Deakin University 
Thomas Dorin, Deakin University 
 
ABSTRACT The hardenable 7075 alloy has been extensively used in airplanes for the past 50 years. In the next 
decade, more plane will be retiring than ever since the start of the aviation industry. This provides obvious 
source of recycled Al components, and demands new cost-effective methods to re-use these alloys. In this 
project, we explore alternative method to re-use 7075 alloys. We use adaptive strategy to efficiently design a 
new 7xxx-series Al alloy, using 7075 as base metal. Aerospace alloys are extremely complex with multiple 
alloying elements and numerous processing steps making optimisation often intensive and costly. In the 
present study, we used Bayesian optimisation algorithm, a well-known adaptive design strategy, to optimise 
this multi-variable system. A new alloy was designed and the relevant heat treatment schedules were 
optimized, using the tensile yield strength as the output to maximise. The newly designed alloy has a yield 
strength higher than 700 MPa and is thus comparable to the modern high strength 7xxx-series alloys. The 
microstructure of this alloy is characterised with electron microscopy, indicating that the increased strength 
of the new alloy comes from the presence of a high number density of refined MgZn2 precipitates. 
 
11:30 - Presentation 400026 
Effect of TiB2 Addtion on Aluminum Alloy Sintered by SPS 
Yoshiki Komiya, Nihon University 
Kohya Negishi, Nihon University 
Hiroshi Izui, Nihon University 
 
ABSTRACT Aluminum has the disadvantage of low strength. In order to obtain the high strength composites, 
crystals were refined in the composites. Grain refinement was approached at two process points, generating 
new grains and grain growth. It is important for refinement how to control the grain growth. Spark plasma 
sintering (SPS) technique and TiB2 powder addition prevent grain growth. To investigate effects of strain and 
additives to the alloy, aluminum powder was sintered at 70 MPa and 80 MPa, changing the content of TiB2 
additive powder by SPS method. As the results, the crystal grain size was finer in the composite sintered at 
higher sintering pressure and with larger amount of additive, though over 1.0mass% TiB2 addition dissuades 
grain refining. These grain refinements improve hardness and tensile strength of sintered aluminum alloys. 

 
Wednesday June 20, 14:00-15:20, Room 2100 
New Directions in Manufacturing & Alloy Design III 
 
14:00 - Presentation 405014 
Effect of TiB2 Contents on Microstructure and Thermal Conductivity of Al Matrix Composites Prepared by 
Spark Plasma Sintering 
Gen Sasaki, Hiroshima University, Graduate school of Engineering 
Shuhei Kodama, Hiroshima University, Graduate school of Engineering 
Yongbum Choi, Hiroshima University, Graduate school of Engineering 
Kenjiro Sugio, Hiroshima University, Graduate school of Engineering 
Kazuhiro Matsugi, Hiroshima University, Graduate school of Engineering 
 
ABSTRACT TiB2 particle dispersed pure aluminum (Al) composites with the volume fraction of TiB2 content 
from 10% to 30% was prepared by spark plasma sintering (SPS). Then the microstructure, relative density, 
dispersibility, thermal conductivity and mechanical properties of the composites was estimated. As increasing 
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TiB2 content, the dispersibility of particles and the density of the composites degraded slightly. The thermal 
conductivity of the composites degraded as increasing TiB2 content. But the large drop of the thermal 
conductivity is inexplicable only by lower thermal conductivity and dispersibility of TiB2 and density. It seems 
the effect of the heat transfer at the interface between TiB2 and Al by the refinement of TiB2 particle during 
mixing process on the thermal conductivity of the composites rise remarkably. In this study, the cause of the 
degradation of the thermal conductivity was explained by the refinement of TiB2 particles during mixing 
process of powders, theoretically. Furthermore, by adding TiB2 particles, the tensile strength was improved 
dramatically from ambient temperature to high temperature at 300°C. 
 
14:20 - Presentation 405066 
Electrical Conductivity and Strength in Aluminium AA1370 Wires Produced by Novel Screw Extrusion 
(MCSE) 
Geir Langelandsvik, Norwegian University of Science and Technology 
Kristian G. Skorpen, Norsk Hydro 
Oddvin Reiso, Hydro R&D Sunndal 
Trond Furu, Hydro Aluminium 
Hans J. Roven, Norwegian University of Science and Technology 
 
ABSTRACT Wires of a commercial grade pure aluminium were processed by novel metal continuous screw 
extrusion (MCSE). Cylindrical granules of length 1.5 mm, cut from the reference drawn 3 mm diameter wire 
acted as feedstock. The as-extruded 3 mm wires had a fibrous grain structure keeping a thin recrystallized 
layer towards the surface. The average grain size in the cross section was ~10 µm, and more than 60% of the 
grain boundaries had a relative misorientation < 15º. A slightly displaced <001> cube texture had a strength 
close to 24 times random. The electrical conductivity in the as extruded state was ~64.3 [%IACS], i.e. 
significantly higher than for the reference as-drawn wire of the same alloy. The conductivity evolution upon 
isothermal annealing at 450 ℃, showed a slight transient increase before it gradually decreased with time. 
However, hardness remained more or less constant. An established TTT- diagram showed that precipitation 
of Fe was a major influencing parameter to conductivity. The novel MCSE process is unique and paves the 
way for new alloys and hierarchical materials with unique properties, such as very high conductivity in 
combination with good mechanical properties. 
 
14:40 - Presentation 394404 
Enhancing Wear Resistance of 6061-T651 Al Alloy by Cold Sprayed CoCrMo Coating 
Wen Sun, Nanyang Technological University 
Adrian Wei Yee Tan, Nanyang Technological University 
Ayan Bhowmik, Nanyang Technological University 
Iulian Marinescu, Rolls-Royce Singapore Pte Ltd 
Erjia Liu, Nanyang Technological University 
 
ABSTRACT Cold spray is regarded as a high build-rate (300-400 cm3/h) additive manufacturing technology 
that is capable of non-thermal freeform fabrication on different base materials. Al alloys are prone to severe 
wear when they are used under a high wear condition. Traditional thermal spray methods have been 
commonly used to restore the geometry and dimensions of worn materials. However, thermal spraying 
induces much heat to the base materials, thus distorting the base materials, especially, soft materials such as 
Al alloys. Cold spraying of CoCrMo coatings on Al alloy substrates could provide an ideal solution for repairing 
the worn surfaces of Al alloy substrates as well as improving the wear resistance of the substrates. In this 
study, CoCrMo coatings were deposited on 6061-T651 aluminum alloy substrates via a high pressure cold 
spray process. The CoCrMo coatings had good quality with a low porosity level, high hardness and good 
adhesion strength to the substrates. The tribological results showed that the CoCrMo coatings could 
significantly enhance the wear resistance of the Al alloy substrates.  
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15:00 - Presentation 398617 
Excellence in an Aluminium Alloy Rolling Operation Through Six Sigma Application 
Ifeanyichukwu Nweke, CSSGB - America Society for Quality, CWI - America Welding Society 
 
ABSTRACT Aluminium rolling processing from ingots to cold rolled coils comes with a lot of challenges 
especially in controlling defective products in casting, hot mill and cold mill operations. Hence this study 
focused on reducing defects at mills and casthouse using Six Sigma approach. The use of Six Sigma approach 
will help the production experts to determine the gap between its operation and world class process. 
Practical data from First Aluminium Rolling mills were presented and analysed and mini improvement 
projects were proposed based on organisation need to achieve excellence. This study encourages aluminium 
alloy industries to pursue process improvement projects on the basis of analysis on data obtained from their 
shopfloors, hence ensuring that through this, recovery is improved and cost of poor quality is reduced. 

 
Wednesday June 20, 15:40-17:20, Room 2100 
New Directions in Manufacturing & Alloy Design IV 
 
15:40 - Presentation 405277 
Fabrication of Al-Based Frozen Emulsion Composite Through Ultrasonic Irradiation 
Sergey Komarov, Tohoku University 
Yasuo Ishiwata, Nippon Light Metal Company Ltd. 
 
ABSTRACT Frozen emulsion composite is a new type of composite material fabricated by emulsifying two or 
more immiscible liquids or melts followed by their solidification. This material has a number of attractive 
features. First, because it is fabricated from liquid, particles of dispersed phase has spherical shape which is 
beneficial for mechanical properties. Second, products made of such a frozen emulsion composite material 
have much better recyclability than composite materials of other types. This work presents an attempt to 
fabricate Al-Bi frozen emulsion composites. In the experiments, a predetermined amount of bismuth was 
added to molten aluminum alloy melted in a crucible. High-power ultrasound was irradiated onto the Al-Bi 
liquid interface to produce emulsion of Bi droplets in Al melt, and then the emulsified melt was poured in a 
mold. The samples obtained were analyzed for microstructure. Besides, the ingots were rolled down to 2~3 
mm sheets, and then samples were cut out for tensile and wear resistance tests. The data revealed that fine 
particles of Bi are well dispersed in the Al matrix. Additions of Mg and Cu were found to be advantageous for 
improvement of the alloy microstructure, mechanical properties and wear resistance.  
 
16:00 - Presentation 399437 
Fabrication of Hybrid Al Sheets with Improved Mechanical Properties by Roll-bonding Process 
ChaYong Lim, Korea Institute of Materials Science 
SeongHee Lee, Mokpo National University 
 
ABSTRACT Several different kind of Aluminum alloys were processed by multi-layer accumulative roll-
bonding (ARB) for ultra grain refinement and high strengthening. Several Al sheets (AA1050, AA5052, 
AA6061) with 1 mm thickness, 30 mm width and 300 mm length, were first degreased and wire-brushed for 
sound roll bonding. The different sheets were then stacked on top of each other and rolled by 50% reduction 
rate without lubrication at room temperature. The bonded sheet was cut into two pieces of the same 
dimensions and the same procedure was repeated up to 6 cycles. Microstructural evolution of bonded sheets 
with the number of the ARB cycles was investigated by optical microscopy (OM), transmission electron 
microscopy (TEM), and electron back scatter diffraction (EBSD). The grain size decreased gradually with the 
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number of ARB cycles. The strength of the bonded sheets increased with the number of ARB cycles. The 
improved strength and elongation were obtained by applying annealing treatment. 
 
16:20 - Presentation 392937 
The Influence of Surface Roughness on the Fatigue Performance of Selective Laser Melted Aluminium Alloy 
A357 
Jeremy H. Rao, Monash Centre for Additive Manufacturing 
Paul Rometsch, Monash Centre for Additive Manufacturing 
Kai Zhang, Monash Centre for Additive Manufacturing 
Aijun Huang, Monash Centre for Additive Manufacturing 
Xinhua Wu, Monash Centre for Additive Manufacturing 
 
ABSTRACT As one of the most typical additive manufacturing (AM) technologies, selective laser melting (SLM) 
removes many of the shape restrictions that limit materials design, thereby allowing computationally 
optimised and high performance structures to be directly produced and tested. Due to the high reflectivity 
and lower absorptivity of Al alloy A357 powder during high temperature laser melting, one of the issues SLM 
might bring is the surface roughness and defects present on the parts. In this regard, this study investigates 
the surface roughness - fatigue property relationship for a heat-treated aluminium alloy A357 after SLM. Via 
the adjustment of SLM parameters, an ultrafine microstructure can be obtained due to the fast solidification 
rate. Therefore, comparable or even better mechanical properties can be achieved with respect to traditional 
A357 casting counterparts. Meanwhile, the surface roughness conditions of the SLMed Al alloy are also 
influenced by various processing parameters, raw powder properties, and sample building methods. For 
selective laser melted Al alloy A357 specimens, a dense part with a smoother surface would be expected to 
correspond with a good fatigue performance. 
 
16:40 - Presentation 400930 
Low Temperature Heat Treatment of AlSi10Mg_200C Alloy Fabricated by Direct Metal Laser Sintering: 
Microstructural Evolution, Mechanical Properties, and Corrosion Resistivity 
Mehran Rafieazad, Memorial University of Newfoundland 
Parisa Fathi, Memorial University of Newfoundland 
Mohsen Mohammadi, Marine Additive Manufacturing Centre of Excellence, University of New Brunswick 
Ali M. Nasiri, Memorial University of Newfoundland 
 
ABSTRACT This study examines the impact of low-temperature heat-treatment cycles on microstructure and 
corrosion performance of Direct Metal Laser Sintered (DMLS) AlSi10Mg_200C alloy. It is known that the 
morphology and the size of eutectic silicon are the two most critical factors affecting mechanical properties 
of the AlSi10Mg alloy. Although high-temperature heat-treatment cycles are common practice for the 
strengthening of the cast Al-Si-Mg alloys, in the case of DMLS fabricated AlSi10Mg alloy, high-temperature 
solutionizing and low-temperature annealing cycles result in mechanical properties degradation primarily due 
to a dramatic decrease in the solubility of Si in the super-saturated α-Al matrix of the as-printed alloy. In this 
study, low-temperature heat-treatment cycles that only promote precipitation of Mg2Si accompanied by the 
interruption of the silicon network were investigated. SEM and XRD analysis were utilized to observe the 
evolution of microstructure after different annealing heat-treatments at 200 ℃, 250 ℃, 300 ℃, and 350 ℃ 
for 3 hrs. Increasing the heat-treatment temperature contributed to the Si networks interruption and an 
increased precipitation of Mg2Si phase. Low-temperature annealing from 200 ℃ to 350 ℃ was found to 
promote the homogeneity of the microstructure characterized by a uniform distribution of eutectic Si in α-Al 
matrix. Additionally, in order to investigate the impact of different heat-treatment cycles on corrosion 
resistivity of DMLS-AlSi10Mg_200C, the potentiodynamic polarization testing and electrochemical impedance 
spectroscopy were performed in a 3.5 wt.% NaCl solution. The results revealed more uniformly distributed 
pitting attack on the corroded surface by the further increase in the annealing temperature, which was 
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attributed to the uniformity of Si dispersion. In comparison, low-temperature annealing at 200 ℃ led to a 
penetrating selective corrosion attack along the melt pool boundaries, resulting in a higher corrosion rate 
associated with the lower absolute value of the impedance of the protective passive film on the surface. 
 
17:00 - Presentation 400047 
Microstructure Evolution in Superplastic Al/Mg/Al Clad Sheet 
Toko Tokunaga, Hokkaido University 
Kiyotaka Matsuura, Hokkaido University 
Munekazu Ohno, Hokkaido University 
 
ABSTRACT Recently, to solve the global environmental problems, weight saving of automobiles has been 
strongly required. Mg alloys are one of the promising candidates as a new material for automobile 
components. However, the application of the Mg alloy is limited due to their poor corrosion resistance. In our 
preliminary study, Al/Mg/Al clad sheet was fabricated by hot extrusion and subsequent hot forging. The 
sheet exhibited a high corrosion resistance and an excellent superplasticity. Importantly, the elongation of Al 
was only 40% when the Al was tensile-tested, while it was 550% when the Al/Mg/Al sheet was tensile-tested. 
In the present study, in order to clarify the mechanism of the superplastic deformation of the Al in the 
Al/Mg/Al sheet, the microstructure evolution of the Al during deformation is investigated. The tensile tests 
were conducted at temperatures of 298, 473 and 573 K and at strain rates of 1.0×10-2 and 1.0×10-3 s-1. It 
was found that Al grains were elongated in the tensile direction near the Al/Mg interface, but they were 
equiaxed near the surface. It was also found that the crystal orientation of the Al layer changed significantly 
in the beginning of the deformation, but it did not change after elongation of 50%. 

 
Thursday Jun 21, 08:45-10:10, Room 2100 
New Directions in Manufacturing & Alloy Design V 
 
08:45 - Presentation 401053 
Potential for In-Situ Solutionisation of Wire and Arc Additive Manufactured (WAAM) 2xxx Aluminium 
Alloys 
Joseph Fixter, University of Manchester 
Eloise Eimer, Cranfield University 
Zsolt Pinter, Cranfield University 
Bechir Chehab, Constellium 
Phil Prangnell, University of Manchester 
 
ABSTRACT High deposition rate Wire and Arc Additive Manufacture (WAAM) can provide benefits to the 
aerospace industry, including a reduction in lead time, reduced material waste and, through higher 
solidification rates, refinement of the as-built microstructure relative to a cast material. However, candidate 
2xxx series high strength alloys for this process normally require a solution treatment, which is problematic 
for large near-net-shape components, and age hardening to achieve maximum mechanical properties. With 
each layer being subject to multiple thermal cycles, exploiting the thermal conditions in the WAAM process 
to avoid post-build solution treatment is therefore of interest. A solutionisation model has been developed 
for the WAAM process, based on diffusion controlled dissolution using DICTRA, which was validated through 
thermal simulations combined with 2D and 3D image analysis. The model has subsequently been used to 
simulate the solutionisation behavior during a typical WAAM thermal cycle and to explore what could 
theoretically be achieved by, for example, refining the starting microstructure. 
 
9:05 AM - Presentation 401579 
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Relationship Between Surface Deposit and Porosity for Wire and Arc Additive Manufactured Aluminium 
Alloy 2319 
Emma M. Ryan, University of Surrey 
Katharine E. Harley, Lockheed Martin UK 
Tanya J. Sabin, Lockheed Martin UK 
John F. Watts, University of Surrey 
Mark J. Whiting, University of Surrey 
 
ABSTRACT Wire and Arc Additive Manufacturing (WAAM) has the potential to enable a very significant 
reduction in buy-to-fly ratio compared to conventional manufacturing through the ability to build near-net 
shape components. Components manufactured from AA 2319 by WAAM can exhibit significant levels of 
porosity. There is also a variation in the physical appearance of the surface deposit sometimes found on such 
components. This deposit is similar to those observed on aluminium joined by MIG and TIG welding 
processes. It has been suggested that both the bulk porosity and the surface deposit are caused by 
hydrocarbon-based lubricant on the feedstock wire. An established correlation between surface deposit and 
porosity would offer valuable insight into WAAM products and enable early interventions in quality control or 
process monitoring based on visual examination. The relationship between the nature of the surface deposit 
and porosity has been studied for AA 2319 WAAM components manufactured using different wire batches. 
Evidence is presented to support the assertion that (i) there does not appear to be a relationship between 
surface deposit coverage and porosity, (ii) batch-to-batch variability in feedstock wire affects porosity. This 
study has led to a better understanding of the cause of porosity in WAAM components.  
 
09:30- Presentation 401498 
Significant Improvement of Young's Modulus Through Al-Si-Mg/Fe Hybrid Materials 
Sajjad Amirkhalou, Brunel University London and University of Oxford 
Shouxun Ji, Brunel University London 
 
ABSTRACT Keywords: Aluminium alloys, Hybrid materials, Microstructure, Mechanical properties, Young’s 
modulus. Abstract: The improvement of Young’s modulus of Al alloys is essential for increasing their 
competitiveness in light-weighting structural applications. In this work, Fe bars have been added to Al matrix 
and effect of different volume fraction of Fe on the microstructure and mechanical properties has been 
investigated. The microstructural evaluation and mechanical properties of the developed alloy, as well as a 
conventional Al-Si alloy, were examined by X-ray diffractometer (XRD), scanning and high-resolution 
transmission electron microscopes (SEM and HRTEM), ultrasonic pulse technique and tensile test. The results 
revealed that the developed alloy has a proper and well-bonded Al/Fe interface. Formation of a narrow layer 
of Zn-rich phases at the interface, which was responsible for the increase of Young’s modulus, was revealed 
and EDS. In comparison with the conventional aluminium alloys that have Young’s modulus at a level of 70 
GPa, over 90 GPa Young’s modulus (i.e. 29% increase) was achieved. 
 
09:50 - Presentation 401014 
Simultaneous Enhancement of Strength and Ductility in Ultrafine Grained Al-13.4wt%Mg Alloy by High-
Pressure Sliding 
Yongpeng Tang, Kyushu University 
Shoichi Hirosawa, Yokohama National University 
Yoichi Takizawa, Nagano Forging Co., Ltd 
Manabu Yumoto, Nagano Forging Co., Ltd 
Yoshiharu Otagiri, Nagano Forging Co., Ltd 
Zenji Horita, Kyushu University, WPI, International Institute for Carbon-Neutral Energy Research (I2CNER) 
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ABSTRACT In this study, aging behavior, mechanical properties and microstructures of a severely-deformed 
Al-13.4wt%Mg alloy were investigated by Vickers microhardness test, tensile test, and transmission electron 
microscopy (TEM). The combined processing of high-pressure sliding (HPS) and aging treatment at 373 K for 
1210 ks resulted in a hardness as high as HV222 with an age hardening by HV12±2. After aging treatment, 
ultimate tensile strength and elongation to failure reached 688 MPa and 11%, greater than those of the HPS-
processed specimen without aging treatment (i.e., 664 MPa and 5%). The corresponding TEM 
microstructures suggested that the modulated structures formed by spinodal decomposition are responsible 
not only for the higher hardness and strength but also for the better strength-ductility balance. This study 
demonstrates that the spinodal decomposition is a convincing approach to achieve simultaneous 
enhancement of strength and ductility in ultrafine grained aluminum alloy decomposed by spinodal 
decomposition. 

 
Thursday Jun 21, 10:30-11:50, Room 2100 
New Directions in Manufacturing & Alloy Design VI 
 
10:30 - Presentation 401839 
Tailored Thickness Hot Stamping of High Strength Aluminum 
Nia Harrison, Ford Motor Company 
Francois Nadeau, National Research Council of Canada 
Udo Brux, Mubea 
George Luckey, Ford Research and Advanced Engineering 
 
ABSTRACT The adoption of tailored-rolled or tailor-welded blanks (i.e. TRB/TWB) in the automotive industry 
has been known to offer great potential for the optimization of weight, function, cost and complexity. Vehicle 
light weighting can further be achieved by using high strength aluminum alloys like the 7xxx-series. 7xxx-
series alloys are capable of delivering specific strengths equal to or greater than high strength steels. 
However, room temperature formability of this aluminum class is limited, so one approach to forming 7xxx-
series alloys is by hot stamping. Hot stamping utilizes an elevated temperature blank and the high pressure 
stamping contact of the forming die to simultaneously quench and form the sheet. This paper explores the 
initial feasibility of tailored thickness material for body-in-white applications when processed under hot 
stamping conditions. 
 
10:50 AM - Presentation 401257 
Tensile Properties and Microstructural Characterization of Entirely Built vs. Repaired A357 Specimens 
Made by Directed Energy Deposition 
Louis Simoneau, Université Laval 
Alexandre Bois-Brochu, Centre de Métallurgie du Québec 
Carl Blais, Université Laval 
 
ABSTRACT Recent developments in Additive Manufacturing (AM) improved the overall achievable build 
quality of parts, and expanded the range of materials available leading to its utilization in unique applications. 
One of the latter is the possibility to deposit new sections on existing parts allowing not only convenient 
designs, but also the possibility to repair damaged or worn parts. In this research, two different applications 
were studied: 1) the repair and 2) the complete construction of parts made of A357. Tensile specimens were 
entirely built along the X and Z-axis and repairs were done on tensile half specimens made of cast A357 along 
the same directions. Full cast A357 tensile specimens were also tested for comparison purposes. All 
specimens were characterized in terms of tensile properties and microstructure using optical and scanning 
electron microscopy. EBSD was used to measure crystallographic textures and grain size. Results show that 
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repaired specimens exhibit equal or better tensile properties than those made from cast. The microstructure 
of the A357 deposited regions is a mix between cellular, equiaxed and columnar type grains. 
 
11:10 - Presentation 388554 
Texture Development of AlSi10Mg Alloy Fabricated by Selectively Laser Melting 
Naoki Takata, Nagoya University 
Hirohisa Kodaira, Nagoya University 
Asuka Suzuki, Nagoya University 
Makoto Kobashi, Nagoya University 
 
ABSTRACT In the present study, we examined microstructure and texture of AlSi10Mg alloy fabricated using 
selective laser melting (SLM) combined with a powder-bed system. The fabricated samples exhibited a 
characteristic microstructural morphology and {001} texture. Melt pools corresponding to the locally melted 
and rapidly solidified regions were found to be composed of several columnar alpha-Al grains (primary 
solidified) surrounded by fine eutectic Si particles (solidified Si-rich liquid with a lower melting temperature). 
A fine dislocation substructure consisting of low-angle boundaries is present within the columnar alpha-Al 
grains. The <001>-oriented grains along the building direction constitute 20% of the area, resulting in the 
development of a {001} texture. The minute electron backscatter diffraction (EBSD) analysis revealed the 
columnar alpha-Al grains were preferentially oriented in the <001> direction towards the center of the melt 
pool, indicating the observed {001} texture is responsible for the solidification of alpha-Al phase in the <001> 
orientation within the locally laser-melted regions. The change in microstructure and texture with 
subsequent heat treatments will be presented as well. The support of the “Knowledge Hub Aichi”, a Priority 
Research Project of Aichi Prefectural Government, Japan is gratefully acknowledged. 
 
11:30 - Presentation 399889 
Ultrasonic Additive Manufacturing of Parts Made of Al-Mg Alloys Containing Different Concentrations of 
Mg 
Jean Nicolas Rousseau, Université Laval 
Carl Blais, Université Laval 
Alexandre Bois-Brochu, Centre de Métallurgie du Québec 
 
ABSTRACT Ultrasonic additive manufacturing (UAM) combines metallic ultrasonic welding and machining 
within the same apparatus. Thin metallic foils are welded, layer by layer forming a solid that can be machined 
at any moment throughout the build if desired. It allows fabrication of unconventional components in terms 
of geometry and chemical composition that could not be obtained with conventional processes. Bonds are 
created between layers due to important plastic deformation brought about by the high friction that takes 
place at the interface between foils. This behaviour promotes fragmentation and dispersion of the oxide layer 
exposing nascent metal on both sides of the interface, thus promoting solid state welding. The goal of this 
work is to take advantage of this high plastic flow welding process in combination with the work-hardening 
ability of aluminium from the 5XXX-series to produce parts with improved mechanical properties. Increasing 
magnesium content in wrought alloys of the 5XXX-series results in higher mechanical properties. Therefore, 
different standard compositions containing increasing concentrations of Mg were investigated to 
characterize its effect on the final properties of UAM-parts. Weldability as function of Mg content and 
mechanical properties in the different building directions are examined by different means. 
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Date Start 
Time 

Presentation 
No. 

Presentation Title 

18-Jun 10:30 999999 Invited Keynote: An Overview of Our Understanding of 
Precipitation Hardening Behaviour in Naturally Aged AA6xxx 
Alloys 

18-Jun 11:10 403485 Effect of Pre-Ageing on Natural Secondary Ageing in Al-Mg-Si 
Alloy 

18-Jun 11:30 404577 Effect of Pre-Aging on Artificial Age-hardening Behavior of Al-Mg-
Si Alloys with Mg + Si = 1.5mass% 

18-Jun 14:00 888888 Invited Keynote: Influence of Precipitate Interface Structure on 
Alloy Properties in the Al-Mg-Si System 

18-Jun 14:40 399784 Effect of Ag Addition on Microstructure and Properties in Al-Mg-Si 
Alloys 

18-Jun 15:00 400401 Formulation of Relationship Between Cluster Fractions and Bake-
Hardening Response in an Al-Mg-Si Alloy Using a High-Detection-
Efficiency APT Instrument 

19-Jun 10:30 401167 In Situ Analysis of Dispersoid Formation and Development of an 
Adjusted Heat Treatment in 3105 Aluminium Alloys 

19-Jun 10:50 401506 Impact of Scandium Addition on Precipitation in an Al-4Cu Alloy 

19-Jun 11:10 401618 Mechanical Properties of Precipitation Hardened Supersaturated 
Al-Sc-Zr 

19-Jun 11:30 405021 Effect of Mg/Si Ratio and Natural Aging Time on Two-Step and 
Multi-Step Aging Behavior in Al-Mg-Si Alloys 

19-Jun 14:00 400415 Microstructure Evolution of Al-Zn-Mg-Cu-X Alloys During Ageing 
Treatment 

19-Jun 14:20 400437 Adapting Age Hardening Parameters of High-Alloyed 7xxx 
Aluminium Alloys Through Thermal Analysis 

19-Jun 14:40 404675 Effect of the Thermal Processing History on the Age Hardening 
Behaviour of the AA7075 Aluminum Alloy 

19-Jun 15:00 399787 Influence of Thermally Induced Grain Growth on the Precipitation 
Kinetics and on the Mechanical Properties of an Ultra-Fine Grain 
7449 AA 

19-Jun 15:40 404051 Effect of Cr on Mechanical Properties and Microstructure of Al-
Mn-Mg-Si Alloys 

19-Jun 16:00 401819 The Fundamental Role of the Interfacial Mobility in the Simulation 
of Precipitation Hardening 

19-Jun 16:20 401072 Phase Composition, Structure and Manufacturability of New 
Eutectic Alloys Based on the Al-Ca-Zn-Mg System 

20-Jun 10:30 401833 Precipitation Kinetics of an AlSi7Cu3.5Mg0.1 Alloy with Zr and V 
Additions 

20-Jun 10:50 404915 Engineering the Dispersoid Precipitation and Dispersion 
Strengthening in AA 3xxx Alloys by Impurity Elements 
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20-Jun 11:10 398352 Stabilization Heat Treatments of 7000 Series Alloys for Improved 
Processability 

20-Jun 11:30 398094 Microstructure Evolution During Homogenization of a New Type 
Al-Zn-Mg-Zr-Er Alloy 

20-Jun 14:00 401036 Existence of Universal Cluster in Aged Al-Mg- X(X=Si, Ge, Zn) -
Cu Alloys 

20-Jun 14:20 401512 Pre-Deformation Induced Modification of Precipitation Pathways 
Toward θ'-phase in Al-Cu Alloys 

20-Jun 14:40 401484 Influence of High Mg Addition on Aging Precipitation Behavior of 
an Al-Cu-Li Alloy 

20-Jun 15:00 404585 Microstructure Observation of Hydrogen Charged and Aged 7xxx 
Aluminum Alloys 

21-Jun 8:45 401058 Effect of Cube Texture on the Planar Anisotropy in a Novel Al-Mg-
Si-Zn Alloy 

21-Jun 9:05 404017 Influence of Annealing Condition and Cold-Rolling Reduction on 
Texture Formation in an Al-Mg-Si Alloy 

21-Jun 9:30 404504 Effect of Additional Shear Strain on Recrystallization Texture 
Formation in a Hot Rolled Al-Fe Alloy 

21-Jun 9:50 400413 Orientation-Preferential Growth During Secondary 
Recrystallization in AA5182 

21-Jun 10:30 401073 Modelling Quench Sensitivity of Aluminium Alloys 

21-Jun 10:50 393778 Effect of Quenching Rate on Age Hardening in an Al-Zn-Mg Alloy 
Sheet 

21-Jun 11:10 400433 Scanning Rate Extension of Conventional DSCs Through Indirect 
Measurements 

 
Monday June 18, 10:30-11:50, Room 2110 
Phase Transformations I 
 
10:30 - Presentation 999999 
Invited Keynote: An Overview of Our Understanding of Precipitation Hardening Behaviour in Naturally 
Aged AA6xxx Alloys 
Shahrzad Esmaeili, University of Waterloo 
Li Hua Liao, University of Waterloo 
David J. Lloyd, Aluminum Materials Consultants 
 
ABSTRACT The effect of natural aging on the precipitation hardening behaviour of AA6xxx alloys has been the 
subject of numerous studies in the past decades. It has been well established that natural aging generally 
plays an adverse role on the precipitation hardening behaviour of these alloys for commercially-relevant 
aging processes. More recent studies, however, have provided evidence for the reversal of this effect if the 
natural aging time is significantly extended or artificial aging temperature is increased beyond the current 
practical levels. It is postulated that understanding the fundamental aspects of such behaviour reversal in 
relation with alloy composition and processing history may open new design avenues to enhance the 
hardening responses of these alloys during processing operations. An overview of the most recent 
investigations on the precipitation hardening behaviour of naturally aged AA6xxx alloys will be presented. 
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The results will be used to propose practical schemes towards enhancing the precipitation hardening 
efficiency in AA6xxx alloys. 
 
11:10 - Presentation 403485 
Effect of Pre-Ageing on Natural Secondary Ageing in Al-Mg-Si Alloy 
Zi Yang, Helmholtz-Centre Berlin 
Zeqin Liang, Novelis R&D Center Sierre 
David Leyvraz, Novelis R&D Center Sierre  
Meng Liu, Helmholtz-Centre Berlin 
John Banhart, Helmholtz-Centre Berlin 
 
ABSTRACT Pre-ageing (PA) is widely used in industry to suppress the deleterious effect of natural ageing (NA) 
on the artificial ageing (AA) response in Al-Mg-Si alloys. However, how PA time and temperature influence 
the stability during subsequent natural ageing has not been comprehensively studied. In this work, PA was 
conducted and a wide range of conditions from 80°C to 160°C chosen, thus enabling comparisons between 
different PA times and temperatures. Hardness testing, electrical resistivity measurements, differential 
scanning calorimetry (DSC), and positron annihilation lifetime spectroscopy (PALS) were applied to 
characterize the material after single stage (PA), two-stage (PA+NA), or three-stage (PA+NA+AA) ageing. It is 
shown that NA stability after PA is monotonously increasing with increasing PA time at the same PA 
temperature. When pre-aged at different temperatures to the same hardness, the material pre-aged at lower 
temperature is more stable in the subsequent natural ageing than the one pre-aged at higher temperature. 
However, subsequent AA hardening response is greater for the higher-temperature pre-aged conditions. An 
interpretation is given from the perspectives of remaining solutes and vacancy concentration in the matrix 
after PA.  
 
11:30 - Presentation 404577 
Effect of Pre-Aging on Artificial Age-hardening Behavior of Al-Mg-Si Alloys with Mg + Si = 1.5mass% 
Shuntaro Tsukamoto, Yokohama National University 
Shohei Nakamura, Yokohama National University 
Kenya Fujiwara, Yokohama National University 
Shoichi Hirosawa, Yokohama National University 
Yuki Koshino, Kobe Steel, Ltd. 
Yasuhiro Aruga, Kobe Steel, Ltd. 
 
ABSTRACT In this study, hardness test, differential scanning calorimetry (DSC) and transmission electron 
microscopy were carried out to investigate the age-hardening behavior of Al-Mg-Si alloy with a Mg+Si 
concentration of 1.5 mass%, and a Mg/Si ratio of 1.0. Pre-aging treatment was conducted for the solution-
treated and then water-quenched specimen at 100, 80, 60, 40, 20 (natural aging), 0 and -20 ˚C for 20 min or 5 
h, followed by artificial aging at 170 ˚C for 20 min. It was found that when pre-aging time is prolonged from 
20 min to 5 h, the bake-hardening response is deteriorated irrespective of the pre-aging temperature. In 
particular, the specimens subjected to pre-aging at 20-40 ˚C for 5 h hardly increased the hardness with the 
subsequent artificial aging. From the results of DSC measurement, it was suggested that as pre-aging 
temperature is lowered, the amount of solute clusters formed during pre-aging, i.e. Mg-Si clusters and Si-rich 
clusters, is decreased, but the ratio of Si-rich clusters is increased, resulting in the deteriorated bake-
hardening response. 
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Monday June 18, 14:00-15:20, Room 2110 
Phase Transformations II 
 
14:00 - Presentation 888888 
Invited Keynote: Influence of Precipitate Interface Structure on Alloy Properties in the Al-Mg-Si System 
Jesper Friis, SINTEF Industry 
Inga Gudem Ringdalen, SINTEF Industry 
Ingvild Thue Jensen, SINTEF 
Calin D. Marioara, SINTEF Industry 
Sigurd Ofstad, Norwegian University of Science and Technology 
Sigurd Wenner, SINTEF 
Sigmund J. Andersen, SINTEF Industry 
Jonas Frafjord, Norwegian University of Science and Technology 
Ingeborg-Helene Svenum, SINTEF Industry 
Randi Holmestad, Norwegian University of Science and Technology 
 
ABSTRACT Many important properties in the Al-Mg-Si alloy system, like hardness and toughness, is to a large 
extent determined by the atomistic precipitate interface structure. In this work we investigate the strain field 
around bulk hardening β'' precipitates and the fracture decohesion at β' grain boundary precipitates, which 
are exposed to strain localisation. The main tool in this work is density functional theory (DFT) guided by and 
combined with high angle annular dark field scanning transmission electron microscopy (HAADF-STEM) 
observations. For the strain field around β'', elastic theory using finite elements is used for the boundary 
conditions far from the precipitate, while DFT is used within and near the precipitate/matrix interface. Like 
β'', β' precipitates are needle-shaped with the needle direction along [001]. Due to the large lateral misfit 
between the bulk β' structure and the aluminium matrix, these precipitates are surrounded by an interface 
region with an U2-like structure. Based on high quality HAADF-STEM images, realistic atomistic models of this 
rather complex interface structure along the of these rather complex (130)Al and (110)Al interfaces has been 
set up and their decohesion energy calculated with DFT. The results show that additional defects, like 
vacancy clusters, are required for initialisation of cracks. 
 
14:40 - Presentation 399784 
Effect of Ag Addition on Microstructure and Properties in Al-Mg-Si Alloys 
Yaoyao Weng, Chongqing University 
Zhihong Jia, Chongqing University 
Shinji Muraishi, Tokyo Institute of Technology 
Lipeng Ding, Chongqing University 
Qing Liu, Chongqing University 
Shinji Kumai, Tokyo Institute of Technology 
 
ABSTRACT The effect of Ag addition on the microstructure and properties in an Al-Mg-Si alloy was 
investigated using hardness test and transmission electron microscopy (TEM). Ag enhances the precipitation 
hardening and precipitation kinetics of Al-Mg-Si alloys during artificial aging (AA) at 170 oC. Ag atoms enter 
the Mg-Si co-clusters, change the Mg/Si ratio of clusters and improve the volume fraction during the early 
stage of AA. In peak aging, Ag segregation at the β"/α-Al interface is observed and most of the Ag atoms 
replace the Al atoms in α-Al matrix. Upon further aging, the β" precipitate grows up and Ag atoms enter the 
interior β" precipitate to form the β′Ag precipitate. For β′Ag precipitate, Ag occupies Si positions to form its 
local symmetry, a triangular ‘cluster’ of Mg and Al atoms surrounding an Ag atom. The formation of the β′Ag 
can increase the structural stability of over-aged βˊ precipitates due to the stronger covalent bonding 
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between Ag-Al and Al-Si bonds. Ag accumulates at βˊ/α-Al matrix interface and replace Al atoms in α-Al 
matrix or Si atoms in precipitates. After enough over-aging, there is no Ag found in equilibrium phases, i.e. Si 
particles and β phase. 
 
15:00 - Presentation 400401 
Formulation of Relationship Between Cluster Fractions and Bake-hardening Response in an Al-Mg-Si Alloy 
Using a High-Detection-Efficiency APT Instrument 
Yasuhiro Aruga, Kobe Steel, Ltd. 
Masaya Kozuka, Kobe Steel, Ltd. 
Tatsuo Sato, Kobe Steel, Ltd. 
 
ABSTRACT An atom probe with a detection efficiency (DE) of approximately 80% was used to permit the 
highly precise detection and quantification of solute clusters in an Al-Mg-Si alloy. The high DE resolves a 
dense dispersion of clusters formed during aging at various conditions. Especially, the number density of 
larger clusters increases significantly. It is shown that the Si-rich clusters with the Mg/(Mg+Si) value below 0.4 
have smaller atomic density inside clusters. The experimental results in the current work suggest higher 
vacancy concentrations in both the Si-rich clusters and clusters formed at lower temperature. Cluster 
classification according to the composition based on the atomic density inside clusters is originally suggested. 
It is revealed that initial artificial age-hardening response related to the transition behavior from a cluster to 
the β” phase at 443 K after aging with various conditions can be determined by the relative volume fractions 
of the Si-rich clusters and Mg-Si clusters. 

 
Tuesday June 19, 10:30-11:50, Room 2110 
Phase Transformations III 
 
10:30 - Presentation 401167 
In Situ Analysis of Dispersoid Formation and Development of an Adjusted Heat Treatment in 3105 
Aluminium Alloys 
Richard H. Kemsies, University of Rostock 
Benjamin Milkereit, University of Rostock  
Olaf Kessler, University of Rostock 
 
ABSTRACT Aluminium alloys for high temperature applications have been investigated to large extend. They 
can be achieved by dispersoid strengthening for example. Dispersoids in the 3xxx alloy system mostly consist 
of the intermetallic and heat-resisting a-Al(Mn,Fe)Si or Al(Mn,Fe) phase, which pin dislocations and hinder 
recrystallisation of the material. However, a conventional homogenisation heat treatment is inappropriate to 
generate a sufficient number of fine dispersoids due to particle growth and dissolution at commonly used 
temperatures and soaking times. In situ DSC analysis, electrical conductivity measurement as well as 
microstructural investigation by light optical and transmission electron microscopy were used to identify the 
precipitation kinetics and morphology of dispersoids during heating of alloy 3105 from as-cast state. As a 
result, an applicable heat treatment for dispersoid strengthening was found. It was confirmed that a 
significant hardness increase could be achieved and attributed to a high number density of fine dispersoids. 
 
10:50 AM - Presentation 401506 
Impact of Scandium Addition on Precipitation in an Al-4Cu Alloy 
Baptiste Rouxel, Deakin University 
Justin Lamb, Universal Alloy Corporation 
Timothy J. Langan, CleanTeq 
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Frédéric De Geuser, Univ. Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
Alexis Deschamps, Univ. Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
Thomas Dorin, Deakin University 
 
ABSTRACT Aluminium alloys are facing a strong competition in the aeronautic industry with the emergence 
of composite materials and there is a need to enhance their specific strength. Scandium is known as one of 
the best element to improve the mechanical properties of these alloys. Combined with zirconium, scandium 
addition results in the formation of nanometer-size Al3(Sc,Zr) dispersoids which considerably increase the 
yield stress. Recent research on Al-Cu-Sc-Zr model alloys revealed that these dispersoids act as nucleation 
sites for the copper rich precipitates. In order to highlight the role of Sc and Zr on this precipitation, model 
alloys were elaborated, Al-4Cu, Al-4Cu-0.1Sc, Al-4Cu-0.2Zr and Al-4Cu-0.1Sc-0.2Zr. In-situ Small angle X-ray 
scattering was performed to follow the precipitation kinetic during the natural and artificial ageing. 
Differential scanning calorimetry, Vickers hardness measurements and transmission electron microscopy 
were also carried out to complement the SAXS results. The results showed that the scandium significantly 
modifies the precipitation sequence in these alloys. During natural ageing, the formation of GP zones are 
hindered in the scandium containing alloys while the precipitation kinetic is accelerated during the artificial 
ageing. We will discuss the mechanisms and implications of this behaviour for the development of Cu and Sc 
containing Al alloys.  
 
11:10 - Presentation 401618 
Mechanical Properties of Precipitation Hardened Supersaturated Al-Sc-Zr 
YANG YANG, Michigan Technological University 
Paul G. Sanders, Michigan Technological University 
Joseph Licavoli, Michigan Technological University 
 
ABSTRACT Al-Sc-Zr alloys form thermally stable L12 precipitates which provide high temperature strength. 
Although the overall fraction of L12 Al3Sc and Al3Zr may be increased by increasing scandium (Sc) and 
zirconium (Zr) content, such additions may increase primary phase fractions and do not produce desirable 
secondary phase morphologies. Rapid solidification techniques, such as melt spinning, increase solute atom 
concentration within the matrix. When the supersaturated matrix is aged, higher precipitate volume fractions 
at low Sc and Zr levels can be achieved improving high temperature strength. Melt spinning was used to 
rapidly solidify (10^7 k/s) a thin ribbon of Al-0.5Sc-0.4Zr at. %. The ribbon was compacted and extruded into 
99.8% dense rods, and then aged using multi-step isochronal heat treatment up to 600°C. Precipitation 
strengthening was evaluated by ambient hardness measurement. The ambient hardness of melt-spun ribbon 
after precipitation hardening increased by 450 MPa (~67% increment) during isochronal heat treatment. 
 
11:30 - Presentation 405021 
Effect of Mg/Si Ratio and Natural Aging Time on Two-Step and Multi-Step Aging Behavior in Al-Mg-Si Alloys 
JiWoo Im, Korea Institute of Industrial Technology 
JaeHwang Kim, Korea Institute of Industrial Technology 
Minyoung Song, Korea Institute of Industrial Technology 
SungKil Hong, Chonnam National University 
 
ABSTRACT Al-Mg-Si alloys have been widely used for automobile panel due to the excellent paint baking 
response. However, when Al sheets are exposed to room temperature during the transportation and press 
process, the strength does rarely increase during painting process. This phenomenon is called as negative 
effect of two-step aging in Al-Mg-Si alloys. The cause of this phenomenon is due to the Cluster (1) formed at 
around room temperature. In this study, we investigated the effect of Mg/Si ratio and natural aging time on 
the two-step and multi-step aging behavior to understand the role of nanoclusters. The hardness decrease is 
confirmed at the initial stage of two-stage aging at 170 ℃ regardless of Mg/Si ratio when natural aging is 
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performed for 1 month. This is caused by the partial dissolution of nanocluster during two-step aging. On the 
other hand, the negative effect of two-step aging is suppressed and there is no hardness decrease during 
multi-step aging when pre-aging at 100 ℃ is performed before natural aging. The two-step and multi-step 
aging behavior is discussed based on age-hardening phenomena. Key Words : Al-Mg-Si alloys, Age-hardening, 
Nanoclusters, Mg/Si ratio, Natural aging time  

 
Tuesday June 19, 14:00-15:20, Room 2110 
Phase Transformations IV 
 
14:00 - Presentation 400415 
Microstructure Evolution of Al-Zn-Mg-Cu-X Alloys During Ageing Treatment 
Lingfei Cao, Chongqing University  
Qianqian Zhu, Chongqing University Chongqing  
Bin Liao, Chongqing University  
Xiaodong Wu, Chongqing University  
Guangjie Huang, Chongqing University 
Qing Liu, Chongqing University 
 
ABSTRACT In this work, the aging behaviours of high strength Al-Zn-Mg-Cu-X (7xxx) alloys for aerospace 
applications were investigated, and the microstructure evolution were discussed in detail to help understand 
the influence of different alloying elements on the ageing behaviours the studied alloys. The interaction 
between different solute elements was tracked by using hardness and electrical conductivity testing, and the 
quantitate comparison of solute clustering was analysed by using Three Dimensional Atom Probe (3DAP). The 
results show that the precipitates will change with different amount of alloying elements, and the strength of 
the studies alloy will be varied as well. 
 
14:20 - Presentation 400437 
Adapting Age Hardening Parameters of High-alloyed 7xxx Aluminium Alloys Through Thermal Analysis 
Julia Osten, University of Rostock  
Michael Reich, University of Rostock 
Benjamin Milkereit, University of Rostock 
Olaf Kessler, University of Rostock 
 
ABSTRACT The constant request for weight reduction in means of transportation leads to a growing demand 
for high strength aluminium alloys. At present, Al-Zn-Mg-Cu alloys offer greatest potential for increasing in 
strength up to 650 N/mm2. Al-Zn-Mg-Cu alloys are strengthened through precipitation hardening. The heat 
treatment parameters during solution annealing, quenching, and ageing must be selected carefully to tap the 
full potential for the individual alloy and application. In the present study, especially solution annealing 
conditions (temperature and duration) as well as different cooling rates were investigated to analyse the 
precipitation behaviour. In addition to commonly used differential scanning calorimetry (DSC), dilatometry 
was applied to analyse high cooling rates. Those are necessary in real manufacturing chains to gain maximum 
strengths. Due to the high alloy content of 7xxx aluminium alloys, dilatometry is applicable to measure 
precipitation effects. After establishing solution annealing parameters, a continuous cooling precipitation 
(CCP) diagram could be generated for aluminium alloys AlZn7,5Mg2,5Cu2 and AlZn7Mg3Cu2. The results 
were supplemented by hardness, optical microscopy, and scanning electron microscopy. 
 
14:40 - Presentation 404675 
Effect of the Thermal Processing History on the Age Hardening Behaviour of the AA7075 Aluminum Alloy 
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Atekeh Abolhasani, University of Waterloo 
Shahrzad Esmaeili, University of Waterloo 
Mary A. Wells, University of Waterloo 
Michael J. Worswick, University of Waterloo 
Kaab Omer, University of Waterloo 
 
ABSTRACT The effect of the thermal treatment history on the age hardening behaviour of the AA7075 
aluminum alloy is studied using experimental and modelling techniques. Isothermal and differential scanning 
calorimetry are conducted to analyze the precipitation behaviour during sequential heat treatment steps in 
this alloy. It is found that the initial aging steps at low temperatures accelerate the kinetics of precipitation 
hardening during next step artificial aging processes at higher temperatures. The hardening behaviour of this 
alloy is further analyzed by implementing a previously-developed modelling technique in order to provide a 
pathway towards the optimization of the age hardening characteristics for future automotive applications of 
this alloy.  
 
15:00 - Presentation 399787 
Influence of Thermally Induced Grain Growth on the Precipitation Kinetics and on the Mechanical 
Properties of an Ultra-Fine Grain 7449 AA 
Amandine Duchaussoy, GPM 
Xavier Sauvage, GPM 
Kaveh Edalati, International Institute for Carbon-Neutral Energy Reseach - I2CNER 
Zenji Horita, Kyushu University, WPI, International Institute for Carbon-Neutral Energy Research (I2CNER) 
Gilles Renou, Université Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
Alexis Deschamps, Université  Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
Frédéric De Geuser, Université  Grenoble Alpes, CNRS, Grenoble INP, SIMaP 
 
ABSTRACT SPD is widely used to increase the strength of Al alloys by grain size refinement. Many attempts 
have been made to combine this refinement with conventional precipitation strengthening. One limitation of 
combining these two strengthening methods is the low thermal stability of the grain structure resulting from 
SPD, so that exposure to the temperatures required for nanoscale precipitation result in considerable 
coarsening of the grain and precipitate dimensions. The strategy consists in increasing the amount of Fe in Al 
alloys, in order to obtain a sufficiently large fraction of thermally stable intermetallic particles, dispersed by 
the SPD process. We show that addition of Fe to pure Al and deformation by High Pressure Torsion (HPT) 
stabilizes a sub-micrometer grain size up to temperatures above 250°C. Addition of Fe to a precipitation 
hardening 7000 series alloy has been then tested with SPD by HPT, high pressure sliding and rolling. The 
particles fragmentation is followed by TEM and the subsequent precipitation kinetics is characterized by 
SAXS, to assess the capacity of the SPD material to develop a fine dispersion of hardening precipitates. 
Mechanical testing using microhardness and miniature tensile tests show the achievement of yield strength 
of the order of 1 GPa.  
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Tuesday June 19, 15:40-17:00, Room 2110 
Phase Transformations V 
 
15:40 - Presentation 404051 
Effect of Cr on Mechanical Properties and Microstructure of Al-Mn-Mg-Si Alloys 
Zhen Li, University of Quebec at Chicoutimi and Soochow University 
Zhan Zhang, University of Quebec at Chicoutimi 
X. Grant Chen, University of Quebec at Chicoutimi  
Hiromi Nagaumi, Soochow University 
 
ABSTRACT Recently, the remarkable strengthening effect of α-Al(Mn, Fe) Si dispersoids at both ambient 
temperature and elevated temperature were found by several researches. A large amount of dispersoids can 
be formed by applying special heat treatments and within a suitable range of chemical composition of 
AA3xxx alloys. In the present work, the influences of Cr addition on the mechanical properties and 
microstructures of the Al-Mn-Mg-Si alloys were investigated. The mechanical properties at ambient and 
elevated temperatures were evaluated by micro-hardness or yield strength. Moreover, the microstructures in 
as-cast and heat-treated conditions were quantitatively analyzed by optical and electron microscopes. 
Results revealed that micro-hardness at ambient temperature increased with the increasing content of Cr, 
and the Cr addition had influence on the yield strength at elevated temperature. Cr also had a strong effect 
on the distribution and volume fraction of dispersoids. 
 
16:00 - Presentation 401819 
The Fundamental Role of the Interfacial Mobility in the Simulation of Precipitation Hardening 
Daniel Larouche, Laval University 
 
ABSTRACT The modeling of solid-state precipitation is one of the oldest objectives of researchers in materials 
science. The vast majority of models in the literature assume that the processes are diffusion controlled, 
which means that the interface is supposed to be in equilibrium. The reality is that a moving interface is 
never in equilibrium, particularly at the beginning of growth where the process is interface controlled. An 
accurate modeling of the precipitation kinetics therefore requires to take into account the mobility of the 
interface. In the present contribution, the role and importance of the interfacial mobility will be highlighted 
and illustrated in all stages of precipitation, namely, nucleation, growth and coarsening. It will be shown that 
a mixed-mode model simplifies considerably the prediction of growth rates in multicomponent precipitation 
by allowing calculation of solute concentrations at the interface irrespective of alternative tie-lines. 
 
16:20 - Presentation 401072 
Phase Composition, Structure and Manufacturability of New Eutectic Alloys Based on the Al-Ca-Zn-Mg 
System 
Evgenia Naumova, National Research and Technological University “MISiS" 
Nikolay Belov, National Research and Technological University “MISiS” 
 
ABSTRACT Using the calculated (Thermo-Calc software) and experimental methods (SEM, TEM, EMPA, DSC, 
XRD, etc. ) the phase composition, structure and hardening of aluminium alloys of the Al-Ca-Zn-Mg system 
were studied in the following range: 2. 5%Mg, up to 10% Ca, and up to 14% Zn (wt%). Fragments of this 
quaternary phase diagram in the aluminium corner were constructed, including the liquidus surface, as well 
as some vertical sections. It was shown that the relatively large amount of zinc enters in the Ca-containing 
phase, which formula can be described as (Al,Zn)4Ca. An increase of Zn content leads to formation of Al4Ca 
primary crystals at lower concentrations of calcium. The eutectic (Al)+(Al,Zn)4Ca has a fine structure and 
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aluminide particles are capable to spheroidization during the heat treatment at temperature 500 C. The 
maximal level of hardness observed on calcium containing alloys was higher than 200 HV, what gives the 
reason to expect good strength properties. With an example of an Al-9% Zn-2,5%Mg-3,5% Ca model 
experimental alloy based on the (Al)+(Al,Zn)4Ca eutectic, a principal possibility of manufacturing thin rolled 
sheets was demonstrated.  

 
Wednesday June 20, 10:30-11:50, Room 2110 
Phase Transformations VI 
 
10:30 - Presentation 401833 
Precipitation Kinetics of an AlSi7Cu3.5Mg0.1 Alloy with Zr and V Additions 
Pierre Heugue, Mineral, Metallurgical, and Materials Engineering Department, Laval University 
Daniel Larouche, Laval University 
Rémi Martinez, Montupet Inc . 
Francis Breton, Arvida Research and Development Centre, Rio Tinto 
X. Grant Chen, University of Quebec at Chicoutimi 
 
ABSTRACT Nowadays, in order to fit environmental restrictions, automotive markets are demanding cast 
aluminum alloys working at high temperature (180°C–300°C). New generations of alloys are required for 
higher strength components in engine downsizing or start-stop systems which lead to higher loading and 
higher specific power and stretch current materials to their limits. Recently, transition metals, such as 
zirconium and vanadium, have been added as alloying elements into an AlSi7Cu3.5Mg0.1 alloy to improve 
physical, mechanical, thermodynamic properties with the aim of increasing service life of parts. In such alloys, 
the best mechanical properties are associated with the formation of precipitates through an optimum heat 
treatment sequence, including: solutionizing, quenching and artificial aging. This study is focused on the 
modified AlSi7Cu3.5Mg0.1 cast alloy with Mn, Zr and V additions for high temperature application. The 
characterization of the cast alloy in this study, firstly, helps to evaluate and understand its performance both 
chemically and structurally according to their physical state: as-cast or as-quenched. Comparison of 
precipitation kinetics between a binary Al-3.5%wt.Cu alloy and the AlSi7Cu3.5Mg0.1 (Mn, Zr, V) alloy has 
been characterized by differential scanning calorimetry, TEM observations and micro-hardness testing. The 
Kissinger analysis was applied to extract activation energies from non-isothermal DSC runs conducted at 
different stationary heating rates. The study focuses on the impact of the chemical composition such as Si 
content on the kinetics parameters. 
 
10:50 AM - Presentation 404915 
Engineering the Dispersoid Precipitation and Dispersion Strengthening in AA3xxx Alloys by Impurity 
Elements 
Yanjun Li, Norwegian University of Science and Technology  
Feng Qian, Norwegian University of Science and Technology 
Shenbao Jin, Nanjing University of Science and Technology 
Gang Sha, Nanjing University of Science and Technology 
 
ABSTRACT Dispersoids can be used to strengthen aluminium alloys. However, it has been a big challenge to 
achieve a substantial improvement of strength by precipitation of Mn-containing dispersoids in non-heat 
treatable 3xxx alloys, because the number density and volume fraction of the dispersoids are relatively low. 
In this work we have demonstrated that the size, number density and spatial distribution of α-Al(Mn,Fe)Si 
dispersoids can be effectively engineered via addition of impurity elements, therefore the dispersion 
strengthening and elevated temperature mechanical properties of the alloys can be significantly improved. 
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By using advanced characterization techniques including SEM, TEM and APT, the nucleation behaviour and 
the evolution of the dispersoids during heat treatments under the influence of impurity elements are 
systematically studied. It shows that the impurity element induced formation of extraordinarily high density 
Mn-rich atomic clusters at about 250°C has played an important role for the later precipitation of high 
density nano sized α-Al(Mn,Fe)Si dispersoids at temperatures above 300°C. This is a new precipitation 
hehavior of dispersoids in comparison to that in the conventional 3xxx alloys.  
 
11:10 - Presentation 398352 
Stabilization Heat Treatments of 7000 Series Alloys for Improved Processability 
Johannes A. Österreicher, Austrian Institute of Technology 
Georg Kirov, Austrian Institute of Technology 
Stephan S.A. Gerstl, ScopeM Scientific Center for Optical and Electron Microscopy, ETH Zürich 
Ermal Mukeli, MAGNA STEYR Fahrzeugtechnik AG & Co KG 
Manoj Kumar, EBNER Industrieofenbau GmbH 
 
ABSTRACT High strength Al-Zn-Mg(-Cu) alloys are rarely used in the automotive industry due to pronounced 
natural ageing after quenching and resulting poor formability at room temperature. Furthermore, the paint 
bake response is often suboptimal. To overcome these challenges, we performed various low temperature 
pre-ageing treatments followed by storage at room temperature and a short high temperature heat 
treatment simulating industrial paint baking. The intermediate and final mechanical properties were assessed 
and the microstructure and precipitation status of the samples were studied by atom probe tomography and 
differential scanning calorimetry. It was found that a properly designed stabilization treatment can inhibit the 
natural ageing process in AA7021 resulting in a stable condition with good formability. Furthermore, the 
paint bake response of AA7075 was improved resulting in yield strength only 2% short of a peak aged sample. 
 
11:30 - Presentation 398094 
Microstructure Evolution During Homogenization of a New Type Al-Zn-Mg-Zr-Er Alloy 
Yichang Wang, Chongqing University  
Xiaodong Wu, Chongqing University  
Yan Zou, Chongqing University  
Lingfei Cao, Chongqing University 
Guangjie Huang, Chongqing University  
Shunyan Lin, Southwest Aluminium (Group) Corporation of China Ltd. Samples 
Lin Lin, Southwest Aluminium (Group) Corporation of China Ltd. Samples 
 
ABSTRACT The addition of Er has a huge impact on the microstructure of Al-Zn-Mg-Cu-Zr alloy. Two new 
types of Al-Zn-Mg-Cu-Zr and Al-Zn-Mg-Cu-Zr-Er alloys were used for testing the properties after different 
homogenization conditions. Microstructure observations under as-cast and after homogenization treatments 
were carried out using optical microscope (OP), scanning electron microscope (SEM). The results show that 
the effects of two-step homogenization is much better than one-step of that, and grain size increases 
obviously in the Er-containing alloy after homogenization. The two-step homogenization can dissolve most of 
the second phase containing Zn, Mg and Cu. However, the Er-containing phase is hard to dissolve into the 
alloy due to its high dissolution temperature, so the second phase can inhibit recrystallization by pinning 
dislocations and subboundaries so that to improve strength and thermostability of the alloy.  
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Wednesday June 20, 14:00-15:20, Room 2110 
Phase Transformations VII 
 
14:00 - Presentation 401036 
Existence of Universal Cluster in Aged Al-Mg- X(X=Si, Ge, Zn) -Cu Alloys 
Kenji Matsuda, University of Toyama  
Seungwon Lee, University of Toyama 
Calin D. Marioara, SINTEF Industry 
Sigurd Wenner, SINTEF 
Katsuhiko Nishimura, University of Toyama  
Teiichiro Matsuzaki, RIKEN 
Norio Nunomura, University of Toyama  
Tatsuo Sato, Kobe Steel, Ltd. 
Randi Holmestad, Norwegian University of Science and Technology 
Susumu Ikeno, University of Toyama 
 
ABSTRACT The age-hardenable Al alloys containing Mg and Cu with added Si, Zn, or Ge were fabricated, and 
then investigated using TEM to understand the extra diffraction spots that appear in their SAED patterns and 
the common zones/precipitates that have been discovered in them during the early stage of aging. Four age-
hardenable alloys, denoted AlCuMg, AlMgZnCu, AlMgSiCu, and AlMgGeCu, were fabricated by casting in air. 
Cu-free alloys were also prepared. A typical age-hardening curve has been confirmed for each alloy. TEM 
bright field images were obtained for peak-aged samples, and the typical precipitates can be confirmed in 
each alloy. Alloys containing Cu exhibited extra diffraction spots in their SAED patterns for precipitates and 
the Al matrix, while those extra spots were not confirmed in alloys without Cu. The coordinates of the extra 
spots for all alloys were in good agreement with each other. The initial cluster, which is based on the beta”-
phase in Al-Mg-Si alloys, has been proposed as “the universal clusters”, MgSi(/Ge)Mg, CuMgSi(/Ge), AlCuMg, 
and AlZnMg. Based on simulated diffraction patterns, it has been suggested that second clusters including 
short-range order with an APB, exist in the Cu-containing alloys.  
 
14:20 - Presentation 401512 
Pre-Deformation Induced Modification of Precipitation Pathways Toward θ'-phase in Al-Cu Alloys 
Chunhui Liu, Central South University  
Ziyao Ma, Central South University 
Peipei Ma, Central South University 
Lihua Zhan, Central South University 
Minghui Huang, Central South University 
 
ABSTRACT Understanding the relationship between atomic-scale kinetic precipitation pathways modified by 
deformation and the resulting microstructure is essential for the design of thermo-mechanical scheme of Al 
alloys. High-angle annular dark-field scanning transmission electron microscopy and first principles 
calculations are applied to investigate the influence of different levels of pre-deformation (2% ~80%) on 
precipitation in Al-Cu alloys. The pre-deformation results in a significant strength increase and an enhanced 
age hardening response, which is demonstrated to be associated with heterogeneous precipitate nucleation 
and growth on pre-existed dislocations. Some hitherto unknown early-stage θ' precursors are revealed by 
atomic scale imaging. Pre-existed dislocations have a profound impact on the phase selection during aging, 
leading to the frequent occurrence of energetically unfavorable phases. The precipitation toward θ' follows 
different pathways. The precipitation paths have been explained on energetic grounds and by the structural 
similarity between two phases. The microstructure-property relationships in the alloy are discussed to 
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explain the observations. Our results suggest the deformation-modified precipitation may play a vital role in 
achieving better strength-ductility synergy. This work provides not only a fundamental insight into the 
interaction between precipitation and dislocations in Al-Cu alloys, but also a guide to tailor the 
microstructure to achieve desirable mechanical behaviors.  
 
14:40 - Presentation 401484 
Influence of High Mg Addition on Aging Precipitation Behavior of an Al-Cu-Li Alloy 
Xiaoming Wang, Harbin Institute of Technology  
Guoai Li, AECC Beijing Institute of Aeronautical Materials 
Wenzhu Shao, Harbin Institute of Technology 
Jian-Tang Jiang, Harbin Institute of Technology 
Li Yang 
 
ABSTRACT Although it is well known that the minor addition of Mg (~0.4wt.%) to Al-Cu-Li alloy could not only 
modify the precipitation path but also promote the precipitation of T1 (Al2CuLi) phase, the influence of 
higher Mg addition is not clear. In this paper, the influence of high Mg addition on precipitation sequence, 
precipitation kinetics and the corresponding strengthening of an Al-Cu-Li alloy has been investigated by atom 
probe tomography (APT) and transmission electron microscopy (TEM) combined with differential scanning 
calorimetry (DSC). In the presence of common Mg content (0.4wt.%), the microstructure at the peak-aged 
condition consists of a high density of fine T1 precipitates that dominated the microstructure along with 
some non-negligible θ' phase (Al2Cu). When adding excess Mg (0.8wt.%), however, the precipitation of S' 
phase (Al2CuMg) is strongly accelerated at the expense of T1 and θ' phases. Much more Mg cluster is 
observed in the early aging stage leading to more rapid hardening response. The precipitation kinetics for T1 
phase become somewhat sluggish due to decreased nucleation sites and available solutes caused by 
formation of more S' precipitates. The precipitation of the coarse T1 and S' phases is significantly detrimental 
to the ductility and toughness in the peak-aged condition. 
 
15:00 - Presentation 404585 
Microstructure Observation of Hydrogen Charged and Aged 7xxx Aluminum Alloys 
Artenis Bendo, University of Toyama 
Taiki Tsuchiya, University of Toyama  
Seungwon Lee, University of Toyama 
Kenji Matsuda, University of Toyama 
Katsuhiko Nishimura, University of Toyama 
Norio Nunomura, University of Toyama 
Hiroyuki Toda, Kyushu University 
Masatake Yamaguchi, Japan Atomic Energy Agency 
Tomohito Tsuru, Japan Atomic Energy Agency 
Ikeno Susumu, University of Toyama 
 
ABSTRACT To reduce the emission of greenhouse gases is becoming imperative to progress towards 
technologies powered by renewable energy sources. Hydrogen offers one of the greatest potentials. 
Abundant and three times more potent than gasoline, it is being researched as an alternative source to fuel 
from nuclear fusion reactors to rocket spaceships. A better understanding of hydrogen effect on metallic 
alloys is required. Al alloys are increasingly being used as the main building material in different parts of 
transportation vehicles. 7xxx Al series are one of the most used series of extruded Al alloys. In this work, the 
samples with basic composition Al - 3.4at. %Zn -1.9at. %Mg were solid solution at 475°C for 1 h, quenched 
into iced water, left 4 days to natural age and were then final aged at 120°C. To introduce hydrogen, samples 
were cut immediately after quenching in an electrical discharge machine. The effect of hydrogen on the 
mechanical properties and microstructures during artificial ageing were studied using micro Vickers hardness 
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measurements and transmission electron microscopy (TEM). The Vickers microhardness tests used a 0.98N 
load for holding time 15 seconds in a Mitutoyo HM-101. Every condition is tested by twenty indentations and 
only ten most common values were taken into account. Specimens for TEM observation were prepared using 
standard method of twin-jet polishing in a Struers Tenupol-3, using 1/3 nitric acid and 2/3 methanol kept at 
temperature of -25°C and 14V tension. High resolution TEM observation of microstructure evolution was 
carried out mainly under [110]Al zone axis. A higher density of GPII zones were counted in hydrogen charged 
samples compared to hydrogen free ones where these zones were almost absent. They were observed even 
in slightly overaged condition. These zones are believed to nucleate on vacancy-rich solute clusters that are 
formed on {111}Al planes [1]. This necessitates an increased presence of vacancies. Hydrogen trapped inside 
a vacancy, reduces its formation energy by the binding energy of H with it. [2,3,4,5]. [1] Jiang X., Noble B., 
Holme B., Waterloo G., Tafto J. (2000) Metall Mater Trans A 13A: 339-348. [2] Wolverton C., (2004) Physical 
Review B69. [3] Birnbaum H.K., et al. (1997) J Alloy Comp 253-254: 260-264. [4] Fukai Y., Okuma N., (1994) 
Physical Review Letters Vol.73:1640-1643. [5] Gang Lu, Efthimios Kaxiras., (2005) Physical Review Letters 
155501:1-4.  

 
Thursday Jun 21, 08:45-10:10, Room 2110 
Phase Transformations VIII 
 
08:45 - Presentation 401058 
Effect of Cube Texture on the Planar Anisotropy in a Novel Al-Mg-Si-Zn Alloy 
Zhenshan Liu, Chinalco Material Applications Research Institute Co. Ltd. 
Pizhi Zhao, Chongqing University/Chinalco Material Applications Research Institute Co. Ltd. 
Yiheng Cao, Chinalco Material Applications Research Institute Co. Ltd. 
Jingwei Zhao, Chinalco Material Applications Research Institute Co. Ltd. 
Kangcai Yu, Chinalco Material Applications Research Institute Co. Ltd. 
 
ABSTRACT A new Al-Mg-Si-Zn alloy designed for automotive outer panel was trial-produced with industrial 
procedure. The final product shows a strong planar anisotropy. X ray diffraction analysis shows such strong 
anisotropy is caused by the dominating cube texture component in the final product. The reason for such 
high cube texture component was investigated by tracing texture evolution starting from the hot roll slab. It 
is found that certain cube texture components already exists in the hot rolled slab. The density of cube 
texture component shows as a wavy change through the following 1st cold rolling, inter-annealing, 2nd cold 
rolling and solution treatment. This study shows that the cold rolling in the laboratory can well represent the 
texture evolution during the industrial production. The results obtained by lab rolling hints that change of 
second cold rolling reduction has weak effect on the planar anisotropy, when the gauge of hot rolled slab and 
final sheet are fixed. 
 
9:05 AM - Presentation 404017 
Influence of Annealing Condition and Cold-Rolling Reduction on Texture Formation in an Al-Mg-Si Alloy 
Ryutaro Akiyoshi, Kobe Steel, Ltd. 
Shiwei Kang, Kobe Steel, Ltd. 
Hisao Shishido, Kobe Steel, Ltd. 
Kentaro Ihara, Kobe Steel, Ltd. 
Yasuo Takaki, Kobe Steel, Ltd. 
 
ABSTRACT Tensile tests and SEM-EBSD analysis in an Al-Mg-Si alloy was performed to clarify the effect of 
annealing and cold-rolling reduction on texture formation. The hot-rolled specimens were cold-rolled with 
the reduction of 58–75%, followed by annealing at 773 K for 5 min. The secondary cold-rolling for the 
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annealed specimens with the reduction of 33–66%, followed by solution heat treatment, were performed. 
Focusing on the specimens of the same total reduction between primary and secondary cold-rolling, the 
average r-values increased with higher primary and lower secondary cold-rolling reduction, respectively. This 
was thought to be due to the increase of r-values measured in the direction of 45 degree with respect to 
rolling direction, caused by formation of β-fiber components (Brass {011}<211>, Copper {112}<111> and S 
{123}<634>) with high density. It was suggested from the texture analysis of annealed specimens that the 
high density of β-fiber components after annealing and the small amount of stored strain energy which 
caused by lower cold-rolling reduction remained the β-fiber components after solution treatment.  
 
09:30- Presentation 404504 
Effect of Additional Shear Strain on Recrystallization Texture Formation in a Hot Rolled Al-Fe Alloy 
Kentaro Ihara, Kobe Steel, Ltd. 
Takumu Yamaguchi, Kobe Steel, Ltd. 
Katsushi Matsumoto, Kobe Steel, Ltd. 
 
ABSTRACT Al-Fe alloy sheets having layers with different strain components were produced by unlubricated 
hot rolling and the recrystallization texture formation during annealing was investigated in each layer. In this 
study, the strain component introduced by rolling was quantitatively evaluated by measuring degree of 
bending of an aluminum pin embedded in the sheet. The textures before and after annealing were 
investigated by the SEM-EBSD technique. It was clarified that, in the middle layer, where comparatively small 
shear strain was introduced, β-fiber subgrains and cube {001}<100> oriented subgrains were formed before 
annealing, and cube oriented recrystallized grains grew after annealing. On the other hand, in the surface 
layer, where large additional shear strain was introduced, shear texture components and cube oriented 
subgrains were formed before annealing, and shear texture was retained even after annealing, while cube 
oriented subgrains did not grow and were encroached. It was suggested that introduced strain components 
influenced the recrystallization texture formation by inducing different distribution of the subgrain size, 
stored strain energy and orientation relationship with surroundings before annealing. 
 
09:50 - Presentation 400413 
Orientation-Preferential Growth During Secondary Recrystallization in AA5182 
Yusuke Yamamoto, UACJ Corporation 
Mineo Asano, UACJ Corporation 
 
ABSTRACT The present study investigated the texture transition during secondary recrystallization in the 
AA5182 sheet. During the initial stage of annealing, the texture showed a weak Cube orientation as the 
primary recrystallization texture. During the secondary recrystallization with abnormal grain growth, the area 
ratio of the {hkl} <011> orientations increased by consuming the other orientations. The texture transition 
was calculated by the 2-D Monte Carlo simulation with the misorientation dependency. When the higher 
grain boundary mobility was set in the specific range of the high angle misorientation, the orientation 
preferential growth of the RW {100} <011> orientation was reproduced. However, other {hkl} <110> 
orientations could not be well reproduced by the misorientation dependency. 
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Thursday Jun 21, 10:30-11:50, Room 2110 
Phase Transformations IX 
 
10:30 - Presentation 401073 
Modelling Quench Sensitivity of Aluminium Alloys 
Zhanli Guo, Sente Software Ltd. 
Nigel Saunders, Thermotech Ltd. 
 
ABSTRACT Quench sensitivity of heat-treatable aluminium alloys is closely related to the precipitation 
process taking place during quenching. Faster cooling results in less precipitation of coarse phases during 
cooling, leaving more solutes in the solution before ageing. An alloy in such state would be of greater 
hardening potential as larger amounts of hardening phases may precipitate out during ageing. Hence, to 
understand the quench sensitivity of an alloy, it is essential to understand its precipitation process. 
Precipitation is a diffusion-controlled process and the diffusion is made complicated by the so-called 
quenched-in vacancies. These vacancies form during solution treatment, become “excess” when temperature 
goes down, and annihilate during the following cooling and ageing treatments, making diffusion now a 
function of both temperature and time. This paper first investigates the formation and annihilation of 
quenched-in vacancies and their effect on diffusion. The diffusion affected by quenched-in vacancies is 
considered in the kinetic models to realise the calculation of TTT/CCT diagrams for aluminium alloys. The 
calculated CCT diagrams have been used to explain the observed quench sensitivity and age hardening 
behaviour of various commercial alloys. The transformation from GP zones to other hardening phases during 
ageing is also discussed. 
 
10:50 AM - Presentation 393778 
Effect of Quenching Rate on Age Hardening in an Al-Zn-Mg Alloy Sheet 
Hideo Yoshida, ESD Laboratory (Former UACJ Corporation) 
Takero Watanabe, UACJ Extrusion Nagoya Corporation  
Hidenori Hatta, UACJ Corporation 
 
ABSTRACT The effect of the quenching rate on age hardening in an Al-Zn-Mg alloy sheet was investigated. 
The quenching rates and aging conditions were as follows: water quenching (WQ) or furnace cooling (FC) 
followed by pre-aging at 20°C, then artificial aging at 120, 160 or 200°C were performed. The peak strength of 
the FC and the WQ are similar at 120°C. It is important high strength was obtained even at the extremely 
slow cooling. On the other hand, the strength of the WQ significantly decreased compared to the FC at 200°C. 
GP (I) zones were formed during the pre-aging even if the cooling rate was very slow like the FC, and were 
transformed into the GP (II) ones at 70°C or higher and then into the η’ phase. However, these zones were 
dissolved by reversion during heating to 200°C. Thus the strength of the WQ decreased. On the other hand, it 
is considered that an unknown cluster or GP zone with a thermal stability formed during the FC was not 
dissolved up to 200°C and was transformed into the η’ phase. Therefore, a higher strength was obtained in 
the FC for the 200°C aging. 
 
11:10 - Presentation 400433 
Scanning Rate Extension of Conventional DSCs Through Indirect Measurements 
Hannes Fröck, University of Rostock  
Benjamin Milkereit, University of Rostock  
Michael Reich, University of Rostock  
Olaf Kessler, University of Rostock  
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ABSTRACT Differential scanning calorimetry (DSC) is an established method for in-situ recording of 
dissolution and precipitation reactions in aluminium alloys. A wide range of heating and cooling rates from 
about 0.0003 up to 5 K/s can be investigated. In some manufacturing steps, such as laser heat treatment to 
produce Tailored Heat Treated Profiles or welding, the material passes through a short-term heat treatment. 
Heating rates up to several 100 K/s can be realised. During this short-term heat treatment, the precipitation 
state and thus the mechanical properties of the material change. Currently, conventional DSC cannot achieve 
these high heating rates and they are still too slow for the chip sensor based Fast Scanning Calorimetry. In 
order to fill the gap, an indirect measurement method has been developed, which allows concluding 
quantitatively on the precipitation state at various points of any heat treatment. Different rapid heat 
treatments were carried out on samples of the alloy EN AW-6060 in a quenching dilatometer and terminated 
at defined temperatures. Subsequent reheating of the samples in the DSC enables analysing the precipitation 
state of the heat-treated samples. This method, allows obtaining information about occurring precipitation 
and dissolution reactions during short-term heat treatments, which haven’t been measurable before. 
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Sustainability in Design 
Room 0070 

Date Start 
Time 

Presentation 
No. 

Presentation Title 

19-Jun 15:40 401583 A Novel Cross-Disciplinary Design Approach for Utilizing the 
Aluminum Sustainability Potential 

19-Jun 16:00 401623 Multi-Purpose High Shear Melt Conditioning Technology for 
Effective Melt Quality and for Recycling of Al-Alloy Scrap 

19-Jun 16:20 399419 Phase Evolution of β–Al5FeSi During Recycling Al-Si-Fe Alloys by 
Mg Melt 

 
Tuesday June 19, 15:40-17:00, Room 0070 
Sustainability in Design & Recycling 
 
15:40 - Presentation 401583 
A Novel Cross-Disciplinary Design Approach for Utilizing the Aluminum Sustainability Potential 
Trond Furu, Hydro 
Torgeir Welo, Norwegian University of Science and Technology 
Geir Ringen, Norwegian University of Science and Technology 
 
ABSTRACT Environmental awareness is growing throughout society, placing pressure on manufacturing 
companies and their extended value chain to operate in a more environmentally sustainable way. Designing 
products that can be controlled throughout their value chain and life cycle is one option to secure re-use of 
the material stream. We hypothesize that increased collaboration and common understanding among 
industrial stakeholders (e.g., architects, designers, engineers, manufacturers) and industry and academia will 
promote improved products with regards to sustainability criteria. To test our hypothesis, a theoretical model 
for cross-industry and cross industry and academia collaboration is outlined. This model emphasizes three 
distinct levels of collaboration (team, company and cluster) and the life cycle stages of a product. 
Understanding these levels and stages is important, not only for assuring correct and rational behavior 
among actors, but also for facilitating long-term sustainable business model development. This article 
presents the theories and arguments behind the model and initial results from an aluminum bridge case in 
Norway. Further verification and calibration of the model will be done in the context of a new aluminum 
product innovation centre, where numerous aluminum product cases will be developed and serve as input to 
the collaboration model.  
 
16:00 - Presentation 401623 
Multi-Purpose High Shear Melt Conditioning Technology for Effective Melt Quality and for Recycling of Al-
Alloy Scrap 
Jaime Lazaro-Nebreda, BCAST, Brunel University London 
Jayesh Patel, BCAST, Brunel University London 
Geoff Scamans, BCAST, Brunel University London 
Zhongyun Fan, BCAST, Brunel University London 
 
ABSTRACT Melt quality is crucial for both continuous and shape casting of light alloys and in order to improve 
it, removal of excessive inclusions, accumulated impurities and unwanted gases becomes necessary. To 
address this problem, a new multi-purpose high shear liquid metal treatment technology, based on intensive 
melt shearing by a rotor/stator unit, has been developed. The device ensures achieving uniform temperature 
and chemical composition and an efficient dispersion of gas and solid phases in the melt with minimal 
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disturbance of melt surface, and can be used, among other things, for de-gassing and de-ironing of Al-alloy 
melts. Efficient degassing is achieved by dispersing each argon bubble into many small ones, which 
significantly increases the overall surface area of the bubbles and the time they remain in the melt capturing 
hydrogen before reaching the surface. This allows using much lower inert gas flow and mixing times than 
conventional rotary degassing. When applied to Al-alloy scrap, with accumulated iron, the high shear melt 
treatment speeds up the nucleation and growth of primary Fe-rich intermetallic particles, allowing a faster 
removal rate. Therefore it reduces processing times, increasing recycling productivity, and facilitates full 
metal circulation of secondary Al-alloys. 
 
16:20 - Presentation 399419 
Phase Evolution of β-Al5FeSi During Recycling Al-Si-Fe Alloys by Mg Melt 
Tong Gao, Shandong University 
Zengqiang Li, Shandong University 
Yaoxian Zhang, Shandong University 
Jingyu Qin Shandong University 
Xiangfa Liu, Shandong University 
 
ABSTRACT The recycling of aluminum materials is a green industry while Al-Si-Fe is a typical scrap aluminum 
alloy. The key point of recycling Al-Si-Fe alloys is to separate Al and Fe. A method by introducing Al-Si-Fe alloy 
into Mg melt has been investigated in this work. A separation layer with gathered Fe-rich and Al-poor 
Fe3Al0.7Si0.3 particles were obtained at the bottom of the cooled ingot, indicating that β-Al5FeSi phase 
evolves to Fe3Al0.7Si0.3, and quantities of Al are released to the upper Mg matrix simultaneously. However, 
the evolution of Al3Fe by adding binary Al-Fe alloy into Mg melt is different. It is supposed that element Si 
plays an important role in the phase evolution procedure, thus affects the performance of this method. 
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Thermomechanical Processing 
Room 0100 

Date Start 
Time 

Presentation 
No. 

Presentation Title 

19-Jun 14:00 394549 Development of New Laboratory-Scale Tests to Optimize Industrial 
Thermo-Mechanical Processing of Thick Plate Products: Application 
to AlCuLi Alloys 

19-Jun 14:20 401099 Characterization of Aluminium Alloy Sheets Accumulative Roll-
Bonded at Different Temperatures 

19-Jun 14:40 400034 Effect of Hot Extrusion on Development of Recrystallization Textures 
in Al Alloy 

19-Jun 15:00 405012 Microstructure Evolutions and Strengthening Behaviors of Ti-added 
Al-7.8Zn-2.6Mg-2.0Cu-0.1Zr Alloy 

19-Jun 15:40 381984 Effects of Alloy Elements and Processing Condition in Al-Mn Alloys on 
the Formation of Thermally Stabilized Substructures During Hot 
Deformation 

19-Jun 16:00 400919 Effect of Heating Rate on Microstructure and Texture of Cold-Rolled 
AA7075 Sheet 

19-Jun 16:20 401143 The Effect of Heating and Cooling Rate on the Microstructure 
Evolution During Annealing of Cold Rolled Al-5Cu Alloys 

19-Jun 16:40 404112 Texture Evolution During Processing of Aluminum Alloys and Its 
Impact on Product Performance 

20-Jun 10:30 400441 Effect of Thermomechanical Processing on Microstructure and 
Mechanical Properties in an Al-Cu-Mg-Si Alloy 

20-Jun 10:50 403120 The Influence of Quench Rate on the Mechanical Behaviour of 
AA6082 

20-Jun 11:10 394141 Porosity Closure in Aluminum Thick Plates for Aerospace: 
Investigation by In Situ High Temperature Mechanical Tests with X-
Ray Microtomography 

20-Jun 11:30 404715 Effect of Cold Rolling on Age Hardening in Al-0.62mass%Mg-
0.32mass%Si Alloy 

20-Jun 14:00 400931 The Effect of Bridge Geometry on Seam Weld Microstructure in 
AA6082 Porthole Die Extrusions 

20-Jun 14:20 401040 Microstructure Evolution  and Superplastic Deformation Behavior of a 
Bimodal Grain Structured Binary Al–7Mg Alloy Processed by Severe 
Plastic Deformation 

20-Jun 14:40 403100 Grain Boundary Precipitation of Mg-Si Phases in Extruded Al-Mg-Si 
Alloys 

20-Jun 15:40 400035 Effect of Deformation Technique on Mechanical Properties and Aging 
Behavior of an Al Alloy 

20-Jun 16:00 401516 Hierarchical Nano-Structural Design for Property Enhancement in Al-
Mg-Si-(Cu) Alloys 

20-Jun 16:20 401592 Effect of Die Bearing Geometry on Extrusion Surface Microstructure 
Development 
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Tuesday June 19, 14:00-15:20, Room 0100 
Thermomechanical Processing I 
 
14:00 - Presentation 394549 
Development of New Laboratory-Scale Tests to Optimize Industrial Thermo-Mechanical Processing of Thick 
Plate Products: Application to AlCuLi Alloys 
Fanny Mas, Constellium C-TEC 
Jean-Christophe Ehrström, Constellium C-TEC 
 
ABSTRACT Al-Cu-Li alloys are used for structural components in several commercial aircraft thanks to their 
lower density, improved corrosion resistance and improved strength, fatigue and damage tolerance 
compromise, in comparison with conventional 2xxx and 7xxx series aluminium alloys. It is desirable to define 
the optimal thermomechanical processing window for these alloys, namely the range of process parameters 
that lead to produce a high quality product. For that, an originally plane strain compression machine 
(Servotest) that allows high temperature and high strain rate deformation is used in different configurations 
with various specimen geometries. These configurations reproduce at the lab-scale both the stress triaxiality 
and the strain fields that are encountered at different positions within a plate during hot-rolling. In addition 
to classical plane strain compression tests for flow stress determination and secondary tensile tests 
(specimen with holes at the sides) for ductility measurement, used in the literature to study edge cracking, 
multi-step compression experiments were also performed to mimic hot-rolling pass schedules. When 
combined with post-mortem high-resolution ultrasonic scans, they can be used to detect damage and 
quantify its evolution through processing. Material characterizations (quantitative SEM, EBSD) were also 
conducted to investigate microstructural evolutions and identify active deformation mechanisms during hot-
rolling of Al-Cu-Li alloys. 
 
14:20 - Presentation 401099 
Characterization of Aluminium Alloy Sheets Accumulative Roll-Bonded at Different Temperatures 
Miroslav Karlik, Czech Technical University in Prague and Charles University 
Petr Homola, Czech Aerospace Research Centre 
Margarita Slamova, Research Institute for Metals 
 
ABSTRACT Aluminum sheets (AA1199, AA8006, and AA5754) were processed by accumulative roll-bonding 
(ARB) in the temperature range from 20 to 350°C. The microstructure of the sheets was characterized by 
means of scanning and transmission electron microscopy and electron backscattered diffraction. Mechanical 
properties were monitored by hardness measurements and tensile tests. Increasing strain (number of ARB 
cycles) led to incremental development of lamellar microstructure with a decrease of the spacing between 
high-angle grain boundaries in the normal direction of sheets. ARB process produced an important increase 
of strength while maintaining thickness and relatively high ductility, without accenting of the anisotropy of 
mechanical properties of sheets. The level of hardening decreased with the processing temperature and at 
300 and 350°C ARB caused even the softening of the material due to the recovery of the deformed 
microstructure or partial recrystallization during heating to ARB processing temperature.  
 
14:40 - Presentation 400034 
Effect of Hot Extrusion on Development of Recrystallization Textures in Al Alloy 
Masahiro Araki, YKK AP Inc. 
Seungwon Lee, University of Toyama 
Susumu Ikeno, University of Toyama  
Kenji Matsuda, University of Toyama 
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ABSTRACT Recent years, many reports are available about texture controlling and thermomechanical 
treatment of aluminum alloy sheets to improve the formability. However, there are few researches about 
texture controlling and recrystallization of extruded aluminum alloys. Extrusion is very important process for 
producing aluminum chassis and aluminum wires. It is needed to clarify how to control the texture during 
extrusion process. In this study, (1) effect of extrusion condition on development of recrystallization texture 
in Al alloy by using EBSP and extrusion simulation, and (2) effect of alloying elements (Mg, Si, Fe, and 
commercial 6063 alloy containing trace amount of Ti, Mn, etc.) were investigated. Extrusion temperatures 
were 773K and 813K with different extrusion ratios. Surface texture of extruded 6063 alloy was shown mainly 
Brass {011} <211> and S｛123｝<634>. Inner area was shown Cube {001} <100> and｛001｝<110>. In 
6063 alloys, Inner textures change Cube to｛001｝<110> with incresing shera stress. Without Fe (Al-Mg and 
Al-Mg-Si alloys), Inner and Surface Textures different from 6063 alloys, decrese Brass texture but increse S 
and Copper textures. Crystal directuon of these textues <111> pallarel to the transvers direction. 
 
15:00 - Presentation 405012 
Microstructure Evolutions and Strengthening Behaviors of Ti-added Al-7.8Zn-2.6Mg-2.0Cu-0.1Zr Alloy 
Kwangjun Euh, Korea Institute of Materials Science 
Sang-Hwa Lee, Korea Institute of Materials Science 
Jae-Gil Jung, Korea Institute of Materials Science 
Min-Seok Kim, Korea Institute of Materials Science 
 
ABSTRACT In the present study, microstructure evolutions and strengthening behaviors of Ti-added Al-7.8Zn-
2.6Mg-2.0Cu-0.1Zr alloys are investigated in as-cast, hot-extruded, and T6-treated conditions. Precipitation 
behaviors of secondary phases are studied with an implementation of various solution treatment times. 
Addition of titanium causes refinement of both the grains and bulky η particles in the as-cast alloys. After hot 
extrusion, the Ti-added alloy has increased amount of recrystallized grains and fine η particles. In the Ti-
added alloy, the growth of recrystallized grains is restricted by Al3(Zr0.6,Ti0.4) particles during the extrusion 
process. Micrometer-sized η particles in the extruded alloy are dissolved during solution treatment and nano-
scale η precipitates start to form with further aging treatment. The amount of η dissolution is proportional to 
the solution treatment time. Required time for a complete dissolution of the η particles becomes shorter 
with the Ti addition and then strengthening by aging becomes faster in the Ti-added alloy. Precipitation of η 
can be initiated on the Al3Ti particles, while η precipitate can be a main strengthening phase incorporated 
with the GP-II phase. 

 
Tuesday June 19, 15:40-17:00, Room 0100 
Thermomechanical Processing II 
 
15:40 - Presentation 381984 
Effects of Alloy Elements and Processing Condition in Al-Mn Alloys on the Formation of Thermally 
Stabilized Substructures During Hot Deformation 
Hiroki Tanaka, UACJ Corporation 
Wataru Narita, UACJ Corporation 
 
ABSTRACT In this study, the effects of alloy elements and processing condition on the thermal stability of 
substructures formed in hot deformation were investigated by plane strain compression (PSC) test. Tow 
types of Al-1%Mn alloy were prepared. One has less content of impurities such as Si and Fe by use of pure 
aluminum bare metal (4N-1Mn alloy), another has been cast by use of 1050 aluminum alloy (1050-1Mn 
alloy). PSC tests were carried out between 573K and 773K followed by annealing at 773K for 120 sec. with a 
salt bath. 4N-1Mn alloys showed recrystallization structure after the salt bath treatment. But, 1050-1Mn 
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alloys remained fiber structure after the salt bath treatment. Although 4N-1Mn alloys showed a small change 
of conductivity after PSC test, 1050-1Mn alloys increased conductivity after PSC test. In compressed 1050-
1Mn alloys, Al-Mn-Si precipitations were confirmed by synchrotron radiation analysis. The Al-Mn-Si 
precipitations would affect the change of conductivity in compressed 1050-1Mn alloys. In compressed 4N-
1Mn alloys, precipitations barely were confirmed. It was found that small precipitations formed in the hot 
deformation affect the formation of thermal stabilized substructure. And, it was also found that impurities 
such as Si contribute to precipitation during hot deformation. 
 
16:00 - Presentation 400919 
Effect of Heating Rate on Microstructure and Texture of Cold-Rolled AA7075 Sheet 
Lu Wang, Chongqing University 
Xiaofang Yang, Chongqing University 
Lei Sheng, Chongqing University 
Robert Sanders, Chongqing University 
 
ABSTRACT Microstructure and preferred orientation of aluminum sheet are controlled by the alloy 
composition and deformation history. Samples of cold-rolled AA7075 sheet were recrystallized using both 
high (~325°C/min) and low (50°C/h) heating rates to the solution heat-treatment temperature. Optical 
microscopy, electron back-scattered diffraction (EBSD) and transmission electron microscopy (TEM) were 
used to examine the grain structures and textures of the heat-treated samples. The heating rate directly 
affected the process of recrystallization because of the interaction between second-phase particles 
(dispersoids and soluble phases) and grain boundaries. Both heating rates produced elongated grains but the 
faster heating rate produced more equiaxed grains and a higher degree of recrystallization (84.7%) than the 
slow heating rate (72.1%). The texture variations observed are explained by the differences in recovery and 
recrystallization mechanisms operating at slow and fast heating rates. 
 
16:20 - Presentation 401143 
The Effect of Heating and Cooling Rate on the Microstructure Evolution During Annealing of Cold Rolled Al-
5Cu Alloys 
Shubo Wang, Norwegian University of Science and Technology 
Kjetil Steen, Norwegian University of Science and Technology 
Hailong Jia, Norwegian University of Science and Technology 
Yanjun Li, Norwegian University of Science and Technology 
 
ABSTRACT The influence of rapid heating on the recrystallization behavior of a cold rolled binary Al-5wt%Cu 
alloy has been investigated. Different heating approaches, including induction heating, electrical current 
heating and up-quenching in salt bath providing different heating and cooling rate, have been applied. The 
heating and cooling rates ranged from a few degrees to several thousand degrees per second. Scanning 
electron microscopy (SEM) and electron backscattered diffraction (EBSD) has been used to evaluate the 
resulting microstructure and texture. The influence of the heating and cooling rates during annealing on the 
evolution of solid solution level, the concurrent precipitation behavior of dispersoids, the subgrain growth, 
the nucleation of recrystallization, and the texture evolution of aluminium alloys has been discussed. 
 
16:40 - Presentation 404112 
Texture Evolution During Processing of Aluminum Alloys and Its Impact on Product Performance 
Daehoon Kang, Novelis Global Research and Technology Center 
Yi Wang, Novelis Inc. 
John Ho, Novelis Inc. 
ChangOok Son, Novelis Inc. 
Matthew Heyen, Novelis Inc. 
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ABSTRACT It is well known that the crystallographic texture is dependent on industrial processing conditions 
such as hot rolling reduction, coiling temperature, cold rolling reduction and annealing or heat treating 
practice used for the product. Moreover, the mechanical properties and forming behavior such as earing, 
strength anisotropy and R value are strongly influenced by texture. In this paper, the effect of hot rolling 
reduction and coiling temperature on recrystallization and texture development are firstly discussed. 
Secondly, the effect of cold rolling on deformation texture development is then analyzed. To illustrate the 
effects, two case studies of texture control through the rolling process and its influence on product 
mechanical properties are presented: 1) balancing of the earing properties for AA3104 alloys used in bottle 
sheet by controlling the hot rolling process, and 2) the effect of recrystallization and cold rolling reduction on 
R value in 5xxx alloys used in automotive applications. 

 
Wednesday June 20, 10:30-11:50, Room 0100 
Thermomechanical Processing III 
 
10:30 - Presentation 400441 
Effect of Thermomechanical Processing on Microstructure and Mechanical Properties in an Al-Cu-Mg-Si 
Alloy 
Marat Gazizov, Norwegian University of Science and Technology 
Jonas K. Sunde, Norwegian University of Science and Technology 
Sigurd Wenner, SINTEF 
Randi Holmestad, Norwegian University of Science and Technology 
Rustam Kaibyshev, Belgorod State National Research University  
 
ABSTRACT Mechanical properties and microstructure of an Al-4.7Cu-0.74Mg-0.51Si-0.48Mn-0.10Cr-0.09Ti-
0.02Fe (wt. %) alloy subjected to various thermomechanical processing (TMP) have been investigated and 
compared to conventional ageing at 170°C (designated T6). Three TMP routes involving cold deformation of 
solution treated samples were tested. These were (i) 3%-stretching (T8-3%), (ii) equal-channel angular 
pressing (ECAP) to true strain (ε) of ~1 (T8-1) and (iii) ECAP to ε~2 (T8-2), all with subsequent ageing at 170°C 
for 0-96 h. At peak age conditions, both yield stress, ultimate tensile strength and elongation-to-fracture 
decreased for the T8-3% state as compared to the T6 condition. Intermediate ECAP (T8-1 and T8-2) lead to 
significant increase in maximum yield stress, ultimate tensile strength and elongation-to-fracture. The 
changes in mechanical properties were related to microstructure evolution, encompassing changes in grain 
sizes, dislocation densities, precipitate morphology and phase fractions, which were characterised using 
transmission electron microscopy. Relations between TMP, precipitation behavior and contributions to 
different strengthening mechanisms are evaluated.  
 
10:50 AM - Presentation 403120 
The Influence of Quench Rate on the Mechanical Behaviour of AA6082 
Neda Sarmady, The University of British Columbia 
Nick Parson, Rio Tinto Aluminium 
Mei Li, Ford Motor Company 
Warren J. Poole, The University of British Columbia 
 
ABSTRACT The mechanical behaviour of AA6082 is a function of the extrusion conditions and in particular, 
the quench rate after extrusion. It is well known that precipitation of Mg-Si phases on grain boundaries 
during quenching can negatively affect the ductility of the alloy. In this study, AA6082 alloys containing 0.5 
wt. % Mn and 0.15 wt. % Cr were direct chill (DC) cast, homogenized and then extruded to produce 3 mm x 
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42 mm strips. The microstructure in the as-extruded strips was unrecrystallized due to the Zener-Smith drag 
from the Mn/Cr dispersoids. It was shown that a solution treatment of 5 minutes at 560°C did not 
significantly affecting the as-extruded microstructure but if the as-extruded strip was cold rolled prior to 
heating, recrystallization occurred concurrently with the solution treatment. As such, 3 initial microstructures 
were produced, i.e. unrecrystallized and recrystallized with a grain size of 9 and 40 µm. After the solution 
treatment, controlled cooling experiments were conducted using the Gleeble 3500 thermomechanical 
simulator with cooling rates of 10, 25, 80°C/s as well as water quenched. The mechanical properties (e.g. 
yield stress, fracture stress and fracture strain) were determined from tensile tests for the different 
combinations of initial microstructure and cooling rate. The relationship between the quench rate and 
precipitation of Mg-Si phases on grain boundaries was examined by FEG-SEM. It was found that the yield 
stress decreased as the cooling rate decreased and that there was complex relationship between the fracture 
properties and the microstructure.  
 
11:10 - Presentation 394141 
Porosity Closure in Aluminum Thick Plates for Aerospace : Investigation by in Situ High Temperature 
Mechanical Tests with X-Ray Microtomography 
Pauline Gravier, Constellium C-TEC; SIMaP, CNRS, Grenoble INP, Université Grenoble Alpes 
Pierre Lhuissier, SIMaP, CNRS, Grenoble INP, Université Grenoble Alpes 
Fanny Mas, Constellium C-TEC 
Alexandre Barthelemy, Constellium C-TEC 
Elodie Boller, ESRF-The European Synchrotron  
Luc Salvo, SIMaP, CNRS, Grenoble INP, Université Grenoble Alpes 
 
ABSTRACT Aluminum thick plates are widely used in aerospace applications to machine structural aircraft 
elements. During the processing of these thick plates the porosity present in ingots after casting is closed 
thanks to hot rolling. To describe the evolution of porosity during a given rolling pass schedule, different 
numerical criteria exist including hydrostatic integration (integral of stress triaxiality over the cumulated 
strain). This criterion can predict porosity closure; however, there is a lack of experimental data at the pore 
scale to quantify the effect of stress triaxiality, strain or other parameters on pore closure. In this work, we 
tried to refine the understanding of pore closure by coupling 3D in situ experimental observations of pores 
and numerical simulations. Synchrotron X-ray microtomography is used to provide a 3D view during hot 
compression of as-homogenized samples. Combined with Digital Volume Correlation, it allows to follow 
dozens of individual pores during the deformation and thus quantify the evolution of morphological 
parameters (volume, shape, orientation) with strain. FEM simulations are used to characterize the 
corresponding stress-strain histories. Several parameters were tested such as strain rate, temperature and 
deformation per compression step to quantify their influence on pore closure. 
 
11:30 - Presentation 404715 
Effect of Cold Rolling on Age Hardening in Al-0.62mass%Mg-0.32mass%Si Alloy 
Ken-ichi Ikeda, Hokkaido University 
Shogo Sato, Hokkaido University 
Seiji Miura, Hokkaido University 
Ken Takata, Daido University 
 
ABSTRACT The purpose of this study is to clarify the effect of cold rolling reduction on formation of aging 
products in Al-0.62mass%Mg-0.32mass%Si alloy. The cold rolled sheets of this alloy was solution-treated at 
823K for 0.5 h in air. After the solution treatment, cold rolling was carried out immediately. The reduction is 
0, 10 and 50% (0CR, 10CR and 50CR). These samples were isothermally aged at 373K and 453K, and then 
Vickers hardness tests were carried out. To observe the microstructure, TEM was used. At 453K, time to 
reach a peak hardness shorten with the reduction. However, the peak hardness and the over-aged hardness 
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are almost same. At 373K, the peak hardness and the time to reach the peak hardness of all samples are 
almost same. From TEM observation of as solution/cold-rolling treated, under aged and peak aged samples, 
it is found that a lot of fine precipitates existed in all peak aged samples and dislocations remained in under 
and peak aged samples of 10CR and 50CR samples. However, some of large precipitates were observed on 
dislocations in 10CR and 50CR samples. Therefore, it is considered that the peak hardness of as cold-rolling-
treated sample didn’t increase during aging. 

 
Wednesday June 20, 14:00-15:20, Room 0100 
Thermomechanical Processing IV 
 
14:00 - Presentation 400931 
The Effect of Bridge Geometry on Seam Weld Microstructure in AA6082 Porthole Die Extrusions 
Yu Wang, University of Waterloo 
Yahya Mahmoodkhani, University of Waterloo 
Jingqi Chen, The University of British Columbia 
Nick Parson, Rio Tinto Aluminium 
Mary A. Wells, University of Waterloo 
Warren J. Poole, The University of British Columbia 
Mei Li, Ford Motor Company 
 
ABSTRACT As aluminum becomes the material for light weighting vehicles, the ability to manufacture 
complex hollow extruded profiles with the correct mechanical properties is paramount. In porthole die 
extrusion, which is used to produce hollow cross-sections, seam welds result from the rejoining of the 
material streams in the welding chamber of the die. The seam weld quality is strongly influenced by the 
thermo-mechanical history. These process conditions can be adjusted by die design and in particular the 
bridge geometry. In this research, the Finite Element (FE) package DEFORM was used to analyze the effect of 
bridge geometry on the thermomechanical history experienced by the material to form the seam weld. 
Extrusion experiments were also conducted by different die geometries and extrusion parameters. The 
experimental results indicated that bridge geometry has a significant effect on the texture in the seam weld 
region. By comparing the experimental results to modelling results, the different extruded textures along the 
weld seam region can be explained based on their thermomechanical history. Tensile tests across the weld 
seam, performed using Digital Image Correlation (DIC), revealed that the strain localized at the weld seam 
region, indicating that it has different mechanical properties from the rest of the extrudate. 
 
14:20 - Presentation 401040 
Microstructure Evolution and Superplastic Deformation Behavior of a Bimodal Grain Structured Binary Al-
7Mg Alloy Processed by Severe Plastic Deformation 
Min Zha, Jilin University 
Huiyuan Wang, Jilin University 
Yanjun Li, Norwegian University of Science and Technology 
 
ABSTRACT It is scarcely to observe superplasticity in single phase materials as usually the presence of a large 
fraction of fine second phase at grain boundaries is required in order to maintain a fine grain size in the 
superplastic processing. Here, we reported an initial bimodal grain-structured Al-7Mg alloy without a second 
phase exhibiting excellent superplasticity of ~523% at 573 K under 1×10-3 s-1. Also, the bimodal grain 
structured Al-7Mg alloy possesses a simultaneous high UTS of ~572 MPa and uniform elongation of ~19% at 
room temperature. Impressively, EBSD observations reveal that uniform fine equiaxed grains (~3.6 μm) are 
obtained in fractured samples after tested at 573 K and 1×10-3 s-1, which reflects that the severely deformed 
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binary Al-7Mg alloy possesses relatively high thermal stability. The reason for the enhanced thermal stability 
and superior superplasticity is explored based on delicate EBSD characterization of interrupted tensile tests, 
3D-APT analysis and TEM observations. Together with the m value of 0.50 as well as the weakened and 
random texture after hot tensile deformation, it is believed that GBS dominates the superplastic deformation 
when the Al-7Mg alloy was deformed at 573 K at 1×10-3 s-1, which is largely attributed to the well-
maintained fine grain structure. 
 
14:40 - Presentation 403100 
Grain Boundary Precipitation of Mg-Si Phases in Extruded Al-Mg-Si Alloys 
Zhijun Zhang, The University of British Columbia 
Nick Parson, Rio Tinto Aluminium 
Mei Li, Ford Motor Company 
Warren J. Poole, The University of British Columbia 
 
ABSTRACT Grain boundary precipitation of Mg-Si phases in Al-Mg-Si aluminum alloys during or after 
extrusion is known to be detrimental to the properties of the alloys, in particular ductility. It is important to 
evaluate the effect of process parameters on microstructure evolution during and after extrusion to obtain 
acceptable mechanical properties. One of the key factors is the cooling rate after extrusion or solution 
treatment to control precipitation on grain boundaries. In this study, cooling rates of 1000-2000 oC /s (water 
quench) and 2 oC/s (air cool) were examined for a Mn free variant of AA6082. Precipitation of Mg-Si phases 
at grain boundaries under different cooling rates was quantitatively analysed by Field Emission Gun Scanning 
Electron Microscopy (FEG-SEM) while the characteristics of the grain boundaries was determined by electron 
backscatter diffraction (EBSD). It was found that the size and density of Mg-Si phases precipitated on the 
grain boundaries was dependent on the misorientation angle. 

 
Wednesday June 20, 15:40-17:00, Room 0100 
Thermomechanical Processing V 
 
15:40 - Presentation 400035 
Effect of Deformation Technique on Mechanical Properties and Aging Behavior of an Al Alloy 
Rustam Kaibyshev, Belgorod State National Research University  
Ivan S. Zuiko, Belgorod State National Research University 
 
ABSTRACT Effect of thermomechanical processing (TMP) including cold working by tension or rolling before 
aging on mechanical properties and a dispersion of secondary phase particles of an AA2519 alloy (Al-5.64Cu-
0.33Mn-0.23Mg-0.15Zr-0.11Ti-0.09V-0.08Fe-0.01Si (wt. %)) was examined. It was shown that the use of 
tension to impart pre-strain ≤10% in the alloy provides the best combination of properties in peak aging 
condition of the material. The AA2519T87 alloy processed by tension exhibits the yield stress, ultimate tensile 
strength and elongation to failure of 425.4±2.4, 475±2.4, 12.1±0.4, respectively. The one pass rolling leads to 
-5% decreases in yield stress and -20% decreases in ductility. Dislocations serve as heterogeneous nucleation 
sites for θ′-phase precipitation. The positive effect of tension is attributed to the formation of more 
homogeneous dislocation structure, uniform distribution of θ′-phase particles with higher aspect ratio. 
Precipitation of the Ω-phase plates on {111}α habit plane was detected. In addition, it was shown that the 
low angle boundaries are heterogeneous nucleation sites for θ′ and Ω particles. 
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16:00 - Presentation 401516 
Hierarchical Nano-Structural Design for Property Enhancement in Al-Mg-Si-(Cu) Alloys 
Chunhui Liu, Central South University 
 
ABSTRACT Merits of light-weight and high specific strength of Al alloys have stimulated their wide-spread use 
in automotive and aerospace industries. We report a promising nano-structural design strategy for improving 
property in Al alloy by modification of the conventional thermo-mechanical processing. Through controlling 
the aggregation states of alloying elements before cold-deformation, we can tune the nano-precipitation in 
Al alloys directly aged after cold-deformation. A considerable improvement in strength and good ductility is 
achieved in Al-Mg-Si-(Cu) alloy. Upon ageing, the dislocations in the as-deformed alloy can act as preferential 
sites for the solutes precipitation and reduce the tendency of the solutes diffusion toward grain boundary to 
form grain-boundary segregates, resulting in a considerable prevention on the occurrence of inter-granular 
corrosion. For post-ageing at elevated temperature, the proposed approach could enhance the removal of 
solutes from the Al matrix and properly utilize the work-hardening effect to compensate the loss of age-
hardening effect due to the coarsening of the hardening precipitates, leading to an excellent combination of 
enhanced strength and good electrical conductivity. Electron microscopy reveals the hierarchical 
nanostructures consisted of nano-precipitates, nano-lamellar sub-grains and dislocations formed by 
concurrent precipitation and defects annihilation. Possible mechanisms contributing to the comprehensive 
property improvement will be discussed. 
 
16:20 - Presentation 401592 
Effect of Die Bearing Geometry on Extrusion Surface Microstructure Development 
Yahya Mahmoodkhani, University of Waterloo 
Jingqi Chen, The University of British Columbia 
Mary A. Wells, University of Waterloo 
Nick Parson, Rio Tinto Aluminium 
Warren J. Poole, The University of British Columbia 
 
ABSTRACT In this paper the effect of die bearing geometry on deformation conditions and texture evolution 
at the surface and subsurface of AA3003 extrusions was studied. The aim of this research was to understand 
the underlying mechanism that causes a reduction in the surface recrystallized depth when using a choked 
die bearing as opposed to a regular flat bearing. In order to investigate the microstructure and texture 
evolution during deformation, partial extrusion trials were performed using three different dies: zero bearing, 
flat and choke bearing dies. Using Rio Tinto Aluminium’s instrumented extrusion press, extrusion cycles were 
stopped part way through and the remaining billet was quenched immediately to preserve the as-deformed 
microstructure. The microstructure and texture of these partially extruded billets were examined using 
Electron Back-Scattered Diffraction (EBSD) at locations corresponding to the material flow paths predicted at 
a sub-surface location using a validated finite element model. EBSD analysis confirmed that the 
microstructure histories were the same for the three die geometries before entering the bearing region. 
However, in the bearing zone, the texture evolution for the three dies was quite different due to a lattice 
rotation effect which occurred at the surface of the extrusion when passing through the bearing. 
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19-Jun 10:30 500000 Anti-Microbial Anodized Aluminum to Prevent Legionella in 
Cooling Towers 

19-Jun 11:10 500001 Evaluation of the Interfacial Mobility of Precipitates in Al-Cu Cast 
Alloys by Calorimetric Kinetic Analysis 

19-Jun 14:00 500002 Low Energy EELS Analysis of Aluminium Alloys 

19-Jun 14:40 500003 Machinability and Mechanical Properties of Al-Mg2Si In-Situ 
Composite with Bismuth or Barium 

19-Jun 15:40 500004 Phenomenological Study of the Influence of the Work-Hardening 
Type in the Case of Instrumented Indentation and Formability 
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19-Jun 16:20 500005 Zirconium-Based Thin Films for the Corrosion Protection of 
Aluminum 

 
Tuesday June 19, 10:30-11:50, Room 2120 
REGAL I 
 
10:30 - Presentation 500000 
Anti-Microbial Anodized Aluminum to Prevent Legionella in Cooling Towers 
Alexis Nossovitch 
Aurélian Vadean 
Myriam Brochu, Polytechnique Montréal 
Jean-Luc Bernier 
 
ABSTRACT Cooling towers are heat exchangers that cool water by exchanging heat between water and air. 
They are omnipresent around the world and are commonly used for several industrial processes in which 
cooling is necessary, in the food industry, power plants and air conditioning. They are typically located 
outside, and they are very susceptible to developing bacteria. Legionella pneumophilia is one of the 
commonly found bacteria in cooling towers and is a serious health hazard, leading to death in 15% of 
infection cases. In Quebec, companies must keep track of all cooling tower cleaning operations. Cleaning 
cooling towers forces the tower to stop functioning and can be expensive. The objective of this research 
project is to evaluate the possibility of incorporating anti-microbial anodized aluminum (patented by the 
company A3 surfaces) in cooling towers to create an anti-microbial tower and minimize the risk of Legionella. 
The project is carried forward in partnership with PCP Aluminum and COUPESAG, two sister companies based 
in Quebec. To determine the best design, several constraints such as manufacturing limitations, 
manufacturing costs, heat exchange and operating costs must be taken into account. A design method called 
axiomatic design will be used to determine the optimal solution given this set of constraints. 
 
11:10 - Presentation 500001 
Evaluation of the Interfacial Mobility of Precipitates in Al-Cu Cast Alloys by Calorimetric Kinetic Analysis 
Pierre Heugue, Laval University 
Daniel Larouche, Laval University 
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Francis Breton, Arvida Research and Development Centre, Rio Tinto  
Rémi Martinez, Montupet INC  
X. Grant Chen, University of Quebec at Chicoutimi 
 
ABSTRACT Heat treatment for precipitation hardening is known to have a large effect on the nano/micro-
structure of cast aluminum alloys, and hence its properties. T7 heat treatment is defined by solutionizing, 
quenching and artificial aging; it leads to nucleation-growth-coarsening of precipitates which are nanoscale 
obstacles to future dislocations. In Al-Cu alloy, precipitation kinetics after solutionizing and water quenching 
has been characterized by differential scanning calorimetry, transmission electron microscopy observations 
(TEM) and micro-hardness testing for different aging conditions. In order to extract activation energies from 
non-isothermal DSC runs at constant heating rates, the Kissinger methodology was applied with the Lee-Kim-
Starink-Zahra (LKSZ) kinetic equations. The results fit well with the DSC diagrams showing combined and 
successive phase growth and dissolution processes during the heating. The isothermal approach permits to 
predict the incubation times for precipitation. TEM results showed that the precipitates growth processes are 
in accordance with microhardness evolution and kinetic analysis from DSC data during isothermal aging. Size 
and density of precipitates at different aging times have been calculated from image analysis. Finally, values 
for the interfacial mobility have been assessed from the kinetic parameters derived from DSC results, 
thermodynamic databases and TEM observations. 

 
Tuesday June 19, 14:00-15:20, Room 2120 
REGAL II 
 
14:00 - Presentation 500002 
Low Energy EELS Analysis of Aluminium Alloys 
Frédéric Voisard, McGill University 
Nicolas Brodusch, McGill University 
Hendrix Demers, McGill University 
Michel L. Trudeau, Institut de recherche d’Hydro-Québec 
Raynald Gauvin, McGill University 
 
ABSTRACT Electron Energy Loss Spectroscopy (EELS), is an elemental analysis technique which allows the 
detection of light elements in a transmission electron microscope. EELS therefore allow the chemical analysis 
of light elements within precipitates, such as Lithium, which plays a crucial role in the strength of aluminium 
alloys such as AL2099. A EELS spectrometer as well as an energy filter have been coupled to a low-energy 
scanning transmission electron microscope. The energy filtered imaging mode allows the rapid acquisition of 
high-contrast images of precipitates due to the local differences in plasmon resonance modes. 
 
14:40 - Presentation 500003 
Machinability and Mechanical Properties of Al-Mg2Si In-Situ Composite with Bismuth or Barium 
Mohsen Marani-Barzani 
Victor Songmene 
 
ABSTRACT In recent years, particulate reinforced aluminum metal matrix composites (MMCs) have been 
used by automobile and aerospace industries because of low specific weight, high wear resistance, and 
improved mechanical properties. In the present work, the effect of bismuth (Bi) and barium (Ba) addition on 
machinability, particle emission during milling, microstructure and mechanical properties of Al-20Mg2Si in-
situ metal matrix composite are investigated. Experiments were carried out using dry CNC milling by 
uncoated carbide tools. An aerodynamic particle sizer (APS) and a scanning mobility particle sizer (SMPS) 
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were used to measure micro particles and ultrafine particles emission, respectively. The results show that the 
addition of Bi and Ba improved ultimate tensile strength (UTS), elongation (El%), and hardness value. The 
results indicated that surface roughness and cutting force decrease with addition of 0.4 wt.% Bi and 0.2% Ba 
due to change of Mg_2Si particle sizes. It is also confirmed that cutting conditions and microstructure of 
workpieces have a direct effect on dust emission (fine and ultrafine particles) during the milling process. 

 
Tuesday June 19, 15:40-17:00, Room 2120 
REGAL III 
 
15:40 - Presentation 500004 
Phenomenological Study of the Influence of the Work-Hardening Type in the Case of Instrumented 
Indentation and Formability Nakazima Tests 
Mohamad Idriss 
Olivier Bartier 
Xavier Hernot 
Gérard Mauvoisin 
Ahmed Maslouhi, Université de Sherbrooke 
Alain Desrochers, Université de Sherbrooke 
 
ABSTRACT With a global trend towards lighter vehicles for various reasons especially economic and 
ecological, some new grades of metallic materials (Ex: Aluminum alloys) have replaced the classic grades 
already used (Ex: Deep Drawing Steels). These new grades have special mechanical properties that need to be 
studied deeply and taken into account in numerical calculations. Among other factors, the significant 
kinematic hardening of these materials leads to significant differences between numerical and experimental 
results when not taken into account correctly in numerical simulations. This study is divided into two main 
parts: The first part is a phenomenological study in which the influence of kinematic hardening on 
instrumented indentation curves is studied. Numerical indentation curves are compared to experimental 
curves which allowed us to evaluate the share of each type of work-hardening (kinematic and isotropic) in 
the overall plastic behavior of the studied materials. The obtained results showed a very good agreement 
with the results obtained from cyclic shear tests. The second part is a preliminary study in which the influence 
of kinematic hardening is studied in the case of a Nakazima formability test. The results show that it is 
important to consider this type of work hardening in numerical simulations for more precise results 
compared to the experimental results.  
 
16:20 - Presentation 500005 
Zirconium-Based Thin Films for the Corrosion Protection of Aluminum 
Redouane Farid, Centre Universitaire de recherche sur l’Aluminium and Centre de recherche sur l’aluminium – 
REGAL 
Dilip Sarkar Kumara 
Sofiene Amira, Centre de métallurgie du Québec and Centre de recherche sur l’aluminium – REGAL 
David Levasseur, Centre de métallurgie du Québec and Centre de recherche sur l’aluminium – REGAL 
 
ABSTRACT The good chemical, thermal and mechanical stability of zirconium-based coatings makes them 
ideal materials for a large variety of applications in different fields such as aerospace, nuclear, and corrosion 
protection. Zirconium-based thin films were synthesised on aluminum substrates for corrosion protection 
using sol-gel and one-step electrodeposition processes. In sol-gel process a precursor of Zirconium was mixed 
with inorganic molecules and in the electrodeposition process organic molecules were used to obtain 
hydrophilic and hydrophobic thin films, respectively. The presence of Zirconium was characterized by energy 
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dispersive X-ray (EDX) and Fourier transform infrared spectroscopy (FTIR) techniques. Scanning electron 
microscope was used to investigate the surface morphologies of these thin films. The corrosion behavior of 
these thin films on aluminum was characterized by potentiodynamic polarisation and electrochemical 
impedance spectroscopy (EIS). The charge transfer resistance of aluminum substrates, hydrophobic thin films 
and superhydrophobic thin films are found to be in the order of 1 kΩ.〖cm〗^2, 100 kΩ.〖cm〗^2 and 10 
MΩ.〖cm〗^2, respectively. These results show that Zirconium-base superhydophobic thins films has 
enormous potential in the corrosion protection of aluminum. 
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In-Situ Electron Microscopy of Recrystallization in a 1xxx-Series Alloy 
Håkon Wiik Ånes, Norwegian University of Science and Technology 
Antonius T. J. van Helvoort, Norwegian University of Science and Technology 
Knut Marthinsen, Norwegian University of Science and Technology 
 
ABSTRACT With the aim of quantitative predictions of recrystallization kinetics and the final grain structure in 
aluminium (Al) alloys, the grain size and texture evolution in a 1xxx-series alloy has been characterised by in-
situ electron microscopy at different length scales. The mechanical properties and behavior of Al alloys are 
dependent on the microstructure and texture of the semi-finished products. To control and predict the 
recrystallization behavior, it is vital to establish a better quantitative understanding and to transfer this 
knowledge into improved material models, to enable smarter materials and tailored Al products. Scanning 
precession electron diffraction (SPED) enables orientation mapping at the nanometre scale and, in 
combination with electron-backscatter-diffraction in the scanning electron microscope (SEM-EBSD) and 
heating holders, can characterise the complete microstructure evolution during annealing, even the 
formation of viable recrystallization nuclei. Results are presented from a homogenized, cold-rolled and 
annealed 1xxx-series alloy, characterized in a JEOL 2100 FEG TEM equipped with a NanoMegas ASTAR system 
and a Zeiss FEG SEM equipped with an EBSD detector. Orientation data was analysed using HyperSpy and 
MTEX. 
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Creep Investigations on Aluminum Seals for Application in Radioactive Waste Containers 
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Tobias Grelle, Bundesanstalt für Materialforschung und -prüfung Division 3.4 
Ulrich Probst, Bundesanstalt für Materialforschung und -prüfung Division 3.4 
Matthias Jaunich, Bundesanstalt für Materialforschung und -prüfung Division 3.4 
Birgit Skrotzki, Bundesanstalt für Materialforschung und -prüfung Division 5.2 
Dietmar Wolff, Bundesanstalt für Materialforschung und -prüfung Division 3.4 
 
ABSTRACT In Germany spent nuclear fuel and high level radioactive waste is stored in interim storage 
containers with double lid systems. Those lids are equipped with metal seals (e.g. Helicoflex®) that ensure the 
safe enclosure of the inventory. Energized by a helical spring, the outer jacket that is made of a soft ductile 
metal (e.g. Al 99.5) is plastically deformed and adapts to the sealing surface, which generates the sealing 
function. Storage times of up to 40 years, decay heat and possible mechanical loads make the evaluation of 
the long-term behavior of the seals necessary. In earlier investigations, creep deformation of the outer jacket 
was found to have an effect on the seal performance. For deeper understanding of the aging processes, an 
investigation program is conducted at Bundesanstalt für Materialforschung und -prüfung (BAM) that focusses 
on the behavior of the aluminum jacket and its influence on the long-term sealing performance. In this 
contribution examinations on thermally and mechanically aged seal segments are presented, which are 
accompanied by creep tests on sheet material and standardized specimens. The aim is to develop material 
models and an analytical approach for the prediction of the sealing behavior in dependence of time and 
temperature. 
 
Presentation 399786 
Effect of Additional Elements on Dislocation Multiplication During Tensile Deformation in Al Alloys 
Koichi Iwata, University of Hyogo 
Hiroki Adachi, University of Hyogo 
Masahide Okada, University of Hyogo 
 
ABSTRACT Recently, dislocation density change during tensile deformation in pure Al has been investigated 
by in-situ XRD technique using synchrotron radiation. In the first elastic deformation stage, the dislocation 
density was almost constant. When the stress reached σI, dislocation density started to increase rapidly, and 
the stage shifted to the elastic and plastic deformation region. Then, when they reached ρ II nd σ II, 
dislocation multiplication rate became mild, and deformation progressed almost only by plastic deformation. 
The σ II was proportional to the square root of ρ II. Therefore, it was clarified that grain refinement hardening 
was dislocation hardening, essentially. In this study, it is investigated that effect of additional elements on 
dislocation multiplication and hardening during tensile deformation in Al alloys. The change of dislocation 
density in Al alloys were measured during tensile deformation by In-situ XRD technique in SPring-8. The 
inhomogeneous strains were obtained by using Williamson-Hall equation from diffraction peaks. Σ I, σ II, and 
ρ II were also observed as well as in pure Al. Σ II was proportional to the square root of ρ II, and the relation 
between σ II and ρ II were good agree with Hall-Petch relation. This indicates that solid solution hardening is 
also dislocation hardening essentially in Al dilute alloys. 
 
Presentation 399789 
Soft X-Ray XAFS Studies of the Change in Cluster Structure by Different Aging Conditions in Al-Mg-Si Alloys 
Takehiro Nonomura, University of Hyogo 
Hiroki Adachi, University of Hyogo 
Serina Tanaka, University of Hyogo 
 
ABSTRACT Currently, the application of Al-Mg-Si alloys to body panel materials is accelerating to realize 
weight saving of automobiles. The two-stage aging phenomenon is the problem with the alloys. This is a 
phenomenon in which the strength after the artificial aging is influenced by the pre-aging condition after the 
solution treatment. Cluster 1 is formed by natural aging after the solution treatment and the strength 
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decreases after the subsequent artificial aging treatment decreases. This is called the negative effect of two-
stage aging. The positive effect is occurred by the aging at about 343 to 373 K after quenching and strength 
increase because of the formation of Cluster 2. Many studies about these clusters have been conducted , but 
differences in the structure of Cluster 1 and Cluster 2 have not been clarified. In this research, we 
investigated the differences in the structure of Cluster 1 and Cluster 2 by using X-Ray absorption fine 
structure (XAFS) method which can obtain the information on the local structure and electronic state of a 
specific atom. 
 
Presentation 400027 
Relationship Between Dislocation Multiplication Behavior and Yield Drop Phenomena During Tensile 
Deformation in 1200 Aluminum Sheets 
Hiroki Adachi, University of Hyogo 
 
ABSTRACT It has been reported that the elongation of the as-rolled 1200 sheet is higher than that of 1200 
sheet subsequently annealed at 250°C 50min. This is because the local deformation progressed immediately 
afterwards yield drop generation and there is hardly uniform deformation during tensile deformation in the 
annealed sheet. In this study, by using In-situ XRD technique at SPring-8 synchrotron facility, dislocation 
density change during tensile deformation were measured in high time resolution and the reason why the 
yield drop phenomenon appeared in aluminum was examined. As the result, it is clarified that the dislocation 
density rapidly increased from the strain which was considerably lower than the strain in which the yield drop 
was generated and dislocation multiplication rate became gentle near the strain in which the yield drop was 
generated. It obviously indicated that the rapid increase of mobile dislocation density was not the reason of 
the yield drop phenomenon generation in 1200 aluminum. 
 
Presentation 401519 
Effect of Morphology Changes in Eutectic Si Particles by Heat Treatment on Mechanical Property in Al-
10%Si Cast Alloy 
Shogo Furuta, Toyohashi University of Technology 
Masakazu Kobayashi, Toyohashi University of Technology 
Tomoya Aoba, Toyohashi University of Technology 
Hiromi Miura, Toyohashi University of Technology 
 
ABSTRACT Hypo-eutectic Al-Si cast alloy is one of most widely used aluminum alloy in automotive industry 
due to excellent balance of castability, mechanical property and production cost. To improve toughness and 
ductility in Al-Si cast alloy, heat-treatment which brings morphology change in eutectic Si particles is often 
adapted. In this study, three-dimensional morphology change in eutectic Si particles has been observed in 
two types of Al-10%Si cast alloys (self-modificated and Sr modificated alloys) during 773K heat treatment by 
synchrotron radiation nano-tomography utilizing for Fresnel zone plate in SPring-8. The volume, surface area 
and shape of Si particles were characterized in three-dimensional. The effect of Si particle morphology on 
mechanical property was discussed.  
 
Presentation 403853 
An Atomic Investigation of the Clustering Kinetics on a Friction-Stir-Welding Simulated Al-Cu-Li(-Mg) Alloy 
(AA2198) by Positron Annihilation Spectroscopy, SAXS, XAFS and DSC 
Danny Petschke, University of Wuerzburg 
Frank Lotter, University of Wuerzburg 
Torsten E.M. Staab, University of Wuerzburg 
 
ABSTRACT Al-Cu-Li(-Mg) alloys find wide applications in aviation and aerospace technology due to the 
reduction of weight and their high strength at the same time. After rolling sheets of these alloys, a defined 



138 
 

heat treatment, following the solution annealing, leads to the formation of mainly T1-precipitates. When 
these sheets are joined by Friction-Stir-Welding (FSW), temperatures occuring in the Weld-Nugget (WN) are 
close to the material‘s solution treatment temperature (~510°C). Hence, the T1-precipitates are completely 
dissolved in this region, which results in a significant hardness-drop of 25%. Obviously, only GP-zones/GPB-
zones and clusters consisting of Cu and Mg of several Ångströms in size are formed directly after welding by 
diffusion processes not understood in detail, yet. We followed the precipitation kinetics directly after the 
Friction-Stir-Welding process with DSC, giving information on formed precipitates by their dissolution signal, 
SAXS, giving information on type, size and density of precipitates, PALS (Positron Annihilation Lifetime 
Spectroscopy), being sensitive to vacancies and dislocations as well as to the formation and growth of 
precipitates, and, XAFS as a fingerprint-method to identify the atomic structure by comparing the 
experimentally obtained spectra to simulations done with FDMNES. Therefore, a Welding-Simulator was 
developed to reproduce the temperature-profile in the welded material.  
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A Methodology to Assess the Spatial Distribution of Dispersoids in Al-Mg-Si Alloys 
Magnus Remøe, Norwegian University of Science and Technology 
Knut Marthinsen, Norwegian University of Science and Technology 
Ida Westermann, Norwegian University of Science and Technology 
 
ABSTRACT Al-Mg-Si are often added small additions of e.g. Mn and or Cr, to form dispersoids, which may act 
as nucleation sites for Mg2Si-particles after homogenization, and thus ensure a high density of uniformly 
distributed small Mg2Si-particles which can be dissolved during further processing prior to the final age 
hardening step. However, their density and spatial distribution are critically depended on the 
homogenization procedure, it is therefore important to have a robust and reliable method for assessing their 
spatial distribution. In the present work an existing methodology for assessing spatial uniformity, the Global 
Shannon Entropy (GSE), has been implemented and evaluated on dispersoid structures characterized by 
scanning electron microscopy. The metric is highly dependent on the parameters used, but by careful 
selection of adequate parameters, it was generally found effective in detecting non-uniformity. An important 
weakness with the GSE was identified, and a modification to improve it has been suggested. To test and 
evaluate the proposed methodology, the effect of heating rate on dispersoid precipitation behaviour during 
homogenisation of four Al-Mg-Si alloys with different Mn/Cr-content has been investigated. The metric with 
the new term have demonstrated promising results, and improved the ability to differentiate degrees of 
spatial uniformity. 
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Presentation 400410 
The Homogenisation of 6xxx Alloys with Different Cu Additions 
Hao Zhong, Suzhou Zhongseyanda Metals Technology Co., Ltd. 
Yanli Ji, Suzhou Branch, Chinalco Materials Application Research Institute Co., Ltd. 
Yichang Wang, Chongqing University 
Lingfei Cao, Chongqing University 
 
ABSTRACT 6xxx Al-Mg-Si alloys are widely used for extrusion applications due to their excellent extrudability 
and good combination of strength and elongation. In order to further improve the strength, Cu is often added 
to enhance solid solution strengthening and precipitation strengthening effect. However, the addition of Cu 
can also promote the formation of extra low melting eutectics, which makes homogenisation practice more 
complicated than that of Al-Mg-Si ternary alloys. In this study, the homogenisation of 6xxx alloys with 
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different Cu content was investigated by using optical microscopy, scanning electron microscopy and 
differential scanning calorimetry. The modified homogenisation parameters were used for industrial 
practices. Finally, the results were discussed with thermodynamic modelling. 
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Study on Microstructures Control of High Strength Aluminium Alloys Billet with Magnetic Treatment 
Kyunghyun Kim, Dongsan Tech. 
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Wonjae Kim, Dongsan Tech. 
Hyunsuk Sim, Dongsan Tech. 
 
ABSTRACT Future vehicles are required to be lightweight by high strength aluminum alloy to improve fuel 
efficiency and CO2 emissions reduction. But high strength aluminum alloys has a low productivity because of 
poor extrusion characteristics. High strength aluminum alloys of 7000 series are required the addition of a lot 
of elements such as Zn, Mg, Cu and the mushy zone is very wide. This aluminum alloys billet by the 
conventional DC process can't avoid the weak dendrite, segregation and casting defects. To improve 
formability of this alloy is necessary study on the refine and homogenization of microstructure and 
processing technology for controlling casting defects. The microstructures of the conventional DC cast billets 
have typical dendrite and heterogeneous structure, but billet by electromagnetic treatment is homogeneous 
in both surface and center and fine and equiaxed structure. Grain size of alloy is refined and homogenized 
from 280 μm to 100 μm by electromagnetic treatment in billet continuous casting of high strength aluminum 
alloy. This electromagnetic processing aluminum alloys are increased extrusion speed without crack when the 
billet is extruded and it is possible to improve the productivity of high strength aluminum alloys. 
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Melt Conditioned Direct-Chill Casting of Aluminium Alloys 
Hu-Tian Li, BCAST, Brunel University London 
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ABSTRACT Direct-chill (DC) casting of aluminium alloys is a major technological route in production of large 
castings for further thermomechanical deformation processing. Melt conditioned direct-chill (MC-DC) casting 
is a key technology for producing high quality DC castings. This technology manipulates the solidification 
process by utilizing a high shear device directly positioned in the sump during DC casting process so as to 
control and tailor the solidification microstructure and to facilitate the elimination of cast defects. In this 
paper, we present an overview of the technological advantages of the MC-DC process over the conventional 
DC casting process. These include uniform and significantly refined grain structures, reduced/eliminated 
casting defects (such as macrosegregation and porosity), uniform distribution of refined second phase 
particles and improved surface quality. The implication for industry includes also reduced homogenisation 
time prior to thermomechanical processing. The MC-DC casting can be easily implemented in conventional 
DC casting. Up to now, Industry trial of MC-DC casting technology has been successfully implemented in 
aluminium industry to prepare billets with diameters ranging from 80 to 650 mm. 
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Purification of Hypoeutectic Aluminium Alloys Through Fractional Solidification 
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ABSTRACT Due to the growing amount of Al alloy scrap, increasing energy costs and demands for reduction 
of greenhouse emissions, the need for finding new ways of recycling is urgent. Fractional solidification is a 
technique in which an alloy is processed in a semi-solid state while its solutes partition between the solid and 
the liquid phase. Following an idea of M.C Flemings and A.L. Lux developed for a Sn-Pb alloy, an experimental 
setup is designed to allow the fractional solidification process in which a semisolid hypoeutectic Al alloy is 
isothermally compressed against a filter by a refractory piston. A purer fraction of material solidifies on top of 
the filter while the liquid fraction with a higher amount of impurities flows through the filter. The 
experiments have shown a level of purification above 40% for Al-7 wt% Si, Al-2 wt% Si-2 wt% Fe and Al- 6wt% 
C representing the most common impurities in Al alloys. 
 
Presentation 401074 
Homogenization Treatment of High Solute Containing Aluminum Alloy Billet 
Myounggyun Kim, Research Institute of Industrial Science and Technology 
 
ABSTRACT High solute containing aluminum alloys, such as high magnesium- and zinc aluminum alloys, 
became the key structural materials of various applications. Because this aluminum alloys with the high 
contents of alloying element have the range of the melting became wide, the existed phases with high 
volume fractions and large grain at grain boundary is produced by the direct chill casting. These could not be 
completely eliminated in the subsequent heat treatment and processing, resulting in the casting defects such 
as crack and inverse segregation. In order to reduce surface crack and internal defect of the high strength 
aluminum ally billets during casting, the electromagnetic stirring technique was adopted. During casting, we 
check the temperature gradient between center and surface of melts, pool depth and shape. It is found that 
the crack is often formed in DC casting, the billet without crack defects is obtained in electromagnetic stirring 
casting. The temperature gradient of the melt between the surface and center is about 15K during DC 
casting, in the applied electromagnetic stirring field, the temperature gradient and the pool depth was 
remarkably reduced. Also, the required time for homogenization treatment of electromagnetic stirred billet 
could be reduced. 
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ABSTRACT The grain refinement in cast AlSiMg alloys with micro-alloying elements were investigated. The 
results showed the significant grain refinement can be achieved using Al3Ti3B. The primary α-Al grain sizes 
were 1288 μm and 645 μm in the non-refined and Al5Ti1B refined alloys, respectively, and that was further 
decreased to 326 μm in Al3Ti3B refined alloy. After T6 heat treatment, the yield strength, ultimate tensile 
strength and elongation of the non-refined alloy were 281 MPa, 340 MPa and 5.8%, respectively. When the 
grain refiner was changed from Al5Ti1B to Al3Ti3B, the yield strength was increased from 304 MPa to 311 
MPa, the ultimate tensile strength was increased from 357MPa to 366 MPa, and the elongation was 
increased significantly by 38.8% from 8.0% to 11%. TiB2 and TiAl3 particles were found coexisting in Al5Ti1B 
master alloy, while TiB2 and AlB2 particles were verified coexisting in Al3Ti3B master alloy. The inoculation of 
AlB2 particles results in the significant grain refinement under Al3Ti3B. The property enhancement was 
attributed to the grain refinement and the reduced porosity defects. 
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ABSTRACT A continuous high shear melt conditioning twin roll casting process has been developed for the 
production of Aluminium alloy strip with fine and uniform microstructure and minimal centre-line 
segregation. High shear melt conditioning is applied to increase the tolerance to high impurity levels in 
recycled Aluminium. The study have shown that by using intensive melt shearing immediately prior to 
casting, it is possible to control solidification during twin roll casting TRC, which can promote equiaxed 
growth with minimal defects, resulting in improved sheet quality. Melt conditioned twin roll cast (MC-TRC) of 
AA-5754 alloy exhibits a fine, equiaxed grain structure with reduced or completely eliminated centre line 
segregation. The thermo-mechanical treatment of as cast melt conditioned twin roll cast (MC-TRC) and cold 
rolled AA-5754 strips shows a clear grain recrystallization at 430°C for 30 min and better than the 
conventional twin roll casting. 
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ABSTRACT In this study, the effects of pouring temperature, vibration frequency, and number of curves in the 
serpentine channel, on the wear resistance and thermal expansibility of Al-30%Si alloy processed by rheo-
diecasting (RDC) were investigated. The semisolid Al-30%Si alloy slurry was prepared by vibration serpentine 
channel pouring (VSCP) process in the RDC process. The results show that the pouring temperature, vibration 
frequency, and number of the curves strongly affect the the wear resistance and thermal expansibility of Al-
30%Si alloy. The wear rate of the conventional diecasting (DC) samples is 1.752×10-14m3·(N×m)-1. Under 
experimental conditions of a pouring temperature of 850°C, a twelve-curve copper channel and a vibration 
frequency of 80 Hz, The wear rate of the RDC samples assisted with VSCP is 0.996×10-14m3·(N×m)-1. 
Moreover, the thermal expansion coefficient α(×10-6/℃) of the RDC sample is 18.6691. In T6 heat treatment 
state, compared with the DC sample, the wear rate and thermal expansion coefficient of the RDC sample are 
increased by 43.2% and 15%, respectively. It is concluded that VSCP can effectively refine the primary Si 
grains and improve the properties of the Al-30%Si alloy. 
 
Presentation 405099 
Effect of Vanadium on Thermal Stability of Al-Si-Mg Alloys at High Temperature 
Young-Ok Yoon, Korea Institute of Industrial Technology 
Shah Abdul Wahid, Korea Institute of Industrial Technology 
Seong-Ho Ha, Korea Institute of Industrial Technology 
Bong-Hwan Kim, Korea Institute of Industrial Technology 
Hyun-Kyu Lim, Korea Institute of Industrial Technology 
Shae K. Kim, Korea Institute of Industrial Technology 
 
ABSTRACT There is an interest in addition of vanadium into Al cast alloys to refine grains and to improve high 
temperature performance via strengthening mechanism by both primary and secondary phases. Precipitation 
of Al3V by a peritectic reaction also has some favorable effect on the grain refinement. In particular, addition 
of a trace of vanadium in Al-Si-Mg based alloys shows a very reasonable effect on the tensile properties. This 
study has been mainly focused on new alloy development by Mg enrichment in commercial Al-Si-Mg based 
alloys. Addition of excess Mg over its solubility forms the remaining Mg2Si after solution heat treatment. 
Coexistence of V based phase and Mg2Si would have a positive effect on heat resistance of the alloy because 
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Mg2Si also has an excellent thermal stability at elevated temperatures. The aim of this presentation is to 
investigate effect of vanadium on thermal stability of Al-Si-Mg alloys at high temperature. 
 
Presentation 405653 
Influence of Ca on Morphology of Primary and Secondary Mg2Si in Al-Si-Mg Alloys 
Shae K. Kim, Korea Institute of Industrial Technology 
Seong-Ho Ha, Korea Institute of Industrial Technology 
Bong-Hwan Kim, Korea Institute of Industrial Technology 
Young-Ok Yoon, Korea Institute of Industrial Technology 
Hyun-Kyu Lim, Korea Institute of Industrial Technology 
 
ABSTRACT Al-Mg alloys with high Mg content provide an excellent corrosion resistance, reduced density and 
significantly improved strength. This is achieved at the expense of ductility reduction, which is attributed due 
to the formation of a brittle β-Al3Mg2 phase. Moreover, only Al-Mg binary alloys show insufficient fluidity, 
compared with typical Al casting alloys. Therefore, the past research for high Mg containing Al alloys has 
been mainly focused on the Al-Mg2Si combination in Al-Si-Mg ternary system. The formation of primary and 
secondary Mg2Si phases can have a positive effect on the mechanical properties. However, in melting 
process of high Mg-containing alloys, a melt surface should be protected due to high affinity of Mg to oxygen. 
Ca is well-known element to decrease Mg oxidation, and at the same time, one of the modifiers of Al-Si based 
alloys. The aim of this presentation is to investigate morphology changes of primary and secondary Mg2Si in 
Al-Si-Mg alloys with different Ca content.  
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Presentation 399822 
The Contribution of Anodic Dissolution on the Stress Corrosion Cracking Behavior of a Cu-free Al-Zn-Mg 
Alloy 
Christoph Altenbach, RWTH Aachen University 
Daniela Zander, RWTH Aachen University 
 
ABSTRACT Heat treatable Al-Zn-Mg-(Cu) alloys are generally considered susceptible to stress corrosion 
cracking (SCC), especially when compared to the 6xxx series. Nevertheless, due to their high strength they 
exhibit a high potential as a substitute for steel screws in the automobile industry. Anodic dissolution and 
hydrogen embrittlement are frequently discussed as possible SCC failure mechanisms; however, the 
dominant mechanism is not completely understood. In Cu-free systems, SCC was found to be dependent on 
the material’s heat treatment, the Zn/Mg ratio and the environment. In the present study, the influence of 
different heat treatments, ranging from solution annealed and peak-aged to overaged states, on the 
corrosion behavior of the Cu-free alloy AA 7108A was investigated. This was done by means of immersion 
testing in various sodium chloride solutions with pH values of 6.5 and 3. The influence of external stress was 
investigated in air and the above mentioned solutions using slow strain rate tests with a strain rate of 5x10-7 
s-1. The observed corrosion and fracture mechanisms were correlated to the microstructure using SEM and 
TEM, supplemented with data regarding phase changes obtained by differential scanning calorimetry. This 
study provides new insights on the contribution of anodic dissolution on the SCC behavior. 
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Presentation 400389 
Electrochemical Corrosion Study on Hot Extruded Rods Prepared from Melt-Spun 7075 Aluminum Ribbons 
Yaoyong Yi, Guangdong Welding Institute (China-Ukraine E. O. Paton Institute of Welding) 
Hao Qiu, South China University of Technology 
Yongliang Ou, South China University of Technology 
Sieglind Ngai, South China University of Technology 
Tungwai Ngai, South China University of Technology 
 
ABSTRACT Melt-spun 7075 aluminum ribbons of approximately 40 µm thick with 1.8 to 2.0 mm wide and 70-
1000 mm in length were prepared and characterized. The ribbons were chopped and hot extruded into rods 
with diameters of 5 mm. Corrosion behaviors of these rods in sea water were studied by electrochemical 
polarization measurements and immersion experiments carried out in 0.1 M and 0.6 M NaCl solutions. 
Microstructures of the melt-spun 7075 ribbons and the hot extruded samples before and after corrosion 
tests were examined by X-ray diffraction, optical microscope and scanning electron microscope. Ratio of 
corrosion characteristic after immersion tests was measured by an image analyzing software. Ultra-fine 
grained microstructure and fine grained microstructure were obtained in as-spun ribbons and hot extruded 
samples, respectively. Results indicated that the porosity and texture of the rod play an important role in the 
corrosion behaviors of the material and the corrosion resistance of the hot extruded 7075 rods is slightly 
worse than its bulk counterpart. 
 
Presentation 401536 
Effect of Microstructure Evolution and Element Redistribution on Stress Corrosion Resistance in Laser-MIG 
Welded 7N01 Aluminum Alloy 
Haibin Miao, Chinalco Materials Application Research Institute Co., Ltd. 
 
ABSTRACT In this study, the effect of microstructure evolution and element redistribution on microhardness 
and stress corrosion resistance was investigated. The fully penetrated samples were achieved with the 
parameters of follows: ARC current was 145A; laser power was 900 W; welding velocity was 12 mm/s. The 
microhardness from low to high was FZ (fusion zone), HAZ (heat affected zone) and BM (base metal). Stress 
corrosion test was conducted in the boiled 6% NaCl solution. The results showed that stress corrosion 
resistance from low to high was HAZ, FZ and BM. The reason was that FZ presented higher electric potential 
than HAZ and discharge channel was not easy to form in BM because of its dispersed precipitates. As a result, 
with HAZ acting as anode, galvanic corrosion occured in this region first.  
 
Presentation 402185 
Intergranular Corrosion in Aluminum Alloys: A Diffused Interface Modeling Approach 
Talha Q. Ansari, The Hong Kong Polytechnic University 
San Qinag Shi, The Hong Kong Polytechnic University 
Zhihua Xiao, The Hong Kong Polytechnic University 
 
ABSTRACT Intergranular corrosion is one of the complex forms of localized corrosion which makes it difficult 
to predict and design against. Heat treated aluminum alloys are vulnerable to intergranular corrosion due to 
the formation of precipitate along the grain boundaries during the heat treatment process. This behavior 
results in a faster corrosion rate along the grain boundaries. Most of the recent numerical models based on 
moving boundary technique (e.g. moving mesh or boundary) lack the ability to incorporate the effect of 
micro-structure properties in corrosion growth rate and pit shape. Phase Field (PF) models introduce order 
parameters which describe the physical state (solid or liquid) of the material at each point in the domain. A 
PF model is presented to describe the effect of heat treated alloys in the presence of a corrosive 
environment. In this model, the effect of corrosion potential is coupled with kinetic interface parameter. The 
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PF model simulations are performed for intergranular corrosion for various cases depending on the heat 
treatment time and temperature.  
 
Presentation 404578 
Optical and Microstructural Origins of Thermomechanical Streaking Defects in AA6060 Extrusions 
Steven Babaniaris, Deakin University 
Aiden Beer, Deakin University 
Matthew Barnett, Deakin University 
 
ABSTRACT Streaking is a common surface defect that affects the quality of architectural extrusions. AA6060 
profiles were extruded at a range of ram speeds, using a die with internal geometry deliberately designed to 
produce thermomechanical variation related to specific features the profile geometry. The profiles 
underwent an industrial anodization pre-treatment process that revealed the presence of streaks in the 
designated regions. The optical appearance, microstructure and surface topography of streaked and 
surrounding regions of the extrudate surface were analysed using colorimetry, EBSD and optical profilometry. 
Differences in perceived lightness, roughness and grain size were observed between streaked and 
surrounding regions. Changes in perceived lightness of the surface directly correlated with the surface 
roughness, where rougher surfaces related to an increase in the perceived lightness. The surface roughness 
was determined to be primarily dependent on the size and distribution of grain etching steps as related to 
the surface grain size. A difference in grain size in the regions surrounding the streak was determined to be 
the microstructural origin of the defect.  
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Presentation 222222 
Warm Forming Processing Routes for PPT Hardenable Al Alloys 
Massimo Di Ciano, University of Waterloo 
Sante DiCecco, university of Waterloo 
Mary Wells, University of Guelph 
Shahrzad Esmaeili, University of Waterloo 
Michael J. Worswick, University of Waterloo 
 
ABSTRACT Mandated increases in vehicle fuel efficiency have been a key driver for automotive light 
weighting. Part of this light weight revolution will include the implementation of structural automotive 
components fabricated from medium-high strength aluminum alloys, e.g. 6xxx and 7xxx alloys. A critical 
roadblock for these alloys is their limited room temperature formability. While warm forming has been 
shown to be effective for various non-heat treatable alloy systems (5xxx and 3xxx), the process is more 
complex for 6xxx and 7xxx alloys due to their inherent microstructural instability at elevated temperatures. In 
this research, the aging response, constitutive response, and warm formability of a 6xxx and 7xxx alloy have 
been studied for a variety of initial tempers. The results highlight the importance of warm forming cycle time 
on both the formability as well as final properties of the alloys. Suggestions for potential optimum processing 
routes are given, which are ultimately a balance between processing cost and final part performance. 
 
Presentation 399154 
Effect of the Homogenization on Microstructure and Mechanical Properties of 2026 Aluminum Alloy 
Produced by Indirect Extrusion 
Qingfeng Zhu, Northeastern University 
Yanlei Kang, Northeastern University 
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Zhihao Zhao, Northeastern University 
Jia Wang, Northeastern University 
Jianzhong Cui, Northeastern University 
 
ABSTRACT The effect of homogenization on microstructure and mechanical properties of 2026 aluminum 
alloy produced by indirect extrusion was investigated by experiments. The results show that the driving 
forces of the extrusion for the sample with and without homogenization were 7008KN and 7296KN, 
respectively. The homogenization has certain impact on the size and area percentage of residual phase after 
500°C for 1 hour. The average size of the residual phases for the samples with and without homogenization 
was 2.51 μm and 2.42 μm, respectively. The percentage of residual phase for the samples with and without 
homogenization was 1.33% and 1.31%, respectively. The homogenization has certain impact on the coarse 
grains layer of the products after 500°C for 1 hour. The coarse grains thickness of the sample with and 
without homogenization was 100 μm and 150 μm, respectively. The homogenization has little effect on the 
tensile properties of the after heat-treatment by T4. The yield strength, tensile strength, and the elongation 
sample with homogenization were 398 MPa, 569 MPa and 20.2%, respectively. And the yield strength, tensile 
strength, and the elongation of the sample without homogenization were 393 MPa, 563 MPa and 17.4%, 
respectively. 
 
Presentation 399631 
Mechanical Behavior of CNT Reinforced Al Matrix Composites Manufactured by Severe Plastic Deformation 
Hassan Zare  
Mohammad reza Toroghinejad 
Mahmoud Meratian 
Mohammad Jahedi 
Marko Knezevic 
 
ABSTRACT Carbon nanotubes (CNTs) have been considered as an ideal reinforcement to improve the 
mechanical performance of monolithic materials. . However, the CNT/metal nanocomposites have shown 
lower strength than expected. In this study, the CNT reinforced AL matrix nanocomposites were fabricated by 
ECAP. In this work The effect of ECAP on consolidation behavior of AL-CNT powder, microstructure and 
mechanical properties of subsequent compacts in comparison to AL powder . It was found by mechanical 
testing of the consolidated 2 vol.% CNT-Al that high mechanical strength could be achieved effectively as a 
result of the Al matrix strengthening and improved particle bonding during ECAP. The well-densified 
composites with only 2 vol.% of CNTs exhibit an approximately 30% increase in yield strength compared to 
the pure Al samples.Microstructure data in terms of porosity volume fraction, crystallite size, and dislocation 
density, along with the residual lattice strain measurements, are used to explain the observed improvements 
in strength. fractographic analysis using scanning electron microscopy is performed revealing that the 
fracture surfaces of the composite exhibit a more brittle behavior than pure Al samples.  
 
Presentation 399757 
Experimental Investigation and Numerical Simulation of Dynamic Recrystallization Behavior of Al-Zn-Mg 
Alloy Micro-Alloyed with Sc and Zr 
Bo Li, Central South University 
Yong Du, Central South University 
 
ABSTRACT To investigate the dynamic recrystallization (DRX) behavior of Al-Zn-Mg alloy micro-alloyed with 
Sc and Zr, a series of hot compression tests using Gleeble-3800 thermo-mechanical physical simulator are 
implemented within the temperature range of 340-500°C and the strain rate of 0.01-10s-1. The 
microstructure of specimens after hot compression tests was observed by optical microscope. The effects of 
hot deformation parameters on DRX behavior of samples were determined. It was indicated that the typical 
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single-peak DRX behavior was seen in the resultant flow curves. The DRX volume fraction and grain size 
decrease with the decrease of deformation temperature or the increase of strain rate. The DRX critical strain 
occurs at εc≅0.73εp and the peak strain has been expressed through the Zener-Hollomon parameter. A 
mathematic model based on the Avrami equation has been established to describe the DRX behavior of Al-
Zn-Mg alloy micro-alloyed with Sc and Zr. The related stress and strain peaks, recrystallization volume 
fraction were measured to quantify the kinetic models for DRX. A good agreement between the experimental 
and predicted results showed that the proposed kinetic equations can give an available estimate of the DRX 
evolution. 
 
Presentation 401045 
The Influence of Microstructure on the Fracture Resistance of 6xxx Alloy Sheet 
Yin Ye, Chongqing University 
Robert Sanders, Chongqing University 
Xiaofang Yang, Chongqing University 
 
ABSTRACT The fracture behavior of 6xxx alloy aluminum sheet is affected by alloy composition, heat 
treatment, and aging practices. Two different alloys, 6014 and 6016, were quenched at different rates and 
artificially aged to a range of strength levels. Testing of bend samples and notched coupons was used to 
measure the fracture resistance of the alloys. The fracture behavior observed by SEM varied from mostly 
transgranular to highly intergranular. TEM was used to examine the extent of intergranular precipitation of Si 
and Mg2Si particles and the size of precipitate-free zones adjacent to the grain boundaries. The toughness 
results were related to the degree of strain localization within the grains and the grain boundary 
microstructures. 
 
Presentation 401570 
A Computational Approach for Forming Limit Diagram (FLD) Evaluation at Elevated Temperatures for 
Aluminium Alloys 
Jia-nan Hu, Sente Software Ltd. 
Zhanli Guo, Sente Software Ltd 
Nigel Saunders, Thermotech Ltd. 
 
ABSTRACT Forming limit diagrams (FLDs) have been extensively used in the analysis of sheet metal forming 
to define its deformation limit without necking or fracture, in particular in aluminium alloys. The formability 
of aluminium alloy sheets has been found to be enhanced with warm/hot forming process, during which the 
strain rate also plays a prominent role but with negative effect. Despite this general finding, however, 
determining FLD experimentally at warm/hot forming conditions is quite time-consuming and costly, thus it is 
of great importance to develop computer-based models that can calculate FLDs of aluminium alloys for any 
forming condition. This study explores the feasibility of combining common FLD models with flow stress 
models available in JMatPro and some ductile fracture-based criteria, with the aim of tackling the effect of 
temperature and strain rate on the FLD of aluminium alloy sheets. The problem of common FLD models in 
dealing with the flow softening effect that may occur at elevated temperatures has been overcome in the 
current approach. This analytical approach has been validated against experimental data available for various 
aluminium alloys over a wide range of temperatures and strain rates and can further aid the sheet formability 
evaluation and materials selection in industry.  
 
Presentation 401915 
Effect of Roll Speed Ratio on Through-Thickness Microstructure and Texture Evolution of High Purity 
Tantalum Plate 
Nan Lin, Chongqing University 
Shifeng Liu, Chongqing University 
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Yahui Liu, Chongqing University 
Haiyang Fan, KU Leuven  
 
ABSTRACT The present study aims to identify whether the asymmetry hot rolling (AHR) has favorable effects 
on alleviating texture gradients usually found in rolled Ta plates. The samples were subjected to AHR with the 
height reduction of 80% at the roll speed ratio of 1.1 and 1.2 for the lower and upper rolls, and the results 
were compared to those deformed by synchronous hot rolling (SHR). We use X-Ray diffraction (XRD) to 
measure macroscopic texture and electron backscatter diffraction (EBSD) to test microstructure, and the 
changes of textures in thickness were quantitatively studied using orientation distribution function (ODF). 
The results show that compared with SHR, the AHR can significantly improve the microstructure and texture 
homogeneity in the thickness of the Ta plates. The hot rolling textures in Ta plate are mainly composed of α 
texture and γ texture, but AHR significantly affects the texture strength and distribution, resulting in a higher 
fraction of the α-fibre and a lower fraction of the γ-fibre through the thickness. While cross shear zone 
introduced by AHR can integrally improve the equivalent strain, and deformation can penetrate into the core. 
The AHR opens a new way for the microstructure and texture optimization of high purity Ta. 
 
Presentation 403196 
The Role of Microstructure in Controlling the Fracture Behavior of Extruded Precipitation Hardening 
Aluminum Alloys 
Waqas Muhammad, University of Waterloo 
Jidong Kang, NRCan-CanmetMATERIALS 
Abhijit Brahme, University of Waterloo 
Babak Shalchi-Amirkhiz, NRCAN-RNCAN Natural Resources Canada 
Raj Mishra, General Motors R&D 
Kaan Inal, University of Waterloo 
 
ABSTRACT In the present work, the fracture behavior of AA6xxx series precipitation hardening aluminum 
alloys has been investigated under tension and bending. The extruded alloys were received in naturally aged 
(T4) and artificially aged (T6) temper conditions and contain varying level of Mg-Si ratios along with different 
alloying additions of Manganese (Mn) and Chromium (Cr) to control the resulting microstructure. A series of 
interrupted tensile, wrap-bending and V-bending tests were performed to study the fracture behavior of 
these alloys. A multiple of experimental techniques such as conventional optical microscopy, scanning 
electron microscopy (SEM), transmission electron microscopy and electron backscatter diffraction (EBSD) 
have been used to understand and explore the nature and physics of fracture in these alloys. A special 
emphasis has been placed on relating the role of microstructural features (such as precipitates and their 
distribution, precipitation free zones (PFZs), intermetallic particles, grain morphology & their recrystallization 
state, the nature of slip distribution within the matrix and crystallographic texture) to the observable work-
hardening and fracture behavior of precipitation hardening aluminum alloys. In particular, a microstructurally 
driven transition in the fracture mode from grain boundary ductile - intergranular fracture to a more 
conventional dimple type transgranular ductile fracture has been observed. 
 
Presentation 404547 
Effect of Pre-Working on Aging Precipitation of Al-Cu-Mg Alloy with Different Cu/Mg Ratio 
Masaki Matsumoto, University of Toyama  
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Seungwon Lee, University of Toyama 
Susumu Ikeno, University of Toyama 
Kenji Matsuda, University of Toyama 
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ABSTRACT Al-Cu-Mg alloys are known as 2xxx series aluminium alloys, and it is widely used in aerospace and 
transportation industries. It has been reported that mechanical properties of 2xxx series aluminium alloys can 
be enhanced by introducing pre-strain before aging. The usual precipitation sequence for Al-Cu-Mg alloys is 
generally described as followed as: S.S.S.S.→ G.P.(1) Zone→ G.P.(2) Zone→ metastable θ’→ stable θ or 
S.S.S.S.→ G.P.B. Zone→ metastable S’→ stable S. The precipitation sequence of this alloy series is related 
with the Cu/Mg ratio. Therefore, the purpose of this research is to investigate the effect of pre-strain 
treatment on age hardening behaviour of Al-Cu-Mg alloys with different Cu/Mg ratio (Cu/Mg=0.3, 1, 3) aged 
at 473K. To estimate mechanical properties, Micro Vickers hardness measurement was conducted. 
Microstructure observation was carried out using TEM. As the result of this research, the Micro Vickers 
hardness of pre-strained samples was increased and the aging time to obtain its peak-hardness was 
shortened with the increasing of strain rate. The aging time to obtain peak-hardness was shortened with the 
increasing of Cu/Mg ratio. In addition, the number density of S’ phases in pre-strained samples was increased 
and the length is decreased. 
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Presentation 401189 
Suppression of Abnormal Grain Growth in Friction-Stir Welded 6061-T6 Aluminum Alloy by Pre-Strain 
Rolling 
Sergey Malopheyev, Belgorod National Research University 
Igor Vysotskiy, Belgorod National Research University 
Sergey Mironov, Tohoku University 
Rustam Kaibyshev, Belgorod State National Research University  
 
ABSTRACT In this work, the effect of pre-strain rolling on annealing behavior of friction-stir welded 6061-T6 
aluminum alloy was studied. To this end, the as-welded material was rolled to 10 or 20 pct. of thickness 
reduction prior to the standard post-weld T6 heat treatment. To investigate the influence of the rolling 
direction, the material was rolled either along welding direction, or perpendicular to the welding direction or 
at an angle of 45o to the welding direction. At relatively low pre-strains (10 pct.), the annealing behavior was 
found to be very sensitive to the rolling path, and the rolling along the welding direction was most effective 
in suppression of abnormal grain growth. On the other hand, the increase of the pre-strains to 20 pct. of 
thickness reduction inhibited the abnormal grain growth irrespective on the rolling path. This work is 
supported by the Ministry of Education and Science of the Russian Federation under the agreement 
№14.584.21.0023 (ID number RFMEFI58417X0023). The authors are grateful to the staff of the Joint 
Research Center, Belgorod State University for their assistance with the instrumental analysis. 
 
Presentation 401525 
Mechanical Properties of Laser Welding and Friction Stir Welding Joint of 7XXX Series Aluminum Alloys 
Minjung Kang, Korea Institute of Industrial Technology 
Cheolhee Kim, Korea Institute of Industrial Technology 
Heung Nam Han, Seoul National University 
Young-Min Kim, Korea Institute of Industrial Technology 
 
ABSTRACT In this study, to evaluate the applicability of aluminum 7075 alloys to the car body, the laser and 
friction stir weldability of the 7075 aluminum alloy were investigated. Test specimens for the laser welding 
were fabricated with various welding speed and specimens for the frictional stir welding were fabricated with 
various rotational and travel speeds. The mechanical properties of welds were evaluated with various heat 
inputs and the microstructures of the welds were also observed. The joint efficiency of the laser welding 
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process is 48 - 54%, which is less than 79 - 85% of the joint efficiency of friction stir welding. It was confirmed 
that the friction stir welding, which is a solid welding method, is more advantageous for welding Al 7075 than 
laser welding, which is fusion welding method. This is probably due to the formation of weld pores due to the 
evaporation of the alloying elements by the high-density heat source of the laser beam. 
 
Presentation 401532 
Effect of Mg Content on the High-Current Metal Inert Gas (MIG) Welds of Al 5083 Alloy 
Dongyoon Kim, Korea Institute of Industrial Technology 
Gwangguk Gim, Korea Institute of Industrial Technology 
Dongcheol Kim, Korea Institute of Industrial Technology 
Junghong Park, Hanyang University 
Young-Min Kim, Korea Institute of Industrial Technology 
 
ABSTRACT In order to investigate the effect of magnesium content on the mechanical properties of 5083 
aluminum alloy welds, high-current metal inert gas (MIG) welding was carried out using aluminum alloy 
welding wire with different magnesium contents. A high-current MIG welding process was performed for X-
groove welds while varying the heat input. The mechanical properties of welds were investigated by tensile 
test and hardness measurement after welding, and microstructures of welds were also observed by an 
optical microscope. When the welding wire having a relatively low magnesium content is used, magnesium 
content in the weld was reduced due to vaporization of magnesium as the heat input increases, and thus 
tensile strength and hardness was reduced. In the case of welding wire with a relatively high magnesium 
content, the reduction of magnesium at the center of the welded part occurred slightly as the heat input 
increased, but the decrease in the tensile strength and hardness of the welded part was not significantly 
reduced due to the high magnesium content. Also, in case of using two welding wires, the dendritic structure 
was observed at the center of the weld and the secondary dendrite arm spacing (SDAS) increased with 
increasing the heat input. 
 
Presentation 404491 
A Study of the Weldability of an Extruded High-Cu 6000 Series Alloy by Bead-on-Weld Using Cold Metal 
Transfer Welding 
Avinash Prabakar, Loughborough University 
Carla Barbatti, Constellium Technology Center 
Gary Critchlow, Loughborough University 
Simon Hogg, Loughborough University 
 
ABSTRACT A new class of aluminium alloy extrusions (Constellium HSA6TM) based on the 6000-series system 
has been developed with elevated Cu content, which has resulted in excellent mechanical properties and are 
extremely attractive to the automotive sector. The research investigates the weldability of Constellium 
HSA6TM by bead-on-weld using Cold Metal Transfer (CMT). Al-Si (4943) and Al-Mg (5183) filler wires were 
used. Bead-on-welds with 20% penetration were fabricated with the alloy in T4 condition and post-weld 
aged. SEM-EDS, EBSD and micro-hardness mapping were used to investigate the effect of different filler 
wires. The results showed that Constellium HSA6TM is resistant to solidification and liquation cracking. Less 
heat input was required for the 4943 filler wire due to its lower liquidus temperature and it also showed a 
higher average micro-hardness of 101 HV in the fusion zone (FZ); the spatial extent of the heat affected zone 
was also smaller when compared with the 5183 filler. The liquated grain boundaries in the partially melted 
zone were enriched with Si-Cu-Mg eutectics. EBSD showed columnar grains in the FZ for the 4943 filler, 
whereas with the 5183 filler the FZ had equiaxed grain structure; the FZ had a random texture irrespective of 
the filler wires.  
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Mechanical Properties 
 
Presentation 399776 
Hydrogen Introduction to 6061 Aluminum Alloy by Friction in Water and Its Effects on Mechanical 
Properties 
Takuya Matsubara, Osaka University 
Keitaro Horikawa, Osaka University 
Kenichi Tanigaki, Osaka University 
Hidetoshi Kobayashi, Osaka University 
 
ABSTRACT 6061-T6 aluminum alloy is recognized as an alloy for liner material used for a high-pressure 
hydrogen gas tank in a fuel cell vehicle. It is known that this alloy has low susceptibility to hydrogen 
embrittlement under high pressure hydrogen environment, however, the reason for this low susceptibility is 
not sufficiently understood. In the present study, we introduced hydrogen into 6061 base aluminum alloys 
containing different amount of iron by polishing the surface continuously in water, and examined the tensile 
properties. In order to confirm the introduction of hydrogen into the specimens by polishing in water, and 
then internal hydrogen content of the specimens was measured by using thermal desorption analysis (TDA). 
It was confirmed that the specimen subjected to polishing in water contained higher amount of hydrogen 
than that of the other specimen without polishing in water. Furthermore, in the TDA of the sample subjected 
to polishing in water, a single peak of hydrogen evolution was clearly observed around 773 K, and the 
magnitude of the peak increased with the increase of iron content. This suggested that the peak of hydrogen 
evolution around 773 K in the TDA corresponded to the hydrogen trapping by iron base intermetallic 
compounds. 
 
Presentation 399785 
Effects of Sodium and Zirconium on Intergranular Embrittlement of Al-5%Mg Alloys 
Sairi Kumeuchi, Osaka University 
Keitaro Horikawa, Osaka University 
Kenichi Tanigaki, Osaka University 
Hidetoshi Kobayashi, Osaka University 
 
ABSTRACT It is known that Al-Mg alloys show good workability and weldability. Meanwhile, coarse grained 
Al-5mass%Mg alloys (“mass%” is shown as “%” below) show lower ductility (embrittlement) at temperatures 
around 573K. It is believed that the embrittlement is caused by grain boundary (GB) segregation by impurity 
sodium and GB sliding. Recently, Al-5%Mg alloys containing 200 mass-ppm (“mass-ppm” is shown as “ppm” 
below) of sodium showed low ductility even at room temperature resulting from intergranular fracture. First-
principle calculation also assumed that sodium caused GB embrittlement while that zirconium strengthened 
GBs of aluminum. In this study, effects of sodium containing the limit of solid solubility to aluminum (25 ppm) 
or the excess amount, and 0.1% zirconium on intergranular embrittlement of Al-5%Mg alloys were 
investigated. Strain-stress curves were obtained by tensile test, where the strain rate was 8.3×10^(-4) [/s]. 
The Al-5%Mg-23 ppmNa alloys showed fracture around the maximum stress and its fracture surface was 
covered with dimples. On the other hand, the Al-5%Mg-0.1%Zr-100 ppmNa alloys fractured immediately 
after plastic deformation. Fracture surfaces were composed of the mixture with intergranular fracture and 
dimple fracture. It is obvious that the addition of 0.1% Zr has little effect on the embrittlement caused by 100 
ppm of sodium. 
 
Presentation 400078 
Prediction of Mechanical Properties for Al-Mn Alloys subjected to Prolonged Heating at 373-673 K 
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Nobuhiro Maki, Yokohama National University 
Shoichi Hirosawa, Yokohama National University 
 
ABSTRACT In this study, mechanical properties of A3004-H112 Al-Mn, powder metallurgy (PM) Al-
2.5mass%Mn(25M), Al-3.0mass%Mn(30M) and Al-4.0mass%Mn(40M) extrudes were investigated through 
tensile test and hardness measurement after prolonged heating at 373-673K. The obtained time-
temperature-hardness curves showed that the newly developed PM extrudes hardly decrease in hardness 
even when exposed to high temperature ranging 573-673K. Such an endurance of mechanical properties is 
due to the thermal stability of strengthening phases such as Al6Mn. To predict microstructures corresponding 
the mechanical properties, Phase Field Simulation was conducted in addition to conventional prediction 
methods of Larson-Miller parameter (LMP) and Arrhenius models. 

 
Presentation 401046 
Effect of Post Heat Treatment on Mechanical Properties of Selective Laser Melted Porous Aluminum Alloys 
Toko Miura, Tokyo Metropolitan University 
Yoshikazu Sugiyama, Tokyo Metropolitan University 
Koichi Kitazono, Tokyo Metropolitan University 
 
ABSTRACT Currently, demand for high precision landing technology is increasing and the SLIM (Smart Lander 
Investigation of Moon) project is proceeding, centering on the JAXA Institute of Space and Astronautical 
Science. SLIM is aiming for demonstrating pinpoint landing so it takes a method of soft landing with free fall 
on the lunar surface, and it is necessary to develop shock absorbing material attached to the landing gear of 
the prosecutors. In this project, it has been proposed to use porous Al - Si - Mg alloys made by 3D selective 
laser melting (SLM) process as impact absorbers. It is known that a stable material having arbitrary 
mechanical properties can be obtained by performing a heat treatment on an Al - Si - Mg alloy. In this study, 
annealing is performed on 3D SLM Al - Si - Mg alloy under various conditions, and by observing the structure 
or by obtaining compression behavior and energy absorption amount using 3D SLM porous materials, effects 
of annealing conditions on mechanical properties, hardness and texture were investigated, and appropriate 
conditions to be applied to the impact absorbing material were obtained.  
 
Presentation 401051 
Strain Rate Dependence of Serration Behavior for 5000 Series Aluminum Alloy in Uniaxial and Indentation 
Tests 
Tsuyoshi Kami, National Defense Academy  
Hiroyuki Yamada, National Defense Academy 
Nagahisa Ogasawara, National Defense Academy 
 
ABSTRACT The 5000 series Al-Mg alloy is known to show the serrated flow stress because the solute Mg 
atoms lock the dislocations at a certain strain rate range. This serrated flow stress was affected by the strain 
rate and Mg concentration. Thus, these factors should be investigated in detail. In this study, the strain rate 
effect of the serration behavior was investigated by the uniaxial and indentation tests. The specimens were 
chosen as AA5005 (Mg:0.8wt.%), AA5021 (Mg:2.3wt.%) and AA5082 (Mg:4.5wt.%). The tensile tests were 
conducted using the universal testing machine at strain rate from 10-4 to 10-1 s-1. The indentation tests 
were performed at the constant loading rate of 0.7 to 350mN/s. It was found that the serration behavior 
changed with decreasing the strain rate in the uniaxial tests. Similarly, the serrated loads were observed in 
the indentation tests. However, the serration behavior changed during an indentation because of the strain 
rate effect. It was found that the strain rate decreased approximately three orders of magnitude during an 
indentation. This can be applied to the evaluation of serration behavior of Al-Mg alloy at a wide range of 
strain rate, which is achieved by a single indentation.  
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Presentation 401542 
Work-hardening of AA6082 with Different Aging Times 
Feng Lu, Norwegian University of Science and Technology  
Tomáš Mánik, Norwegian University of Science and Technology  
Bjørn Holmedal, Norwegian University of Science and Technology 
 
ABSTRACT The work hardening behavior of extruded aluminum alloy AA6082 was investigated by tensile 
tests of cylindrical samples for a range of artificial aging tempers, from underaged to overaged conditions. 
True stress-strain curves up to large strains were obtained by necking corrections based on inputs from an 
optical contour-tracking method. The work-hardening behavior and the mixed influence of dislocations and 
precipitates are analyzed and discussed in terms of the existing modelling framework. To evaluate the use of 
the necking correction, finite element simulations were conducted. 
 
Presentation 401674 
Mechanical Behaviour and Constitutive Modeling of AlSi10Mg_200C Additively Manufactured Through 
Direct Metal Laser Sintering 
Carter Baxter, Marine Additive Manufacturing Centre of Excellence, University of New Brunswick 
Edward Cyr, Marine Additive Manufacturing Centre of Excellence, University of New Brunswick 
Akindele Odeshi, University of Saskatchewan 
Mohsen Mohammadi, Marine Additive Manufacturing Centre of Excellence, University of New Brunswick 
 
ABSTRACT Metal additive manufacturing has been a revolutionary step in designing new complex shapes 
with faster and cleaner building capacity in comparison to subtractive manufacturing processes. The ability to 
print lightweight alloys such as aluminum has made metal 3D printing attractive to different industries from 
aerospace to energy sector and bioengineering. Of particular interest in this study, are the mechanical and 
microstructural properties of AlSi10Mg-200°C alloys. In this project, samples in the horizontal printing 
direction were printed using an EOS M290 machine through Direct Metal Laser Sintering (DMLS) technique. 
Uniaxial tensile trials and high strain rate impact experiments tests were carried out to investigate the 
mechanical properties and to study the repeatability of the process. A constitutive model was developed to 
encompass the results, which used varying strain rates to better understand the high strain-rate behaviour of 
these alloys. Using optical microscopy, features such as scan tracks and melt pools within the AlSi10Mg-200°C 
samples were observed, and the microstructure was observed to be homogenous. The previously listed tests 
were compared to the results obtained for similar cast alloy counterpart, i.e. A360.0. 
 
Presentation 402192 
Rapid Artificially Aging of an AA6082 Alloy and How It Will Affect the Mechanical Properties 
Ola Jensrud, SINTEF Raufoss Manufacturing AS 
 
ABSTRACT The use of age hardenable aluminium alloys in automotive components are increasing due to its 
specific strength/weight ratio, it's good corrosion resistance, high strength and good formability both in cold 
and hot conditions. The increasing demand from the automotive industry for more efficient production and 
reduced costs for producing components, the subcontractor needs to develop more rapid process route. The 
artificially aging sequence to achieve sufficient mechanical properties in age hardenable aluminum alloys is 
both time consuming and expensive. To reduce costs one way is to increase the artificial aging temperature 
and to carry out the heat treatment in a continues furnace with a short lead time. This requires an increase in 
the artificially aging temperature which will affect the mechanical properties of the end product. In this 
investigation artificially aging temperatures to an AA6082 alloy are investigated how these will affect the 
mechanical properties as yield strength, tensile strength, work hardening and strain to fracture. Increasing 
the artificially aging temperature from 180°C to 200°C reduces the aging time to maximum strength 
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significantly and only a small reduction in the mechanical properties is observed. The ductility seems to 
increase slightly with increasing aging temperature. 
 
Presentation 404010 
Microstructural Evolution and Change in Mechanical Properties of Multi-Directionally Forged Al Alloy 
Tomoya Aoba, Toyohashi University of Technology 
Masakazu Kobayashi, Toyohashi University of Technology 
Hiromi Miura, Toyohashi University of Technology 
 
ABSTRACT Use of severe plastic deformation is highly efficiency method for obtaining ultra-fine grained 
metallic materials, which cannot be achieved by conventional forming processes. Multi-directional forging 
(MDF) is one method for introducing large plastic strains into bulk samples. The method is suitable for 
fabrication of bulk UFGed materials which meets industrial demands. However, quite few researches about 
MDFing of Al alloys have been carried out. In the present work, microstructural evolution and changes in 
mechanical properties of Al alloy during MDFing and artificial aging were systematically investigated. 
Furthermore, the differences in strengthening mechanisms, depending on aging temperature and cumulative 
strain of MDFing, are discussed. 

 
Modelling & Simulation 
 
Presentation 399774 
Development of Numerical Model of Melt Stirring in Aluminum Melting Furnace and Its Verification Using 
Water Models 
Takuya Yamamoto, Tohoku University 
Kenya Kato, Tohoku University 
Sergey Komarov, Tohoku University 
Yasunori Ueno, Nippon Light Metal Company Ltd. 
Masaaki Hayashi, Nippon Light Metal Company Ltd. 
Yasuo Ishiwata, Nippon Light Metal Company Ltd. 
 
ABSTRACT Mechanical stirring of melt is one of the important operations in molten aluminum treatment 
improving the melt homogenization, degassing and removal of non-metallic inclusions. Obviously, location 
and arrangement of impeller, its rotation speed and furnace configuration have a significant impact on the 
stirring efficiency, which is in turn governed by transport phenomena in the molten bath. The goal of this 
study is to develop a numerical model to properly predict momentum and mass transfer in the molten bath. 
OpenFOAM software was used to perform numerical simulations. Besides, the transport phenomena in a 
liquid bath were investigated experimentally by using water models of a typical melting furnace, focusing on 
the effects of impeller location and its rotation speed. Perfect mixing time and flow pattern were investigated 
by electric conductivity measurement and numerical simulation. The experimental and numerical results are 
in good agreement each other. After optimization of stirring conditions, the poorly agitated dead zone of 
water bath became significantly smaller. Under higher impeller rotational speeds, the mixing time becomes 
shorter, however a strong vortex is formed on the free surface near impeller. The simulation results showed 
that the vortex formation is due to the low-pressure zone elongated from the impeller tip. 
 
Presentation 401133 
A Numerical Investigation of the Effect of Aluminum Sheet Thickness on Wound Roll Stresses 
Ales Materna, Czech Technical University in Prague 
Jan Ondracek, Czech Technical University in Prague 
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Miroslav Karlik, Czech Technical University in Prague and Charles University 
Miroslav Cieslar, Charles University 
 
ABSTRACT Radial and hoop wound roll stresses were numerically evaluated and compared for Al-Fe-Si foil 
stock having thickness of 12 and 40 μm. For that purpose, an axisymmetric finite element model with 
transversely anisotropic material properties was used. The effective elastic modulus in the radial roll 
direction is a nonlinear function of the interlayer stress and it was measured experimentally by the 
compression test of layered stack of foils. Due to a larger amount of air within the stack, the thinner foil 
exhibited much higher anisotropy expressed by the ratio of the elastic moduli in the radial and in-plane 
directions. This led not only to quantitative but also to qualitative changes of wound roll stresses. For the foil 
12 μm thick, U-shaped circumferential stresses are very low except the peak values at the core and at the 
surface of the roll. For the thickness 40 μm, both circumferential and radial stresses are relatively high and 
they increase during the winding process. 
 
Presentation 401514 
3D-FEM Analysis for Compressive Properties in Selective Laser Melted Porous Aluminum Alloys 
Keiji Matsuo, Tokyo Metropolitan University 
Takuya Hamaguchi, Tokyo Metropolitan University 
Koichi Kitazono, Tokyo Metropolitan University 
 
ABSTRACT Porous aluminum produced by 3D selective laser melting can change the properties of the porous 
energy absorbed by changing the cell shape from the viewpoint of the large degree of shape selectivity. 
Therefore, compressive properties (plateau stress and energy absorption) are predicted for porous aluminum 
having various unit cell geometries by using finite element method (FEM) analysis. By comparing predicted 
and experimental compressive properties, we propose an analysis method and unit cell geometries most 
suitable for energy absorbed. For the cell configurations, we used Kelvin cells and rhombic dodecahedrons, 
which are the space filling polyhedrons. Also, in order to investigate anisotropy in each cell geometry, 
compressive characteristics were investigated for the rotated cell shape. Plateau stress and energy 
absorption depend on the parallel component of the cell edge and the porosity with respect to the 
compressive axis. Plateau stress decreases with increasing porosity because the proportion of the constituent 
base material decreases and the volume that supports the compressive force decreases. In order to 
quantitatively evaluate these relationships, FEM analysis was performed on porous models having various 
porosities and cell geometries. 
 
Presentation 404581 
Optimization of Sectional Shapes of Extruded Aluminum Alloy for Satisfying Fire Resistance as Building 
Material 
Yusaku Yasumori, Yokohama National University 
Yuki Kawamura, Yokohama National University 
Shoichi Hirosawa, Yokohama National University 
 
ABSTRACT Since aluminum alloys possess low melting points and sharp decrease in strength at high 
temperatures, it has been difficult to satisfy fire resistance required for building materials. Therefore, as one 
of the possible methods for satisfying the fire resistance, we aimed to develop extruded aluminum alloy with 
optimal cross-sectional shapes enabling to sluggish heat transfer at fire by taking advantage of those 
excellent extrudability and design flexibility of sectional shapes. In this study, heat transfer analysis was 
performed by finite element method to investigate the influence of sectional shape on thermal conductivity 
of the specimens. First, in order to investigate the validity of thermal parameters used in finite element 
model, heating experiments of a hollow extruded A6061-T6 alloy and heat transfer analysis reproducing the 
heating experiment were carried out and compared each other. By using these parameters, finite element 
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models with various cross-sectional shapes were constructed, and heat transfer analysis was performed 
under an assumption that the bottom side surface is kept at 580℃. From the results of the analysis, it was 
found that not only to enlarge surface area but also to lengthen heat transfer path is effective in reducing 
heat transfer rate, and thus attained temperature. 

 
New Directions in Manufacturing and Alloy Design 
 
Presentation 402352 
Synthesis and Characterization of Decorated AA7075/Al2O3 Composite Powder for Selective Laser Melting 
Yahya Mahmoodkhani, University of Waterloo 
Ehsan Marzbanrad, University of Waterloo 
Usman Ali, University of Waterloo 
Bahareh Marzbanrad, University of Waterloo 
Ehsan Toyserkani, University of Waterloo 
Hamid Jahed, University of Waterloo 
Mary A. Wells, University of Waterloo 
 
ABSTRACT In this paper an effective method for synthesis of AA7075 powder decorated with alumina sub-
micron particles is described as an alternative method for ball-milling method. This proposed method could 
be used to produce composite powders for selective laser melting. The size distribution, density and 
rheological characteristics of powders are measured and analyzed to determine the effect of alumina 
particles on powder properties for selective laser melting. Particle size distribution, density and rheological 
characteristics of powders are measured using CAMSIZER X2, ZIESS CT scanner and FT4 rheometer, 
respectively. 
 
Presentation 405330 
High Temperature Behavior of Additively Manufactured AlSi10Mg_200C by Direct Metal Laser Sintering 
(DMLS) 
Amir Hadadzadeh, University of New Brunswick 
Babak Shalchi Amirkhiz, CanmetMATERIALS, Natural Resources Canada 
Mark Whitney, University of Waterloo 
Mary A. Wells, University of Waterloo 
Mohsen Mohammadi, Marine Additive Manufacturing Centre of Excellence, University of New Brunswick 
 
ABSTRACT Additive manufacturing (AM) has shown promising trend in developing counterparts to cast 
aluminum products. This is mainly due to unique characteristics of AM processes in comparison to casting 
routes. For instance, AlSi10Mg is additively manufactured using powder bed fusion laser based techniques to 
replace A360 die-cast. Meanwhile, some of the aluminum AM products need to work in high temperature 
environments over the temperature range of 100-300°C. Therefore, it is imperative to develop 
comprehensive knowledge on the elevated and high temperature behavior of aluminum AM parts. In the 
current study, high temperature compressive behavior of additively manufactured AlSi10Mg_200C by Direct 
Metal Laser Sintering (DMLS) was investigated using a Gleeble® thermal-mechanical simulation testing 
system available at the University of Waterloo. Rod shaped samples of AlSi10Mg_200C were fabricated by 
DMLS process in both horizontal and vertical directions with dimension of Φ12 mm×120 mm. Cylindrical 
specimens with dimensions of Φ10mm×15mm were machined out from the initial rods and deformed under 
compressive loads in Gleeble over the temperature range of 100-300°C with a true strain rate of 0.001 s-1. 
The deformed samples were then studied in terms of microstructure and texture using XRD, SEM, EBSD and 
TEM to understand the high temperature deformation mechanism. 
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Presentation 406208 
Mechanical Properties and Formabilities of AlMg6-9 Sheet Metals Fabricated by Mg Mother Alloy 
Containing Al2Ca 
Bong-Hwan Kim, Korea Institute of Industrial Technology 
Seung-Yoon Yang, Korea Institute of Industrial Technology 
Kweon-Hoon Choi, Korea Institute of Industrial Technology 
Nam-Seok Kim, Korea Institute of Industrial Technology 
Seong-Ho Ha, Korea Institute of Industrial Technology 
Young-Ok Yoon, Korea Institute of Industrial Technology 
Hyun-Kyu Lim, Korea Institute of Industrial Technology 
Shae K. Kim, Korea Institute of Industrial Technology 
 
ABSTRACT AlMg alloys (5000 series aluminum alloys) have widely been used in the automotive industries 
because of their good combinations of medium strength, good formability and weldability, and high 
corrosion resistance. The tensile yield strength of AlMg alloys increase with magnesium content up to 5wt% 
without unduly reducing ductility. The AlMg alloys with higher Mg content over 5wt% could have higher 
mechanical properties than that of commercial AlMg alloys. However, Mg element in Al alloys has a great 
oxidation tendency, which can result in poor qualities and properties of final products. Recently, a specially 
fabricated Mg mother alloy containing Al2Ca has been reported and utilized to suppress the oxidation of Mg 
element in Al alloys. The high temperature processing of AlMg alloys containing higher Mg content over 
5wt% have be shown to be safely and soundly controlled by using this mother alloy. The aim of the present 
work is to carry out systematic studies of mechanical properties and sheet formabilities of the AlMg alloys 
containing higher Mg element over 5wt% as a function of process parameter in extrusion and rolling. 
 
Presentation 406232 
Influence of Pre-Deformed Texture on Aging Behaviour and Formabilities of Al2Ca Added Al-Zn-Mg-Cu 
Sheet Alloys 
Bong-Hwan Kim, Korea Institute of Industrial Technology 
Seung-Yoon Yang, Korea Institute of Industrial Technology 
Seong-Ho Ha, Korea Institute of Industrial Technology 
Young-Ok Yoon, Korea Institute of Industrial Technology 
Hyun-Kyu Lim, Korea Institute of Industrial Technology 
Shae K. Kim, Korea Institute of Industrial Technology 
 
ABSTRACT The Al-Zn-Mg-Cu alloys have been widely used for aircraft structures due to their excellent 
combinations of strength, SCC resistance and fatigue resistance. On the other hands, in the automotive 
industry, to reduce the weight of car body, the Al-Zn-Mg-Cu alloys are also intensively considered as an 
important BIW material, recently. For these purpose, some properties like sheet formabilities need to be 
further improved even though with loss of other properties like fatigue resistance. The strength of the Al-Zn-
Mg-Cu alloys derives mainly from the precipitation during aging treatments after thermomechanical 
processing like extrusion and rolling. It is well known that the aging behavior is affected by pre-deformed 
state in previous processes. And it is of great importance to understand and optimize various properties such 
as formability and mechanical properties by controlling pre-deformed texture in previous thermomechanical 
processes. The aim of the present work is to carry out systematic studies of effect of pre-deformed state on 
aging behavior and formabilities of Al-Zn-Mg-Cu alloys. The samples were specially fabricated by using the 
Mg mother alloy containing Al2Ca for reducing oxidation. And they were systematically studied by various 
analyzing and test tools.  
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Presentation 404166 
Aging Behavior of Al-Mg-Ge Alloys with Different Alloying Elements 
Tomoya Kataoka, University of Toyama 
Tatsuya Sato, University of Toyama 
Taiki Tsuchiya, University of Toyama 
Seungwon Lee, University of Toyama 
Susumu Ikeno, University of Toyama 
Kenji Matsuda, University of Toyama 
 
ABSTRACT Matsuda et al. reported that Ge could be good substitutional or better element for Si in Al-Mg-Si 
alloy. In Al-Mg-Ge alloy, it showed a better age-hardenability at the high aging temperatures and a different 
precipitation sequence when it compares to Al-Mg-Si alloy. It is worth to research the effect of alloying 
element to precipitation sequence and mechanical properties for use of industrial purpose, however, only 
few reports are available. The aim of this research is to understand the effect of alloying elements on age-
hardening behavior and mechanical property variation of Al-Mg-Ge alloy. The chemical compositions of the 
alloys are Al-0.43%Mg-0.20%Ge (at. %) alloy (base alloy). And 7kinds of alloys with alloying elements of Ag, 
Cu, Cr, Si were prepared in this research. Aging treatment was carried out at the temperatures of 473K and 
523K. Vickers microhardness measurement was conducted to estimate the mechanical properties of alloys. 
TEM observation was conducted using Topcon, EM-002B with accelerated voltage of 120kV Every alloy with 
Cu containing, maximum hardness increased compared to base alloy. With Ag addition, hardness increased 
quickly at the initial stage of aging. In the case of Ag-Cu-Cr-Si added alloy shows the highest hardness values.  
 
Presentation 404282 
TEM Observation of HPT-processed Al-2.5Li(-2.0Cu) Alloys 
Yuhei Haizuka, University of Toyama 
Seungwon Lee, University of Toyama 
Seiji Saikawa, University of Toyama 
Kenji Matsuda, University of Toyama 
Zenji Horita, Kyushu University, WPI, International Institute for Carbon-Neutral Energy Research (I2CNER) 
Shoichi Hirosawa, Yokohama National University 
Susumu Ikeno, University of Toyama 
 
ABSTRACT Severe plastic deformation (SPD) processes attracted attention in recent years as a method of 
grain refinement. High-pressure torsion (HPT) process can introduce the large amount of strain continuously 
compared to other SPD processes. Al-Li alloys has low density and are strengthened by dispersed fine 
precipitates through an aging treatment, traditionally. They have been used as aircraft materials. It is known 
that the addition of Cu to the Al-Li alloy precipitates the T₁(Al₂LiCu) phase. This research investigated the 
effect of Cu addition on Al-Li alloys on grain refinement using HPT process and aging behavior. After HPT 
process, Micro Vickers hardness increased significantly compared to as-quenched (asQ). During aging 
treatment, Al-Li-Cu alloy reached peak aging at 0.48 ks (8 min), however, Al-Li alloy did not change the 
hardness level at the initial stage of aging, then hardness started to decrease. Microstructure observation 
was carried out using as-HPT, 0.48ks, 3.84ks, 60ks and 600ks of aging time in both alloys. In as-HPT sample, 
i.e. no aging treatment, δ’ (Al₃Li) phase was observed. With increase of aging time, it was possible to observe 
the coarsened δ’ phase in both alloy and T₁ phase in Cu added alloy.  
 
Presentation 404576 
Effect of Cu on Mechanical Properties and Precipitation of Al-Zn-Mg Alloys with High Zn Concentration 
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ABSTRACT Al-Zn-Mg alloys (7xxx series alloys) are known as the strongest aluminum alloy and, have been 
traditionally strengthened by dispersed fine precipitates through aging treatment. The precipitation 
sequence is reported like: S.S.S.S. -> G.P.zone -> η’ -> η (MgZn2). The η' phase has been referred as the main 
hardening phase in Al-Zn-Mg alloys. In this work, three alloys, which were added different amounts of Cu into 
the Al-Zn-Mg alloy, were prepared to compare the effect of Cu concentration on the aging behaviour and 
precipitates. The age hardening behavior and microstructures of those alloys were investigated by hardness 
measurement, transmission electron microscope (TEM) and selected area electron diffraction (SAED). With 
increase of Cu addition, not only hardness increasing rate becomes faster at the initial stage of aging, but also 
maximum hardness level increases. TEM bright field images from peak-aged alloys, fine precipitates were 
well dispersed on grain inside in all alloys. The number of precipitates of Cu addition alloys were lager than 
that of Cu free alloy. On grain boundary, precipitates and precipitate free zone (PFZ) was observed in all 
alloys. The size and number of grain boundary precipitates of Cu added alloys were larger than those of Cu 
free alloy. 
 
Presentation 404579 
Aging Behavior of Al-7.0wt.%Si-0.3wt.%Mg Casting Alloy Aged at 473K 
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ABSTRACT Al-Si alloys have been used as casting materials for automobile parts. Al-Si-Mg alloys enhance its 
ductility and castability due to formation of metastable phase (Mg2Si). Moreover, it is effective for increasing 
both strength and corrosion resistance with Mg addition. However, precipitation sequence is not clear in T5 
(casting + aging treatment) process. The aim of this research is to estimate mechanical properties and to 
classify precipitates by micro Vickers hardness measurement and transmission electron microscopy of Al-
7%Si-0.3%Si alloy in T5 condition. Al-7%Si-0.3%Si alloy was fabricated by casting using Fe Y-block mold, then, 
alloy was cooled in the mold as is to 773K, and quenched into cold water. Specimens were taken from mold 
bottom were used in this research. After casting, artificial aging was carried out at 473K. Micro Vickers 
hardness measurement was conducted using Mitutoyo HV-101 (load: 0.98N, duration time:15s). 
Microstructure observation were conducted the samples of aged at 473K using scanning ion microscopy (SIM, 
HITACHI FB-2100), SEM (HITACHI S-3500H) and TEM (TOPCON EM-002B operated at 120kV). SIM observation 
of sample aged at 473K for 7.2ks show white particles were observed in matrix. TEM observation of samples 
aged at 473K for 7.2ks show rod shape precipitates, coarse rod shape precipitates. 
 
Presentation 404888 
Microstructure Observation of Ag Added Al-Mg-Ge Alloy by Using TEM 
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ABSTRACT Al-Mg-Ge alloys shows a good age-hardenability despite the amount of solute elements are lower 
than Al-Mg-Si alloys. Al-Mg-Ge alloys are treated as Al-Mg2Ge quasi-binary alloy like Al-Mg2Si alloy, and 
equilibrium β-Mg2Ge, needle or rod-like shape metastable precipitates are observed in its microstructure. It 
is known that Al-Mg-Si alloys can be improved the mechanical properties by addition of Ag, and also, β’Ag 
which including Ag atoms in the crystal-structure is observed in its microstructure. However, the precipitates 
and precipitation sequence of Ag added Al-Mg-Ge alloys were not clearly known. In this research, the 
microstructure of Ag added Al-Mg-Ge alloy was investigated by using TEM. Two types of Al-Mg-Ge alloys 
were used; these chemical compositions are Al-0.43%Mg-0.20%Ge (at.%, Base-alloy) and Al-0.47%Mg-
0.23%Ge-0.23%Ag (at.%, Ag-added alloy), respectively. Artificial aging was conducted at 423K after the 
solutionizing. Micro Vickers hardness measurement was conducted by using Mitutoyo HM-101 (load: 0.98N, 
duration time: 15s). TEM samples were prepared by electropolishing. Microstructure of Al-Mg-Ge(-Ag) alloys 
were observed by using TOPCON EM-002B (TEM, 120kV) and JEOL ARM-200F (STEM, 200kV). Ag-added alloy 
showed an increment of the hardness at initial stage of aging process and higher number density of 
precipitates than Base alloy was observed in its peak hardness condition. 
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ABSTRACT 1. Introduction Al-Mg-Si alloys (6xxx Al alloy series) are one of age-hardenable aluminum alloys 
and they are widely used as structural materials and vehicle parts due to a good combination of strength-to-
density. However, it is generally known that the mechanical properties of 6xxx series are not good when it 
compares to 2xxx and 7xxx series alloys because the amount of solute atom is much less than 2xxx and 7xxx 
series alloys. It is worth to investigate the effect of alloy element, especially, transition metals because an 
addition of small amount of alloying element can increase the mechanical properties, also, there are several 
reports about Cu, Fe addition on 6xxx series alloy. 1, 2). Furthermore, some reports are available about two-
step aging for increasing aging-hardenability and its mechanical properties3). 2. Objectives Aim of this work is 
to understand the effect of alloying elements, V, Co and Ni on Al-Mg-Si alloys and to investigate the 
precipitate sequence of Al-Mg-Si alloys using TEM. 3. Materials & methods Four kinds of alloys were 
fabricated by casting, 1) Al-0.7%Mg-0.35%Si (Base alloy) , 2) A-l-0.7%Mg-0.35%Si-0.1% V (V-added alloy, 3) Al-
0.7%Mg-0.35%Si-0.1Co (Co-added alloy) and 4) Al-0.7%Mg-0.35%Si-0.1Ni (Ni-added alloy, at.%) Alloys were 
subjected to homogenization treatment after casting at 848K for 36ks, then quenched into cold water. 
Solution treatment was conducted at 848K for 3.6ks. After solution treatment, samples were undergone the 
aging treatment at 473K as single-step aging process. Also, samples were pre-aged at the temperature of 
298K and 343K for 6ks, 60ks, or 600ks, then aged at 473K as two-step aging treatment. Micro Vickers 
hardness measurement was conducted on mirror-like polished surface using a load of 0.98N for 15s of 
duration time. Samples were ground to a thickness of 0.07mm and punched out with 3mm diameter, then 
thinned using a twin-jet electro-polishing facility using a 33 vol. % HNO₃ and 67 vol. % CH₃OH solution at 
258K. Microstructure observation was conducted by using a TOPCON 002B (TEM) operating at 120 kV to 
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avoid damaging to samples by electron beam. 4. Result In single-step aging, all TM-added alloys showed 
higher peak hardness than that of Base alloy. Especially, Ni-added alloy showed the highest peak hardness 
level among four alloys. Ni- and Co-added alloys increased hardness in the early stage of aging. In TEM 
observation at peak aged condition, rod- or needle-shaped precipitates and their cross sections were 
observed in all alloys. TM-added alloys have higher number density of cross sectional precipitates per 
µm²and shorter average length of precipitates than Base alloy. In two-step aging, all alloys showed higher 
each value of peak hardness than that of single-step aging (positive effect) when they were pre-aged at 343K. 
Remarkably, V-added alloy drastically increased peak hardness. On the other hand, Base, V-, and Co-added 
alloys showed negative effect when we conducted pre-aging at 298K and final-aging at 473K. But, Ni-added 
alloy kept the peak hardness level compared to single-step aging. 5. Conclusion (1) TM-added alloys increase 
mechanical property and have finer distribution of precipitates than Base alloy. (2) Ni- and Co-added alloys 
show quick response on precipitation in single-step aging. (3) In two-step aging, Base, V-, and Co-added alloys 
alter each peak hardness level by different pre-aging temperature compared to single-step aging. But, Ni-
added alloy clearly reduce negative effect when pre-aging temperature is 298K. 6. Reference 1) T. Saito, C.D. 
Marioara, S.J. Andersen, W. Lefebvre, R. Holmestad, Philosophical Magazine 94 (2015) 520-531. 2) S. Wang, 
K. Matsuda, T. Kawabata, T. Yamazaki, S. Ikeno, Journal of Alloys and Compounds 509 (2011) 9876-9883. 3) Y. 
Aruga, M. Kozuka, Y. Takaki, and T. Sato, Metallurgical and Materials Transactions A 45 (2014) 5906-5913.  
 
Presentation 405023 
Effect of Cu Additions and Natural Aging Time on the Two-Step and Multi-Step Aging Behavior in Al-Mg-Si 
Alloys 
Minyoung Song, Korea Institute of Industrial Technology 
JiWoo Im, Korea Institute of Industrial Technology 
JaeHwang Kim, Korea Institute of Industrial Technology 
 
ABSTRACT Al-Mg-Si alloys have been used for automotive exterior panel because it has good formability and 
age-hardening response. The Al sheets are generally exposed to room temperature during transport and 
press processing. As a result, nanocluster is inevitably formed and it causes decrease in the hardness during 
two-step aging. The formation of nanocluster is suppressed at the early stage of natural aging, but the 
formation of precipitate during aging at 170 ℃ is accelerated with Cu addition. The nanocluster formed with 
short natural aging such as for 1 hour is stable, but the nanocluster formed with long natural aging such as 1 
month is unstable regardless of Cu addition at the early stage of two-step aging at 170 ℃, respectively. 
Meanwhile, the negative effect of two-step aging is suppressed by the pre-aging at 100 ℃. The relationship 
between microstructure and mechanical property is discussed based on age-hardening phenomena. Key 
Words : Al-Mg-Si alloys, Nanoclusters, Two-step aging, Multi-step aging, Cu addition  
 
Presentation 405228 
Effects of Homogenization Heat Treatment and Cooling Modes on Microstructure of the AA7475 Aluminum 
Alloy 
Pavel L'vovich. Reznik, Ural Federal University named after the first President of Russia B.N.Yeltsin 
Boris Vladimirovich. Ovsyannikov, "Kamensk-Uralsky Metallurgical Works", J.S.Co 
 
ABSTRACT Microstructure evolution during the homogenization heat treatment of an Al-Zn-Mg-Cu (AA7475, 
which is typically used for the manufacture of aircraft design) alloy was investigated using a combination of 
light microscopy, scanning electron microscopy (SEM), electron probe microanalysis (EPMA), X-ray diffraction 
(XRD) and differential scanning calorimetry (DSC). Ingots after different types (one- or two-steps treatments) 
temperatures (from 380 to 510°C), time (from 12 to 24 hours) of homogenization and cooling conditions 
(cooling with an oven, air, or quenching to water) were investigated. The results show that the 
microstructure of ingot presents is typical microstructure with some isolated Al7Cu2Fe particles, which after 
homogenization almost remains in both the size and morphology. The structure ingot after homogenization 
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below 400°C contains secondary phases based on η (MgZn2), S(Al2CuMg) and T(Al2Mg3Zn3) are distributed 
along the grain boundary. In the T(Al2Mg3Zn3) phase dissolves copper up to 30 wt.%. That the increase in 
temperature and the complication of heat treatment of homogenization led to the complication of the 
kinetics of the evolution of interdendritic phases were found. The two-steps homogenization has a better 
effect than single homogenization, as it completely dissolution of non-equilibrium phases was established. 

 
Thermomechanical Processing 
 
Presentation 400466 
Investigation of the Effect of Homogenization Process on the Microstructure of 6060 and 6082 Series Alloy 
Billets 
Athanasios Vazdirvanidis, ELKEME S.A. 
George Pantazopoulos, ELKEME S.A. 
Nikos Kolioubas, ANOXAL S.A. 
Sofia Papadopoulou, ELKEME S.A. 
Marianna Katsivarda, ELKEME S.A. 
Andreas Rikos, ELKEME S.A. 
Eugenia Spiropoulou, ELKEME S.A. 
 
ABSTRACT In this paper the effect of homogenization conditions on the microstructure and hardness of 6060 
and 6082 alloy billets is presented and discussed. The alteration of the morphology of AlFeMnSi intermetallic 
particles (beta to alpha transformation) as a function of the soaking time as well as the precipitation behavior 
of Mg2Si constituents after different cooling rates are examined by optical and scanning electron microscopy. 
Results of mean diameter and aspect ratio measurements of AlFeMnSi intermetallics are further processed 
using ANOVA for the identification of potential significant differences which are attributed to the thermal 
treatment parameters that affect extrudability of the billets. Industrial process conditions are compared to 
laboratory results in order to examine the response of the thermal treatment to alloys with different content 
of alloying elements. Differential Scanning Calorimetry (DSC) tests are used to determine the coherency level 
of the particles that were precipitated during the different cooling rates and to reveal the potential for 
resolutioning the precipitates during billet preheating.  
 
Presentation 401467 
Microstructure Evolution of an Al-Zn-Mg-Er-Zr Alloy During Homogenization Treatment 
Hao Wu, Chinalco Materials Application Research Institute Co., Ltd. 
Cheng Liu, Chinalco Materials Application Research Institute Co., Ltd. 
Shengping Wen, Beijing University of Technology 
Hui Huang, Beijing University of Technology 
Zuoren Nie, Beijing University of Technology 
 
ABSTRACT In this study, the effects of homogenization treatment on the microstructure evolution of a new 
type Al-Zn-Mg-Er-Zr alloy have been investigated. The results show that serious segregation exists in as-cast 
alloy, and the primary phases are T(AlZnMgCu) Al8Cu4Er and Al(FeMn)Si, which preferentially locate in the 
grain boundary regions. The soluble T(AlZnMgCu) phases dissolve into the matrix during homogenized at 
470°C with prolonging holding time, and the residual Al8Cu4Er and Al(FeMn)Si phase spheroidize gradually 
but cannot dissolve completely. Moreover, the average size and volume fraction of the Al3(Er,Zr) particles 
increase and their number density decrease with increasing homogenization treatment time, and the 
combination of two mechanisms, the rate of the volume diffusion of solutes in matrix and the matrix/particle 
interface energy, is regard as the critical factor to control the Al3(Er,Zr) particles growth and coarsening. 
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Technico-economic analysis of cast iron free cylindrical collector bars with copper inserts 
 
Olivier Lacroix1,2, Hicham Chaouki1,2, Donald Ziegler4, Mario Fafard1,2, Louis Gosselin1,3 

 

1 Centre de recherche sur l’aluminium REGAL, Université Laval 
2 Department of Civil Engineering, Laval University, 1065 Avenue de la Medecine, Quebec, QC G1V 0A6, 
Canada 
3 Department of Mechanical Engineering, Laval University, 1065 Avenue de la Medecine, Quebec, QC G1V 
0A6, Canada 
4 Alcoa Corporation, Aluminum Center of Excellence, Alcoa Technical Center, 859 White Cloud Road, New 
Kensington, PA, 15068, USA 

 
This project seeks to reduce the energy consumption and to increase the life expectancy of a Hall-Héroult 
cell. Approximately 10% of the total voltage drop of the cell occurs in the cathode. Additionally, local erosion 
near the edges of the cathode is one of the primary causes of early cell failure. This master’s project aims to 
reduce the electrical resistivity and to even the current density throughout the cathode assembly. This 
project explores the use of cylindrical collector bars, relying on thermal expansion at cell startup to generate 
a contact surface between it and the block, thus not requiring any cast iron sealing operation. A thermo-
electro-mechanical analysis is performed on a multitude of designs in order to optimise the geometry. A 
technico-economical analysis is also performed to determine the cost-effectiveness of the different designs. 
The technical challenges associated with cylindrical collector bars, such as the manufacturing of the 
components, securing the bars inside the block during handling and installation and connecting the bars to 
the busbars are also addressed. 
 
Development of a rheological test to evaluate the anode paste behavior during forming 
 
Brigitte Morais1, Duygu Kocaefe1, Yasar Kocaefe1,  Dipankar Bhattacharyay1 
 
1 Centre universitaire de recherche sur l’aluminium (CURAL), Université du Québec à Chicoutimi, 555, boul. de 
l’Université, Chicoutimi, Québec, Canada G7H 2B1 
 
To overcome the lack of measurement on the quality of the anode paste before forming, a rheological test 
was developed. Several recipes with different carbon and pitch sources have been developed. For each 
recipe, cores of about 445 g were fabricated to produce good, average, and poor quality batches. All recipes 
were assessed using the rheological test designed to measure the quality of the anode paste before forming. 
Five rheological results were validated by producing five laboratory anodes of 10 kg each. A rheological test 
reduces the reaction time for the control of baked anodes during the manufacturing process. It will allow an 
intervention in the aggregate recipe or forming parameters about 20 days before the existing quality control 
of baked anodes. 
 
Anode paste properties evolution during baking process 
 
Bowen Chen1,2, Donald Picard1,2, Soufiane Zaglafi2, Hicham Chaouki1,2, Houshang Alamdari1,3, Mario Fafard1,2 
 
1 NSERC/Alcoa Industrial Research Chair MACE3 and Aluminum Research Centre – REGAL  Université Laval, 
1065 avenue de la Médecine, Québec, QC, G1V 0A6, Canada  
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2 Department of Civil and Water Engineering, Université Laval, 1065 avenue de la Médecine, Québec, QC, G1V 
0A6, Canada  
3 Department of Mining, Metallurgical and Materials Engineering, Université Laval, 1065 avenue de la 
Médecine , Québec, QC, G1V 0A6, Canada  
 
The aim of this project is to develop a thermo-chemo-mechanical behavior model based on the theory of 
reactive porous media by O.Coussy (1995) and theory of mixture by R.M. Bowen (1972) for the baking 
process of the anode paste, taking into account the swelling effect.  
1. To do tests for alternative physical properties at high temperature; 
2. To define the physical properties on temperature, heating rate and chemical reaction; 
3. To build up the constitutive laws by using some existing models for the ramming paste and thermodynamic 
approach for porous media; 
4. To design a free energy and potential dissipation function; 
5. Parameter identification at each temperature (Young’s Modulus, Poisson’s Ratio, Biot’s Coefficients, 
Viscosity, Permeability); 
6. Try to predict the evolution of radial strain at high temperature using measurable data. 
 
Study of the fall of alumina particles 
 
Thomas Roger1, Kirk Fraser1, Sandor Poncsak1, Laszlo Kiss1 
 

1 Université du Québec à Chicoutimi, 555, boul. de l’Université, Chicoutimi, Québec, Canada G7H 2B1 
 
For the study of the incorporation of alumina into the electrolysis bath, a model is made to follow the path of 
each alumina particle using the discrete element method. This method consists of solving Newton's law of 
motion with the sum of forces acting on the displacement of particles. At first, the model simulates particles 
falling on a plate. 
 
For the purpose of computational optimization, the particles are considered as spherical, but the alumina 
particles are elongated with a rough surface. Experiments are therefore required to calibrate the model and 
adapt the mechanical properties of alumina to obtain similar results. These properties have an impact on the 
results of inter-particle impacts and between particles and walls. 
 
The first validation will be realised dry. When the computed values will become close to the experimental 
ones, the interaction model between the particles and the liquid will also be developed. 
 
Rheological properties of the pitch and binder matrix 
 
Roozbeh Mollaabbasi1, S.M. Taghavi2, H.D. Alamdari1 
 
1 Department of Mining, Metallurgical and Materials Engineering, Université Laval, 1065 avenue de la 
Médecine , Québec, QC, G1V 0A6, Canada 
2 Chemical Engineering Department, Université Laval, 1065 avenue de la Médecine, Quebec, QC G1V 0A6, 
Canada 
 
Scientific understanding of the compaction process helps to control and improve the quality of anodes. The 
anode quality is associated with a large number of variables such as raw materials (pitch, binder and coke) 
properties and operational conditions. The combination of fine cokes and pitch resulting a viscous material 
(binder matrix) which surrounds the large coke particles. The binder matrix deforms during the compaction, 
moves between larger particles, and penetrate inside their pores. Since the binder matrix surrounds the large 
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coke particles and deforms during compaction, the viscosity and rheological properties of pitch and binder 
matrix effect on the quality of the anode in the compaction process. The effects of mixing temperature (130 
˚C-180 ˚C) and fine particle concentration (0 wt.%-45 wt.%) on the rheological properties of the pitch and 
binder matrix are studied experimentally. 
 
Use of SERMA technology to determine the quality of green and baked industrial anodes 
 
Abderrahmane Benzaoui1, Duygu Kocaefe1, Yasar Kocaefe1, Dipankar Bhattacharyay1 
1 Centre universitaire de recherche sur l’aluminium (CURAL), Université du Québec à Chicoutimi, 555 
boulevard de l’Université, Chicoutimi, Québec G7H 2B1 
 
In aluminum industry, anode quality has a direct effect on the functioning of the electrolysis cells and thereby 
on the production cost. Current inspection practices give limited information on this quality. In this work, the 
results of a measurement campaign using the SERMA technology (Specific Electrical Resistance Measurement 
of Anodes) are presented. This technology is based on a non-destructive method and allows the 
measurement of the electrical resistivity distribution of green and baked anodes. The analysis of this 
distribution helps determine the anode quality. The method was previously validated on laboratory scale and 
then on industrial scale using a prototype that was developed for this purpose. This validation showed the 
ability of SERMA to detect defective green and baked anodes. A new measurement campaign on industrial 
anodes allowed a better understanding of the indicators provided by SERMA and the relationship between 
certain characteristics of the resistivity distribution. Moreover, it was shown that SERMA could conceivably 
be integrated into the process for on-line quality control with reasonable acquisition times while maintaining 
a sufficient precision level. 
 
Thermomechanical characterization of the carbon anode during baking 
 
Soufiane Zaglafi1, Donald Picard1, Bowen Chen1, Donald Ziegler2, Mario Fafard1, Houshang Alamdari3 
 
1 Department of Civil Engineering, Laval University, Quebec, Canada 
2 Alcoa Primary Metals, Alcoa Technical Center, PA, USA 
3 Department of Mining, Metallurgical and Materials Engineering, Laval University, Quebec, Canada 
 
Baking is an essential step in which the anode acquires the desired mechanical, chemical and electrical 
properties. In order to understand the effects of the thermal stresses caused by baking on the anodes 
structural features, an experimental methodology based on the Proctor compaction method has been used, 
and which makes it possible to fabricate green anode samples representatives of those used in the industry. 
Initially, the green apparent density has been characterized. During baking, the coal tar pitch volatilizes and 
releases volatiles matter and consequently the anode undergoes a mass loss which has been characterized by 
a thermogravimetric analysis at different heating rates. Then, a thermomechanical characterization of the 
anode samples is carried out through a compression test in order to determine the behaviour law 
parameters, namely the rupture strength and the Young's modulus, and this at different baking levels. 
 
Interfacial phenomena related to the dissolution of alumina in the aluminium electrolysis cells 
 
Csilla Kaszás1, László Kiss1, Sándor Poncsák1, Jean-François Bilodeau2, Sébastien Guerard2 
 
1 Université du Québec à Chicoutimi, 555, boul. de l’Université, Chicoutimi, Québec, Canada G7H 2B1 
2 Centre de recherche et développement Arvida, Rio Tinto Aluminium, Saguenay 
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While most researchers studying the dissolution of alumina focus directly on the dissolution itself, the 
interactions of alumina with the bath surface and the bath metal interface could influence significantly the 
dissolution rate – they could even prevent the dissolution for a long period of time. This work, based on a 
mathematical model and several experiments conducted in the cryolitic bath with alumina, and also in low 
temperature analog systems, summarizes these phenomena. 
 
Anode Manufacturing for Aluminum Smelters: Optimization of Vibro-Compaction Process 
 
Zahraa Kansoun1, Mario Fafard1, Donald Zeigler2, Houshang Alamdari1, Donald Picard1. 
 
1 NSERC/Alcoa Industrial Research Chair MACE3 and Aluminium Research Centre-REGAL, Laval University, 
1065 Avenue de la Medecine, Quebec, QC G1V 0A6, Canada 
 2 Alcoa Primary Products, Smelting Center of Excellence, Alcoa Center, PA, USA, 15069 
 
The quality of anodes used in aluminum smelters is a very important factor in terms of minimizing costs and 
maximizing the energetic efficiency. Improving the thermal, electrical and mechanical characteristics of the 
anodes, will extend their life in the electrolysis cell and improve their performance. 
 The aim of this project is to improve the mechanical characteristics of the anodes (denser, more 
homogeneous). To reach this goal, the Vibro-compacting process will be optimized. The first step is to model 
this process. Two main work must be combined in order to model such a complicated process. On the one 
hand a dynamical model should be developed to allow us to follow the deformations of each component of 
the Vibro-compactor, and on the other hand, we must consider the Visco-elasto-plastic behavior of the Green 
anode paste in this modeling. 
Finally  we will validate the achieved modeling by vibro-compaction tests. The first round of experiments will 
take place at Laval University (reduced scaled), and the second series at Alcoa smelter in Deschambault (True 
scale). Following the validation, optimizing tools are employed to search the factors combination of vibro-
compaction (frequency, amplitude…) that gives denser and more homogeneous anodes.  
 
Effect of the heating rate during the calcination of biocoke on its properties and those of the carbon 
anodes produced 
 
Belkacem Amara1, Duygu Kocaefe1, Yasar Kocaefe1, Dipankar Bhattacharyay1 
 
1 Centre universitaire de recherche sur l’aluminium (CURAL), Université du Québec à Chicoutimi, 555, boul. de 
l’Université, Chicoutimi, Québec, Canada G7H 2B1 
 
The aluminum industry is facing many challenges, among them the conservation of the quality of carbon 
anodes and the reduction of greenhouse gases (GHG). In this respect, this quality is affected by the different 
raw materials that go into its composition. Because of increasing demand, the industry is in search of 
alternative raw materials. Biocoke is an interesting choice. The petroleum coke, one of the major raw 
materials for the production of anodes, can be partially replaced by this product of wood origin. This choice 
would make the anode more ecological and respectful of the environment by reducing the emission of GHG. 
In this project, the effects of the use of biocoke on different properties of anodes are being studied. Three 
types of biocoke were produced by using different heating rates during calcination. Several tests have been 
carried out in order to determine the effect of the heating rate on the biocoke properties. Also, anodes have 
been produced by replacing part of the petroleum coke with these biocokes. The best biocoke was 
determined based on the properties that these anodes exhibited. 
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Monitoring and quality control of carbon anodes 
 
Adéline Paris1, Carl Duchesne1, Éric Poulin2, Jayson Tessier3 
 
1 Aluminium Research Centre—REGAL, Chemical Engineering Department, Université  Laval, Quebec, QC G1V 
0A6, Canada 
2 LOOP, Department of Electrical and Computer Engineering, Université Laval, Québec, QC, Canada G1V 0A6 
3 Alcoa Primary Metals Smelting Center of Excellence, Deschambault, QC G0A 1S0, Canada 
 
The electrolysis of aluminum is an energy-intensive process. The energy demand is strongly influenced by the 
resistivity of the anodes and their baking. Currently, quality assessment of the anodes takes place after 
baking. Tests on selected core samples are performed in the laboratory which involve long time delay and no 
information on each individual anode. To increase energy efficiency, on-line quality control must be 
integrated in the process to rapidly detect more resistive anodes and to correct the cause with feedback 
control. To develop this strategy, the variables that have the most influence need to be identified. Anode 
resistivity measurements and information on process variables and raw materials were provided by Alcoa 
Deschambault  Smelter. By using the data and by applying multivariate statistical analysis some relationships 
between the anodes resistivities, raw material properties and operational conditions can be established. The 
use of principal component analysis (PCA) provides information on which variables are strongly correlated 
with resistivity. These results provide useful information that may be used in the development of an online 
control strategy.   
 
Measurement of mechanical resistance of alumina raft, formed in the bath during aluminium electrolysis 
 
Lovatiana Rakotondramanana1, Laszlo Kiss1, Sandor Poncsak1 
 
1 Université du Québec à Chicoutimi, 555, boul. de l’Université, Chicoutimi, Québec, Canada G7H 2B1 
 
During the aluminium production, injected cold alumina forms rafts on the top of the bath. This raft is 
maintained temporarily by frozen bath crust that permits alumina sintering. Unfortunately, the dissolution 
rate of the alumina is reduced because of these two phenomena. On the other side, both of abrupt 
evaporation of the water content in the alumina and the shearing effect caused by the turbulent flow in the 
bath, helps to disintegrate the crust. If we want to estimate the lifetime of the raft under different 
conditions, we have to know its mechanical resistance against the disintegrating forces. The object of this 
study is to determine the mechanical resistance of the raft in order to modeling its disintegration. 
For this reason bending tests will be carried out with raft samples formed under different conditions, like the 
superheat, the amount of added alumina, the bath composition etc. 
 
Bio-pitch as a binder in carbon anodes for aluminum production 
 
Asem Hussein1, Donald Ziegler2, Houshang Alamdari1 
 
 1 Department of Mining, Metallurgical and Materials Engineering, Université Laval, Québec, Canada 
2 Alcoa Primary Metals, Alcoa Technical Center, PA, USA 
 
Calcined petroleum coke and coal tar pitch are the major components in the anode recipe. Consumption of 
these fossil-based carbonaceous materials results in a direct greenhouse gas (GHG) emissions for aluminum 
industry. On the other hand, biomass pyrolysis products, such as charcoal and bio-oil, are considered as a 
green and abundant source of sulfur-free carbon. In this study, the feasibility of using bio-pitch as a binder for 
carbon anodes was studied. Bio-pitch was produced by pyrolysis of bio-oil at 250°C. Bio-pitch was used, as a 
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binder, to replace 50-100% of the coal tar pitch, in the anode recipe. Green anodes were successfully made 
by mixing coke aggregates with bio-pitch at 178°C. The final anode properties such as apparent density, 
specific electrical resistivity, air and CO2 reactivity and mechanical characteristics were measured and 
compared with classical reference anodes (made of conventional coal tar pitch and calcined coke). 
 
Modeling behavior of anodic paste by the DEM method 
 
Alireza Sadeghi-Chahardeh1,3, Roozbeh Mollaabbasi2,3, Houshang Alamdari1,3 
 
1 Chemical Engineering Department, Université Laval, QC, Canada 
2 Mining, Metallurgy and Materials Engineering Department, Université Laval, QC, Canada 
3 Aluminium Research Center-REGAL, Université Laval, QC, Canada 
 
Carbon anodes are part of the chemical reaction of alumina reduction and are consumed during Hall-Héroult 
electrolysis process. Understating and predicting the final properties of anodes are very important for the 
smelters. Anodes are composed of granulated calcined coke, binder pitch and recycled anode butts. Pitch at 
temperatures of mixing and forming steps is a liquid.  In this project, we want to model aggregate of these 
raw materials in vibro-compaction process via Discrete Element Method (DEM) to investigate how cracks will 
be produced and what can we do for reducing chance of this cracks. Numerical modeling in such complicated 
problems can provide a virtual laboratory where effects of different materials or process parameters on 
anode quality index can be studied without risking the pot performance.  
As a micromechanical model, DEM provides a unique opportunity to investigate the particle-particle contacts. 
Heterogeneity of the mixed of coke and pitch can produce some cracks in the carbon anode after baking. The 
cracks could reduce the mechanical strength and electrical conductivity of the baked carbon anode. 
Investigation of numerical models and comparison them with experimental data’s can give an appropriate 
view to solve this problem in Aluminum production. 
 
Modelling of green anode’s electrical resistivity 
 
Geoffroy Rouget1,4, Donald Picard1, Donald Ziegler2, Javad Mashreghi3, Houshang Alamdari1,4 
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Aluminum production requires massive use and consumption of carbon anodes. Anodes quality is essential 
for the good performance of the electrolysis process. During anodes production, baking is a long and 
expensive step. Therefore, it is interesting to characterize the anode before this step. Electrical conductivity 
measurement of composite materials such as anodes is an interesting method, understanding the 
mechanisms involved are all the more. Green anode is principally composed of coke aggregates and pitch, 
which have both really different electrical properties. The work presented here suggests the study of a 
mathematical model allowing to understand the electrical resistivity of the green anode, as well as comparing 
to experimental results performed in laboratory. The difference of results obtained numerically and 
experimentally leads to a deeper investigation of the material. The study of the different phases interfaces 
present in the material under optical microscopy allowed to explain, at least part of it, the obtained results. 
 
Thermo-electro-mechanical characterization of the ramming paste: aging effects on its performance 
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The ramming paste is used for sealing the cathode blocks in the electrolysis cell. The main role of this paste is 
to prevent the infiltration of liquid aluminum and bath into the lining. Due to the evaporation of the 
softening agents ensuring its malleability at room temperature, its characteristics could change with time. To 
determine the effect of paste aging on its physical properties, samples will be produced using a compaction 
procedure based on a continuous feeding. The compacted samples will be baked and then scanned using X-
ray tomography in order to characterize the density distribution. Finally, compression tests will be performed 
on these samples to assess the Young’s modulus, Poisson’s ratio and the crushing strength. However, the 
ramming paste is compacted in several layers at the smelter, which can cause delamination problems. In 
order to study the junctions between the layers, samples will be compacted in two layers, then tensile tests 
will be carried out on these samples to determine their failure modes and their tensile strengths. 
Due to new regulations that require substitution of carcinogenic components whenever it is possible, a new 
ecofriendly ramming paste will be studied in addition to the standard ramming paste. 
 
A Full Mass Transfer Model For Gasification Reactions Of Carbon Anodes 
 
Mohammad Kavand1, Donald Ziegler2, Houshang Alamdari1 
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The Hall-Heroult process, is the most common way to produce of Al in industry by electrolytic reactions. In 
addition to the electrolytic reactions, anode can also react with air and resulting CO2 that are not desirable. 
The CO2 reacts with the anode surface and also may diffuse through the porous structure and consume the 
anode interior. In this context, a full mass transfer model incorporating the appropriate chemical reaction 
were used to describe gas−solid reactions, such as anode carbon gasification reaction, and the change in 
porous structure during conversion. This extensive model is able to capture fully the details of the transport 
mechanism and develop a film-convection model. The gas concentration and solid conversion were 
calculated at any position and time. The ε, K, D and Cco are higher at the bottom and sides of the anode and 
also the results shows that reaction rate at the sides of the anode is higher and it is in agreement by 
industrial condition. 
 
Pitch/coke interaction (Effect of bio-pitch in anode formulation)  
 
Ying LU1,2, Houshang ALAMDARI1,2, Mario FAFARD1,3, Donald ZIEGLER4 
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Prebaked carbon anodes consist of dry aggregates (calcined petroleum coke, recycled anodes and butts) and 
the binder (coal tar pitch). They are used for aluminum production in the electrolytic cell.  Good binding 
between dry aggregates and binder results in dense anodes and thereby greatly affects the final anode 
properties. In order to obtain good anodes, the interaction between coke and pitch needs to be improved 
and the wettability of pitch on coke must be enhanced. Interest in bio-mass as a raw material to produce bio-
pitch are its renewability and that it is CO2 balanced and sulfur-free, low in cost, abundant in supply, and 
readily available around the globe. Bio-pitch, produced from biomass (bio-oil), contains high oxygen 
functional group and low quinoline insoluble (QI) may contribute to its wettability on coke. Bio-pitch may 
have significant differences in their properties depending on their origin and could be modified by pyrolysis 
conditions or distillation conditions. Both chemical and physical properties of different bio-pitches are 
studied to understand bio-pitch /coke interaction in order to improve the wettability of pitch on coke. The 
characterization of these bio-pitches will also be investigated and it properties will be compared with those 
of coal tar pitches. 
 
Experimental measurement of alumina dissolution behavior 
 
Jonathan Alarie1, László Kiss1, Sándor Poncsák1, Csilla Kaszás Katinka1, Thomas Roger 1, Jean-François 
Bilodeau2, Sébastien Guérard2 
 
1 Université du Québec à Chicoutimi, 555, boul. de l’Université, Chicoutimi, Québec, Canada G7H 2B1 
2 Centre de recherche et développement Arvida, Rio Tinto Aluminium, Saguenay 
 
To maintain a good performance in the actual economic context, it is necessary to optimize aluminum 
production. An important aspect is the control of alumina feeding in electrolytic pot to prevent over-Feeding 
and under-Feeding in alumina. By improving this control, undesirable effects, such as anodic effect, or 
bottom sludge formation can be prevented and current efficiency can be enhanced. It is important, for this 
reason, to know the optimal conditions of alumina dissolution in the bath.  
The goal of this project is to develop a method that can measure the influence of phenomena affecting a 
sample in the cryolitic bath. This can be achieved by following the variation of the apparent weight, that vary 
with the change of the sums of all forces acting on the alumina samples inserted into the bath. Then, it is 
possible to follow the influence of buoyancy, surface tension and gravity on the apparent weight. In fact, 
these forces are affected by multiple thermal, mechanical and chemical phenomena. Finally, it is possible to 
note the predominance of a phenomenon during different steps of the sinking history. 
 
Study of friction stir lap welding of 2024-T3 aluminum alloy for aeronautical applications 
 
Nicolas Cloutier1, Lyne St-Georges1 
 
1 Université du Québec à Chicoutimi, 555, boul. de l’Université, Chicoutimi, Québec, Canada G7H 2B1 
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Friction stir welding is a solid state joining process. It consists in using a rotary tool that moves along the 
interface to be joined which generates frictional heat and large plastic deformations necessary for the 
dynamic recrystallization of the metal matrix behind the tool. The manufacture and repair of aircraft are just 
some of the many benefits of this technology, which allows the assembly to be lighter thanks to the excellent 
mechanical properties obtained with this welding process combined with the absence of material added to 
the weld. This method, while offering good dimensional stability, requires a precise adjustment of its 
parameters for each particular case. In this research work, the welding parameters are optimized by reducing 
the dimensions of the defects as well as their location for the 2024-T3 aluminum alloy which is one of the 
most common for fuselage construction and aircraft repair. The quality of the weld can be evaluated due to 
the defects present by metallographic analysis and depends on the temperature, the tool and the welding 
support. Interface mixing is the dominant defect in lap welds affecting structural integrity, while interface 
discontinuities around the weld affect mechanical strength and fatigue life. 
 
Low Energy EELS Analysis of Aluminium Alloys 
 
Frédéric Voisard1, Raynald Gauvin1, Nicolas Brodusch1, Hendrix Demers2, Michel L. Trudeau2 
 
1 Université McGill, département de génie des matériaux 
2 Hydro-Quebec, Institut de recherche d’Hydro-Québec (IREQ) 
 
Electron Energy Loss Spectroscopy (EELS), is an elemental analysis technique which allows the detection of 
light elements in a transmission electron microscope.  EELS therefore allows the chemical analysis of light 
elements within precipitates, such as Lithium, which plays a crucial role in the strength of aluminium alloys 
such as AL 2099. 
 
Tensile Properties and Microstructural Characterization of entirely built vs. repaired A356 specimens made 
by Directed Energy Deposition 
 
Louis Simoneau1, Alexandre Bois-Brochu2, Carl Blais1 
 
1 Department of Mining, Metallurgical and Materials Engineering, Université Laval, 1065 avenue de la 
Médecine , Québec, QC, G1V 0A6, Canada 
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Additive Manufacturing (AM) is a novel family of manufacturing processes that allows the production of parts 
with complex geometries. Using polymers, metals and even ceramics, AM differs from conventional metal 
shaping processes by its approach based on successive deposition of layers of materials. Directed Energy 
Deposition (DED) is a sub-category within AM processes that offers promising and unique capabilities. 
Indeed, thanks to its clever deposition process design, this technology can be used to repair defective or 
broken parts, enabling significant cost savings. To this day, few studies have been carried out on additive 
manufacturing of aluminum components with DED. In this research two different applications were studied: 
1) the complete construction of samples made of A356 and 2) the repair of tensile half-specimens made of 
cast A356. Samples were characterized in terms of tensile properties, microstructure, crystallographic 
textures as well as grains size using SEM, EBSD and image analysis. Results show that repaired specimens 
exhibit equal or higher tensile properties than typical cast A356. The microstructure of the deposited regions 
is a mix of cellular, equiaxed and columnar type grains. 
 
Numerical simulation of the Nakazima test for the 5052 and the 5083 aluminum alloys 
 
Francis Corriveau1, Ahmed Maslouhi1, Alain Desrochers1 
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This academic work is carried out as part of a research project with the following partners: Centre de 
Technologies Avancées (CTA), Laval University (UL) and the Department of Mechanical Engineering of 
Sherbrooke University (UdeS). The main objective of this project is to design an optimized an aluminum alloy 
recreational vehicle chassis to reduce its weight, its number of parts and cost while providing good 
performances and reliability on the road. The subject of this work is thus part of this large-scale project and 
consists of realizing the design and optimization of functional, structural and aesthetic aluminum 
components. 
 
To achieve this goal, research will focus on the formability of certain aluminum alloys. Moreover, the 
mechanical properties of the chosen alloys, following an elongation carried out in high temperature, will be 
quantified in order to characterize the mechanical properties of a part that has been formed using a hot-
forming process. 
This data will then be used to simulate the forming behaviour of the 5052 and 5083 aluminum alloy. In order 
to achieve this goal, the influence of the choice of the flow laws (Holomon, Voce, Chaboch) will be studied in 
order to correlate the models to the experimental results. 
 
Formation of dispersoids and their effect on creep property of Al-Si-Cu-Mg foundry alloy with additions of 
Mn and Mo 
 
Lanfeng Jin1, Kun Liu1, X-Grant Chen1 
 
1 Université du Québec à Chicoutimi, 555, boul. de l’Université, Chicoutimi, Québec, Canada G7H 2B1 
 
In response to the increasing demands from automotive industry, thermal-stable dispersoids strengthened 
aluminum alloys have continuously drawn engineers’ attention for their excellent elevated-temperature 
properties. In this study, the formation of dispersoids in Al-Si-Cu-Mg 319 foundry alloy with different Mn and 
Mo additions was investigated. Their effect on creep property was evaluated by means of minimum creep 
rate, threshold stress and stress exponent. Results show that both individual and combined additions of Mn 
and Mo could promote dispersoids formation. The number density of dispersoids increases from individual 
addition of Mn to individual addition of Mo, and reaches the maximum values with the combined addition of 
Mn and Mo. The similar creep stress exponent (~4) indicates the creep deformation is principally controlled 
by dislocation mechanism. Therefore, the creep threshold stress increases in the same order with the 
evolution of dispersoids since the interaction between dispersoids and dislocations plays significant role on 
the creep resistance. 
 
Multi-physics modeling of aluminium laser welding process 
 
Thi-Nhung TRAN¹, Xuan-Tan PHAM¹, Chi-Cong NGUYEN¹ 
 
1 Department of Mechanical Engineering, École de Technologie Supérieure, 1100 rue Notre-Dame Ouest, 
Montréal, Québec, H3C 1K3 
 
This research focuses on the modeling of the multiphysics phenomena in the laser welding of aluminium 
alloys. Under the high intensity laser power, the keyhole laser welding mode occurs. The important driven 
force of the keyhole formation, the so-called recoil pressure, is considered. Firstly, the mixture model is used 
to couple the solid and liquid phases of the matter. Then, the tracking interface level set equation is 
incorporated with conservation equations of the mixture and vapor phases to build a single-field model using 



173 
 

the well-known diffused interface method. This model allows taking into account the dynamic and thermal 
interaction as well as the phase changes between three phases: metal solid, metal liquid and vapor. By 
implementing the model into COMSOL Multiphysics software, a laser pulse on a sample of A6061-T6 in the 
axisymmetric configuration is performed. Some first numerical results of evolution of the keyhole, spatter 
formation as well as heat transfer behavior such as the heating rate and the cooling rate are presented. 
 
Effects of erbium (Er) addition on the microstructure and mechanical behavior of Al-Mg aluminum alloy 
 
Anes Foul1, Mathieu Brochu1 
 
1 Department of Mining and Materials Engineering, McGill University, Montréal, Quebec 
 
Enhancement of the mechanical properties of Al-Mg is achieved mainly by precipitation hardening in additive 
manufacturing. The need for high temperature and high strength aluminum alloys can be reached by creating 
coherent L12 precipitates containing slow-diffusion elements. Scandium, zirconium, erbium, and vanadium 
are used to form the trialuminide Al3(Sc, Zr, Er, V) nano-sized dispersoid which strengthen the alloy by 
preventing dislocation motion and coarsen slowly by diffusion at the processing temperature. However, 
scandium in recent years is being replaced by the cheaper erbium alloying element. Significant grain 
refinements and the formation of Al3Er phases were found in traditional manufactruring. During the last 
decade, dozens of L12 forming Al-alloys have been investigated, with micro-additions of one to five elements. 
Al-Mg-Er alloy was printed using laser powder bed machine. The microstructure is invistigated to confirm the 
formation of these Al3Er nano-size despersoids. 
 
Effect of V, Zr and Mo additions on mechanical properties of Al-Si-Mg foundry alloy 
 
Anil Arici1, Zhan Zhang1, X.Grant Chen1 
 
1 Université du Québec à Chicoutimi, 555, boul. de l’Université, Chicoutimi, Québec, Canada G7H 2B1 
 
Minor alloying elements of V, Zr and Mo were added into Al-Si-Mg foundry alloy to improve the mechanical 
properties of the foundry alloy. The microstructure of the permanent mold casting was investigated in as cast 
condition through OM and SEM to understand strengthening mechanism. The microhardness and tensile 
tests were carried out to evaluate mechanical properties of the alloys. The solution treatments were 
performed at 500 oC and 540 oC for various holding times to determine the optimal heat treatment process. 
The results indicated that the optimum heat treatment condition is the solution at 540 oC for 2 h, then water 
quench and followed the aging at 170 oC for 4 h based on microhardness results. In comparison with the base 
alloy, the alloy with addition of V, Zr and Mo exhibits a remarkable improvement of microhardness and 
tensile properties on both as cast and T6 heat treated condition. 
 
Development of a generic connector system for attaching traffic barrier to aluminum decks 
 
Martin Cormier1,2, Victor Desjardins1,2, Charles-Darwin Annan1,2, Mario Fafard1,2 
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This project focuses on the possibility of connecting a traffic barrier to aluminum decks. The purpose is to 
develop an assembly for fixing a standardized traffic barrier that has been subjected to collision tests on a 
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common bridge deck (concrete, wood or steel) and accredited by a recognized certification organization. In 
addition, an edge extrusion must be developed in order to allow the traffic barrier to be assembled. This 
extrusion and the rest of the aluminum deck must be designed so that it does not undergo any permanent 
deformation under the impact of a vehicle. The project, which will be entirely numerical, is divided into two 
major parts. The first part consists of developing the assembly using Siemens NX finite elements modeling 
software and static loads recommended by CAN/CSA S6-14. Deformations and constraints will be studied. 
The second part consists of performing dynamic checks on the interaction between the traffic barrier and the 
vehicle using LS-DYNA software. The best performing system, which has good resistance to impact loads and 
good energy dissipation, which requires simple assembly and which limits the propagation of loads, can be a 
good solution to this project. 
 
Heat effect on mechanical properties and microstructure of aluminium welding 
 
Zeli Arhumah1, Mohammed Alkhabbat1, Xuan-Tan Pham1  
 
¹Département de génie mécanique, École de technologie supérieure 1100, rue Notre-Dame Ouest Montréal 
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Aluminum alloys find wide applications in aerospace, automobile industries and railway vehicles due to its 
high strength to weight ratio. The present work aims to study the heat effect of welding on the mechanical 
properties and microstructure of aluminum alloy 6061. The relationship between the welding thermal cycle 
and the microstructure and mechanical properties in different zones are investigated in two GMAW welding 
configurations. Numerical simulations of heat analysis are done using the software SYSWELD. The mechanical 
properties and microstructures are evaluated using the tensile test, microhardness measurement and 
fractographic analysis. 
 
Synthesis and characterization of Ni based nanocomposite supercapacitor electrodes on aluminum 
 
Xingli Chen1, Dilip Sarkar1, X. –Grant Chen1 
 
1 Université du Québec à Chicoutimi, 555, boul. de l’Université, Chicoutimi, Québec, Canada G7H 2B1 
 
With the rapid deterioration of environment and depletion of fossil fuels, it is pressing to explore more clean 
and renewable energy sources as well as more efficient energy conversion/storage systems. Supercapacitors 
receive increasing attention due to the features of delivering high power than batteries and higher energy 
density than conventional capacitor. Generally, the candidates of electrode materials for supercapacitors 
include carbonaceous materials, transition metal oxides and hydroxides and conducting polymers. Nickel-
Aluminum double hydroxide has been synthesized in chemical routes with having surface area and excellent 
microstructural properties. XRD, FTIR and SEM have been used to analyze the results chemical composition 
and morphological properties of these materials. The electrochemical tests such as cyclic voltammetry (CV) 
curves, galvanostatic charge/discharge tests and the EIS measurements are used to determine the 
capacitance and power density of the supercapacitors. 
 
Bloch wave simulations of Al single crystal at low energy 
 
Samantha Rudinsky1, Raynald Gauvin1 
 
1 Department of Materials Engineering, McGill University, Montreal, QC. 
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Electron microscopy (EM) is a widely used experimental tool for characterizing microstructure. In materials 
such as aluminum alloys, the characterization of such microstructures can lead to improvements in alloy 
development and mechanical properties. Transmission imaging of thin films has the capacity to determine 
features such as crystal structure and the locations of defects and precipitates. This method of 
characterization is a crucial step in the development of alloys for any application. However, transmission 
images and diffraction patterns are difficult to analyze and require simulations to compare to. At high 
energies, simulation methods, such as multislice, which rely on the paraxial approximation are typically used, 
however low energy simulations require a different approach. The Bloch wave approach is a widely used 
algorithm which, although neglecting backscattering, is not restricted to the high-energy range. However, it is 
not commonly used for transmission imaging at low energies. Here, we show image simulations of an Al 
single crystal using the Bloch wave approach at 30 keV. The advantage of this approach over solving the 
Schrodinger equation directly is an increase in computational efficiency. Furthermore, X-ray generation can 
still be obtained once the wave function is known throughout the entire specimen. 
 
Development of design methods for aluminum decking bridges 
 
Alexis Gateau-Bégin1,2, Victor Desjardins1,2, Charles-Darwin Annan1,2, Mario Fafard1,2 
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Aluminum is a material with several interesting properties for civil construction. Aluminium’s superior 
strength-to-weight ratio and durability properties (i.e. resistance to atmospheric corrosion) compared with 
the traditional materials, like steel and concrete, mean that a bridge solution in aluminium offers tremendous 
potential for building modern vehicular bridges with increased traffic load capacity, extended service life and 
rapid construction. However, the structural design application and optimisation of a new aluminium bridge 
solution still remain a daunting task. For example, considering that an optimal bridge deck solution in 
aluminium consists of a multi-cellular section made from extrusions, and that the determination of the 
bending moment resistance of a section requires engineers to calculate the plastic moment, it becomes a 
non-trivial task to implement the simplified methodology specified by the code to determine the ultimate 
moment capacity of aluminium deck sections. The above example is only one of the issues that need to be 
examined in the existing design specification. The purpose of this research is to develop simple calculation 
tools for the design of aluminum bridges that could be implemented in the Canadian Highway Bridge Design 
Code. 
 
Review of vibration based VHCF testing methodologies 
 
Sentissi Mohamed Larbi1, Myriam Brochu1, Annie Ross1 
 
1 Département de génie mécanique, Polytechnique Montréal, 2900 Boulevard Edouard-Montpetit, Montréal, 
QC H3T 1J4, Canada 
 
The determination of the very high cycle fatigue life (VHCF) of metals, in circumstances where the material is 
subject to oscillating stress states, is a central design issue that is routinely encountered in various systems. In 
this context, the present work aims to present the results of a systematic review of vibration based fatigue 
testing methodologies. More precisely, we describe and compare these techniques with more classical 
approaches based on standard cycling machine testing. The speed of VHCF testing, as well as the stress states 
that can be generated and the implementation complexity of each method are discussed. 
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Development of mechanically durable ecologic and corrosion resistance non-chromate coatings for 
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Chromate coatings are most commonly used for surface treatment of alloys in many fields, but emerging 
legislation prohibits their use in many countries due to their high toxicity. In this work, zirconium-inorganic 
molecules, zirconium-organic molecules, and sodium-inorganic molecules thin films as a non-chromate 
coating were developed. Zirconium-inorganic molecules, zirconium-organic molecules, and sodium-inorganic 
molecules thin films were synthesised using sol-gel and one-step electrodeposition processes. The presence 
of zirconium, sodium, and inorganic molecules was characterized by energy dispersive X-ray (EDX) and 
Fourier transform infrared spectroscopy (FTIR) techniques. Scanning electron microscopy was used to 
investigate the surface morphologies of the thin films. The corrosion behavior of the thin films on aluminum 
were characterized by potentiodynamic polarisation and electrochemical impedance spectroscopy (EIS). The 
polarisation resistance of sodium-inorganic molecules thin films was found to be much higher compared to 
aluminum substrates with a value in the order of 100  and 1 , respectively. The charge 
transfer resistance of aluminum substrates, zirconium-inorganic molecules and zirconium-organic molecules 
thin films are found to be in the order of 1 , 100  and 10 , respectively. These results 
show that the non-chromate thins films prepared in this project has enormous potential in the corrosion 
protection of aluminum. 
 
The f-ratio Quantification Method for X-Ray Microanalysis on Multi-Elements Specimen 
 
Chaoyi Teng1 
 
1Department of Mining and Materials Engineering, McGill University, Montreal, Quebec, Canada, H3A 0C5 
 
A scanning electron microscope (SEM) / energy dispersive spectroscopy (EDS) system has become one 
general-purpose instrument for quantitative X-ray microanalysis due to its simple and fast operation. With 
the k-ratio method, the standard-based EDS analysis can achieve an accuracy comparable to the electron 
probe microanalyzer (EPMA) / wavelength-dispersive X-ray spectroscope (WDS), however, standard samples 
are required for every acquisition and this increases the workload of the quantification. Moreover, the k-ratio 
method requires the samples to be analyzed at an EDS operating condition identical to the standards, which 
is difficult to be achieved in a field emission SEM, particularly for the electron beam current. Thus, to 
eliminate the influence of beam current, a new quantification method, which is performed based on the 
routine EDS technique, was developed for a field emission SEM.  
 
Dynamic Response of Highway Bridge Decks made from Extruded Aluminium Sections 
 
Samuel Petitclerc1,2, Charles-Darwin Annan1,2, Nicolas Boissonnade1, Mario Fafard1,2 
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The use of extruded aluminium decks in highway bridges presents many advantages, but also comes with its 
peculiar design challenges. Despite the recent introduction of provisions in the Canadian Highway Bridge 
Design Code CAN/CSA-S6, which allows engineers to use aluminium for the construction of bridges, the 
design and optimisation of aluminium bridges remains a difficult task due to the absence of clear provisions 
and methodology as is the case with the traditional construction materials such as steel, concrete and timber. 
Aluminium being much lighter than its traditional counterparts, dynamic behavior of aluminium bridges is 
expected to be quite different from bridges made from other materials. In the conventional design 
procedure, dynamic load factors are prescribed for use in a simplified design methodology to account for 
traffic-induced dynamic effects. This research project seeks to verify whether or not the values of the 
dynamic load allowance prescribed by the design standards are applicable to aluminium deck bridges, and to 
propose correction factors, if necessary. This project uses the finite element method to evaluate the 
amplification due to dynamic effects of moving vehicles on aluminium deck bridges, and the influence of 
varying bridge and vehicle characteristics on this amplification. 
 
Effect of welding equipment rigidity on mechanical and physical properties of friction stir welded 
aluminum alloys 
 
Anthony Fleury1, Lyne St-Georges1, Ahmed Rahem1 
 
1 Université du Québec à Chicoutimi, 555, boul. de l’Université, Chicoutimi, Québec, Canada G7H 2B1 
 
Friction stir welding (FSW), a solid state joining process perfectly adapted for aluminum alloy, is being 
increasingly used in multiple industries. Even though FSW process produces better and more sustainable joint 
than fusion welding process, undesirable phenomenon can alter its mechanical properties. For instance, 
during the processing, the moving and rotating tool leaves striations on the surface finish favourable to 
fatigue crack nucleation. The welding equipment rigidity, affecting the movement and the deformation of 
equipment parts, might be the cause of this issue, along with others effects such as weld size. The main 
objective of this work is to study the effect of this rigidity on the weld quality. Research works will cover 
especially on the analysis of mechanical and physical properties of aluminum alloys joints welded by different 
FSW equipment. 
Overall, the goal is to study the effects of equipment rigidity on a post-welded aluminum alloy joint in order 
to evaluate the equipment potential and to minimise defects. A comparison between welds made by FSW 
specialized and non-specialized equipment will let us reach this goal. In this regard, producing comparable 
quality joints with specialized equipment or not might convince small industrials to implant this technology 
without major investment. 
 
Implementing phase-field ductile fracture model for aluminum welded joint 
 
Hung Cuong Nguyen1, Xuan-Tan Pham1, Mohammad Jahazi1  
 
1 Department of Mechanical Engineering, École de Technologie Supérieure, 1100 rue Notre-Dame Ouest, 
Montréal, Québec, H3C 1K3 
 
The main purpose of this study is to investigate the fracture mechanism of aluminum butt-joint weldment. 
Recent developments on phase field approach for fracture have a number of attractive features such as their 
efficiency and reliability on capturing crack propagation as well as crack opening of solids. It is also a well-
accepted fact that aluminum and its alloys expose themselves as prolonged rupture when they come into 
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failure, i.e. the plastic deformation plays considerable roles in fracture behaviors of media. For this study, we 
implement a phase field model for ductile fracture, in which plastic energy is taken into account for the 
opening of the crack. Following the identification of the material properties and model parameters, we carry 
out a number of numerical assessments, e.g. the single-edge notch test and double-edge notch test, upon the 
butt-joint geometry in order to find out the crack path and the mechanical responses of the welding joint. 
 
Evaluating tensile properties and microstructure of an AlSi10Mg aluminium alloy manufactured by laser 
power bed fusion, using digital image correlation method 
 
Marina Pushkareva1, Nicolas Wawrzyniak1,2, Myriam Brochu1  
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2 Université de Lyon, Institut National des sciences appliquées de Lyon, 20, avenue Albert Einstein, 69621 
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Characterization of mechanical properties in tension and microstructure of AlSi10Mg parts manufactured by 
laser powder bed fusion was performed in this study. Digital image correlation (DIC) method was used to 
possibly study the behavior at the interfaces of parts repaired by additive manufacturing. It was shown that 
the values of the mechanical properties (Young's modulus, yield strength at 0.2% and elongation at fracture) 
obtained by digital image correlation are comparable to those obtained using the blade extensometer. The 
microstructure of the "fish scale" type was observed using a scanning electron microscope. Uniformly 
distributed porosities with an average diameter of 5 μm were observed on the XY and XZ sections using an 
optical microscope. The fractographic analysis showed the presence of porosities on the fracture surface. 
These defects are detrimental to the ductility of the material. A decrease in porosities volume fraction would 
improve the mechanical properties. 
 
Thermo-Mechanical Fatigue Behaviors of AA6061 and 356 Aluminum Alloys 
 
Jian Qin1, Dany Racine1, Kun Liu1,  X-Grant Chen1 
 
1 Université du Québec à Chicoutimi, 555, boul. de l’Université, Chicoutimi, Québec, Canada G7H 2B1 
 
With widely application of Al alloys in automobile industry, thermo-mechanical fatigue (TMF) behaviours of 
Al alloys play an important role in engine design, especially blocks and cylinder heads. During service, these 
components will undergo cyclic stress and temperature conditions. A modified setup together with the new 
designed program were developed with the Gleeble 3800 system which can precisely simulate the cyclic 
profiles of temperature and mechanical strain. The procedure includes thermal strain measurement, zero 
force adjustment and following by TMF cycles. A series out-phase TMF tests of two aluminum alloys (AA6061 
wrought alloy and 356 foundry alloy) under cyclic temperatures (60-300°C) and various strain amplitudes 
(0.2-0.6%) were performed. Their TMF behaviours were characterized by the typical hysteresis loops and 
cyclic stress-strain response. 
 
The fluorescence correction of 3D heterogeneous materials for quantitative X-ray microanalysis 
 
Yu Yuan1,  Raynald Gauvin1 
 
1 Department of Mining and Materials Engineering, McGill University, Montreal, QC 
 
In quantitative X-ray microanalysis, enegy dispersive spectroscopy (EDS) is used together with scanning 
electron microscope (SEM) to detect characteristic X-ray intensities, which is related to chemical composition 
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of certain elements. One of the most important factor needs to be considered during the calculation is the 
fluorescence factor. The fluorescence effect is the increase of detected characteristic X-ray intensity because 
of secondary emission induced from X-rays instead of electrons. It is normally ignored when Monte Carlo 
simulation is performed because of its small magnitude. However, when it comes to samples with 
complicated geometry like multilayer materials, grain boundaries, or precipitates in alloys. The fluorescence 
correction for multilayer materials has been computed before using MCX-ray obtaining accurate X-ray depth 
distribution curves and analytical model to get the equation. In this work, a program is developed to calculate 
fluorescence correction for 3D heterogeneous materials using numerical integrals. Several examples are 
shown for grain boundaries and particles. The simulated results are compared with both experimental data 
and simulation from other software. 
 
Life-cycle cost analysis of a bridge with an aluminum deck 
 
Cassandra Bayan1,3, Victor Desjardins1,3, Luca Sorelli, 1,2 Mario Fafard1,3 
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0A6, Canada 
 
The overall objective of this project is to highlight the economic benefits of an aluminum deck bridge. While 
the use of aluminum has many advantages such as excellent durability, a major disadvantage remains: the 
initial purchase price is particularly high. However, decision-making is too often based on an incomplete and 
biased analysis, considering only construction costs. To avoid this bias, a new method of arbitration will be 
used to objectively evaluate four designs, covering two realities of annual average daily throughput. Thus, in 
an urban environment the aluminum design will be compared with the existing one of a bridge with concrete 
slab on steel beams. In rural areas it will be a matter of opposing aluminum to a steel-wood bridge. 
The method we propose analyzes the entire costs of the structure over its entire life cycle: "from cradle to 
grave". In this holistic approach, all cost-related steps will be covered: material extraction, transport, 
construction, maintenance, operation and end-of-life management (demolition, recycling). The first design 
studies are in progress and the results expected for July 2018. 
 
Effect of cooling rate and Mn on the Mg2Si precipitation during homogenization cooling of AA6060 alloys 
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Effect of cooling rate and Mn on the Mg2Si precipitation during homogenization cooling of AA6060 alloys was 
investigated. Scanning electrical microscope (SEM) and transmission electron microscopy (TEM) were used 
for the microstructural observation. The image analysis was used to quantify the number density and the size 
of the precipitation. Results showed that the precipitation of Mg2Si particles was promoted by the reduced 
cooling rate and by the increased Mn content in the alloys. The number density of Mn-containing dispersoids 
increased with the increasing Mn content in the Mn-bearing alloys. The size and number density of Mg2Si 
particles increased with decreasing cooling rate. A model of precipitation of Mg2Si during homogenization 
cooling was given. The Mn-containing dispersoids and the Mn-Si atom cluster acted as the nucleation sites 
where the Mg2Si could easily form in the Mn-bearing alloys.  
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Aircrafts structural parts are generally machined, producing up to ninety percent of material wastes. In order 
to reduce economic and environmental problems caused by that waste, other manufacturing processes are 
suggested: casting, forging, or additive manufacturing. Identifying manufacturing steps and parameters 
influencing economic and environmental performance will allow a trade-off for an economic and 
environmental friendly production. A part’s shape, material and weight depending on the manufacturing 
process used, the studied component is redesigned for manufacturing allowing an accurate evaluation of 
costs and environmental impacts. 
In this poster economic and environmental impacts of manufacturing steps of an aircraft structural 
components in aluminium alloy redesigned for machining, additive manufacturing and casting are analysed. 
Material, manufacturing and recycling are taken into account for cost evaluation. Environmental impacts are 
computed by life cycle analysis. Using the multi-criteria decision making method TOPSIS, manufacturing 
processes are ranked according to their economic and environmental performance. 
 
Characterization of DSC curves under various tempers in high pressure vacuum die casting alloy 
 
Zhixing Chen1, Kun Liu1, X. Grant Chen1 
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Due to the massive production capability and high properties achievability, high pressure vacuum die casting 
(HPVDC) products are increasingly used in the application of automobile industries. They are heat treatable 
and weldable, which makes their properties attractive for critical structural components. In order to rapidly 
diagnose the production problem related to the heat treatment, the differential scanning calorimetry (DSC) 
tests are useful tool, in which the unique peaks can be produced for each temper. In the present work, Aural-
2 alloy, one of the most widely used HPVDC alloys, has been treated with different tempers and 
characterized by DSC. Various peaks appeared on DSC curves have been analyzed to identify the 
precipitation/dissolution processes of different precipitates. Results show that both the peak number and 
peak area vary with tempers, indicating their different precipitation/dissolution behaviors. Meanwhile, the 
microstructure, electric conductivity and microhardness under various tempers are also investigated. Their 
results can well support the changes of DSC curves. Therefore, the heat treatment conditions of HPVDC alloys 
can be successfully identified with established DSC database in the present work. 
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