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Message from the Chairs   
 

On behalf of the organizing committee, it is my pleasure to welcome you to the 36th 

Canadian Materials Science Conference (CMSC) hosted at the University of Waterloo. 

This year’s conference features an exciting and diverse range of technical symposia, 
reflecting the breadth and innovation in materials science and engineering research 
across Canada. From additive manufacturing to advanced and novel materials to the 
complex interactions between materials and the environment, the scientific program 
promises to inspire and engage researchers in our materials science community. 

We are also proud to present a stellar line-up of plenary presentations, including the 
prestigious D.K.C. MacDonald Memorial Lecture and talks from this year’s Metal 
Physics and Metal Chemistry Award recipients—highlighting leading-edge research 
programs. 

New this year, we are thrilled to spotlight the next generation of trailblazers with the 
introduction of the Early Career Researcher Plenary Presentation Awards, 
recognizing and promoting the outstanding work of some of Canada’s top emerging 
materials scientists and engineers. 

Given the University of Waterloo’s location in Canada’s leading entrepreneurship and 
innovation hub, we are also excited to host a special panel discussion on the 
commercialization of materials science research. This session brings together 
materials scientists from companies engaged in a range of materials research and 
development —from battery materials to nano-devices to high-purity copper powder 
production — offering insights into translating cutting-edge research into real-world 
impact. 

We hope this year’s CMSC provides not only a forum for sharing ground breaking 
research but also a space for meaningful connection, collaboration, and inspiration. 
Thank you for joining us in Waterloo. We wish you a rewarding and enjoyable conference 
experience! 

Warm regards, 
Prof. Michael Benoit 
Chair, 36th Canadian Materials Science Conference 
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Award Recipients  
Plenary Presentation - D.K.C MacDonald Memorial Lecture  

 

 
 

Allison Beese is a professor in the Department of Materials Science and Engineering at Penn 
State University. She also serves as Director of Penn State's Additive Manufacturing and Design 
graduate program and co-director of Penn State’s Additive Manufacturing center (CIMP-3D). Her 
multiscale mechanics of materials research group focuses on using experimental and 
computational methods to identify and model the links between microstructural features and 
deformation and failure of materials, with a focus on additively manufactured metallic materials.  
She received her B.S. in Mechanical Engineering from Penn State, and M.S. and Ph.D. in 
Mechanical Engineering from MIT.   
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Plenary Presentation - Metal Physics Award 
   

Mark Daymond is a Professor in the Dept. of Mechanical 
and Materials Engineering at Queen’s University in 
Canada.  He leads a research program that focuses on 
relating microstructural changes to macroscale properties, 
with a particular interest on the impact of irradiation 
damage.  His research covers both experimental and 
modelling approaches.  He holds a UNENE Research 
Chair in Nuclear Materials, which supports research 
related to the fleet of operating Canadian nuclear reactors, 
as well as a Tier 1 Canada Research Chair in Mechanics 
of Materials.  He is Director of the Reactor Materials 
Testing Laboratory (RMTL) which includes an ion 
accelerator-based irradiation facility.  Before coming to 

Queen’s he completed his degrees at the University of Cambridge (UK), did a postdoc at Los 
Alamos National Laboratory (USA) and worked for several years at the Rutherford-Appleton 
Laboratory near Oxford (UK).   
  

Plenary Presentation - Metal Chemistry Award  
  

Joey Kish leads a research team focused on corrosion 
and its control of structural engineering alloys in terms of 
determining influence of metallurgical aspects on the 
controlling anode and cathode processes across multi 
length scales from macro (weld zones) down to nano 
(grain boundary and second phase particles). He currently 
is the Scientific Director of the McMaster’s Centre for 
Automotive Materials and Corrosion. He joined McMaster 
in 2008 after spending 10 years working industry: two 
years as a Materials Specialist with NORAM Engineering 
& Construction Limited (Vancouver, BC) and eight years 
as a Corrosion Scientist at the Pulp and Paper Research 
Institute of Canada (Vancouver, BC). 
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Early Career Researcher Plenary Presentation Award Recipients 

 

Daria Humeniuc is a second year MASc student in Mechanical 
Engineering at the University of Guelph with an expected 
graduation in the summer of 2025. She completed her BASc in 
Biomedical Engineering from the University of Guelph in 2022. 
Under the supervision of Dr. Elsayed and as part of the 
Gryphon Solidification and Materials Processing Laboratory 
(SaMPL), Daria is researching magnesium alloys for 
biomedical implants. Her work aims to improve the corrosion 
resistance of the Mg-Zn-Ca system. She enjoys working as a 
graduate teaching assistant for design courses to share her 
knowledge and passion for engineering with students. Her 
dedication has been recognized through the American Foundry 
Society Ontario Chapter Professor Brad Bowman Memorial 

Scholarship in 2024. Daria is an active member of the CIM-MetSoc student community and has 
attended meetings of the American Society of Materials International Ontario Chapter. Her 
research contributions have been presented at various conferences, including COM 2024 in 
Halifax and TMS 2025 in Las Vegas. Beyond her academic endeavors, Daria competes 
internationally in hunter jumper equestrian sports and has been part of the University of Guelph 
IHSA and OCEA teams.   
 

Xiaoye Zhao is a Ph.D. candidate in Mechanical 
Engineering at the University of Waterloo, affiliated with the 
Centre for Advanced Materials Joining (CAMJ). She holds 
an MSc in Materials Processing Engineering and a BASc in 
Metallic Materials Engineering. Her research focuses on 
laser joining technologies, resistance spot welding, surface 
modification, and energy-related applications such as 
moisture-enabled electricity generation. She has authored 
37 peer-reviewed publications and held a U.S. patent. 
Xiaoye has received numerous honors, including the 
international Ontario Graduate Scholarship, the GM 
Innovators Graduate Scholarship, and the AWS James F. 

Lincoln Gold Medal Award. She currently serves as Vice Chair of the CWA Waterloo Student 
Chapter and has contributed as both a guest editor and lecturer.  
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Bahar Ronnasi is a PhD candidate in Chemical Engineering at 
the University of Ottawa, under the supervision of Prof. Benoit 
Lessard. Her research focuses on sustainable, carbon-based 
materials for flexible electronics, including transistors and 
sensors. She develops and integrates chitosan-based and 
synthetic functional polymer dielectrics, as well as 
semiconducting phthalocyanines, into next-generation 
electronic devices. Her work also addresses manufacturing 
upscaling challenges to support commercialization.  
 

Bahar has collaborated with the National Research Council 
Canada (NRC), the Luxembourg Institute of Science and 
Technology (LIST) and industry partners to extend the 
applications of her materials to battery technologies, biomedical 

devices, and beyond. Her research has led to 10 peer-reviewed publications and 12 presentations 
at international conferences over the past three years. She has also mentored and supervised 
three undergraduate thesis students, resulting in a joint publication.  
 

She received the NSERC Postgraduate Scholarship (PGS-D) in 2024, following her Ontario 
Graduate Scholarship and Wilfrid Brisson Memorial Excellence Scholarship in 2023. Beyond her 
research, Bahar serves as President of Chemical Engineering Graduate Student Association at 
uOttawa and represents engineering graduate students on the Faculty of Engineering Council at 
uOttawa. Bahar also advocates for equity in STEM through the Girls SySTEM initiative, where 
she mentors high school girls in Ottawa who aspire to pursue science and engineering.   
 

Entrepreneur Panel 
 

Dr. Josh Clarke, Lead Scientist at Destiny Copper, is driving 
innovation in copper sustainability. His team is pioneering low-
energy methods for producing high-purity copper, reducing 
Canada’s reliance on imports and supporting the green 
energy transition. By converting industrial waste into valuable 
resources, his research combines environmental stewardship 
with economic impact. 
Dr. Clarke collaborates with all levels of government and key 
Canadian initiatives like C2M2A, MICA, and Foresight 
Canada to align innovation with national priorities. A Brock 
University alumnus, he gained early recognition for his work 
on greener catalytic materials, earning awards and multiple 

publications. He remains closely engaged with the Brock community as a speaker and mentor, 
fostering industry-academic partnerships and inspiring future innovators. 
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Evelyn Allen is focused on transforming humidity control with 
advanced materials. With over 20 years of experience in the 
cleantech sector, she has led engineering projects, developed 
multi-million dollar tech platforms, and built strategic corporate 
partnerships. A licensed Professional Engineer, Evelyn holds 
a master’s degree in environmental engineering from the 
University of Guelph and a Bachelor's degree in Engineering 
Physics from McMaster University. 
 

 

 

 

Allen Sandwell, CTO of MAKESENS INC, a Canadian-based 
company headquartered in Calgary, Alberta, is at the forefront 
of innovation, pushing the boundaries to deliver next-
generation silicon-based anode materials for lithium-ion 
batteries. Dr. Allen Sandwell provides the expertise necessary 
for technical innovation at MakeSens. With a Ph.D. in 
Mechanical and Manufacturing Engineering from the University 
of Calgary, he studied precision manufacturing for the 
application of photoelectromagnetic energy for flexible 
electronics and sensors. Bringing new perspectives to the 
industry, his passion for cutting-edge technology and 
operational efficacy is unparalleled, playing a pivotal role in 

shaping our vision and groundwork for success. Dr. Sandwell leads our team in the design and 
manufacturing of our next generation batteries and materials. 
 

Kevin Musselman is an Associate Professor in the 
Department of Mechanical and Mechatronics Engineering at 
the University of Waterloo, where he leads the Functional 
Nanomaterials research group. His research focuses on the 
scalable synthesis of nanomaterials, and the use of these 
nanomaterials in next-generation functional coatings and 
devices. His group built the first spatial atomic layer deposition 
systems in Canada, and in 2021 he spun out Nfinite 
Nanotechnolgy to commercialiaze this technology with former 
graduate students. Nfinite Nanotech has developed high-
performance vapor-barrier coatings for sustainable packaging 

and is working  with consumer-packaged-goods companies and their packaging convertors to 
enable the transition from single-use plastics to recyclable and compostable alternatives. 
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Symposia 

Abbreviation Symposia Title Location 

AMM Additive Manufacturing of Materials E7-2409 

ESTU 
Material Challenges and Innovations in Energy Storage, Transportation, 

and Utilization 
E5-3052 

AMCT Advanced Materials Characterization and Testing E7-2317 

CMSE Computational Materials Science and Engineering E7-2409 

MJM Manufacturing and Joining of Materials 
E5-2004  

E5-3052 

ANM Advanced and Novel Materials E5-2004 

MIE Materials and Interactions with the Environment E5-3052 

 

Key Locations 
Key Locations Description 

E7-2409 

Symposia Rooms 
E7-2317 

E5-3052 

E5-2004 

E7-2472 
Registration, Plenary Presentations, 
Breakfast, Lunch, Coffee, Sponsors Booths 

E5-1001 (SSDC) Poster session 

Federation Hall Banquet 
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Short Courses 

Monday, May 12 

Short Course II - High-Resolution Surface Metrology for 
Materials Research 

Course Instructors: Dr. Ali Tabatabaei (SFR) and Dr. Ilias Halimi (Bruker) 

Length/Agenda: 9:00 am-3:00 pm 

1. 9:00 am - 10:30 am: Introduction 

2. 10:30 am - 10:45 am: Break 

3. 10:45 am - 3:00 pm Equipment demo sessions with break in between 

Location: University of Waterloo, Engineering 5 Room 3052 (in-class portion), QNC nano fab 
facility (hands-on) 

Short Course III – Getting Career Ready 

Course Instructors: Kira Bruschke (Career Advisor, University of Waterloo), Laura Ashfield 
(Career Advisor, University of Waterloo)  
Panelists: Neil Chistholm (Kingston Process Metallurgy), Danielle De Rango (30 Forensic 
Engineering), Dr. Nafiseh Zaker (CanmetMATERIALS-Natural Resources Canada), Dr. Hadi 
Razmpoosh (Dana Corporation) 

Length/Agenda: 9:30 am-3:00 pm 

1. 9:30 am-12:15 pm: Workshops on CV preparation, interviewing and networking 

2. 12:15 pm-1:00 pm: Break 

3. 1:00 pm-3:00 pm: Panel discussion and networking 

Location: University of Waterloo, Engineering 5 Room 2004 
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Schedule of Oral Presentations 

Plenary Presentations 

D.K.C. MacDonald Memorial Lecture  
Tuesday, May 13th, 2025 – 09:15 

Tools to enable the adoption of metal additive manufacturing in structural 
applications 
Allison Beese, 

Penn State University 

 

The thermal histories in laser-based additive manufacturing (AM) of metal alloys results in 
microstructures that may contain phases, grain morphologies, or internal pores different from 
those seen in their conventionally processed counterparts.  These microstructures dictate the 
resulting mechanical properties of the alloys; thus, to enable the adoption of AM for structural 
applications, an understanding of the links between microstructure and deformation and/or 
fracture is required to reliably design against failure.  In this talk, I will present our work in two 
general areas: modeling the impact of internal defects on the multiaxial failure behavior of 
additively manufactured metallic materials, and the development of a framework for designing 
functionally graded materials in which the composition may be spatially tailored to impart site-
specific properties within a 3D component.   

Metal Physics Award 
Wednesday, May 14th, 2025 – 09:15 

Ion irradiation – a tool to emulate neutron irradiation in structural alloys 
Mark Daymond, 

Queen’s University 

 

The flux of neutrons found in a nuclear reactor results in many changes to structural materials, 
causing changes to mechanical and corrosion properties, as well as physical shape 
changes.  These changes arise due to changes to the microstructure: due to mass transport, 
formation of novel dislocation structures, and the formation or dissolution or amorphization of 
secondary phases.   
  

Charged particles introduce defects into materials that are comparable to those produced by 
neutron irradiation.  In terms of studying the properties of reactor materials they have the 
advantages of reduced activation and being able to introduce damage very rapidly.  However, 
challenges exist when using the technique and care should be taken when extrapolating to the 
neutron irradiation case.  
 

The talk will review some important effects of irradiation on structural materials, and explain the 
use of ion irradiation to study these effects.  Some examples of the application of the technique 
will be presented along with a discussion of some of the challenges.  
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Metal Chemistry Award 
Thursday, May 15th, 2025 – 09:15 

Corrosion performance of Al alloy castings for automotive lightweighting 
Joey Kish, 

McMaster University 

 

Lightweighting is a key contributor towards increasing fuel economy of internal combustion 
vehicles, and range of zero emission vehicles, as required to comply with regulated greenhouse 
gas emissions reduction targets. Al alloys with suitable castability and mechanical properties are 
well suited for such a purpose. Moreover, their ease of recyclability makes them well suited to 
comply with emerging circular economy regulated targets. Corrosion is arguably the “Achilles 
heel” of Al alloy castings, which can adversely affect materials performance during service. 
Quantifying the effect of corrosion on mechanical properties, as well as delineating associated 
controlling metallurgical aspects serves two important needs: (i) provide engineering design data 
for safety factor determination considering in-service damage (corrosion) accumulation and (ii) 
provide end-of-life metal blending strategies (alloy development) for improved intrinsic corrosion 
control. This presentation will summarize ongoing corrosion performance research being carried 
out to meet these needs. This includes (i) determining the effect of pre-corrosion on secondary 
hypoeutectic Al-Si alloy die castings (made using 60% recycled end-of-life (EOL) metal) and (ii) 
determining the localized corrosion susceptibility of new dilute hypoeutectic Al-Fe alloy die 
castings made with Zn and Mg additions for solid solution and precipitation hardening 
strengthening as lightweighting alternatives to conventional Al-Si alloy die castings. 
 

Early Career Research Plenary Presentations 
Tuesday, May 13, 2025 - 13:00 

Chitosan-based transistors: the importance of protonation and additives for 
electronic performance and stability 

Bahar Ronnasi, 
University of Ottawa 

 

The growing demand for disposable electronics such as smart packaging and medical sensors 
necessitates the development of eco-friendly electronic materials. Transistors and capacitors are 
fundamental circuit components that rely on dielectric materials to regulate current flow. Chitosan, 
derived sustainably from crustacean waste, provides a high dielectric constant without requiring 
intensive purification steps. These features enable low-voltage operation, strong signal output and 
low manufacturing costs in thin film transistors.  
 

Our research highlights the importance of carefully optimizing chitosan protonation conditions, 
plasticizing additives, and device architectures to enhance circuit performance. Optimal 
protonation of chitosan chains enhances their charge storage capacitance, reducing the voltage 
requirements of transistors and ensuring compatibility with thin, flexible circuits powered by limited 
battery supplies.  



23 

We systematically tuned chitosan’s protonation by treating it with various halogenated and bio-
sourced acids possessing different pKa values and concentrations. Oxalic acid (pKa,1 = 1.27) 
demonstrated the highest areal capacitance reported to date for chitosan with a value of 161 
nF·mm⁻². Although tartaric acid (pKa,1 = 2.98) and citric acid (pKa,1 = 3.15) yielded lower 
capacitance values, their higher reproducibility makes them suitable processing acids for large-
area manufacturing processes. Next, we explored sorbitol as a green plasticizing additive to 
extend the operational frequency range in chitosan-based transistors and capacitors for faster 
transistor responses. Sorbitol raised the operational frequency limit from below 10² Hz up to 10⁵ 
Hz while notably enhancing the uniformity of the chitosan films.  
 

When combined with air-stable semiconducting single-walled carbon nanotubes, chitosan creates 
a novel material combination for thin-film transistors that exhibit exceptional long-term stability, 
low operating voltages (<2V), and efficient current flow. Importantly, these capacitors and 
transistors retained full functionality even after one year of storage in ambient conditions, 
confirming their potential for sustainable electronics.  
 

Wednesday May 14, 2025 - 13:00 

Metallurgical study of robotic laser brazing of coated advanced high 
strength steels 

Xiaoye Zhao; Hanwen Yang; Adrian Gerlich; Norman Zhou 

University of Waterloo 
  

Advanced high strength steels (AHSSs) are increasingly used in automotive manufacturing to 
improve safety and fuel efficiency. However, their sensitivity to welding defects and softening 
during conventional fusion joining necessitates alternative approaches. Laser brazing, a non-
fusion process, offers significant advantages in minimizing defects and heat-affected zone issues 
particularly for Class-A surface requirements. This presentation investigates the fundamental 
metallurgical bonding mechanisms and critical parameters, including coatings, that influence joint 
efficiency in robotic laser brazing of coated AHSSs using filler metals. The findings will contribute 
to the development of tailored and innovative brazing techniques for joining these next-generation 
automotive steels. 
 

Thursday, May 15, 2025 - 12:30 

Effects of cerium on the corrosion and mechanical properties of Mg-Zn-Ca 
biomedical implants 

Daria Humeniuc; Abdallah Elsayed 

University of Guelph 
 

Magnesium alloys provide regulated degradation for orthopedic bone implants, promoting bone 
healing and function. Attributed to a robust, hexagonal, densely packed crystal structure and an 
exceptional strength-to-weight ratio of 158 kNm/kg, magnesium alloys have mechanical and 
physical characteristics similar to cortical bone. Unlike conventional materials such as titanium, 
magnesium alloys circumvent stress shielding effects. A major disadvantage of magnesium alloy 
implants is their low corrosion resistance and rapid deterioration in vivo, potentially leading to 
mechanical loss and eventually orthopedic implant failure. This study investigated the alloying of 
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the Mg-Zn-Ca system with cerium to improve corrosion resistance. A hydrogen evolution and 
weight loss method were developed to determine the corrosion rate of the Mg-Zn-Ca-Ce samples. 
Compression testing was used to determine the strength of each alloy and the microstructures of 
the prepared samples were examined using optical and electron microscopy. The findings 
suggest that low amounts of cerium alloying can improve the corrosion properties as well as the 
strength of Mg-Zn-Ca alloys. Further studies are recommended to determine location-specific 
corrosion in the interfacial regions. 
  

Additive Manufacturing of Materials (AMM) 
Session AMM1    
Tuesday, May 13th, 2025 - 13:30; Room 3 (E7-2409) 

13:35 Keynote: Pioneering lunar-based manufacturing and construction: harnessing 
in-situ resources and additive manufacturing for sustainable exploration 

Mohammad Azami 
Concordia University 

14:05 Microstructure evolution during thermal cycling of steels produced by laser 
powder bed fusion for high pressure die casting tooling 

Jorge Luis Dorantes Flores (1); Benjamin Orchard (2), Christopher Paul (2), Sevda 
Fatiphour (1), Robert MacKay (3), Glenn Byczynski (3), Michael Benoit (2), Abdallah 
Elsayed (1) 
(1) University of Guelph; (2) University of Waterloo; (3) Nemak 

14:25 Carbon evaporation: a key limitation in LPBF-manufactured H13 tool steel for 
industrial applications 

Mohamedmeher Monjez; Narges Omidi, Noureddine Barka, Abderrazak El Ouafi 
University of Quebec at Rimouski (UQAR) 

14:45 Process parameter optimization for laser cladding of Inconel 686 

Janelle Faul 
University of Waterloo 

Session AMM2 

Wednesday, May 14th, 2025 13:30; Room 3 (E7-2409) 

13:35 A physics-informed neural network for cross-alloy parameter optimization in 
laser powder bed fusion 

Caleb Morgan; Solomon Boakye-Yiadom 

York University 

14:05 The normalization of process parameter windows of laser directed energy 
deposition through the use of dimensionless analysis 

Mikhail Malmyguine 

University of Waterloo 
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14:25 Parameter-signature-quality relationships in directed-energy deposition-
produced duplex stainless steel 2209 

Mostafa Rahmani Dehaghani(1); Kevin Oldknow (1); Morgan Nilsen (2); Farzaneh 
Farhang Mehr (3); Yifan Tang (1); Nguyen Gia Hien Vu (1); Ke Wang (1); G. Gary 
Wang (1) 
(1) Simon Fraser University; (2) University West; (3) Acuren; Simon Fraser University; 
Simon Fraser University; Simon Fraser University; Simon Fraser University 

14:45 Wire additive manufacturing of Inconel 625 –Cu bimetallic structure 

Ehsan Gerashi; Hediyeh Khatibnezhad (2); Pearson Murray (2); Richard R. Chromik 
(3); Xili Duan (1); Sima Alidokht(1,3) 
(1) Memorial University of Newfoundland; (1) Memorial University of Newfoundland; 
(2) High Pressure Metallurgy, Hatch Ltd.; (3) McGill University 

Session AMM3  

Thursday, May 15th, 2025 - 13:00; Room 3 (E7-2409) 

13:05 Keynote: Designing complex microstructures through additive manufacturing 

Yu Zou 

University of Toronto 

13:35 An investigation of the laser remelting response of a novel Al-Ce-Mg-Sc alloy 
composition for additive manufacturing. 
Taha Waqar 
University of Waterloo 

13:55 Porous transport layer optimization via additive manufacturing of Inconel 718 
lattice structures 

Tomisin Oluwajuyigbe; Rene Lam; Sagar Patel; Mohsen Keshavarz; Mihaela Vlasea 

University of Waterloo 

14:15 Elucidating the effect of sintering time on the process-structure-property 
relationship of Inconel 625 produced by metal extrusion additive manufacturing 

Naga Aditya Yarlapati (1); Sahil Rohila (2); Sajad Hosseinimehr (2); David Ester (2); 
Adam T. Clare (2); Michael J. Benoit (1) 
(1) University of Waterloo; (2) University of British Columbia 

Advanced and Novel Materials (ANM) 
Session ANM1 

Tuesday, May 13th, 2025 - 10:00; Room 2 (E5-2004) 

10:05 Keynote: Electrochemical and surface characterization of TiHfZrNbx high-
entropy alloys as bipolar plates for proton exchange membrane water 
electrolysis 

Hendra Hermawan; Mariya Kadiri 
Universite Laval 
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10:35 Developing a highly stable PAA@HKUST-1 composite mediated by dense phase 
conversion 

Justin Van Houten; Syrus Kenyon; Alana Ogata 

University of Toronto 

10:55 The deposition of Zincone films via spatial atomic layer deposition 

Jonathan Ly; Denys Vidish; Kevin Musselman 

University of Waterloo 

11:15 Sustainable biomass-based flexible sensor for real-time health monitoring 

Youchao Teng 

University of Waterloo 

11:35 Improving mycelium biomaterials through the manipulation of growth factors 

Sophie Robertson; Malvika Sharma, Loong-Tak Lim, Guneet Kaur 
University of Guelph 

Session ANM2 

Tuesday, May 13th, 2025 - 13:30; Room 2 (E5-2004) 

13:35 Keynote: Deformation behavior and hardness of mechanically alloyed 
AlCoCrFeNi2.1 eutectic high-entropy alloy deposit by cold spray 

Aisa Grace Custodio; Marvin Tolentino; Dr. Gobinda Saha; Dr. Clodualdo Aranas Jr. 
University of New Brunswick 

14:05 Design of experiment and genetic algorithm-based optimization of mechanical 
alloying parameters for high-entropy alloy development 
Moses Adaan-Nyiak ; Ahmed Tiamiyu 

University of Calgary 

14:25 Laser modification of polymer-embedded metal nanorods for plasmonic colour 
picture generation 

Andrew Hainer; Ariana Escamilla, David Girard, Pierre Berini, Arnaud Weck 

University of Ottawa 

Session ANM3 

Wednesday, May 14th, 2025 - 10:00; Room 2 (E5-2004) 

10:05 Keynote: Precise Kirigami by focused ion beam on 2D vdW MoO3 material 
Bhaveshkumar Kamaliya (1); Morvarid Ghorbani (1); Mehdi Mosayebi(1); Rachel Ord 
(1); Ramachandra Bangari (2); Raghunandan Iyer (2); Thomas Folland (2); Ravitej 
Uppu (2); Nabil Bassim (1,3) 
(1) McMaster University; (2) The University of Iowa (3) Canadian Centre for Electron 
Microscopy 

10:35 Growth and characterization of Pb₂P₂Se₆ single crystals by vertical physical 
vapor transport (VPVT) 
Venika Ekanayake; Peng Li Wang 
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Queen's University 

10:55 Investigations of the interfacial strength and bonding of DLC films deposited 
on chalcogenide glasses 

Simran Simran (1); Peter van Nooten(2); Michael Chesaux(2); Jacek Wojcik (2); 
Marek Niewczas*(1) 
(1) McMaster University; (2) Intlvac Thin Films Inc2. 

11:15 Optimization and characterization of modified NFCs for laminated glazing 
applications 

Valérie Blanchette; Éric Loranger; Frank Crispino 

University of Quebec in Trois-Rivieres 

11:35 Pool boiling enhancement via a single-step, electro-codeposited biphilic 
surface modification 

Terry J.H. Li; Jane Howe; Uwe Erb 

University of Toronto 

Session ANM4 
Wednesday, May 14th, 2025 - 13:30; Room 2 (E5-2004) 

13:35 Keynote: Accelerated discovery of nanostructured high-entropy alloys 

Yu Zou 

University of Toronto 

14:05 Effect of Cu-alloying on the electrical transport properties of CoSi2. 
Kaustubh Kulkarni; Marek Niewczas 

McMaster University 

14:25 Perovskite-structured materials exemplifying applications in solid-state 
electrolytes 

Alex King; Ali Merati; Shuo Yan 

National Research Council Canada 

14:45 Stable cycling performance of high-voltage LiCoO2 electrodes enabled by multi-
element atomic layer deposition engineering 

Mingrui Yang 

Western University 

15:05 Phase stability of a lightweight and ultra-strong AlCr1.3TiNi2 eutectic high-
entropy alloy 

Nadeem Fayaz Lone (1); Frank Czerwinski (2); Daolun Chen (1) 
(1) Toronto Metropolitan University; (2) CanmetMATERIALS, Natural Resources 
Canada, Hamilton, ON 
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Advanced Materials Characterization and Testing 
(AMCT) 
Session AMCT1 

Tuesday, May 13th, 2025 - 10:00; Room 4 (E7-2317) 

10:05 Keynote: Ni-mediated endotaxial growth of Au nanoparticles within TiO₂ 
nanowires 

Zhina Razaghi; Guo-zhen Zhu 

University of Manitoba 

10:35 A method for determining the safe current limit in wire bond specimens 

Shivam Abhi; Peng Peng; Michael Mayer 
University of Waterloo 

10:55 Influence of internal angles on Poisson’s ratio transition in re-entrant auxetic 
structure 

Iris Quan; Karyn Lee; Sara Desoky; Reem Roufail 
University of Waterloo 

11:15 Coaxial electrospinning of PVDF-TPU for enhanced β-phase content and 
flexibility in piezoelectric sensing applications 

Asra Tariq; Ghaus Rizvi 
Ontario Tech University 

Session AMCT2 

Tuesday, May 13th, 2025 - 13:30; Room 4 (E7-2317) 

13:35 Controlling dislocation motion and nanoscale plasticity in semiconductors 
using electric fields and illumination 

Yu Zou 

University of Toronto 

13:55 Validating accelerated corrosion models using museum samples: a study of 
silver and copper degradation 

Michelle Lin (1); Maria Stanko (1); Veronica Di Cecco (2); Kim Tait (2); Jane Y. Howe 
(1); Doug D. Perovic (1) 
(1) Unviersity of Toronto; University of Toronto; (2) Royal Ontario Museum; Royal 
Ontario Museum; University of Toronto; University of Toronto 

14:15 Study of the effect of the stirring rate on the electrodeposition, microstructure, 
and micro indentation hardness properties of Ni-Al2o3 composite coatings 
electrodeposited from deep eutectic solvent 
Mehry Fattah; Sylvie Morin 

York University 
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14:35 Sliding-induced structural transformations in tetrahedral amorphous carbon 
(ta-C) coatings under applied electrical current 
Amir M.K. Behtash; Ahmet T. Alpas 

University of Windsor 

Session AMCT3 

Wednesday, May 14th, 2025 - 10:00; Room 4 (E7-2317) 

10:05 Keynote: Materials failure in the wild: an online case study database for teaching 
the performance of materials 

John Nychka (1); Elizabeth Sterling-Lee (1); Stan Ruecker (2) 
(1) University of Alberta; (2) University of Illinois--Urbana Champagne 

10:35 Direct observation of the hydrated structure of bentonite clay particles using 
liquid-phase scanning electron microscopy 

Mia Luisa San Gabriel (1); Dian Yu (1); Maryam Golozar (1); Mikaella Brillantes (1); 
Stas Dogel (2); Jason D. Giallonardo (3); Chang Seok Kim (3); Uwe Erb (1); Jane Y. 
Howe (1) 
(1) University of Toronto; (2) Hitachi High-Tech Canada Inc.; (3) Nuclear Waste 
Management Organization 

10:55 High temperature deformation of austenite: texture and anisotropy effects 

W.J. Poole; A. Khajezade; R. Birch; S. Roy; M.Tseng; A. Dhole 

The University of British Columbia 

11:15 An innovative method to investigate the mechanical behaviors of silica 
hydrogels in real-time 

Marzieh Matinfar; John A. Nychka 

University of Alberta 

11:35 Loading orientation, strain rate and densified skin effects in crushable EPS 
foams 

Meet Joshi (1); Amarpreet Chugh (1); Megan Bland-Rothgeb (2); Peter Cripton (3); 
Duane Cronin (1); John Magliaro (1) 
(1) University of Waterloo; (2) Trek Bicycle Corporation; (3) University of British 
Columbia 

Session AMCT4 

Thursday, May 15th, 2025 - 13:00; Room 4 (E7-2317) 

13:05 Keynote: 3D-advanced correlative microscopy for crack analysis in ahsss: 
bridging the centimeter to atomic scales 

Bita Pourbahari(1); Mehdi Mosayebi(1); Fateme Abdiyan(1); Travis Casagrande (2); 
Bassem Mirza (1); Michael W. Phaneuf (3); Joseph McDermid (1); Hatem Zurob(1); 
Nabil D. Bassim (1) 
(1) McMaster university; (2) Canadian Centre for Electron Microscopy; (3) Fibics 
Incorporated 
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13:35 Temperature-dependent deformation mechanisms in magnesium: insights from 
indentation and 3D EBSD 

Shuheng Li; Ruth Birch; Ben Britton; Warren Poole 

The University of British Columbia 

13:55 3D observation of steel microstructures Using PFIB-EBSD serial sectioning 
tomography 

Mehdi Mosayebi(1); Daniel Paquet (2); Pierre-Antony Deschênes (3); Laurent Tôn-
Thât (4); Nabil Bassim (5) 
(1) McMaster University; (2) Hydro Quebec Research Institute (IREQ); (3) École de 
technologie supérieure; (4) Hydro Quebec Research Institute (IREQ); (5) Canadian 
Centre for Electron Microscopy 

14:15 Characterizing performance of manual-process GTAW Inconel 686 cladding 

Benjamin Orchard 

University of Waterloo 

  

Computational Materials Science and Engineering 
(CMSE) 
Session CMSE1 

Tuesday, May 13th, 2025 - 10:00; Room 3 (E7-2409) 

10:05 Keynote: Controlling phase transformation by tailoring solutes and pressure: a 
case study in Ti-based alloys via first-principles calculations 

Huicong Chen; Yu Zou 

University of Toronto 

10:35 Application of a Monte Carlo sensitivity analysis to the lever rule methodology 
for analyzing dilation curves 

Jarrod Angove (1); J. Barry Wiskel (1), Ry Karl (1), Hani Henein (1), Chad Cathcart 
(2), Tom Zhou (2) 
(1) University of Alberta; (2) Stelco Inc. Hamilton, Ontario 

10:55 Multi-scale modeling of copper-bentonite interactions in nuclear waste storage 

Yalda Pedram (1); Yaoting Zhang (1); Scott Briggs (2); Chang Seok Kim; Laurent 
Brochard (3); Laurent Karim Béland (1) 
(1) Queen's university; (2) Nuclear Waste Management Organization; (3) Université 
Gustave Eiffel, CNRS (France) 

11:15 Role of local chemical fluctuations in radiation damage of refractory multi-
principal element alloys 

Zhuocheng Xie; Yu Zou 

University of Toronto 
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11:35 Phase-field crystal modelling of hydrogen embrittlement in iron-hydrogen 
alloys 

Daniel Coelho; Nikolas Provatas 

McGill University; Northwestern University 

 

Session CMSE2 

Wednesday, May 14th, 2025 - 10:00; Room 3 (E7-2409) 

10:05 Stage II hardening – why is it constant? 

Brad Diak; Marjan Moradi; Shigeo Saimoto 

Queen's University 

10:35 Revealing all possible binary dislocation locks in the FCC crystal structure 
using a new discrete mathematics-based method 

Dhruv Bajaj; D.L. Chen 

Toronto Metropolitan University 

10:55 A strain-gradient-based fracture criterion of dual-phase steels 

Chenglanqing Shu (1); Heng Feng (2); Kaan Inal (1); Jidong Kang (2); Tingting Zhang 
(3); Hassan Ghassemi‑Armaki(4) 
(1) University of Waterloo; (2) CanmetMATERIALS, Natural Resources Canada, 
Hamilton, Ontario; (3) General Motors Engineering; (4) General Motors Global R&D 
Center 

11:15 Ab initio investigation of simultaneous substitutions in Nd-Fe-B magnets 

Pedro Guerra Demingos (1); Seyyed Morteza Javid (1); Ali Asgarian (2); Chandra 
Veer Singh (1) 
(1) University of Toronto; National Research Council Canada 

Session CMSE3 

Thursday, May 15th, 2025 - 13:00; Room 2 (E5-2004) 

13:05 Keynote: Phase-field crystal modelling of solid state phase transformations 

Alex Mamaev; Nikolas Provatas 

McGill University; Northwestern University 

13:55 Coupled heat transfer, phase transformations, and oxide layer effects in 
accelerated steel cooling 

Mattéo Prin (1); Ry Karl (1); Tom Zhou (2); Chad Cathcart (2); Hani Henein (1) 
(1) University of Alberta; Department of Chemical and Materials Engineering, 
University of Alberta, Edmonton, Alberta, Canada; Department of Chemical and 
Materials Engineering, University of Alberta, Edmonton, Alberta, Canada; Stelco Inc., 
Nanticoke, Ont 
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Manufacturing and Joining of Materials (MJM) 
Session MJM1 

Tuesday, May 13th, 2025 - 15:45; Room 2 (E5-2004) 

15:50 Keynote: A Smart Digital Twin Framework for Resistance Spot Welding of AHSS: 
Multidisciplinary Optimization-Based Quality Enhancement for Smart Factories 

A. Aminzadeh (1), H. Habib (1), M. Nooranfar (1), M. Shojaee (1), R. Bakhtiari (1), T. 
Belgasam (2), E. Biro (1) 
(1) University of Waterloo; (2) Honda Development & Manufacturing of America 

16:20 Understanding the effect of process parameter manipulation on pre-solidified 
grain (PSG) formation in (Al, Zn, Mg)-Fe castings using a doe approach 

Talha Aziz (1); X. Zeng (1); G. Birsan (2); K. Sadayappan (2); G. Byczynski (3); A. 
Lombardi (3); A. Phillion (1); S. Shankar (1) 
(1) McMaster University; (2) CanmetMATERIALS, Natural Resources Canada, 
Hamilton, Ontario; (3) Nemak USA/CAN 

16:40 Effect of even and odd burst packets on the surface morphology and chemistry 
of laser-irradiated copper and silver. 
Ariana Rodríguez Escamilla; Andrea Román; David Girard; Arnaud Weck 

University of Ottawa 

17:00 Reevaluating RSW acceptance criteria: strength performance in dissimilar high 
stacking ratio joints with inadequate nugget penetration 

Hasan Habib (1); M. Shojaee (1); T. M. Belgasam (2); E. Biro (1) 
(1) University of Waterloo; (2) Honda Development & Manufacturing of America 

Session MJM2 

Wednesday, May 14th, 2025 - 13:30; Room 1 (E5-3052) 

13:35 Bending deformation in medium-Mn 3G advanced steels 

Vaytiere Iglesias; Joseph McDermid 

McMaster University 

13:55 Failure mode optimization of resistance spot welded low carbon equivalent and 
3rd generation advanced high strength steel sheets 

Cael Johnston; Michael J. Benoit, Y. Norman Zhou 

University of Waterloo 

14:15 Pre-pulse as an effective heat management technique to minimize liquid metal 
embrittlement when resistance spot welding dissimilar Q&P to IF steel joints 

Melika Nooranfar; Meet Patel; Reza Bakhtiari; Ahmad Aminzadeh; Mohammad 
Shojaee; Elliot Biro 

University of Waterloo 
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14:35 Exploring key factors influencing the mechanical performance of weld-brazed 
ZnAlMg-coated steel 
Shadab Sarmast; Prof. Michael J Benoit ; Prof. Y Norman Zhou 

University of Waterloo 

Session MJM3 

Thursday, May 15th, 2025 - 13:00; Room 1 (E5-3052) 

13:05 Advanced hybrid laser welding of pipeline steels using novel technologies 

Hanwen Yang (1); Xiaoye Zhao (1); James Chen (2); Adrian P. Gerlich (1) 
(1) University of Waterloo; (2) CanmetMATERIALS, Natural Resources Canada, 
Hamilton, Ontario 

13:25 Austenite formation and grain growth in line pipe steels 

Minyu Tseng; Joshua Swan; Sabyasachi Roy; Ruth Birch; Matthias Militzer; Warren 
J. Poole 

The University of British Columbia 

13:45 Achieving strength–conductivity synergy in hypoeutectic Al–Si as next-
generation Al based conductor cables 

Mohammad Khoshghadam Pireyousefan (1); Mousa Javidani (1); Alexandre Maltais 
(2); Julie Lévesque (3); X.-Grant Chen (1) 
(1) University of Quebec at Chicoutimi; Arvida Research and Development Center-
Rio Tinto Aluminum; Québec Metallurgy Centre 

  

Material Challenges and Innovations in Energy 
storage, Transportation, and Utilization (ESTU) 
Session ESTU1 

Tuesday, May 13th, 2025 - 13:30; Room 1 (E5-3052) 

13:35 Keynote: Materials and interfaces design for next-generation solid-state Na 
batteries 

Yang Zhao 

Western University 

14:05 Novel sulfide-chloride solid-state electrolytes with tunable anion ratio for highly 
stable solid-state sodium-ion batteries 

Zhi Liang Dong; Tsun-Kong Sham; Yang Zhao 

Western University 

14:25 Hybrid interfaces with dual-metal architecture for mechano-electrochemical 
stable dendrite-free Na metal anode 

Enzhong Jin; Yang Zhao 

Western University 
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Session ESTU2 

Tuesday, May 13th, 2025 - 15:45; Room 1 (E5-3052) 

15:50 3D Micro-CT study of microstructural evolution of porous Si-based anode under 
fast charging conditions 

Moin Abid; GR. Goward; AB. Phillion 

McMaster University 

16:10 Fundamental investigation of interfacial reactions between sulfide-based solid-
state electrolyte and current collectors 

Yijia Wang; Yang Zhao 

Western University 

16:30 All-dry, environmentally responsible processing of nickel materials for 
rechargeable batteries 

Vladimir Paserin; Param Dave (1); Vahid Barahimi (1), Vladimir Paserinv (1), Eric 
Croiset (1), Chris Holsgrove (2), Mark Fuller (2), Michaela McGurn (2) 
(1) University of Waterloo; (2) Weber Manufacturing Technologies Inc. 

  

Materials and Interactions with the Environment (MIE) 

Session MIE1 

Tuesday, May 13th, 2025 - 10:00; Room 1 (E5-3052) 

10:05 Keynote: Design of robust scalable anti-icing metallic surfaces 

Kamran Alasvand Zarasvand; Kevin Golovin 

University of Toronto 

10:35 Industrial sizing practices and their microstructural and electrochemical impact 
on powder metallurgy AlCuSiMg components 

Nima Valizade; George Jarjoura; Georges J. Kipouros 

Dalhousie University 

10:55 Effect of major alloying elements on the corrosion susceptibility of Mg alloys. 
Osama Elzahed (1); Timothy Skszek (2); Alan Luo; Joshua Caris (3); Joseph R.  
McDermid (4); Joseph Kish (1) 
(1) McMaster University; Pacific Northwest National Laboratory; Ohio State 
University; Terves LLC; McMaster University 

11:15 Optimization of air-processed perovskite solar cells through dual incorporation 
of chlorine precursors and potassium thiocyanate 

Ivy M. Asuo; Ibrahima Ka; Riad Nechache; Fiorenzo Vetrone; Federico Rosei 
Institut National de la Recherche Scientifique (INRS); INRS, WATTBYWATT 

11:35 Effect of carbonized biomass on the mechanical, thermal, and rheological 
properties of recycled and biodegradable polymer composites 
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 Seyed Amirali Bozorgnia Tabary (1); Franco Berruti (2), Ramona Fayazfar (1) 
(1) Ontario Tech University; (2) University of Western Ontario 

Session MIE2 

Wednesday, May 14th, 2025 - 10:00; Room 1 (E5-3052) 

10:05 Keynote: Mechanical behavior of irradiated nickel-based alloys 

Zhaoying Ding (1); Yanwen Zhang (2); Yu Zou (1) 
University of Toronto; (2) Queen's University\ 

10:35 Integrating circularity analysis tools in undergraduate engineering design 
education 

Heather Li Yam Nam; Ethan Albrough; Chris Rennick; Reem Roufail 
University of Waterloo 

10:55 A green synthesis development route for inorganic nanomaterials and their 
application in water and agriculture sustainability 

Charles Wroblewski; Sivaranjani Palanisamy Ravikumar; Rahul Islam Barbhuiya; 
Abdallah Elsayed; Ashutosh Singh 

University of Guelph 

11:15 Impact of Si and La on Ni-based chromia-forming alloy in wet air oxidation 

Kangze Ren; Joey Kish 

McMaster University 

11:35 Failure analysis of environmental barrier coatings under adverse operational 
environment: multi-physics modeling 

Rajan Suwal (1); Arnaud Weck (1); Kuiying Chen (2) 
(1) University of Ottawa; (2) National Research Council Canada 
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List of Poster Presentations 

Wednesday, May 14th, 2025, 3:45 PM – Sedra Student Design Center 
(SSDC, E5-1001) 
 
AMCT-P1 Damage modes and fracture toughness in AlCoCrFeNi2.1 eutectic high entropy 

alloys 

Cal Siemens (1); Jidong Kang (2); David Wilkinson (1) 
(1) McMaster University; (2) CanmetMATERIALS, Natural Resources Canada, 

Hamilton, Ontario 
  

AMCT-P2 Quantification and modelling of (Ti, Nb)C-rich nano-precipitates in microalloyed 
steels 

Jacob Barron; J. Barron (1); J. B. Wiskel (1); A. Mehrabi (2); T. Zhou (2); C. Cathcart 
(2); D.G. Ivey (1); H. Henein (1) 
(1) University of Alberta; (2) Stelco Inc. Hamilton, Ontario 

  

AMCT-P3 Application of scanning electron microscopy and energy-dispersive x-ray 
spectroscopy in the study of bronze disease on ancient artifacts 

Laura Battista (1); Ehsan Nikbin (1); Dian Yu (1); Laura Lipcsei (2); Jane Howe (1); 
Doug Perovic (1) 
(1) University of Toronto; (2) Royal Ontario Museum 

  

AMCT-P4 The structure-function relationship in graphene oxide membranes: beyond D-
spacing 

Nima Zakeri; Kirill Levin, Marta Cerruti 
McGill University 

  

AMCT-P5 Physico-chemical characterization of Si-AuAg nanocomposite synthesized 
using pulsed laser ablation 

Saeed Takaloo, Alexander H. Xu, Yury V. Ryabchikov, Mustafa Yavuz 

  

AMCT-P6 Damage characterization and 3D visualization of sustainable composites 

Andre Letona; Malik Hassan; Kehinde Olonisakin; Alexander Bardelcik; Amar K. 
Mohanty; Manjusri Misra 

University of Guelph 
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AMCT-P7 Assessing Fused Filament Fabrication Part Thickness via Ultrasound with 
Machine Learning Insights 

Mohammad Rafiee; A. Abumettleq, N. Baddour 
University of Ottawa; 

  

AMM-P1 Effect of infill passes on the microstructure evolution of Inconel 718 thin walls 
produced using laser-directed energy deposition 

Zahra Khodamoradi (1); Alistair Jones (1), Andrew Wall (1), Michael Benoit (2) 
(1) University of British Columbia; (2) University of Waterloo 

  

AMM-P2 Additive manufacturing of Crack-prone Sustainably-Manufactured Aluminum 
alloy 

Ali Rezaei (1); Mohsen K. Keshavarz (1); John Barnes (2); Mihaela Vlasea (1) 
(1) University of Waterloo; (2) Metal Powder Works 

  

AMM-P3 Investigation of Process Parameter Effects on 17-4 PH Stainless Steel 
Manufactured by Laser Powder Bed Fusion 

Keshav Malhotra (1); Ehab Samuel (2); Guozhen Zhu (3); Olanrewaju Ojo (3) 
(1) University of Manitoba; (2) National Research Council Canada; (3) University of 
Manitoba; 

  

AMM-P4 Numerical Modeling of Residual Stress in Additively Manufactured Material 
During Hot Isostatic Pressing 

Rasool Mokhtari Homami;  Priti Wanjara (2), Javad Gholipour (2), Gbenga Asala (1,3), 
Bamidele Akinrinlola (2,4), Olanrewaju Ojo (1) 
University of Manitoba; (2) Aerospace Research Center, National Research Council 
Canada; (3) Red River College Polytechnic; (3) Precision ADM, 

  

AMM-P5 Reducing Stress Shielding Effect of Ti-6Al-4V Structures Using Porous 
Architecture Design in Laser Powder Bed Fusion 

Rene Lam; Tomisin Oluwajuyigbe; Mohsen Keshavarz; Sagar Patel; Mihaela Vlasea 

University of Waterloo; 
  

AMM-P6 Crack Susceptibility and Grain Structure Evolution in Electron Beam Powder 
Bed Fusion of a Non-Weldable Ni-Base Superalloy 

Hamid Aghajani; Ehsan Toyserkani 
University of Waterloo; 
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 AMM-P7 Assessing the Impact of Binder-Powder Interaction and Binder Saturation on 
Print Quality of Binder Jetted Green Samples of Regular and Irregular 
Morphologies 

Alexandra Darroch; Edward Yang; Mihaela Vlasea 

University of Waterloo; 
  

AMM-P8 Reductive Sintering of Sustainable 3D Printed Steels 

Mingzhang Yang; Mihaela Vlasea 

University of Waterloo; 
  

AMM-P10 AI-Driven Prediction of Mechanical Properties in Additive Manufacturing: 
Integrating Microstructure and Process Parameters 

Chaimae Belmarouf (1); Salma Kassimi (1); Barka Noureddine (1); Tu Siyu;Omidi 
Narges(1); Mohamed Meher Monjez(1) ; Ola Jaballah (1) 
(1) Université du Québec à Rimouski (UQAR); (2) National Research Council Canada 

  

AMM-P11 Laser-based and solid-state additive manufacturing of high-entropy alloys 

Yu Zou; 
University of Toronto; 

  

AMM-P12 Effect of laser powder bed fusion processing parameters on post-aging 
microstructure and toughness response under Charpy test of 17-4 PH stainless 
steel 

Yassmine Chedly; Narges Omidi, Noureddine Barka, Abderrazak El Ouafi 
University of Quebec at Rimouski (UQAR); 

  

AMM-P13 Comparative study on the corrosion performance between wire arc additive 
manufacturing and traditionally produced alloys 

Obianuju Izuegbu; 
University of Toronto; 

 

ANM-P1 Damage, Temperature, and Strain Rate Properties of Ti/Nb Precipitation 
Strengthened HLSA Steels 

Zahra Hashemitabar (1); Alexander Bardelcik (1); Tihe Tom Zhou (2); Chad Cathcart 
(2) 
(1) University of Guelph; (2) Stelco Inc. Hamilton, Ontario 

  

ANM-P2 Low Modulus, Antimicrobial β-Ti Alloys for Superior Hip Implants 
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Kate Hardman (1); Yu Zou (1); Adele Changoor (2) 
(1) University of Toronto; (2) Lunenfeld Tanenbaum Research Institute, University of 
Toronto 

  

ANM-P3 Optimizing Mycelium-based Biomaterial Properties through Strategic Nutrient 
Supplementation 

Malvika Sharma; Kyle Robertson; Loong-Tak Lim; Guneet Kaur 
University of Guelph; 

  

ANM-P4 Plasmonic enhancement of reduced graphene oxide transistors using shape-
controlled Au@Ag nanoparticles 

Michelle Stepanek; 
University of Waterloo; 

  

ANM-P5 Development of a Customizable and Self-Adaptive Wearable Strain Sensor for 
Human–Machine Interface 

Reza Noroozi; Haotian Harvey Shi 
Western University; 

  

CMSE-P1 Anharmonic entropic contributions to free energy in Zr(Zr,Nb,Fe)2 Laves 
phases calculated using moment tensor potentials 

Golnaz Najafi; Aditya Kamath, Hao Sun, Matthew Thoms, Mark R. Daymond, and 
Laurent Beland 

Queen's University; 
  

CMSE-P2 Using an Atomistic-Continuum Phase Field Theory to Explore Rapid 
solidification of metals 

Sam Nittala; Jaarli Suviranta, Nikolas Privates 

McGill University; 
  

CMSE-P3 Quickly Revealing the Structures of Amorphous Materials 

Xander Gouws; Conrard G. Tetsassi Feugmo 

University of Waterloo; 
  

CMSE-P4 Computational Insights into the Corrosion Mechanisms of High-Entropy Alloys 
in Molten Salts 

Agnes Katai; Conrard Tetsassi 
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University of Waterloo; 
  

CMSE-P5 Electrochemical Impedance and Oxygen Diffusion in Solid Oxide Electrolysis 
Cells: A Physics-Based Approach 

Toby McConville; 
University of Waterloo; 

  

CMSE-P6 Constitutive Relationship Analysis of Al-Mg-Si(-Cu) Alloy Microstructures with 
the S-VH Model 

Brad Diak; Y. Anabaranze; B.J. Diak; S. Saimoto 

Queen's University; 
  

CMSE-P7 Simulations of laser-induced metallic nanorod shrinking in polymer-based 
nanocomposites for colour formation 

David Girard (1); Aram Melkonyan (2); Jean-Philippe Colombier (2); Pierre Berini (1); 
Arnaud Weck (1) 
(1) University of Ottawa; (2) Université Jean Monnet; 

  

ESTU-P1 Aluminum lithium alloy anodes for high-performance Li-ion rechargeable 
batteries 

Shuo Yan; Ali Merati; Yaser Abu-Lebdeh 

National Research Council of Canada; 
  

ESTU-P2 Development of Solid-State Membrane for High Performance Solid-State Li 
Batteries 

Colin Turner; 
University Of Western Ontario; 

  

ESTU-P3 Mitigating Polysulfide Dissolution and Improving Kinetics in Na-S Batteries by 
Nanoscale Polyurea Interface 

Reza Andaveh; Yang Zhao 

Western University; 
  

ESTU-P4 Investigation of Hydrogen Embrittlement in X60 Pipeline Steel and Welded 
Regions through Ex-situ and In-situ Testing 

Rashiga Walallawita; Matthew C. Hinchliff, Dimitry Sediako 

The Unversity of British Columbia; 
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 MIE-P1 Optimizing Wind Turbine Longevity and Efficiency: The Impact of Sustainable 
Gearbox Materials on Canada's Growing Wind Energy Capacity 

Amy Hsiao; Syed Imran Ali, Jesus Resendiz, Amy Hsiao 

University of Prince Edward Island; 
  

MIE-P2 Inspection Methods for Detecting Damage in Once-Through Steam Generator 
Tubes 

Shamim S. Boroujeni; John A. Nychka; R. Sean Sanders 

University of Alberta;  
  

MJM-P2 Weld penetration and macro-segregation: implications for microhardness 
profiles in laser-welded AISI 1018 and 301 LN joints 

PayamFarhadiopur; Narges Omidi, Pedram Farhadipour, Noureddine Barka, 
Abderrazak El Ouafi 
University of Quebec at Rimouski (UQAR); 

  

MJM-P3 Multi-Material Bond Characteristics of Biopolymer and Aluminum for use in 
Electric Vehicle Battery Trays 

Hannah Smyth-Liu; Jerin James; Abdallah Elsayed; Manjusri Misra; Amar Mohanty 

University of Guelph; 
  

MJM-P4 Comparative Assessment of Copper and Silver Interlayers in Laser Butt 
Welding of AA7075 and Ti6Al4V Alloys: Microstructure, Mechanical Properties, 
and Residual Stress Analysis 

Asim Iltaf; Noureddine Barka; Narges Omidi 
Université du Québec à Rimouski (UQAR); 

  

MJM-P5 Ultrasonic spot welding of AA6016 and PVD-coated DP800 steel 

Dhruv Bajaj (1); V.V. Nemade (2); N. Stöcker (3); D. Sulik (3); X.F. Fang (3); D.Y. Li 
(4); D.L. Chen (1) 
(1) Toronto Metropolitan University; (2) Manipal University Jaipur, India; (3) Institute 
of Automotive Lightweight Design, University of Siegen; (4) University of Alberta; (5) 
Toronto Metropolitan University 

  

MJM-P6 Effect of time on interdiffusion coefficient in Cu-Ge alloy system 

Oluwadoyinsola Haastrup; Olanrewaju A Ojo 

University of Manitoba; 
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MJM-P7 Comparative Study of Microhardness and Tensile Strength in AA 6061 Tailor-
Welded Joints with Various Aluminum Alloys for Automotive Applications 

Pedram Farhadipour; Narges Omidi; Noureddine Barka; Abderrazak El Ouafi 
University of Quebec at Rimouski (UQAR); 

  

MJM-P8 Metal active gas welding of 780SF steel: Effect of filler metals 

Nadeem Fayaz Lone; Sophie Depriester (2); Onishi Yoichiro (3); Sato Kentaro (4); 
Ninshu Ma (3); Frank Czerwinski (5); Daolun Chen (1) 
Toronto Metropolitan University; (2) National Institute of Science and Technology, 
Rennes (France); (3) Joining and Welding Research Institute, Osaka University 
(Japan); (4) JFE Steel Corporation, Fukuyama (Japan); (5) , Natural Resources 
Canada, Hamilton, Ontario 
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Session: AMM1 Tuesday, May 13, 2025 - 13:35 

Keynote: Pioneering lunar-based manufacturing and construction: 
harnessing in-situ resources and additive manufacturing for sustainable 

exploration 

Mohammad Azami; 
Concordia University; 

 

As humanity advances toward establishing Lunar outposts and infrastructure through initiatives 
like the Artemis Program, the need to manufacture parts and buildings directly on the Moon 
becomes increasingly evident. In this context, in-situ resource utilization (ISRU) emerges as a 
pivotal strategy to reduce costs and overcome the logistical challenges of transporting materials 
from Earth. This review provides a comprehensive exploration of the current state and future 
potential of Lunar-based manufacturing and construction (LBMC), with a particular focus on 
leveraging in-situ resources and additive manufacturing technologies. It highlights ongoing 
research by our team, which centers on enabling the additive manufacturing of space-grade 
polymer/Lunar regolith composites. The review examines key aspects of LBMC, including diverse 
manufacturing methodologies, material compositions, and the transformative role of ISRU. It 
addresses the characterization of built components, energy requirements, and efficiency 
considerations, alongside the unique challenges of the Lunar environment, such as low gravity 
and vacuum conditions. Additionally, it evaluates the integration of artificial intelligence, 
automation, and robotics to enhance the feasibility and effectiveness of LBMC efforts. By 
synthesizing insights from this multifaceted analysis, the review sheds light on both the challenges 
and opportunities that lie ahead for LBMC. It offers valuable guidance to researchers and 
policymakers shaping the future of Lunar exploration and sustainable habitation. 
 

Session: AMM1 Tuesday, May 13, 2025 - 14:05 

Microstructure evolution during thermal cycling of steels produced by laser 
powder bed fusion for high pressure die casting tooling 

Jorge Luis Dorantes Flores (1); Benjamin Orchard (2), Christopher Paul (2), Sevda Fatiphour 
(1), Robert MacKay (3), Glenn Byczynski (3), Michael Benoit (2), Abdallah Elsayed (1) 

(1) Univeristy of Guelph; (2 )Univeristy of Waterloo; (3 )Nemak 

 

High-Pressure Die Casting (HPDC) is a common manufacturing process for nonferrous alloys, 
enabling high-volume production of complex components through the rapid injection of molten 
metal into reusable dies under extreme temperatures and pressures. However, cyclic thermal 
stresses during repeated casting cycles lead to die degradation, primarily through thermal fatigue-
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induced heat checking, soldering, and corrosive dissolution. The heat checking manifests as 
surface cracks that propagate over time, compromising product quality, productivity, and cost 
efficiency due to frequent die replacements. 
Additive manufacturing (AM) has emerged as a transformative solution to fabricate dies with 
embedded complex cooling channels for HPDC. This design flexibility enables enhanced thermal 
management during casting cycles, directly addressing a key limitation of conventional die 
manufacturing. However, in-service failures such as heat checking can still occur, resulting in high 
operating costs for manufacturers. 
 

This study aims to enhance HPDC additive tooling longevity by (1) simulating real world thermal 
cycling experienced during aluminum casting to analyze progressive mechanical property 
degradation in die materials, (2) evaluating AM tooling microstructure changes and (3) optimizing 
laser-based AM process parameters to increase the thermal cycling resistance of AM tooling. 
 

Keywords: Additive manufacturing; Directed energy deposition; High-pressure die casting; 
Process optimization, Laser powder bed fusion; Thermal cycling 

 

Session: AMM1 Thursday, May 15, 2025 - 14:25 

Carbon evaporation: a key limitation in LPBF-manufactured H13 tool steel 
for industrial applications 

Mohamedmeher Monjez; Narges Omidi, Noureddine Barka, Abderrazak El Ouafi 
University of Quebec at Rimouski (UQAR); 

 

Laser Powder Bed Fusion (LPBF) of steels has experienced rapid growth over the past decade, 
with extensive research aimed at addressing microstructural challenges inherent to the process, 
as successfully they are used in the industrial applications. However, for H13 tool steel, its 
application in industrial settings remains limited due to mechanical properties failing to meet the 
stringent requirements of tooling applications. This study introduces a novel perspective on 
carbon evaporation during the LPBF process, a critical phenomenon that has received little 
attention. Comprehensive analyses using Scanning Electron Microscopy (SEM), Energy 
Dispersive Spectroscopy (EDS), optical microscopy, and microhardness testing reveal that 
carbon evaporation significantly weakens LPBF-fabricated H13 components. The microstructural 
analysis highlights a ferritic-martensitic structure, indicative of carbon depletion, while 
microhardness measurements show considerable variation, averaging around 300 Vickers. 
These findings underscore carbon evaporation as a primary factor behind the mechanical 
performance deficiencies of LPBF-manufactured H13 steel. This research provides new insights 
into overcoming the limitations of LPBF for H13 steel and contributes to advancing its potential 
for industrial applications. 
  



45 

Session: AMM1 Tuesday, May 13, 2025 - 14:45 

Process parameter optimization for laser cladding of Inconel 686 

Janelle Faul; 
University of Waterloo; 

 

Materials with good high-temperature strength and corrosion resistance, such as nickel (Ni) 
superalloys, are crucial for the longevity of mineral processing infrastructure as they are 
commonly applied to the surfaces of mining equipment using traditional arc welding technology 
(i.e., weld overlay). However, it has been found that weld overlay can result in significant part 
distortion, increased residual stress during manufacturing, and considerable metallurgical dilution, 
which leads to the formation of brittle particles and a decrease in corrosion resistance. An 
alternative method to achieving an overlay is through laser cladding, which uses a laser heat 
source and has a lower heat input than traditional methods, resulting in reduced distortion and 
dilution. The objective of the current study is to develop process parameter sets for both hot-wire 
and cold-wire laser cladding of Inconel 686, with the goal of increasing industrial adoption of both 
laser cladding and Inconel 686. This work serves as a preliminary step toward developing reliable 
parameter sets for clad layers and additive manufacturing. Single-track depositions with varying 
power, travel speed, and wire feed speed, were performed for both hot-wire and cold wire 
conditions. Cross-sectional analysis of the results identified acceptable parameter sets for both 
conditions, evaluating the tracks based on aspect ratio, dilution, and porosity. The hot-wire 
condition yielded a higher quantity of acceptable parameter sets, operating at lower power levels 
and faster travel and wire feed speeds. The hot-wire single tracks exhibited reduced distortion, 
dilution, and improved process efficiency. Compared to the cold wire. These findings suggest that 
hot-wire laser cladding can offer significant advantages over other processes, making it a 
promising approach for high-throughput industrial of applications Inconel 686. 
 

Session: AMM2 Wednesday May 14, 2025 - 13:35 

Keynote: A physics-informed neural network for cross-alloy parameter 
optimization in laser powder bed fusion 

Caleb Morgan; Solomon Boakye-Yiadom 

York University; 
 

Metal 3D printing via Laser Powder Bed Fusion (LPBF) presents significant challenges in 
parameter optimization, as process parameters such as laser power, scanning speed, layer 
thickness, and hatch spacing directly affect the quality and performance of the printed parts. This 
challenge is compounded by the fact that optimized parameters for one alloy are often unsuitable 
for another, due to the distinct thermal and physical properties inherent in different alloy systems. 
To address these issues, we propose the development of a multi-layer feed-forward artificial 
neural network (ANN) that integrates alloy-specific physical data and physics-based descriptors. 
By embedding fundamental physics into the ANN, our model aims to capture the complex 
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relationships between process parameters and porosity formation, thereby enhancing its 
generalizability across various alloy systems. Ultimately, this approach will drive the application 
of machine learning in LPBF, enabling optimized printing parameters for diverse alloys and 
facilitating the extraction of key insights that are transferable between different alloy systems. This 
advancement is expected to significantly improve print quality, reduce defects, and accelerate the 
parameter optimization process in metal additive manufacturing. 
 

Session: AMM2 Wednesday May 14, 2025 - 14:05 

The normalization of process parameter windows of laser directed energy 
deposition through the use of dimensionless analysis 

Mikhail Malmyguine; 
University of Waterloo; 

 

This presentation will cover an investigation into the use of dimensionless numbers reported by 
Vundru et al. as a means of normalizing the process parameter windows available in the literature 
on the laser directed energy deposition (LDED) of ferrous and nickle-based alloys, in order to 
arrive at an optimal dimensionless parameter window, which could then be applied to the variety 
of LDED machine and alloy combinations in industry. It is shown that the Vundru numbers improve 
the agreement between normalized parameter window; however, further investigation and 
possibly other dimensionless numbers are needed to establish an optimal parameter window that 
would unify all available experimental data. These results also provide practical guidelines on the 
design of experiments for the establishment of parameter windows by characterizing available 
literature based on its contributions to the normalized parameter window. 
 

Session: AMM2 Wednesday May 14, 2025 - 14:25 

Parameter-signature -quality relationships in directed-energy deposition-
produced duplex stainless steel 2209 

Mostafa Rahmani Dehaghani(1); Kevin Oldknow (1); Morgan Nilsen (2); Farzaneh Farhang 
Mehr (3); Yifan Tang(1); Nguyen Gia Hien Vu(1); Ke Wang(1); G. Gary Wang(1) 

(1) Simon Fraser University; (2) University West; (3) Acuren; Simon Fraser University; Simon 
Fraser University; Simon Fraser University; Simon Fraser University 

 

Duplex stainless steels (DSS) are advanced materials valued for their high strength and excellent 
corrosion resistance which make them ideal for demanding applications such as offshore oil and 
gas platforms. As the demand for DSS grows, the need for efficient and reliable manufacturing 
processes becomes crucial, making directed energy deposition (DED)—an additive 
manufacturing method with high deposition and utilization rates—an attractive option. However, 
microstructural heterogeneity, mechanical property inconsistencies, and complex interactions 
between process parameters, dual-phase microstructure, and final properties necessitate a 
deeper understanding of their interdependencies in DED-produced DSS parts. In this study, a 
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DSS 2209 ring with eight layers and six circular tracks is printed while systematically varying travel 
speed (TS) and laser power (LP). Melt pool morphology, including width (MPW), length (MPL), 
and size (MPS), is captured using a coaxial camera. Six sections of the ring are analyzed through 
optical microscopy and microhardness testing at 288 locations, each with at least three 
replications. Results reveal a positive monotonic relationship between build height and hardness, 
MPL and grain size, MPS and grain size, and TS and hardness, while a negative monotonic 
relationship is observed between TS and grain size as well as austenite content and grain size. 
While MPW and LP show no direct impact on microstructure or hardness, they play a crucial role 
in geometry control. Finite element analysis (FEA) is conducted to estimate cooling rates and 
compare different scenarios, yielding results that strongly align with experimental findings and 
previous studies. Notably, this is the first study to establish a correlation between process 
signatures (e.g., MPW, MPL) and final print qualities (e.g., hardness), paving the way for in situ 
monitoring and closed-loop control of unmeasurable final qualities in DED processes. 
 

Session: AMM2 Wednesday May 14, 2025 - 14:45 

Wire additive manufacturing of Inconel 625–Cu bimetallic structure 

Ehsan Gerashi; Hediyeh Khatibnezhad (2); Pearson Murray (2); Richard R. Chromik (3); Xili 
Duan(1); Sima Alidokht(1,3) 

(1) Memorial University of Newfoundland; (1) Memorial University of Newfoundland; (2)High 
Pressure Metallurgy, Hatch Ltd.; (3) McGill University 

 

Ni-Cu bimetallic structures, which combine the high thermal conductivity of copper with the 
superior structural properties of nickel, are valuable in various industrial applications. As a large-
scale production technology, Wire Arc Additive Manufacturing (WAAM) has gained popularity for 
producing advanced materials, including bimetallic structures. While WAAM offers a promising 
fabrication method for Ni-based superalloys, producing bimetallic structures, such as those 
combining Ni-based superalloys with copper present significant challenges due to copper's high 
thermal conductivity. This property leads to rapid heat dissipation, which impacts the thermal 
gradient, solidification behavior, and overall build quality. In this study, the fabrication of a 
bimetallic structure combining Inconel 625 superalloy and pure copper was investigated using the 
WAAM process. X-ray diffraction (XRD) was used for phase analysis while scanning electron 
microscopy (SEM) and optical microscopy (OM) were employed to examine the microstructure of 
the as-WAAMed bimetallic structure. Nano-indentation analysis was performed to evaluate the 
local mechanical properties, providing valuable insights into its localized mechanical 
performance. Moreover, potentio-dynamic polarization (PDP) tests were conducted to assess its 
corrosion resistance. 
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Keynote: Designing complex microstructures through additive 
manufacturing 

Yu Zou; 
University of Toronto; 

 

It remains an open question how to fabricate high-performance aluminum-matrix 
composites(AMCs). In this study, we report a novel casting AMC with a “rebar steel-reinforced 
concrete structure”(RC-AMC). The RC-AMC obtains a high yield strength of 657 MPa (ca. 638% 
of the matrix strength) and maintains a low density of 3.3 g/cm3 (ca. 122% of the matrix density). 
At an elevated temperature of 500℃, the yield strength of the RC-AMC reaches 335 MPa (about 
67 times higher than that of the Al-Si matrix), and is among the highest values reported in the 
literature for all Al alloys or AMCs. The additive manufacturing and micro-casting methods 
employed in this study may be easily adapted to current industrial processes and, hence, provides 
the potential for large-scale industrial fabrication of RC-AMCs. 
 

Session: AMM3 Thursday, May 15, 2025 - 13:35 

An investigation of the laser remelting response of a novel Al-Ce-Mg-Sc 
alloy composition for additive manufacturing. 

Taha Waqar; 
University of Waterloo; 

 

Rapid solidification processes, such as additive manufacturing (AM), offer unique opportunities to 
develop custom alloy compositions optimized for specific operating conditions. Conventional 
wrought aluminum alloys used in AM are prone to cracking and often lose their mechanical 
properties at elevated temperatures (>200°C). The addition of rare-earth elements can enhance 
grain refinement in the microstructure while improving the retention of mechanical properties 
under high-temperature conditions. This study evaluates the suitability of a novel Al-8Ce-8Mg-
0.2Sc alloy for rapid solidification applications, employing laser remelting of as-cast material. The 
process resulted in a bimodal grain structure in the remelted state, attributed to the presence of 
refined secondary phases present around the melt pool boundaries. Post-process heat treatment 
further enhanced the mechanical properties, achieving peak microhardness at 375°C. The laser-
remelted samples demonstrated long-term thermal stability, maintaining their integrity at 200°C 
for up to 500 hours. 
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Porous transport layer optimization via additive manufacturing of inconel 
718 lattice structures 

Tomisin Oluwajuyigbe; Rene Lam; Sagar Patel; Mohsen Keshavarz; Mihaela Vlasea 

University of Waterloo; 
 

Hydrogen production through alkaline water electrolysis (AWE) is a key clean energy technology, 
but its efficiency is hindered by poor gas and liquid transport, high ohmic losses, and material 
degradation. Additive manufacturing (AM), specifically laser powder bed fusion (LPBF), offers a 
solution by enabling the fabrication of porous transport layers (PTLs) with precise control over 
porosity and feature resolution, improving gas transport and overall system performance. This 
research optimizes PTL structures by refining printing parameters for Inconel 718 and 
implementing intricate lattice designs to improve bubble transport. Carefully designed lattice 
structures were fabricated to enhance bubble removal, while stochastic pores generated through 
hatch spacing adjustments will further optimize gas-liquid interactions and increase 
electrochemical sites by increasing effective surface area. The combination of lattice geometries 
and process-driven porosity is expected to improve mass transport efficiency within AWE 
systems. An investigation into printing fully dense Inconel 718 and randomized lattice structures 
using LPBF provides insights into achieving high-resolution geometric fidelity. This study will 
establish optimal process parameters for PTL design. Advanced characterization techniques, 
such as scanning electron microscopy (SEM) and X-ray computed tomography (XCT), will 
analyze porosity distribution, structural integrity, and overall performance metrics to validate the 
proposed parameters, with future work planned for performance testing. By refining these 
parameters, this research will establish a repeatable method for producing high-resolution lattice 
structures with controlled porosity. The findings will guide improvements in manufacturing 
efficiency, geometric precision, and gas transport performance in additively manufactured PTLs, 
supporting the enhancement of clean hydrogen production technologies. 
 

Session: AMM3 Thursday, May 15, 2025 - 14:15 

Elucidating the effect of sintering time on the process-structure-property 
relationship of Inconel 625 produced by metal extrusion additive 

manufacturing 

Naga Aditya Yarlapati (1); Sahil Rohila (2); Sajad Hosseinimehr (2) ; David Ester (2); Adam T. 
Clare (2); Michael J. Benoit (1) 

(1) University of Waterloo; (2) University of British Columbia 

 

This work explores the influence of sintering time on the microstructure and mechanical properties 
of the Metal Extrusion Additive Manufacturing-produced Inconel 625. Sintering was performed 
with short (5 Mins) and long (4 Hrs) isothermal holds at the peak temperature of 1290 °C. It was 
seen that the 4 Hrs sintered sample has a higher density of 99.5% when compared to the 98.5% 
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density of 5 Mins sample. Both samples showed the formation of carbides rich in (Nb+Mo), with 
varied morphology and volume fraction. Finally, the 4 Hrs sintered sample has a higher strength 
and elongation when compared to the 5 Mins sintered sample. Fractography of both samples 
revealed micro-void coalescence indicating the ductile fracture.
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Session: ANM1 Tuesday, May 13, 2025 - 10:05 

Keynote: Electrochemical and surface characterization of TiHfZrNbx high-
entropy alloys as bipolar plates for proton exchange membrane water 

electrolysis 

Hendra Hermawan; Mariya Kadiri 
Universite Laval; 

 

Proton exchange membrane water electrolyser (PEMWE) has been identified as a promising 
technology for producing high-purity hydrogen using renewable energy sources with zero-carbon 
emission. One of PEMWE’s core components is bipolar plate, critical for providing mechanical 
support, gas circulation, thermal and electrical conduction, and accounted for ~50% of its 
construction cost. Considering PEMWE’s harsh operating environment – high overpotential (1.6-
2.0 V), strong acidity (pH 2-4) and high temperature (60-80 ℃) – bipolar plates must have an 
excellent corrosion resistance. Titanium is often used as the plate material, but the stability of its 
oxide film is prone to fluoride attack, thus reducing corrosion resistance and service life of the 
plate. The present work studied the corrosion resistance of TiHfZrNbx (x = 0.2, 0.3 and 0.4) high-
entropy alloys (HEAs) in 0.5 M H2SO4 + 5 ppm F- solution at 70 °C, employing electrochemical-
impedance spectroscopy (EIS), cyclic- and static-polarizations (CPP, PSP), SEM, AFM, XPS and 
MP-AES. Results from EIS and CPP evaluation revealed the HEAs exhibited ~600 times higher 
polarization resistance than CP-Ti, with the highest achieved at 79.57 kΩ.cm2 for TiHfZrNb0.2 vs. 
0.1 kΩ.cm2  for the CP-Ti, leading to a sharp contrast in the corrosion-current density, 805.11 
µA.cm-2 for the CP-Ti vs. 0.92 µA.cm-2 for the TiHfZrNb0.2, reflecting a far superior corrosion 
resistance of the HEAs. The XPS analysis confirmed a formation of multi-oxide passive film, 
predominated by HfO2 > ZrO2 > TiO2, with a presence of Nb2O5 only in TiHfZrNb0.4, all possess 
an n-type semiconducting characteristic and a much lower electron-donor concentration in the 
HEAs than in the CP-Ti. The complementary analyses of PSP, SEM, AFM and MP-AES 
highlighted the synergistic effects of Hf, Zr and Nb in enhancing protectiveness of the passive 
film, but the absence of Nb2O5 on the top surface of TiHfZrNb0.2 and TiHfZrNb0.3 indicated a small 
role of Nb toward passivation 

 

Session: ANM1 Tuesday May 13, 2025 - 10:35 

Developing a highly stable PAA@HKUST-1 composite mediated by dense 
phase conversion 

Justin Van Houten; Syrus Kenyon; Alana Ogata 

University of Toronto; 
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HKUST-1 or Cu(BTC) metal organic frameworks (MOF) are of particular interest of the material 
science community due to its permeant porosity, intrinsic catalytic activity and straight forward 
synthetic route. However, analytical applications remain elusive due to HKUST-1’s poor hydrolytic 
stability. Recently, strategies have been proposed to improve the formation of HKUST-1 via dense 
phase conversion. This strategy involves making a preformed dense Cu(BTC) phase and then 
converting this phase to the porous network through ethanol and HCl induced phase 
transformation. However, we found that the resultant products described by this synthetic regime 
to have poor stability in water, humidity, and common biological buffers. To address this challenge, 
we to incorporated poly(acrylic) acid (PAA) into the HKUST-1, acting as the acid in place of HCl. 
PAA incorporation is confirmed by nuclear magnetic resonance spectroscopy. The resultant 
PAA@HKUST-1 composite is resistant to high humidity conditions, as well as demonstrating 
prolonged structural stability in common biological buffer agents such as HEPES, MES. Structural 
stability is verified with scanning electron microscopy, N2 absorption-desorption isotherms and x-
ray diffraction. We expect the heightened stability of our PAA@HKUST-1 composite to allow for 
new analytical and catalytic applications. 
 

Session: ANM1 Tuesday May 13, 2025 - 10:55 

The deposition of zincone films via spatial atomic layer deposition 

Jonathan Ly; Denys Vidish; Kevin Musselman 

University of Waterloo; 
 

The  deposition of flexible hybrid organic – inorganic polymer thin films consisting of zinc alkoxide 
repeating units in the form ( ─Zn─CH2CH2-O─ ) known as “zincone”, have traditionally been 
deposited using chamber-based atomic/molecular layer deposition methods that are slow and 
challenging to scale [1], [2]. In this presentation, zincone has been successfully deposited in open 
air using an atmospheric pressure spatial atomic layer deposition technique (AP-SALD). The 
deposition was performed using diethylzinc (DEZ) and ethylene glycol (EG) precursors, carried 
out using a custom SALD reactor head. Optimization of deposition parameters was also carried 
out, with high nitrogen curtain and low metal bubbling flow rates resulting in a purer zincone film.  
 

Optical properties of the zincone film were analyzed using UV-Vis absorbance and ellipsometry 
measurements, showing a distinct blue shift and decrease in refractive index, as compared to 
ZnO. The chemical composition of deposited zincone films was analyzed using FTIR, XPS, and 
TOF-SIMS, showing incorporation of carbon into the films. Zincone film morphology was analyzed 
with GIXRD, revealing limited high-order crystallinity in an otherwise amorphous film. Zincone 
films were exposed to both humidity and water etching conditions, and morphological changes 
were analyzed using SEM and AFM, compared to ZnO controls. Mechanical properties of SALD-
deposited zincone were measured with nanoindentation and bending studies, showing an 
increased flexibility of zincone and resistance to cracking upon bending, compared to ZnO films. 
Thus, it was demonstrated that zincone thin films were successfully deposited in open air using 
AP-SALD, enabling industrial scale up options of metal-organic thin films, such as on a roll-to-roll 
system for  many different applications [1], [2].   
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Sustainable biomass-based flexible sensor for real-time health monitoring 

Youchao Teng; 
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The development of sustainable biomass-based flexible sensors offers a novel pathway for real-
time health monitoring with enhanced mechanical robustness, self-healing properties, and 
integrated energy storage. Here, we present a high-sensitivity, self-repairing, and energy-efficient 
wearable sensor that leverages wood-derived anisotropic hydrogel composites and graphene-
cellulose hybrid architectures. The self-healing WPBTS hydrogel sensor, reinforced via dynamic 
borate bonding and hydrogen networks, exhibits 19.8 MPa mechanical strength—a 45-fold 
improvement over conventional hydrogels—and an ultrafast response time of 20 ms, making it 
ideal for human motion detection. 
 

To enable simultaneous sensing and energy storage, we incorporate MXene-graphene-cellulose 
hybrid supercapacitors, achieving a volumetric capacitance of 148.25 F cm⁻³, ensuring stable 
power supply under deformation. Additionally, a polypyrrole (PPy) pillar hybrid tactile sensor 
enhances electron/ion transport, achieving a capacitance of 113 mF cm⁻² and enabling 
multimodal physiological monitoring. Furthermore, a solar-thermal microfiber supercapacitor 
enhances adaptive energy storage and body temperature sensing, improving self-powered 
wearable applications. 
 

By integrating biodegradable, energy-efficient, and high-performance biomaterials, our system 
achieves multimodal health monitoring, real-time physiological data acquisition, and eco-friendly, 
self-sustained functionality. This work paves the way for next-generation wearable biosensors 
with applications in healthcare, rehabilitation, and intelligent human-machine interfaces. 
 

Session: ANM1 Tuesday, May 13, 2025 - 11:35 

Improving mycelium biomaterials through the manipulation of growth 
factors 

Sophie Robertson; Malvika Sharma, Loong-Tak Lim, Guneet Kaur 
University of Guelph; 

 

Currently, 3 million tonnes of plastic waste are generated in Canada every year. With the high 
environmental impact seen from these materials, directives such as the ban on single use plastics 
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are becoming more commonplace. Leather production also presents issues such as land use and 
methane emissions. Pure mycelium materials (PMMs) are a new class of biomaterials derived 
from fungal mycelium which have been presented as alternatives to materials such as leather and 
plastics. PMMs have shown potential for the conversion of agri-food waste into useful products 
ranging in properties. Current understanding of how to manipulate properties of these materials 
and improve their production is lacking, preventing them from succeeding as alternative materials 
and indicating a need to characterize the impacts of growth conditions. This research seeks to 
establish the roles of growth conditions on PMMs, elucidating their effects on mycelium growth 
and the properties of the resulting biomaterial. These effects can be quantified regarding the 
degree of change in mechanical strength, density, thermal stability, and hydrophobicity, as well as 
growth rate of the mycelium. Irpex lacteus and Trametes versicolor were grown in standardized 
conditions with controlled modifications. These modifications included light conditions and 
nitrogen and carbon sources and ratio in the feedstock. The growth of mycelium was observed in 
these conditions to determine effects on growth rate. Once harvested and dried, the materials 
were analyzed to determine hyphal morphology, chemical composition, and mechanical 
properties. This analysis provided inferences into how growth conditions affected the desired 
characteristics for uses such as packaging or textiles. The findings of this research would inform 
decisions for scaled up protocols and on how to alter PMMs for various applications, while 
providing a means to valorize organic waste streams as feedstocks enabling a circular economy 
approach. 
 

Session: ANM2 Tuesday, May 13, 2025 - 13:35 

Keynote: Deformation behavior and hardness of mechanically alloyed 
AlCoCrFeNi2.1 eutectic high-entropy alloy deposit by cold spray 

Aisa Grace Custodio; Marvin Tolentino; Dr. Gobinda Saha; Dr. Clodualdo Aranas Jr. 
University of New Brunswick; 

 

Eutectic high-entropy alloys (EHEAs) are found to consist of both body-centered cubic (BCC) and 
face-centered cubic (FCC) phases and exhibit combined high strength and ductility. This study 
reports a method of producing AlCoCrFeNi2.1 EHEA by combining mechanical alloying (MA) and 
cold spray (CS) solid-state material manufacturing methods. A systematic investigation was 
conducted to examine the effects of MA time on the alloying mechanism and evolution of 
elemental precursors into particles. MA results indicate alloying with milling speed of 580 rpm, a 
ball-to-powder ratio of 10:1, and a milling duration of 24 h. Consequently, the EHEA feedstock 
particles were used in CS as feedstock for coating deposition. Taking on a different path from the 
thermal input-based processing approaches, CS is a solid-state material deformation technology 
known for its ability to retain properties of the feedstock used. The high kinetic energy of the 
particles at impact allows them to achieve severe plastic deformation leading to successful 
particle bonding and interlocking. This study evaluated the state of control and preservation of 
composition and hardness in the CS processing of the MA’d AlCoCrFeNi2.1 EHEA onto Ti-6Al-4V 
substrate. The results suggest a phase volume change and an increase in hardness of 
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AlCoCrFeNi2.1 deposit when compared with the milled particle characteristics. In specific, BCC to 
FCC phase transformation was observed in the CS deposited coating. 
Session: ANM2 Tuesday, May 13, 2025 - 14:05 

Design of experiment and genetic algorithm-based optimization of 
mechanical alloying parameters for high-entropy alloy development 

Moses Adaan-Nyiak ; Ahmed Tiamiyu 

University of Calgary; 
 

Among the well-established processing routes for developing high-entropy alloys (HEAs), 
mechanical alloying is perhaps the most suitable method for synthesizing nanocrystalline HEAs 
with microstructure devoid of phase segregation and grain coarsening. However, developing HEA 
powders with tailored particle and grain sizes for improved flowability for sintering and other 3D 
manufacturing processes is still a challenge. In this study, the effect of processing variables—
milling speed and time, and process control agent (PCA) type and amount—on the onset of solid-
solution for a model AlCoCrFe-HEA is systematically investigated. As a starting point, the optimum 
PCA type between ethanol and stearic acid is determined experimentally. Subsequently, the effect 
of processing variables—milling speed, time, and PCA amount on the response parameters i.e. 
particles and grain sizes are studied using the Taguchi design of the experiment. Results show 
that ethanol promotes the onset of solid-solution at a shorter milling time, and it produces smaller 
grain and particle sizes than stearic acid. Increasing the PCA amount from 1.0 to 1.5 wt% delayed 
the onset of solid-solution especially in stearic acid. Multi-objective optimization using a genetic 
algorithm is performed on a developed regression model from the Taguchi design. While the 
milling speed has the most effect on grain size, the particle size is affected mostly by PCA amount. 
Two mathematical models for predicting grain and particle sizes are developed. This work 
provides a scheme for determining the optimum mechanical alloying parameters for HEA powder 
synthesis. 
 

Session: ANM2 Tuesday, May 13, 2025 - 14:45 

Laser modification of polymer-embedded metal nanorods for plasmonic 
colour picture generation 

Andrew Hainer; Ariana Escamilla, David Girard, Pierre Berini, Arnaud Weck 

University of Ottawa; 
 

Metal nanorods have interesting plasmonic properties, as they support plasmon resonances 
along their length (longitudinal) and width (transverse). By tuning the length of nanorods, their 
longitudinal plasmonic resonances can be shifted to longer or shorter wavelengths. Nanorods 
have also been shown to undergo shrinking from photothermal heating by laser irradiation. Here 
we explore the possibilities of combining these two behaviors to change the colour of polymers 
embedded with metal nanorods. 
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Polymer matrix films were fabricated, incorporating embedded metal nanorods supporting 
longitudinal plasmons of wavelength greater than 700 nm. The nanorod-embedded polymer films 
were irradiated in the bulk with ultrafast laser pulses of varying power. Laser irradiation induced 
shortening of the nanorods, shifting their longitudinal plasmons into the visible portion of the 
spectrum. Altering the laser power changes the colour in the bulk, as a result of different degrees 
of shortening. Samples were characterized using optical and electron microscopy as well as UV-
VIS spectroscopy. Multi-colour images were also generated through laser machining, showcasing 
the potential applications in laser picture generation. 
 

Session: ANM3 Wednesday May 14, 2025 - 10:05 

Keynote: Precise kirigami by focused ion beam on 2D vdW MoO3 material 
Bhaveshkumar Kamaliya (1); Morvarid Ghorbani(1); Mehdi Mosayebi(1); Rachel Ord(1); 

Ramachandra Bangari(2); Raghunandan Iyer(2); Thomas Folland(2); Ravitej Uppu(2); Nabil 
Bassim(1,3) 

(1) McMaster University; (2) The University of Iowa (3) Canadian Centre for Electron 
Microscopy 

 

Focused ion beam (FIB) is a multifaceted tool for nano-/micro-scale machining for various 
electrical and optical applications, implantation of ions for precise and local doping on the surface 
of semiconducting materials, and controlled nanoscale chemistry. Optimized ion-material 
interactions allow the morphology and structural properties of nanowires/nanostructures to be 
manipulated with high precision. Self-assembly and local manipulation of the material’s structural 
properties induced by optimized FIB-material interactions can be rewarding when aiming at 
unusual nanostructures that are difficult or impossible to fabricate via conventional processes. 
 

Here, we present Ga+ FIB irradiation-induced bending of 2D flakes of MoO3 material placed on 
the Silicon substrate. This process of in-situ bending of materials is known as “kirigami” because 
of its analogous term “origami” – the art of folding paper to make unusual designs. Such bending 
effect is attributed to local mechanical property manipulation caused by FIB irradiation. On FIB 
irradiation, the material undergoes differential strain at the irradiation site, leading to the material’s 
controlled bending. Traditionally, for kirigami to occur, 2D material or nanowires must be 
suspended when irradiated with FIB. However, making suspended structures is a complex 
process, so here, we report a successful kirigami for the MoO3 flakes placed on a Silicon 
substrate. The presented results have been achieved by unique way of optimizing the synergetic 
balance of FIB-induced strain and the interaction of Si-substrate with the FIB-induced charge 
accumulated on the MoO3 flakes. Structural and crystallographic investigations are carried out 
with SEM, Raman spectroscopy and TEM analysis. MoO3 is an important van der Waals (vdW) 
metamaterial for photonic systems, and the capability of bending these flakes is promising for 
added optical functionality. 
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Growth and characterization of Pb₂P₂Se₆ single crystals by vertical 
physical vapor transport (VPVT) 

Venika Ekanayake; Peng Li Wang 

Queen's University; 
 

Pb₂P₂Se₆ is a promising chalcogenide semiconductor for room-temperature X-ray and gamma 
ray detection due to its indirect band gap of 1.88 eV, high resistivity (~10¹¹ Ω·cm), and notable 
Knoop hardness (106 kg/mm²). However, growing high-quality single crystals has been 
challenging using conventional methods like the vertical Bridgman technique and vapor transport 
approaches. To address these challenges, we developed a vertical Physical Vapor Transport 
(VPVT) method without transport agents, producing larger and higher-purity crystals compared to 
those obtained via horizontal PVT and Chemical Vapor Transport (CVT). Phase purity of the 
grown crystals were confirmed through powder X-ray diffraction (PXRD). Detector devices were 
fabricated from the grown single crystals and evaluated the electrical and radiation response. 
 

Session: ANM3 Wednesday May 14, 2025 - 10:55 

Investigations of the interfacial strength and bonding of DLC films 
deposited on chalcogenide glasses 

Simran Simran(1); Peter van Nooten(2); Michael Chesaux(2); Jacek Wojcik(2); Marek 
Niewczas*(1) 

(1)McMaster  University; (2) Intlvac Thin Films Inc2. 
 

Diamond-like carbon (DLC) is an amorphous carbon material consisting of varying proportions of 
diamond-like (sp³) and graphite-like (sp²) bonds. This distinctive composition allows for the 
enhancement of mechanical, tribological, and optical properties. By controlling the sp²/sp³ ratio 
and hydrogen content, DLC films can be tailored to suit a wide range of applications, including 
protective coatings for automotive and aerospace components, military and defense equipment, 
cutting tools, biomedical implants, and electronic and optical devices. In this project, DLC is 
deposited onto chalcogenide glass substrates, which are recognized for their cost-effectiveness, 
ease of fabrication, and excellent infrared transmission. However, achieving strong adhesion 
between DLC films and chalcogenide glasses remains a significant challenge. Additionally, 
precise temperature control during deposition is critical as it limits the processing conditions. This 
research project aims to address the challenge of achieving strong adhesion between diamond-
like carbon films and chalcogenide glasses where DLC films are deposited onto chalcogenide 
glass substrates using plasma-enhanced chemical vapor deposition. To enhance the adhesion, 
infrared binding layers are incorporated into the system using electron beam evaporation. A 
comprehensive understanding of the interface between DLC films and chalcogenide glasses is 
achieved through various advanced characterization techniques including Raman spectroscopy, 
X-ray photoelectron spectroscopy, Fourier Transform Infrared spectroscopy, Nanoindentation and 
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Scratch Test. All these characterization methods deliver valuable insights into the chemical, 
mechanical, and structural properties of DLC-coated chalcogenide glasses. By addressing 
challenges related to adhesion and interfacial compatibility, this project aims to contribute 
significantly to the advancement of high-performance materials for use in optical devices. 
 

Session: ANM3 Wednesday May 14, 2025 - 11:15 

Optimization and characterization of modified NFCs for laminated glazing 
applications 

Valérie Blanchette; Éric Loranger; Frank Crispino 

University of Quebec in Trois-Rivieres; 
 

Windows are security weak points in most buildings (vandalism, break-ins, earthquakes, etc.), 
exacerbated today by extreme weather conditions. In the past few years, we saw an increase in 
the production of laminated glazing to counter this identified frailty. This type of glazing, which 
normally consists of films of a plastic intercalar such as polyvinyl butyral (PVB) and glass panels, 
uses many petrol-based materials for their fabrication. Considering the evolution of bio-based 
materials such as nanocellulose materials and their wide range of applications, new eco-friendly 
ways of laminated glazing production can readily be exploited. 
 

In the past few years, our research group has focused on the development of nanocellulose films 
which could equalized or surpass mechanical proprieties of PVB films in laminated glazing 
productions. After a few years, it has been proven that nanocellulose is a very promising solution 
for eco-friendly glazing. This method, based on the extraction and modification of wood-based 
nanocellulose with chemical and physical treatments such as TEMPO oxidation, homogenization, 
and polymer grafting, has later allowed to exploit mechanical proprieties, such as Young’s 
Modulus, light transmission, tensile stress, elongation at break and more. Additionally, time and 
money-sensitive limitations were considered with diverse optimization processes. 
 

Continuing the improvement of mechanical and optical proprieties, this presentation will expose 
multiple optimization processes for the fabrication of nanocellulose-based films for laminated 
glazing, while putting forward diverse characterization analyses such as Fourier-transform 
infrared spectroscopy (FTIR), Scanning electron microscopy (SEM), birefringence and 
thermogravimetric analysis (TGA). 
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Pool boiling enhancement via a single-step, electro-codeposited biphilic 
surface modification 

Terry J.H. Li; Jane Howe; Uwe Erb 

University of Toronto; 
 

In recognition of the global climate change crisis, tremendous R&D efforts are dedicated to 
developing sustainable energy generation and utilization solutions. Substantial attention has been 
given to enhancing pool boiling, a common liquid-to-gas transformation process in applications 
ranging from daily cooking to large-scale industrial processes like power generation. A key factor 
influencing boiling heat transfer is the bubble nucleation on the heated surface. 
Hydrophobic surfaces are more energetically favourable for bubble nucleation compared to 
hydrophilic ones. However, excessive bubble formation hinders heat transfer by accumulating 
vapour between the liquid and the heated surface. Biphilic surfaces, characterized by wettability 
contrast, offer a solution by controlling bubble nucleation, as hydrophobic bubble nucleation sites 
are dispersed in a hydrophilic matrix. Current photolithography-based synthesis methods are 
expensive and suffer from geometric limitations constraining such biphilic surfaces from large-
scale production and implementation. 
 

This study employs a highly scalable and cost-efficient approach known as composite electro-
codeposition to synthesize biphilic surfaces. This involves electro-codepositing hydrophobic, 
micron-sized PTFE particles with hydrophilic nickel. The material characteristics of the resulting 
electrodeposits, including morphology and PTFE content, are characterized through scanning 
electron microscopy and energy-dispersive X-ray spectroscopy. Results show that the area 
fraction of PTFE on the surface directly correlates with PTFE particle characteristics and synthesis 
parameters, e.g. the amount of PTFE dispersed in the electrolytic solution. An experimental 
apparatus has been designed and constructed in-house to quantify pool boiling performance of 
the coatings. Initial results of the boiling experiments will be presented, establishing a correlation 
between material characteristics and heat transfer performance.  
 

Session: ANM4 Wednesday May 14, 2025 - 13:35 

Keynote: Accelerated discovery of nanostructured high-entropy alloys 

Yu Zou; 
University of Toronto; 

 

Nanocrystalline (nc) metals are generally strong yet thermally unstable, rendering them difficult 
to process and unsuitable for use, particularly at elevated temperatures. Nc multicomponent and 
high-entropy alloys (HEAs) are found to offer enhanced thermal stability but only in a few 
empirically discovered systems out of a vast compositional space. In response, this work develops 
a combinatorial strategy to accelerate the discovery of nc-(TiZrHf)x(NbTa)1−x alloy library with 
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distinct thermal stability, in terms of phases and grain sizes. Based on synchrotron X-ray 
diffraction and electron microscopy characterizations, a phase transition is observed from 
amorphous–crystalline nanocomposites to a body-centered cubic (bcc) phase upon annealing. 
With increased NbTa content(decreased x value), the system tends to achieve thermally stable 
dual bcc phases upon annealing;in contrast, alloys with increased TiZrHf content (x > 0.6) 
maintain a single-composition nanocomposite state, impeding crystallization and grain growth. 
 

Session: ANM4 Wednesday May 14, 2025 - 14:05 

Effect of Cu-alloying on the electrical transport properties of CoSi2. 
Kaustubh Kulkarni; Marek Niewczas 

McMaster University; 
 

Transition-metal silicides represent a significant class of materials, distinguished by their unique 
combination of properties and diverse applications, ranging from semiconductor devices to high-
temperature structural materials. Among these, cobalt disilicide (CoSi₂) stands out as a promising 
material for electronics, thermoelectric devices, and catalysis due to its favourable electrical 
conductivity and thermal stability. However, its transport properties limit its utility in certain 
applications. This presentation investigates the impact of Cu alloying, ranging from 0.5% to 2.5%, 
on the electrical properties of CoSi₂. By introducing Cu into the crystal lattice, this study aims to 
address these limitations and enhance performance. The alloying process modifies the electronic 
band structure and transport properties of CoSi₂, potentially improving its electrical conductivity. 
This work highlights the role of Cu alloying in tailoring the properties of CoSi₂ for advanced 
electronic applications. 
Session: ANM4 Wednesday May 14, 2025 - 14:25 

Perovskite-structured materials exemplifying applications in solid-state 
electrolytes 

Alex King; Ali Merati; Shuo Yan 

National Research Council Canada; 
 

Perovskite-structured materials have gained notable attention due to their structural versatility, 
tunable electronic properties, and wide range of applications in photovoltaics, energy storage, 
optoelectronics, and catalysis. These materials, with the general form ABX₃ have a cubic 
crystallographic structure composed of a large A-site cation at the corners, a B-site cation at the 
center, and X-site anions forming a BX₆ octahedron. Modifying the elements in the system can 
lead to the tilting of BX₆ octahedra, changes in A- and B-site cation ordering, and variations in A-
, B-, or X-site vacancies, allowing for precise control of the material’s physical and electrical 
characteristics. 
 

Perovskite solar cells using lead halide perovskite semiconductors are the most renowned 
application of perovskite materials due to their high efficiency and cost-effectiveness, making 
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them strong alternatives to silicon photovoltaics. Studies have also explored the use of perovskite 
materials in photodetectors, X-ray detectors, and water-splitting catalysts. Beyond solar energy, 
perovskites show promise as light-emitting diodes, electrocatalysts in fuel cells and zinc-air 
batteries, and solid-state electrolytes and anodes in lithium metal batteries (LMBs).  
This literature review provides an overview of perovskites, exemplifying their applications related 
to improving the energy density of lithium batteries. The perovskite-type La0.57Li0.29TiO3 (LLTO) 
electrolytes demonstrated practical bulk conductivity values exceeding 10-3 S cm-2 at ambient 
temperature, which is equivalent to the organic liquid-state electrolytes presently used in LMBs.  
 

Keywords: Perovskites, Lithium Metal Batteries, Energy Density, LLTO 
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Stable cycling performance of high-voltage LiCoO2 electrodes enabled by 
multi-element atomic layer deposition engineering 

Mingrui Yang; 
Western University; 

 

The urgent demand for next-generation lithium-ion batteries with elevated energy density, 
enhanced rate capability, and improved safety has propelled the development of all-solid-state 
battery systems. By replacing flammable liquid electrolytes with stable solid-state alternatives, 
these systems address safety risks while offering higher theoretical energy density. However, 
cathode materials remain constrained by interfacial incompatibility with solid-state electrolytes, 
leading to low reversible capacity. Although extending the operational voltage window improves 
capacity, it induces irreversible structural degradation and rapid cycling decay. Herein, we 
introduce a buffer interface engineering strategy for commercial LiCoO2 cathodes through atomic 
layer deposition (ALD) coupled with annealing, creating a multi-element synergistic doping layer 
on particle surfaces. Under rigorous conditions of 4.7 V and 1 C, the modified LiCoO2 delivers a 
26% increase in initial discharge capacity and 16% higher capacity retention after 400 cycles 
compared to pristine counterparts. This work underscores the efficacy of synergistic doping-based 
interface engineering in resolving interfacial challenges, offering a scalable pathway to optimize 
high-voltage cathode compatibility for high-energy-density all-solid-state batteries. 
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Phase stability of a lightweight and ultra-strong AlCr1.3TiNi2 eutectic high-
entropy alloy 

Nadeem Fayaz Lone(1); Frank Czerwinski (2); Daolun Chen (1) 
(1) Toronto Metropolitan University; (2) CanmetMATERIALS, Natural Resources Canada, 

Hamilton, ON 

 

The scientific communities are currently working towards developing low-cost and lightweight 
materials that exhibit excellent thermal stability at elevated temperatures. Traditional nickel-based 
superalloys that are extensively used in high-temperature applications have reached the 
bottleneck of their service temperatures and are inherently expensive, which also have high 
densities. Besides the traditional superalloys, some low-density superalloys have been 
developed, however their service temperature is relatively low. Thus, there is an urgent need to 
develop advanced low-density affordable and thermally stable materials. Recently, high-entropy 
alloy (HEA) concept has offered avenues to develop lightweight eutectic HEAs with excellent 
mechanical properties, which could potentially replace superalloys in high-temperature 
applications. Therefore, in this study, a eutectic HEA (EHEA) with a predefined composition of 
AlCr1.3TiNi2 was synthesised via vacuum arc melting. The as-cast alloy displayed a distinctive 
“fingerprint”-like eutectic structure consisting of L21 and BCC phases and having a hardness of 
669 3 HV and a density of 6.1 g/cm3. Furthermore, the alloy exhibited a compressive yield 
strength, ultimate compressive stress, and fracture strain of 1364 MPa, 2384 MPa, and 19%, 
respectively. The alloy basically retained its phases, high hardness, and yield strength after 
exposing to temperatures up to 1100oC. The results were compared with other eutectic HEAs and 
superalloys, which indicated that the application range of temperatures for AlCr1.3TiNi2 EHEA is 
much higher than most of the EHEAs and superalloys. The specifics of this work will be presented 
at the conference. 
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Advanced Materials Characterization and Testing 
(AMCT) 

Session: AMCT1 Tuesday, May 13, 2025 - 10:05 

Keynote: Ni-mediated endotaxial growth of Au nanoparticles within TiO₂ 
nanowires 

Zhina Razaghi; Guo-zhen Zhu 

University of Manitoba; 
 

One-dimensional hybrid nanosystems, composed of nanoparticle chains embedded within 
nanowires, exhibit distinct physical and chemical properties. However, their fabrication through 
vapor-phase growth remains challenging due to limited knowledge of their growth mechanisms. 
In this study, we demonstrate the endotaxial growth of Au nanoparticles inside rutile TiO₂ 
nanowires by introducing trace amounts of Ni into the Au seed. The presence of Ni alters the Au-
TiO₂ interface, resulting in distinct nanowire morphologies (bead-like and prismatic) and specific 
crystallographic orientation relationships (ORs) between the embedded Au nanoparticles and 
TiO₂ nanowires. Unlike the irregularly shaped Au nanoparticles observed in bead-like TiO₂ 
nanowires grown along [110]TiO₂, Au nanoparticles in prismatic nanowires along [111]TiO₂ adopt 
a new OR and a well-defined shape, bounded by low-index facets from both lattices. The 
introduction of new ORs in prismatic nanowires, along with Ni-induced lattice parameter reduction, 
imposes strong lattice constraints, which drive Ni segregation and its removal from the Au lattice. 
These findings not only emphasize the critical role of crystallographic factors in the vapor-phase 
growth of one-dimensional hybrid nanosystems but also highlight a new approach for designing 
hybrid nanomaterials by tailoring the chemical composition of seed materials and/or controlling 
the lattice structures within the hybrid system. 
 

Session: AMCT1 Tuesday, May 13, 2025 - 10:35 

A method for determining the safe current limit in wire bond specimens 

Shivam Abhi; Peng Peng; Michael Mayer; 
University of Waterloo; 

 

High-power circuit designers often rely on overly conservative safety factors, leading to the 
oversizing of components to avoid the extensive resources required to determine safe current 
limits. This creates an opportunity for a streamlined method to define safe current limits in 
components. In this study, elevated currents were cyclically applied to bonds between 25-micron 
diameter Al microwire and Au metallization until a 1% resistance change threshold was observed. 
The type of wire bonds used were wedge-wedge wire bonds with a typical bond area of 4875 
squared-microns. Active cooling and temperature monitoring minimized and corrected for the 
Joule heating effect, and a 4-wire measurement configuration isolated changes in the 
ultrasonically bonded contact resistance during the aging study. Typical resistance values 
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recorded were between 0.200 milliohms and 0.650 milliohms. The values were recorded between 
stress events to track baseline shifts, with temperature corrections applied to account for 
fluctuations in cooling air temperature, resulting in a resistance measurement precision of 
approximately 0.1 microohm. Statistical analysis of failures at the same stress current were 
planned to estimate a safe product lifetime within a 95% confidence interval. Notably, a safe 
lifetime was not observed for a stress current of 1.8 amperes but was found for lower stress 
currents. This study provides circuit designers with a faster, simplified method for determining the 
upper current limit of electronics, enabling higher circuit allowances, reduced bulk, and ultimately 
lower costs. Future research is planned to refine safety factors for the elevated current limit to 
better extrapolate to modern product lifetimes. 
 

Session: AMCT1 Tuesday, May 13, 2025 - 10:55 

Influence of internal angles on Poisson’s ratio transition in re-entrant 
auxetic structure 

Iris Quan; Karyn Lee; Sara Desoky; Reem Roufail 
University of Waterloo; 

 

Auxetic metamaterials exhibit the unique property of expanding in axial and transverse directions 
under tension and contracting under compression, resulting in a negative Poisson’s ratio. 
Specifically, the 2D re-entrant auxetic structure initially demonstrates a negative Poisson’s ratio, 
but this ratio shifts towards positive values as tensile load is applied. This study focuses on the 
internal angles of re-entrant unit cells and their influence on mechanical behavior. 
 

Finite element analysis (FEA) is employed to assess the performance of re-entrant structures with 
internal angles of 55°, 65°, and 75° under tensile stress. The analysis reveals that increasing the 
internal angle corresponds with a decrease in the force required to induce a transition from a 
negative to a positive Poisson’s ratio. This suggests that smaller internal angles result in higher 
structural rigidity, allowing the material to maintain its auxetic properties under greater loads. 
Tensile testing was performed on 3D-printed thermoplastic polyurethane (TPU) samples to 
validate the FEA results. These tests confirm the predicted behavior. However, some 
discrepancies are noted due to inconsistencies in the 3D printing process, such as layer adhesion 
issues, minor geometric deviations, and measurement errors during testing. 
 

This research underscores the importance of selecting the appropriate re-entrant unit cell 
geometry in applications involving auxetic materials. By choosing the right internal angle, 
designers can tailor the material’s response to tensile loads, optimizing it for specific applications. 
Smaller internal angles may be preferable for applications requiring higher load-bearing 
capacities, while larger angles might be suitable for situations where flexibility and adaptability 
are paramount. 
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Coaxial electrospinning of PVDF-TPU for enhanced β-phase content and 
flexibility in piezoelectric sensing applications 

Asra Tariq; Ghaus Rizvi 
Ontario Tech University; 

 

Coaxial electrospinning has emerged as a promising technique for fabricating core-shell 
nanofibers of two materials with multifunctional properties. By combining thermoplastic 
polyurethane (TPU) and polyvinylidene fluoride (PVDF) in a core-shell fiber structure, it is possible 
to achieve dual properties. This synergy is particularly beneficial for piezoelectric sensing 
applications, where both high electroactive phase content and durability are essential for optimal 
performance. The outer PVDF layer experiences higher elongation and electric field exposure, 
promoting β-phase formation, meanwhile, the TPU core provides mechanical flexibility and 
durability. In the current work, coaxial electrospinning of PVDF and TPU was done by adjusting 
the electrospinning parameters to achieve high β-phase and better fiber morphology. To obtain 
uniform, bead-free nanofibers, the solvent evaporation rates were carefully adjusted for both the 
core and shell solutions. Additionally, the flow rates and applied voltage were systematically varied 
to optimize β-phase formation, fiber diameter, and overall fiber morphology. Shear stress in the 
polymer solution plays a crucial role in aligning PVDF chains as the solution exits the needle, 
while the high electric field further enhances chain orientation during fiber formation and stretching 
before deposition on the collector drum. To achieve sufficient shear stress for effective PVDF 
chain alignment, coaxial needles with different cross-sectional areas were used. The β-phase 
fraction  was determined using FTIR and XRD, while the mechanical properties under tension, 
compression, and stress relaxation at varying temperatures were analyzed via DMA. Core-shell 
structure confirmation was performed using Raman scanning microscopy, and fiber morphology 
was examined with SEM. The piezoelectric properties of the nanofiber-based sensor were 
evaluated using a lab-based setup applying normal force at a constant frequency. 
 

Session: AMCT2 Tuesday, May 13, 2025 - 13:35 

Controlling dislocation motion and nanoscale plasticity in semiconductors 
using electric fields and illumination 

Yu Zou; 
University of Toronto; 

 

Dislocations in semiconductors are typically less mobile than in metals, which causes the 
brittleness and insufficient mechanical reliability of semiconductors and their devices. It is well 
known that dislocation motion is a mechanical behavior which is driven by shear stress and could 
be influenced by environmental factors, like temperature 1, electric fields 2 and even illumination 
3 as reported from decades ago. Therefore, manipulating dislocation motion through external 
stimuli, such as electric fields and illumination, holds promise for improving semiconductor 
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manufacturing and applications. Despite its significance, dislocation dynamics under external 
stimuli, such as electric fields and illumination, is still elusive due to the lack of direct evidence of 
dislocation behavior. In this study, we visualize and analyze the dislocation evolution under 
electric fields and illumination by combining transmission electron microscopy (TEM), in situ 
electrical testing system, photo-nanoindentation and density functional theory (DFT) calculations. 
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Validating accelerated corrosion models using museum samples: a study of 
silver and copper degradation 

Michelle  Lin (1); Maria Stanko (1); Veronica Di Cecco (2); Kim Tait (2); Jane Y. Howe (1); Doug 
D. Perovic (1) 

(1) Unviersity of Toronto; University of Toronto; (2) Royal Ontario Museum; Royal Ontario 
Museum; University of Toronto; University of Toronto 

 

The degradation of museum artifacts has been a long-standing concern as the severity of damage 
can lead to the loss of key features or even deterioration of entire artifacts. This is demonstrated 
in silver (Ag)-containing artifacts where “tarnishing” or sulfidation occurs, leading to a black 
surface that obscure’s details and shine. Traditional cleaning methods used in conservation 
science involving physical removal of the tarnish have proven insufficient and can accelerate the 
sulfidation process. Due to the sensitivity of museum artifacts, experimentation is not allowed 
directly on the artifacts. Since experimentation on actual artifacts is not possible, “surrogate” 
specimens made of similar materials are normally used to predict artifact behavior. 
 

Accelerated corrosion tests (ACT) are used on surrogate materials to predict the corrosion 
behavior of Ag in museum conditions. While ACT aims to simulate long-term degradation, its 
ability to accurately replicate natural corrosion remains questionable and uncertain. This study 
examines ACT in the application of conservation science by comparing its results with naturally 
aged Cu and Ag mineralogical ore samples that have been developing corrosion from a controlled 
museum environment for over 30 years. The study focused on microclimatic conditions, such as 
temperature, humidity, and pollutants, and their influence on corrosion. Although these factors are 
known to affect corrosion, their specific impact on the formation of corrosion products remains 
underexplored. Scanning electron microscopy coupled with energy-dispersive x-ray spectroscopy 
(SEM-EDS) and transmission electron microscopy (TEM) are used to examine the morphology, 
composition, and structural changes of the corrosion layers. By identifying discrepancies between 
laboratory simulations and actual in-service corrosion behaviour, the research highlights areas 
where ACT may fall short, allowing us to refine predictive models and conservation practices. 
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Study of the effect of the stirring rate on the electrodeposition, 
microstructure, and microindentation hardness properties of Ni-Al2O3 

composite coatings electrodeposited from deep eutectic solvent 
Mehry Fattah; Sylvie Morin 

York University; 
 

Ni-Al2O3 composite coatings have been electrodeposited through pulse electrodeposition at the 
current density of 4 mA cm-2 from an environmentally friendly deep eutectic solvent (DES)-based 
electrolyte. DES-based electrolyte with the composition of choline chloride/ethylene glycol: 1/2 M 
and 0.2 M NiCl2·6H2O in the presence and absence of 15 g/l alumina nano powder was used to 
prepare Ni and Ni-Al2O3 coatings. The effect of the addition of alumina nanoparticles to the Ni 
matrix at different electrodeposition stirring rate in the range of 400, 600, 800 and 1000 rpm on 
the microstructure, composition, and microindentation hardness of the composite coatings will be 
studied. The results, obtained through study using XRD, SEM/EDX, optical microscopy, and 
microindentation hardness measurements, were used to approach this goal. Decrease of the 
stirring rate from 1000 to 400 rpm did not affect the nano/micro-sized features pattern of the 
composites’ microstructure, however caused an increase in the clusters’ size in the composite 
coatings. The addition of the alumina nanoparticles into the Ni matrix increased the 
microindentation hardness from 475 ± 15 Hv10gf for Ni coating to 562 ± 23 Hv10gf for composite 
coating electrodeposited at 1000 rpm stirring rate. This behaviour can be explained by dislocation 
hardening due to the presence of the nanoparticles in the Ni matrix. The variation of the 
electrodeposition stirring rate from 1000 to 400 rpm does not affect the microindentation hardness 
appreciably and varies around 557 ± 35 Hv10gf. This can be related to the interference of the 
grain coarsening phenomenon, that happens with the decrease of the electrodeposition stirring 
rate, on the hardness improvement mechanism. 
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Sliding-induced structural transformations in tetrahedral amorphous carbon 
(ta-C) coatings under applied electrical current 

Amir M.K. Behtash; Ahmet T. Alpas 

University of Windsor; 
 

Electrical currents influence the friction and wear behaviour of tribological coatings, yet the 
underlying mechanisms remain poorly understood. Diamond-like carbon (DLC) coatings, 
especially tetrahedral amorphous carbon (ta-C), are recognized for their hardness, low friction, 
and wear resistance. In this study, the effects of DC current discharges on the tribological 
behaviour of ta-C coatings produced by Pulsed Vacuum-Arc Plasma and Filtered Cathodic 
Vacuum Arc (FCVA) methods on tool steel substrates were examined. Thicker coatings were 
obtained using Pulsed Vacuum-Arc Plasma, while smoother surfaces were achieved with FCVA. 
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Sliding tests under electrical currents were conducted on a modified ball-on-disk tribometer, by 
applying current to the coating in contact with an AISI 52100 steel ball during sliding. The roles of 
different deposition methods, heat treatments, and hydrogen incorporation were investigated. 
Raman spectroscopy and SEM analysis revealed that ta-C coatings with a high sp³/sp² ratio 
exhibited local melting and oxidation, failing at about 300 mA due to substrate exposure. In 
contrast, coatings with higher sp² content demonstrated enhanced wear resistance, protecting the 
steel substrate up to 1500 mA. A higher sp² content facilitated graphitization within the wear track, 
which likely functioned as solid lubricants. SEM showed that local surface imperfections acted as 
preferential sites for electrical discharges, where transferred iron debris accumulated to form 
conductive pathways to the substrate. This facilitated current flow and accelerated coating 
damage, contributing to the coatings with higher density of imperfections. Details of these 
mechanisms in relationship to the microstructures of the coatings will be presented at the 
conference. 
 

Session: AMCT3 Wednesday May 14, 2025 - 10:05 

Keynote: Materials failure in the wild: an online case study database for 
teaching the performance of materials 

John Nychka (1); Elizabeth Sterling-Lee (1); Stan Ruecker (2) 
(1) University of Alberta; (2) University of Illinois--Urbana Champagne 

 

In this collaborative project, the goal is to improve the quality of undergraduate materials 
engineering judgement on the subject of materials performance and failure. We have developed 
a digital image collection of several thousand photos of materials in everyday use that were either 
incorrectly used, have failed for various reasons, or are in the process of failing.  
 

Starting with this collection, we have created an online system to help students to understand 
how and why materials fail through seeing examples of “failure in the wild.” As a classroom 
resource, this system allows professors to associate specific information about materials and their 
failure with a wide variety of real-world examples. Students are able to not only use this collection, 
but also to augment it by providing their own images, whether on their own initiative or through 
class projects where they are tasked with going out and finding interesting new examples to add 
to the collective tool. 
 

The pedagogical approach favoured herein is the accessible and open nature of the objects and 
scenarios chosen to document—very little is known about objects in the wild, so observational 
skills and visual thinking are required to prime students with possible inferences in order to make 
reasoned and evidence-based arguments for probable use cases, environmental conditions, and 
mode and mechanisms of failure. The innovative use of rotatable digital objects (RDOs) allows 
the user to spin a photo on a device to see the object through 360o rather than merely look at a 
2D static image from one angle.   
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We encourage people to use the online tool as a teaching and learning resource for materials 
science and engineering education, and we’d love to hear your feedback about the tool! 
 

Session: AMCT3 Wednesday May 14, 2025 - 10:35 

Direct observation of the hydrated structure of bentonite clay particles using 
liquid-phase scanning electron microscopy 

Mia Luisa San Gabriel (1); Dian Yu (1); Maryam Golozar (1);  Mikaella Brillantes (1); Stas Dogel 
(2); Jason D. Giallonardo (3); Chang Seok Kim (3); Uwe Erb (1); Jane Y. Howe (1); 

(1) University of Toronto; (2) Hitachi High-Tech Canada Inc.; (3) Nuclear Waste Management 
Organization; 

 

Bentonite clay is a naturally occurring material commonly used as a sealant due to its ability to 
swell upon exposure to water. This property makes it beneficial in the storage of nuclear waste in 
a deep geological repository (DGR), where it serves as an important barrier between the used 
fuel containers and the external environment. While the swelling mechanism of bentonite is largely 
understood, direct observation of its hydrated structure will be valuable in understanding its 
properties and overall long term performance in the DGR. High resolution imaging techniques 
such as electron microscopy offer key insights into particle structures, but are typically restricted 
to dry specimens due to the high vacuum requirement of the instruments. Liquid-phase electron 
microscopy (LP-EM) overcomes this barrier by allowing for liquid-phase specimen compatibility 
through specialized apparatus, called liquid cells. 
We developed a custom liquid cell for the scanning electron microscope (SEM) featuring a 
hermetically sealed liquid reservoir and 20 nm thick SiN membranes that act as electron-
transparent windows. We imaged Wyoming bentonite platelet stacks in both dry and hydrated 
states to directly compare their structural differences. Results reveal the insertion of water in 
between platelets, which induces physical separation and facilitates the swelling of the bentonite 
clusters. Using our liquid cell, we achieve spatial resolution below 30 nm using electron beam 
energies as low as 3 kV. Furthermore, we explore the optimization of electron beam parameters 
and sample preparation techniques for maximizing electron beam interaction with the platelets 
through the SiN membrane. Through this study, we highlight the potential of liquid-phase scanning 
electron microscopy (LP-SEM) for in situ investigations of hydrated particle structures, leveraging 
the SEM’s high resolving power and surface-sensitive imaging capabilities to build our 
understanding of bentonite performance in the DGR. 
 

Session: AMCT3 Wednesday May 14, 2025 - 10:55 

High temperature deformation of austenite: texture and anisotropy effects 

W.J. Poole; A. Khajezade; R. Birch; S. Roy; M.Tseng; A. Dhole 

The University of British Columbia. 
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The deformation of low carbon steels at high temperature in austenite is technologically important. 
However, its study is complicated by the decomposition of austenite upon cooling which does not 
allow for direct characterization of the microstructure. In this study, the grain size and 
crystallographic texture of austenite were assessed by reconstruction of the prior austenite grains 
from the ambient temperature bainite. The austenite microstructure was found to consist of nearly 
equiaxed grains with annealing twins and a texture similar to copper deformed in plane strain. A 
constitutive model for the high temperature flow stress was established in the Kocks-Mecking 
framework for work hardening and fit to experiments. The model described the experiments well 
and was validated by independent compression tests. Finally, the work hardening behaviour was 
assessed in comparison to other FCC metals. Its behaviour was found to fall between copper and 
silver, closer to copper. 
 

Session: AMCT3 Wednesday May 14, 2025 - 11:15 

An innovative method to investigate the mechanical behaviors of silica 
hydrogels in real-time 

Marzieh Matinfar; John A. Nychka 

University of Alberta. 
 

Silica gels derived from sodium silicate solution (waterglass), known for their biocompatibility and 
tunable properties are promising candidates for bone tissue scaffolds. Waterglass binds bioactive 
glass particles and sets the composite upon gelation. While the mechanical properties of bioactive 
glass scaffolds are well-studied, silica gels are typically explored in their aerogel or dry state. This 
study aims to fill the gap in understanding the mechanical properties of silica hydrogels (wet-state 
gels). Building on our previous research on the sol-gel kinetics and molecular-level gelation 
mechanisms of waterglass, this work represents the final part of our series. We examined how 
pH, waterglass concentration, and acid initiators influence the mechanical behavior and structure 
of silica hydrogels. However, the usual method of video recording from a side-view during 
compression did not clearly reveal the failure mechanism. To overcome this, we developed an 
innovative device to capture the cross-sectional area in contact with the lower platen during 
compression. The setup used a mirror at a 45° angle beneath the sample, with a transparent 
platen to record real-time data. Our compression tests revealed three stress-strain behaviors: 
brittle fracture, plastic deformation with a plateau, and continuous strain hardening. Initial 
compressive strengths ranged from 7.3 to 9.9 MPa, increasing to 16–38 MPa (basic gels) and 
21–53 MPa (acidic gels) after aging. Engineering stress overestimated true stress by 21–66%. 
Real-time observations correlated critical stress-strain transitions with stages such as crack 
initiation and propagation. Structurally, basic gels formed larger pores (3–5 µm), enhancing 
ductility, while acidic gels formed a denser network with smaller pores, resulting in brittle behavior. 
Dilution increased pore size to 15–20 µm in both groups. These findings offer valuable insights 
for optimizing silica hydrogel properties for composite bone scaffolds. 
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Session: AMCT3 Wednesday May 14, 2025 - 11:35 

Loading orientation, strain rate and densified skin effects in crushable EPS 
foams 

Meet Joshi (1); Amarpreet Chugh (1); Megan Bland-Rothgeb (2); Peter Cripton (3); Duane 
Cronin (1); John Magliaro (1) 

(1) University of Waterloo; (2) Trek Bicycle Corporation; (3) University of British Columbia. 

Low density expanded polystyrene (EPS) foams are widely used for lightweight protective 
systems where load-limiting behavior under large deformations is desired, with applications from 
product packaging to personal safety (bumpers, helmets, etc.). The ability to mold EPS foam 
into complex geometries with near net shape is especially convenient, however, inconsistent 
material flow and cooling rates may produce dense exterior surfaces or skin layers. Most 
studies either overlook the densified skin or actively remove the layer from test specimens, 
intending to treat structural foams as homogeneous. Analyzing the heterogeneity in foams is 
important since the presence of a densified skin layer can strongly influence strain localization, 
densification, and impact forces. This study investigated the compressive behavior of EPS 
foams with four densities; 30, 50, 80, and 100 g/L, tested at 0.001-1/s loading rates and in both 
out-of-plane (OOP) and in-plane (IP) crush orientations. Outer skin layers were identified in 31 
mm-thick, mass-produced pucks that were 46% denser than the mentioned nominal densities 
while the midplanes were 25% less dense. As such, cubic samples with (31 mm) and without 
(22 mm) densified skin were tested. The samples with skin layers yielded earlier and 
experienced 57% higher plateau stresses compared to the skin removed samples. In-plane 
digital image correlation (DIC) revealed complex deformation patterns characterized by severe 
compaction and shear of the less dense EPS foam beads at the midplane. The midplane 
logarithmic strains were 2 to 3 times higher for samples with skin layers, resulting in dramatically 
higher post-densification stresses for each density, compounded by positive rate sensitivity. 
These observations quantify the complex, previously overlooked mechanical consequences of 
the skin effect in EPS foams and provide critical insights to guide future modelling studies with 
greater fidelity to evaluate human interfacing safety systems. 
 

Session: AMCT4 Thursday, May 15, 2025 - 13:05 

Keynote: 3D-advanced correlative microscopy for crack analysis in AHSSs: 
bridging the centimeter to atomic scales 

Bita Pourbahari(1); Mehdi Mosayebi (1) ; Fateme Abdiyan(1); Travis Casagrande (2) ; Bassem 
Mirza (1); Michael W. Phaneuf (3); Joseph McDermid (1); Hatem Zurob (1) ; Nabil D. Bassim (1) 
(1) McMaster university; (2) Canadian Centre for Electron Microscopy; (3) Fibics Incorporated 

Characterizing liquid metal embrittlement (LME) cracks is crucial for understanding their formation 
and progression. However, a 2D cross-sectional analysis fails to fully capture the complete 
morphology of these cracks. In this study, a pioneering characterization workflow was developed, 
using correlative microscopy to explore cracks. By combining 3D non-destructive X-ray 
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microscopy with precise navigation techniques, a crack extending nearly 300 µm beneath the 
surface was identified. Laser-FIB was used to isolate the crack, which was pinpointed from the 
3D X-ray tomography data. Then, the isolated block was mounted on a custom-made grid for 
further analysis. Additionally, serial section tomography using Xe+ plasma focused ion beam 
(PFIB) was used for automated serial slicing, combined with EBSD data acquisition, on the 
isolated block. 3D-EBSD provides insights into LME crack propagation in 3D and its relation to 
the crystallographic orientation of the grains. Finally, from the final slice, site-specific transmission 
electron microscopy (TEM) lamellae and atom probe tomography (APT) needles were prepared 
to analyze the chemical composition at the crack tip, offering an in-depth understanding of crack 
behavior at the atomic scale. By isolating the crack tip, it becomes possible to closely examine 
both crystal plasticity and crystal deformation, providing valuable insights into the orientation of 
the cracks. This technique offers a novel approach for crack analysis, allowing for the identification 
of structural defects that are often undetectable with conventional microscopy methods. This 
comprehensive methodology enhances the ability to visualize and understand complex crack 
behavior at multiple scales. 
 

Session: AMCT4 Thursday May 15, 2025 - 13:35 

Temperature-dependent deformation mechanisms in magnesium: insights 
from indentation and 3D EBSD 

Shuheng Li; Ruth Birch; Ben Britton; Warren Poole 

The University of British Columbia. 

Magnesium and its alloys, the lightest structural metals, are highly valued in aerospace and 
automotive applications. However, their low ductility and limited formability pose challenges to 
further optimization and broader adoption. These limitations stem from the anisotropic plastic 
response, which is governed by the available deformation mechanisms including slip and 
twinning, that can accommodate plastic deformation. 
 

In this study, commercial purity magnesium was investigated to understand the deformation 
mechanism as a function of deformation temperature. Instrumented spherical indentation was 
performed on grains where the indentation loading axis was nearly parallel to the <c> axis of the 
magnesium crystal. The residual deformation volume was analyzed using plasma focused ion 
beam (pFIB) based three-dimensional electron backscatter diffraction (3D EBSD). 
 

Comparison of the indentation stress-strain data shows there is softening, and likely multiple easy 
deformation modes at higher temperatures. The 3D EBSD reconstructions revealed more 
pronounced deformation parallel to the c-axis at 200 °C compared to room temperature, probably 
due to activation of <c+a> slip. Additionally, extension twinning was identified as another 
deformation mode to accommodate the strain along the c-axis. 
These findings highlight the utility of instrumented indentation testing as a powerful tool to assess 
deformation modes and assist in alloy design. The application of pFIB based 3D EBSD provides 
insight that enables enhanced understanding of the sub-surface deformation activity. 
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3D observation of steel microstructures Using PFIB-EBSD serial sectioning 
tomography 

Mehdi Mosayebi(1); Daniel Paquet (2); Pierre-Antony Deschênes (3); Laurent Tôn-Thât (4); 
Nabil Bassim (5) 

(1) McMaster University; (2) Hydro Quebec Research Institute (IREQ); (3) École de technologie 
supérieure; (4) Hydro Quebec Research Institute (IREQ); (5) Canadian Centre for Electron 

Microscopy 

 

Three-dimensional (3D) characterization techniques have demonstrated great potential to 
provide important insights into the morphology of complicated microstructures. For cases 
demanding high spatial resolution in 3D, serial sectioning methods have been successfully 
applied to collect sequential 2D image stacks that can be aligned to reconstruct a 3D 
representation of the specimen. Among these methods, serial sectioning using Xe+ plasma-
focused ion beam (PFIB) stands out for its ability to acquire data from volumes large enough to 
reflect bulk material behavior, while preserving sufficient spatial resolution to capture intricate 
microstructural features [1]. This capability is particularly advantageous for investigating the 
relationships between microstructural characteristics and mechanical properties in steels, as it 
facilitates the study of complex interactions at scales relevant to material performance in 
applications [2]. In this study, we aim to integrate electron backscatter diffraction (EBSD) with 
high-precision, large-field-of-view PFIB serial sectioning tomography to achieve comprehensive 
identification and characterization of microstructural components within different steel 
structures. 
 

Session: AMCT4 Thursday, May 15, 2025 - 14:15 

Characterizing performance of manual-process GTAW Inconel 686 
cladding 

Benjamin Orchard; 
University of Waterloo; 

 

At Teck Resource’s facility in Trail, British Columbia, one of the largest fully integrated lead-zinc 
smelters in the world produces ~250,000 metric tonnes of refined zinc every year. A by-product 
of the smelting process is excess heat in the form of hot SO2 and chloride gases, from which a 
waste-heat boiler is used to extract energy. Chloride-induced stress corrosion cracking (SCC) 
challenges smooth operation, therefore cladding was proposed as a cost-effective way to extend 
the functional lifespan of the boiler by reducing corrosion susceptibility. In this study, the effects 
of a manual gas-tungsten arc weld (GTAW) process on the cladding performance of Inconel alloy 
686 (IN686) will be discussed. 
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Computational Materials Science and Engineering 
(CMSE) 

Session: CMSE1 Tuesday, May 13, 2025 - 10:05 

Keynote: Controlling phase transformation by tailoring solutes and 
pressure: a case study in Ti-based alloys via first-principles calculations 

Huicong Chen; Yu Zou 

University of Toronto;  
 

Titanium alloys are widely used in aerospace, biomedical, and industrial applications due to their 
exceptional strength-to-weight ratio and high-temperature performance. The mechanical 
properties of these alloys are strongly influenced by phase stability and the phase transformation 
between the hexagonal close-packed (hcp) α-phase and the body-centered cubic (bcc) β-phase. 
This study investigates the impact of solute elements and external pressure on the α-β phase 
transformation in Ti-based alloys using density functional theory (DFT) calculations. Our results 
show that alloying with elements such as Al, Sn, V, and Nb, combined with external pressure, 
lowers the energy barrier for phase transitions. A theoretical model is proposed to predict these 
effects, offering deeper insight into phase stability mechanisms. The findings provide valuable 
guidance for tuning phase transformation kinetics and stability in Ti alloys, highlighting the 
complex interaction between composition and external factors for designing advanced Ti-based 
materials. 
 

Session: CMSE1 Tuesday, May 13, 2025 - 10:35 

Application of a Monte Carlo sensitivity analysis to the lever rule 
methodology for analyzing dilation curves 

Jarrod Angove (1); J. Barry Wiskel (1), Ry Karl (1), Hani Henein (1), Chad Cathcart (2), Tom 
Zhou (2) 

(1) University of Alberta; (2) Stelco Inc. Hamilton Ontario 

 

Dilatometry has been used extensively to investigate phase transformations under a variety of 
heating and cooling conditions. The lever rule method is typically used to analyze dilation curves, 
with tangent lines representing dilation data for the initial and final states of the phase 
transformation. However, uncertainty in the selection of appropriate tangent lines can arise due 
to nonlinearity in the fitting regions. This work will quantitatively demonstrate that the shapes of 
fraction transformed curves predicted by the lever rule are highly sensitive to the fitting ranges 
used to construct the tangent lines. This will be done by applying a Monte-Carlo sensitivity 
analysis to start and end points of the tangent fitting regions. The variance of the predicted fraction 
transformed curves for multiple steel samples (subjected to cooling from austenite to ferrite) will 
be used to illustrate the sensitivity of fraction transformed curves to the tangent line selection. A 
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nonlinear alternative to the typical tangent method will be proposed, and the sensitivity analysis 
will be repeated to investigate the validity of the linearity assumption in the lever rule method. 
 

Session: CMSE1 Tuesday, May 13, 2025 - 10:55 

Multi-scale modeling of copper-bentonite interactions in nuclear waste 
storage 

Yalda Pedram (1); Yaoting Zhang (1); Scott Briggs (2); Chang Seok Kim; Laurent Brochard (3); 
Laurent Karim Béland (1) 

(1) Queen's university; (2) Nuclear Waste Management Organization; (3) Université Gustave 
Eiffel, CNRS (France); 

 

The deep geological repository (DGR) in Canada's approach to safely storing used nuclear fuel, 
utilizes a multi-barrier system. This system includes a copper-coated steel container sealed using 
a swelling bentonite clay within a suitable host rock. The effectiveness of this system largely 
depends on the composition of montmorillonite (MMT) which is charge balanced by sodium (Na⁺) 
or calcium (Ca²⁺) ions. The effectiveness of MMT in DGR applications, however, may be altered 
by the potential release of copper ions (Cu²⁺) due to corrosion of the copper coating, a process 
that may be triggered by exposure to sulfide dissolved in the groundwater. Such exposure can 
lead to ion exchange, which may alter the mechanical and structural properties of MMT, including 
its swelling pressure, which is crucial for maintaining the bentonite barrier stability. 
 

This research employs a multi-scale computational approach to bridge atomic-scale interactions 
with mesoscale mechanical behavior. First, quantum-level density functional theory (DFT) refines 
the interatomic interaction force-field for Cu²⁺ in MMT, extending the existing “ClayFF model”. 
Subsequent molecular dynamics (MD) simulations quantify the interaction energies and generate 
detailed Potentials-of-Mean-Force (PMF) profiles between MMT layers affected by various 
counter-ions. Finally, these PMF profiles are integrated into a mesoscale Gaussian Process 
Regression (GPR) model, enabling the prediction of MMT’s mechanical behavior under varying 
environmental conditions. 
 

By combining atomistic simulations with mesoscale modeling through, this study establishes a 
predictive approach for assessing MMT’s mechanical behavior in nuclear waste containment 
applications. This approach enhances predictive accuracy and provides deeper insight into how 
ion adsorption and exchange influence the structural integrity of MMT. These findings contribute 
to a broader understanding of material stability in engineered containment systems. 
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Session: CMSE1 Tuesday, May 13, 2025 - 11:15 

Role of local chemical fluctuations in radiation damage of refractory multi-
principal element alloys 

Zhuocheng Xie; Yu Zou 

University of Toronto; 
 

Refractory multi-principal element alloys form a promising class of strong, heat- and radiation-
resistant materials for nuclear applications. Here, we systematically explore the radiation 
tolerance and the effects of local chemical fluctuations in NbTiZr-based alloys using molecular 
dynamics and Monte Carlo simulations. Through cascade simulations and defect kinetics 
calculation, we found that the radiation damage and evolution are controlled by a combination of 
cascade-induced clustering, the balance in migration of vacancies and interstitials, and defect 
cluster binding energies. The role of local chemical fluctuations plays in chemical segregation 
propensity and defect clustering is revealed. The effects of irradiation temperature are illustrated 
via diffusion analysis on various types of irradiated defects. Our results highlight a design strategy 
of irradiated-resistant materials via the tunability of local chemical environment. 
 

Session: CMSE1 Tuesday, May 13, 2025 – 11:35 

Phase-field crystal modelling of hydrogen embrittlement in iron-hydrogen 
alloys 

Daniel Coelho; Nikolas Provatas 

McGill University; Northwestern University 

 

Hydrogen embrittlement (HE) significantly reduces the ductility and strength of metals such as 
iron (Fe) and steel alloys, with grain boundaries (GB) acting as sinks for hydrogen atoms (H), 
making them susceptible to the initiation and propagation of voids. Although experimental studies 
have improved our understanding of HE, the relationship between solutes in GBs and HE remains 
unclear, and a unified theory bridging atomic-scale mechanisms and mesoscale microstructure is 
still lacking. In the current study, we simulate the absorption of H and its segregation in Fe GBs 
by using a recently developed phase field crystal (PFC) model extended for two components to 
describe the Fe-H alloy. We examine the evolution of the microstructure over diffusive time scales, 
guided by the phase diagram of the proposed model. Our numerical results demonstrate that H 
weakens the microstructure by reducing the GB separation energy which may lead to void 
formation when accumulated along GB. 
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Session: CMSE2 Wednesday, May 14, 2025 - 10:05 

Stage II hardening – why is it constant? 

Brad Diak; Marjan Moradi; Shigeo Saimoto 

Queen's University; 
 

An early problem in the modelling of work-hardening with dislocation mechanics was to derive the 
linear Stage II slope, θII, for face-centred cubic single crystals. The functional relationship was 
easily derived [Nabarro et al. (1964); Kuhlmann-Wilsdorf (1998); Kocks-Mecking (2003)], but the 
prediction of its magnitude has not been done. This study uses a constitutive relation that 
replicates the stress-strain diagram for polycrystalline metal to obtain θII = μ/157.8, where μ is the 
temperature dependent shear modulus. The analysis for aluminum, copper and nickel-cobalt 
alloys shows that the obstacle strength factor α/μ is independent of temperature and the stacking 
fault energy. 
 

Session: CMSE2 Wednesday May 14, 2025 - 10:35 

Revealing all possible binary dislocation locks in the FCC crystal structure 
using a new discrete mathematics-based method 

Dhruv Bajaj; D.L. Chen 

Toronto Metropolitan University; 
 

The plastic deformation behavior of crystalline materials critically depends upon the movement 
and intersections/reactions of dislocations. The dislocation reactions often result in either mobile 
glissile junctions or sessile dislocation locks, which strongly affect the strain hardening and 
dislocation storage capacity. Some of the famous dislocation locks in the face-centered cubic 
(FCC) structure, such as the Lomer lock and Cottrell lock, can be directly observed through high-
resolution transmission electron microscopy (HRTEM) and analyzed via dislocation-dynamics 
simulations. However, the total number of distinct dislocation locks and their immobility with 
respect to each other remain unknown. In the current study, a new discrete mathematics-based 
method is proposed for the systematic treatment of all possible reactions of the (i) non-coplanar 
dislocations residing on two {111} slip planes intersecting at both obtuse (109.47°) and acute 
(70.53°) angles, and (ii) coplanar dislocations. As a result, a total of eight types of binary 
dislocation locks are revealed, including four-scientist name-bearing locks: Lomer lock, Cottrell 
lock, Frank lock (i.e., immobile Frank partial dislocation), and Hirth lock. The distinction between 
the obtuse- and acute-angle scenarios unveils that more dislocation locks are formed when the 
incoming reactant dislocations are obtusely oriented. All the dislocation lock planes are found to 
be uniquely situated in a “fan-shaped” sector convergently. The ‘degree of lock immobility’ is also 
defined as per the angular misorientations between non-close-packed lock planes and close-
packed {111} slip planes. Further details of this work will be presented at the conference. 
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Session: CMSE2 Wednesday May 14, 2025 - 10:55 

A strain-gradient-based fracture criterion of dual-phase steels 

Chenglanqing Shu (1); Heng Feng (2); Kaan Inal (1); Jidong Kang(2); Tingting Zhang(3); 
Hassan Ghassemi‑Armaki(4) 

(1) University of Waterloo; (2) CanmetMATERIALS, Natural Resources Canada, Hamilton, 
Ontario; (3) General Motors Engineering; (4) General Motors Global R&D Center 

 

Dual-phase (DP) steels, which consist of martensite as the hard phase and ferrite as the soft 
matrix, are increasingly used in the automotive industry due to their high strength and ductility. A 
common mechanism of damage in DP steel is interface decohesion due to the strain gradient at 
the ferrite-martensite interface. Conventionally, the fracture of DP steels is predicted by defining 
damage models for ferrite and martensite separately. In this study, we proposed a strain-gradient-
based fracture criterion of DP steels , where the cumulative distribution of the interfacial strain 
gradient was adopted as the indicator of fractures without any other damage model. A 3D 
representative volume element (RVE) model was established using DREAM3D based on 
statistical parameters of the DP microstructure, namely the volume fraction and grain sizes . 
Different loading conditions, corresponding to uniaxial tension and notched tension, were applied 
to the RVE in ABAQUS according to the averaged triaxiality. A numerical algorithm was developed 
to calculate the strain gradients between every ferrite and martensite interface in the RVEs. The 
critical fracture value was identified under uniaxial tension loading on the cumulative distribution 
curve of interfacial strain gradient at experimental fracture strain. The proposed strain-gradient-
based fracture criterion was validated under notched tension loading, demonstrating an 
acceptable prediction of the fracture strain. 
Session: CMSE2 Wednesday May 14, 2025 - 11:15 

Ab initio investigation of simultaneous substitutions in Nd-Fe-B magnets 

Pedro Guerra Demingos (1); Seyyed Morteza Javid (1); Ali Asgarian (2); Chandra Veer Singh 
(1) 

(1) University of Toronto; National Research Council Canada 

 

Nb-Fe-B (Nd2Fe14B) magnets are the strongest permanent magnets available, making them a key 
material for a wide range of applications ranging from data storage to electric vehicles. Despite 
their excellent performance at room temperature, however, their extrinsic magnetic properties 
suffer at high temperatures due to the low Curie Temperature of the material (312 °C). A commonly 
explored strategy to enhance the high-temperature magnetic behavior of Nb-Fe-B magnets is by 
partial substitution. Specifically, Nd atoms can be partially substituted by Dy, Tb, Pr, etc. while Fe 
atoms can be substituted by Co, Cu, etc. in small amounts. These changes have been 
experimentally shown to improve the Curie Temperature of Nd-Fe-B, as well as its high-
temperature coercivity and magnetocrystalline anisotropy. Density Functional Theory (DFT) 
calculations are a powerful tool for obtaining atomic-scale insight into how these substitutions 
affect the magnetic properties of Nd-Fe-B. While many substitutions have already been 
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individually studied with DFT, simultaneous insertions have not been elucidated. Therefore, in this 
work we model simultaneous Dy/Co, Tb/Co and Pr/Co substitutions on Nd-Fe-B at the atomic 
scale and estimate their effects on magnetic properties via DFT calculations. Our results show 
that an increasing quantity of Co enhances the Curie Temperature of the material but at the same 
time decreases its net magnetization, pointing at a likely optimal composition. 
 

Session: CMSE3 Thursday, May 15, 2025 - 13:05 

Keynote: Phase-field crystal modelling of solid-state phase transformations 

Alex Mamaev; Nikolas Provatas 

McGill University; Northwestern University 

 

Precipitation is a reaction ubiquitous in metal alloys and of great practical importance to their 
mechanical properties. During the variety of solid-state phase transformations that alloys may 
undergo, precipitates adopt a variety of morphologies as they nucleate and grow. The underlying 
mechanisms for these processes have been extensively investigated through past analytical and 
numerical studies. Despite this, the precise dispersion, morphologies and supersaturation 
adopted by precipitates under certain processing conditions may be challenging to predict. One 
aspect which plays a large role in the dynamical evolution of such systems is the role of defects 
in addition to purely diffusive transport during precipitation. 
 

The phase-field crystal model emerges as a promising tool to address this challenge, offering 
atomistic insights into the elastoplastic effects inherent in these reactions. This presentation will 
highlight recent enhancements to the phase-field crystal model, enabling precise control over 
precipitation reactions. Through numerical simulations, we will illustrate the phase-field crystal 
model's capability to elucidate the nucleation and growth dynamics of different types of precipitate 
structures and morphologies. Deviations away from traditional analytical models of nucleation and 
growth will be highlighted to demonstrate the model's capacity to explore the dynamics of 
precipitation. 
 

Session: CMSE3 Thursday, May 15, 2025 - 13:55 

Coupled heat transfer, phase transformations, and oxide layer effects in 
accelerated steel cooling 

Mattéo Prin (1); Ry Karl (1); Tom Zhou (2); Chad Cathcart (2); Hani Henein (1) 
(1) University of Alberta; Department of Chemical and Materials Engineering, University of 
Alberta, Edmonton, Alberta, Canada ; Department of Chemical and Materials Engineering, 

University of Alberta, Edmonton, Alberta, Canada; Stelco Inc., Nanticoke, Ont 
 

The run-out table (ROT) is a critical stage in the thermomechanical controlled process (TMCP), 
where austenite decomposition occurs during accelerated cooling. The cooling path significantly 
affects the resulting phases: bainite or martensite form at high cooling rates, while ferrite and 
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acicular ferrite dominate at lower rates. Since heat transfer phenomena play a key role in this 
process, a detailed analysis of jet impingement cooling, the boiling curve, and heat transfer via 
radiation and convection is essential as these directly impact the cooling rate and microstructural 
evolution of steel. 
 

A 2D simulation was performed using COMSOL Multiphysics, employing the metal processing 
module to develop a coupled model integrating heat transfer and phase transformation. This 
establishes a direct link between the heat release during austenite decomposition and the 
transformation kinetics. The phase transformation kinetics are modeled using a modified JMAK 
equation, which accounts for the non-isothermal nature of the process. Variations in cooling rates 
along the plate thickness, as well as the occurrence of a temperature rebound after water removal 
beyond a certain plate height, were observed. These phenomena significantly influence the final 
phase distribution. Comparisons with experimental phase distribution and temperature 
measurements from the literature indicate that the simulation accurately predicts both aspects. 
 

Additionally, the influence of the oxide layer on cooling efficiency was examined, focusing on its 
effects on boiling behavior, emissivity, and thermal resistance. Factors like scale thickness, 
composition, and porosity were considered to assess their impact on temperature profiles, cooling 
rates, and phase transformations. The oxide layer’s effect on the boiling curve was also 
investigated, particularly the shift in critical heat flux (CHF) and the Leidenfrost point. Validation 
of this part of the model will be proposed in the presentation. 
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Keynote: A smart digital twin framework for resistance spot welding of 
AHSS: multidisciplinary optimization-based quality enhancement for smart 

factories 
 

A. Aminzadeh (1); H. Habib (1); M. Nooranfar (1); M. Shojaee (1); R. Bakhtiari (1); T. Belgasam 
(2), E. Biro (1); 

(1) University of Waterloo; (2) Honda Development & Manufacturing of America 

 

This study presents a machine learning-assisted digital twin framework for optimizing resistance 
spot welding (RSW) in high-stacking ratio (HSR) configurations. The proposed Virtual Welding 
Quality Assessment (VWQA) methodology integrates parameterized welding schedules, finite 
element modeling via Simufact, and multi-design optimization (MDO) to enhance predictive 
accuracy while minimizing reliance on physical trials. A multi-physics simulation environment was 
developed to capture the coupled electrical, thermal, and mechanical phenomena driving nugget 
formation and weld behavior. Experimental validation revealed a prediction error below 4% for 
nugget dimensions. Implementation of VWQA resulted in a 35% reduction in process variability, 
notable energy savings, and extended electrode lifespan. This scalable, data-driven approach 
supports Industry 4.0 objectives and provides a robust framework for advancing smart 
manufacturing in automotive body-in-white (BIW) production. 
 

Session: MJM1 Tuesday, May 13, 2025 - 16:20 

Understanding the effect of process parameter manipulation on pre-
solidified grain (PSG) formation in (Al, Zn, Mg)-Fe castings using a DOE 

approach 

Talha  Aziz(1); X. Zeng (1); G. Birsan(2); K. Sadayappan(2); G. Byczynski(3); A. Lombardi(3); A. 
Phillion(1); S. Shankar(1) 

(1) McMaster University; (2) CanmetMATERIALS; (3) Nemak USA/CAN; 
 

Pre-Solidified Grains (PSG) are a critical defect in aluminum die castings that limit their use for 
structural automotive applications. These PSG begin to solidify externally from the die cavity in 
the shot sleeve of High Pressure Die Casting (HPDC) and are injected with the molten liquid metal 
where they grow and solidify in the final cast component. Through experiential learning in the form 
of numerous casting trials, main HPDC process parameters that have a direct effect on final cast 
quality, i.e., microstructure and mechanical properties, were identified. These parameters are the 
slow and fast shot velocity of the plunger, metal pouring temperature, and shot delay interval 
times. The effect of manipulating these process parameters was evaluated in a newly developed 
(Al, Zn, Mg)-Fe casting alloy designed for high-strength applications. Flat plate castings with three 
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nominal plate thicknesses of 2.3, 2.5 and 3 mm were produced in a fully automated Bühler Carat 
1200-ton HVHPDC machine using a two-level four-factor design of experiments (DOE), wherein 
the parameters were varied at low and high levels. Quantitative metallography and uniaxial tensile 
testing were performed to determine the effect of varying the processing parameters on PSG 
content, cast quality and uniaxial tensile properties. The results show that a combination of all 
parameters at a high level resulted in an elongation percentage of ~10% with low levels of PSG 
content ~1%. 
 

Session: MJM1 Tuesday, May 13, 2025 - 16:40 

Effect of even and odd burst packets on the surface morphology and 
chemistry of laser-irradiated copper and silver. 

Ariana Rodríguez Escamilla; Andrea Román; David Girard; Arnaud Weck 

University of Ottawa; 
 

Ultrafast lasers containing burst packets with pulse separations in the MHz range have been 
widely studied for drilling, plasmonic colouring, and creating micro and nanostructures. When the 
intra-burst delays are comparable to the heat dissipation, plasma cloud, or electron-phonon time, 
different mechanisms can occur. The laser-matter interactions taking place can depend widely on 
the number of pulses, energy per pulse, temporal distance between pulses and the material 
properties, these has been explored mainly for industrial applications, however the combination 
of chemical, optical and morphological effects that are enhanced or suppressed by the proximity 
and number of pulses has been relatively unexplored for MHz bursts of pulses. Herein, the effect 
of even and odd number of pulses within burst packets and energy per pulse are studied in copper 
and silver, delving into mechanisms behind morphological and chemical changes.  
 

Raman spectroscopy was used to characterize the presence of Ag2O for different burst packets. 
As the number of pulses in the burst changes, so does the range over which the oxides are 
observed. Odd burst numbers result in a small oxide coverage, while for even burst numbers, 
oxides can be detected on larger areas. To study the optical response and surface morphology, 
similar experiments were done and analyzed through optical microscope and scanning electron 
microscopy. The laser-induced coloured areas and crater sizes increase and decrease as the 
number of pulses in the burst changes, revealing a trend based on even and odd number of 
pulses. These may be attributed to the interaction of consecutive pulses with the plume. This 
behavior is likely due to shielding by ablation products from the preceding pulse, which are 
displaced to the surface by even-numbered pulse, reducing shielding for the subsequent pulse.  
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Reevaluating RSW acceptance criteria: strength performance in dissimilar 
high stacking ratio joints with inadequate nugget penetration 

Hasan Habib (1); M. Shojaee (1); T. M. Belgasam (2); E. Biro (1) 
(1) University of Waterloo; (2) Honda Development & Manufacturing of America 

 

In resistance spot welding (RSW) of dissimilar advanced high-strength steel (AHSS) joints with 
high stacking ratios, the penetration of the weld nugget into the thinner top sheet has traditionally 
been regarded as a key factor influencing the joint's mechanical strength. According to the 
American Welding Society D8.1 standard, the nugget must penetrate the top sheet by 20% of the 
sheet thickness to be considered acceptable. However, experimental results show that some 
welds exceed the minimum strength requirements even though they fail to meet the penetration 
criterion. This discrepancy between failing the penetration requirement while passing the strength 
requirement raises questions about whether nugget penetration alone is a necessary weld 
performance indicator. This study investigates the correlation between nugget penetration and 
joint strength in three and four sheet lap joints made of AHSS materials of thickness between 0.65 
mm and 2 mm, with tensile strengths varying from 280 to 2100 MPa. Welds that met the AWS 
penetration criterion are compared to welds without penetration via standard strength testing; 
tensile shear strength (TSS) and cross tension strength (CTS). A comprehensive assessment is 
made to explore the contribution of interfacial bonding width in thin to thick sheets interface, heat-
affected zone (HAZ) characteristics, residual stress distributions, and other factors to joint 
strength. In the context of RSW of dissimilar joints with high stacking ratio, this study establishes 
that high joint strength may be achieved in dissimilar RSW joints without extending the molten 
nugget far into the upper sheet. 
Keywords: Advanced high strength steels (AHSS), Resistance spot welding (RSW), Multi-sheet 
stack-ups, Dissimilar Materials, Diffusion Bonding, Nugget Penetration, Tensile shear strength 
(TSS), Cross-tensile strength (CTS) 
 

Session: MJM2 Wednesday May 14, 2025 - 13:25 

Bending deformation in medium-Mn 3G advanced steels 

Vaytiere Iglesias; Joseph McDermid 

McMaster University; 
 

The automotive industry is under pressure to enhance fuel efficiency and increase electric vehicle 
(EV) battery range while enhancing passenger safety, largely driven by governmental regulations 
and consumer expectations. Advanced High Strength Steels (AHSS) offer a promising solution, 
particularly the emerging third-generation (3G) AHSS, which promise improved properties over 
first-generation (1G) AHSS. Previous work has developed several prototype medium-Mn (med-
Mn) steels compatible with CGL processing while meeting 3G AHSS mechanical property targets. 
However, user properties such as bending and other strain paths need to be determined for 
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industrial adoption. This study investigates retained austenite transformation kinetics in a 
prototype med-Mn 3G AHSS under various strain conditions. Using Digital Image Correlation 
(DIC) and X-ray Diffraction (XRD), the relationship between strain path and retained austenite 
(RA) to martensite (M) transformation kinetics – known to be key in initiating damage and failure 
in these alloys – is examined. Results reveal a strong strain path-dependence of RA to M 
transformation kinetics, indicated by the remaining availability of the TRIP effect at high strains, 
crucial for demanding applications such as bending. Future work aims to expand the study to 
coated steels and other strain paths, to develop a predictive model for strain-path dependent 
microstructural development in 3G AHSS. 
 

Session: MJM2 Wednesday May 14, 2025 - 13:55 

Failure mode optimization of resistance spot welded low carbon equivalent 
and 3rd generation advanced high strength steel sheets 

Cael  Johnston; Michael J. Benoit, Y. Norman Zhou 

University of Waterloo; 
 

Resistance spot welding is a staple technique of the automotive industry for joining a wide variety 
of materials due to its efficiency, ease of access, and cost. The drive to reduce emissions of 
vehicles and improve passenger safety drives the need for the application of new third generation 
advanced high strength steels (AHSS) along with the requirement for effective joining between 
dissimilar grades of steel. This study aims to improve the failure mode in dissimilar steel joints 
between low carbon equivalent steels and third generation AHSS while maintaining process 
efficiency and peak loading. Results from weld profile optimization, tempering, and electrode force 
adjustment have shown increases to failure mode, ductility, and only slight decreases in peak 
load. Increasing electrode force to influence nugget geometry has also shown potential for 
improving failure mode. Combined, these methods provide a pathway to apply new materials to 
existing, efficient processes while reducing emissions. 
 

Session: MJM2 Wednesday May 14, 2025 - 14:15 

Pre-pulse as an effective heat management technique to minimize liquid 
metal embrittlement when resistance spot welding dissimilar Q&P to IF 

steel joints 

Melika Nooranfar; Meet Patel; Reza Bakhtiari; Ahmad Aminzadeh; Mohammad Shojaee; Elliot 
Biro 

University of Waterloo; 
 

Liquid Metal Embrittlement (LME) cracking is currently a concern when resistance spot welding 
(RSW) of zinc-coated advanced high-strength steels. While extensive research has focused on 
LME in similar sheet welding, its behavior in dissimilar sheet welding remains less explored. This 
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study investigates the influence of using a pre-pulse to minimize LME severity during RSW of 
dissimilar joints made between interstitial-free (IF) steels and quenched & partitioned (Q&P).  
 

RSW was performed in the joint using a baseline condition with a two-pulse welding schedule, 
while the other condition included a pre-pulse with a current of 16 kA for 20 ms, with all other 
variables remaining the same. It was observed that in the pre-pulse condition, there was a large 
decrease in LME severity, decreasing the cracking index metric by 42%. In fact, the use of the 
pre-pulse affected the nugget location within joint, shifting it towards the IF sheet. As a result of 
the shift in nugget, the distance between the bottom surface of the Q&P sheet and the fusion 
boundary increased by 9%.  To better understand the implications of this, the welding cycle was 
simulated using finite element analysis. This analysis showed that the pre-pulse increased the 
faying surface temperature, and the temperature of the Q&P free surface decreased. These 
results challenge previous results in literature that pre-pulsing increases LME in RSW of similar 
joints. Instead, it was shown that pre-pulsing can be used to reduce LME by changing the heat 
distribution in the welded joint. 
 

Keywords: Liquid Metal Embrittlement (LME), Resistance Spot Welding (RSW), Zinc-coated 
steels,  
Pre-pulse effect, Interstitial-Free (IF) steel, Quenched & Partitioned (Q&P) steel 
 

Session: MJM2 Wednesday May 14, 2025 - 14:35 

Exploring key factors influencing the mechanical performance of weld-
brazed ZnAlMg-coated steel 

Shadab Sarmast; Prof. Michael J Benoit ; Prof. Y Norman Zhou 

University of Waterloo; 
 

Weld-brazing is an emerging technique in the automotive industry for joining lightweight materials, 
offering benefits over conventional fusion welding, including reduced heat-affected zone (HAZ) 
softening, minimized Zn burn-off, and lower distortion. However, the factors governing the 
mechanical performance of weld-brazed joints remain unclear. This study investigates the 
influence of joint characteristics—bead geometry, interfacial layer thickness, and microstructure—
along with loading conditions on the mechanical performance of ZnAlMg-coated steel joints. 
Results showed that heat input plays an important role in changing bead microstructure, affecting 
both local and overall mechanical properties of the joints. Notably, variations in bead geometry 
and joint characteristics did not necessarily impact peak load during the shear-tensile loading test, 
while joint rotation during loading played a crucial role in mechanical performance and failure 
behavior. By correlating joint characteristics with mechanical properties, this work offers valuable 
insights for optimizing weld-brazed joints and improving the integrity of lightweight automotive 
structures. 
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Advanced hybrid laser welding of pipeline steels using novel technologies 

Hanwen Yang (1); Xiaoye Zhao (1); James Chen (2); Adrian P. Gerlich (1) 
(1) University of Waterloo; (2) CanmetMATERIALS, Natural Resources Canada, Hamilton, ON 

 

Laser beam welding using a high energy density source is a promising method for joining thick 
plates due to its deep penetration and high productivity, although there are drawbacks such as 
poor gap-bridging ability, and fast cooling which can lead to weld metal brittleness in more 
hardenable carbon steels. These limitations can be overcome by adding a filler wire into the weld 
pool. Meanwhile, novel technologies including beam wobbling and hot-wire feeding have shown 
the potential to improve the mechanical properties of laser welds. 
 

The effect of hot-wire feeding ER70S-6 wire on the microstructure and mechanical properties of 
API X80 steel laser welds was investigated. A high wire feed rate along with preheating of the 
wire limited the formation of brittle. The weld metal strength and toughness met the industrial 
requirement, although the hardness exceeded the maximum value allowed. 
 

Utilizing a hot-wire feed together with a wobble laser with a small spot size improved the fusion 
zone microstructure homogeneity and reduced the weld metal hardness. The preheating of the 
substrates reduced the cooling rate and resulted in the formation of more ferrite. Heat-affected 
zone hardness was also reduced with the preheating. A larger root gap was found to limit the 
dilution of alloying elements from the filler material, providing sufficient nucleation sites for the 
formation of acicular ferrite. 
 

The influence of wire chemistry was then investigated with the optimized welding parameters. 
Introducing an ER70S-2 wire led to a coarser weld metal microstructure, and resulted in a lower 
hardness and a sufficient toughness which met the API standard. Considering the high 
productivity and satisfactory mechanical properties of the laser welds, the welding procedure 
proposed by this work indicates strong potential for utilizing laser welding for more applications in 
the pipeline industry. 
 

Session: MJM3 Thursday, May 15, 2025 – 13:25 

Austenite formation and grain growth in line pipe steels 

Minyu Tseng; Joshua Swan; Sabyasachi Roy; Ruth Birch; Matthias Militzer; Warren J. Poole 

The University of British Columbia; 
 

The microstructural evolution of line pipe steels plays a key role in determining their mechanical 
properties. By optimizing thermo-mechanical processing, desirable microstructures can be 
achieved. In industrial steel production, as-cast slabs undergo reheating, multi-stage rolling, and 
controlled cooling to refine the microstructure. This study investigates austenite formation and 
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grain growth during reheating, which establishes the initial microstructure and significantly 
influences final properties. A Ti-Nb microalloyed line pipe steel was examined in both as-cast and 
as-rolled conditions. While most studies focus on as-rolled or as-forged materials due to their 
homogeneous microstructures, this work emphasizes as-cast material to better reflect real-world 
manufacturing. In-situ monitoring was conducted using dilatometry for austenite formation and 
Laser Ultrasonics for Metallurgy (LUMet) for grain growth. Additionally, ex-situ microstructural 
characterization of as-quenched samples was performed using optical and electron microscopy. 
Prior austenite grain structures were reconstructed from Electron Backscatter Diffraction (EBSD) 
data, providing insights into parent grains. The as-rolled material exhibited a uniform 
microstructure with a well-defined mean austenite grain size. In contrast, the as-cast material 
showed a heterogeneous structure with a mix of fine and coarse grains. This variation is attributed 
to differences in the distribution of Ti-rich carbo-nitrides formed during continuous casting, leading 
to localized pinning effects on grain growth. This study enhances understanding of microstructural 
evolution during reheating, offering insights into optimizing steel processing strategies to improve 
industrial applications. 
 

Session: MJM3 Thursday, May 15, 2025 – 13:45 

Achieving strength–conductivity synergy in hypoeutectic Al–Si as next-
generation Al-based conductor cables 

Mohammad Khoshghadam Pireyousefan (1); Mousa Javidani (1); Alexandre Maltais (2); Julie 
Lévesque (3); X.-Grant Chen (1) 

(1) University of Quebec at Chicoutimi; Arvida Research and Development Center-Rio Tinto 
Aluminum; Québec Metallurgy Centre 

 

The demand for efficient and sustainable electrical conductors has driven great attention toward 
aluminum-based materials, owing to their excellent conductivity, lightweight, and cost 
effectiveness. The abundance of aluminum resources and its recyclability makes it a favorable 
alternative to copper, fostering sustainable economic and environmental practices. Hypoeutectic 
Al–Si alloys are promising candidates for novel Al conductor cables; however, their low electrical 
conductivity (EC) and strength limits their industrial applications. This study examined the impact 
of two thermomechanical processes, conventional (C-TMP) and modified (M-TMP), on the 
microstructure of a hypoeutectic AA4043 Al alloy to tailor the strength-EC trade-off. The C-TMP 
method improved the UTS from 180.7 MPa to 289.8 MPa and slightly increased the EC from 50.1 
to 51.4% IACS, however, it still remained below the industrial threshold of 52.5% IACS. In 
contrast, the M-TMP method successfully overcame the strength-EC trade-off by achieving 
simultaneous improvements in both properties: the UTS reached 231.4 MPa, while the EC 
increased to 59.2% IACS, which represents enhancements of 28.1% and 18.2%, respectively, 
over the as-rolled (AsR) rod condition. The substantial improvement in the EC was attributed to 
the depletion of solute Si from the Al matrix through the formation of Si nanoprecipitates during 
pre-annealing. Microstructural analysis using EBSD and TEM revealed development of a 
dislocation free ultrafine-grained (UFG) structure containing embedded Si nanoprecipitates in the 
M-TMP sample. The underlying mechanisms contributing to the strength-EC synergy are 
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discussed using constitutive models, focusing on Si nanoprecipitates, dislocation density, and 
grain refinement. These results demonstrate that M-TMP effectively transformed low-strength, 
low-EC Al-Si welding wire into a high-strength, high-EC conductor suitable for advanced electrical 
wiring applications. 
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Material Challenges and Innovations in Energy 
storage, Transportation, and Utilization (ESTU) 

Session: ESTU1 Tuesday, May 13, 2025 - 13:35 

Keynote: Materials and interfaces design for next-generation solid-state Na 
batteries 

Yang Zhao; 
Western University; 

 

Na batteries have been proposed as ideal complementary alternatives to LIBs for EVs and large-
scale energy storage applications. The liquid-based Na batteries process similar drawbacks to 
liquid-based LIBs, such as flammability, volatility, poor thermal, chemical, and electrochemical 
stability at high temperatures, etc. These drawbacks of liquid electrolytes have encouraged further 
research to develop solid-state Na batteries (SSNBs) [1]. In this presentation, I will introduce our 
research that contributed to the design of materials and interfaces for the next-generation SSNBs.  
 

i) The cation and anion co-doping approach for sulfide-based solid-state Na electrolytes. 
The optimized W and Cl co-doping NAS present a significantly enhanced room 
temperature ionic conductivity, which have been used for solid-state Na-S batteries 
with remarkable electrochemical performances [2].  

ii) We successfully developed a new glassy-ceramic earth-abundant SSEs with good 
electrochemical stability, low cost, and superior long-cycling stability for SSNSBs.  

iii) A new family of Na oxychlorides solid-state electrolytes. We demonstrated a new 
sodium superionic glass, Na-Ta-O-Cl, based on a dual-anion sublattice of 
oxychlorides. [3-4].  

iv) We have overturned and re-investigated the application of Na3SbS4 in solid-state Na-
S batteries. Unlike the traditional understanding, we first reveal the novel mechanism 
of self-sacrificed and decomposition of sulfide SE for achieving high-performance and 
stable solid-state Na-S batteries.  

v) A molecular layer deposition alucone film is employed to stabilize the active Na 
anode/electrolyte interface in the SSNBs, limiting the decomposition of the sulfide-
based electrolytes and Na dendrite growth. [5]. 

 

References: 
[1] Chemical Reviews, 2022, 122, 3763–3819 

[2] Nano Energy, 2024, 128, 109871 

[3] Angewandte Chemie International Edition, 2024, 63, e202314181 

[4] Nature Materials, 2024, 10.1038/s41563-024-02011-x 

[5] Advanced Functional Materials, 2020, 30, 2001118 
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Novel sulfide-chloride solid-state electrolytes with tunable anion ratio for 
highly stable solid-state sodium-ion batteries 

Zhi Liang Dong; Tsun-Kong Sham; Yang Zhao 

Western University; 
 

Solid-state Na batteries (SSNBs) are among the most promising next-generation energy storage 
devices due to their high energy density, enhanced safety, and cost-efficiency. Achieving high-
performance SSNBs depends on the development of solid-state electrolytes (SSEs) with excellent 
ionic conductivity, wide electrochemical windows, and robust mechanical properties. Sulfide and 
halide-based Na SSEs have been widely studied in recent years with their respective strengths 
and limitations. For example, the narrow electrochemical windows of sulfide Na SSEs limit their 
compatibility with high-capacity transition metal oxide (TMO) cathode materials, while the ionic 
conductivity and the stability of electrochemical performances of halide-based Na SSEs with high-
voltage TMO cathodes still have room for improvement.  
 

Herein, we present a new family of Na-Zr-S-Cl sulfide-chloride SSEs with tuned dual anions, 
which leverage the synergistic effects of sulfur and chloride anions. By tuning the S and Cl ratio, 
we investigated two distinct phases, Na₂S-1.3ZrCl₄ (Cl-deficient) and Na₂S-3.3ZrCl₄ (Cl-rich), 
achieving high ionic conductivities of 3.41 × 10⁻⁴ S cm⁻¹ and 4.89 × 10⁻⁴ S cm⁻¹, respectively. 
These phases exhibit different surface morphology, thermal stability, mechanical properties, and 
electrochemical stability. More importantly, the Cl-deficient structure demonstrates excellent 
stability for SSNBS, maintaining a high reversible capacity of over 90 mAh g-1 after 600 cycles at 
0.1 C. An extremely long cycling life of 1400 cycles can be achieved at 0.3 C, with a good capacity 
retention of 60%. This work introduces a novel approach for stabilizing and enhancing the 
performance of SSNBs, bridging the gap between sulfide and halide SSEs, and laying the 
groundwork for advanced high-performance SSE designs. 
 

Session: ESTU1 Tuesday, May 13, 2025 - 14:25 

Hybrid interfaces with dual-metal architecture for mechano-electrochemical 
stable dendrite-free Na metal anode 

Enzhong Jin; Yang Zhao 

Western University; 
 

The conventional Li-ion batteries (LIBs) devices for portable electronics and electric vehicles face 
mounting sustainability due to critical Li supply shortages and the limitation of LIBs inherent 
specific energy. Na metal batteries (NMBs) with an ultrahigh theoretical specific capacity (1166 
mAh∙g-1) and a low electrochemical potential (Na+/Na −2.7 V vs. SHE) possess great promise as 
advanced anode materials for next-generation[1]. However, the practical application of NMBs 
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faces several challenges, including dendrite growth, parasitic interfacial reactions with 
electrolytes, sluggish Na+ diffusion kinetics and severe volumetric fluctuations[2]. 
 

A promising strategy to address these challenges is to develop artificial interfaces for Na metal 
anode. Among interfacial engineering strategies, molecular layer deposition (MLD) has emerged 
as preeminent candidates due to its atomic-level control over interfacial chemistry, conformal 
coverage and tunable thickness control, attributing critical for improving Na+ kinetics and 
mitigating volume expansion[3]. In this talk, we present MLD dual-metal (Zn, Al) doped polyurea 
films as sodiophilic and mechanically robust artificial interface for Na metal anode. The nanolayer 
maintains electrochemically stable interface, exhibiting favorable Na+ transport pathways and 
synergistic kinetic-mechanical suppression of dendrite nucleation/growth, achieving prolonged 
cyclability under high areal capacities up to 5 mAh∙cm-2. 
 

References: 
1. Chen, P., C. Wang, and T. Wang, Review and prospects for room-temperature sodium-

sulfur  batteries. Materials Research Letters, 2022. 10(11): p. 691-719. 
2. Pirayesh, P., et al., Na metal anodes for liquid and solid-state Na batteries. Energy & 

Environmental Science, 2024. 17(2): p. 442-496. 
3. Zhao, Y. and X. Sun, Molecular Layer Deposition for Energy Conversion and Storage. ACS 

Energy Letters, 2018. 3(4): p. 899-914. 
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3D micro-CT study of microstructural evolution of porous Si-based anode 
under fast charging conditions 

Moin Abid; GR. Goward; AB. Phillion 

McMaster University; 
 

Porous SiOx/C anodes are attracting significant attention for their potential in electric vehicle (EV) 
applications, primarily due to their enhanced charge diffusion capabilities and reduced volume 
expansion compared to other silicon-based composites. However, these materials undergo 
cycling degradation, including unstable solid electrolyte interphase (SEI) formation and significant 
microstructural changes, compromising their electrochemical performance, particularly under fast 
charging rates. In this study, 3D Micro X-ray computed tomography (Micro-CT) was employed at 
three different stages of battery life, to determine how fast charging impacts the three-dimensional 
evolution of porosity and pore network connectivity in porous SiOx/C composite anode materials. 
Ex-situ Micro-CT scans were systematically performed on the battery after 1C and 3C fast 
charging rates, allowing for a direct comparison with scans from the pristine cell to assess the 
structural changes at these stages. Subsequent analysis revealed a significant decrease in 
porosity, from 17% in the pristine anode to 3.4% after fast charging at 3C. Additionally, the 
formation of mossy lithium growth was observed, initiating at the anode's surface and extending 
into the separator between the anode and cathode. The decline in battery capacity was observed 
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due to morphological transformations in the porous composite anode, including reductions in pore 
network connectivity, volume expansion, and changes in tortuosity. This study underscores the 
critical need for optimizing the microstructural stability of porous SiOx/C composite anodes to 
enhance their long-term performance and reliability in EV applications. 
 

Session: ESTU2 Tuesday, May 13, 2025 - 16:10 

Fundamental investigation of interfacial reactions between sulfide-based 
solid-state electrolyte and current collectors 

Yijia Wang; Yang Zhao 

Western University; 
 

Anode-free all-solid-state lithium metal batteries (ASSLMBs), which lack a metallic lithium anode 
during initial cell fabrication, present several advantages over conventional liquid electrolyte-
based Li-ion batteries. These benefits include higher energy density, enhanced safety, and 
simplified manufacturing processes. Among the various solid-state electrolytes (SSEs) 
investigated, the argyrodite sulfide-based SSE Li6PS5Cl has garnered significant attention due 
to its high ionic conductivity (>10 mS cm⁻¹) and the formation of a quasi-stable solid-solid interface 
with lithium metal. Despite its potential as a next-generation energy storage, challenges such as 
low Li plating/stripping Coulombic efficiency and suboptimal cycling performance hinder its 
practical implementation. Addressing these limitations requires a fundamental understanding of 
interface evolution during battery operation and the development of interfacial engineering 
strategies for the current collector. 
 

Stainless steel (SS) and copper (Cu) are the most commonly used current collectors in ASSLMBs. 
While previous studies have examined the SSE-current collector interface, the influence of 
spontaneously formed oxide layers on the current collector remains largely unexplored. In this 
study, we systematically compare the lithium plating/stripping efficiency on SS and Cu, 
demonstrating that Cu facilitates a more stable lithium plating/stripping process. In-operando X-
ray absorption spectroscopy reveals the formation of phosphate and sulfate species on both SS 
and Cu, attributed to interfacial reactions between the SSE and the surface oxide layers on the 
current collectors. Leveraging these insights, we engineered a sulfide-based artificial interface on 
Cu, which improves lithium plating/stripping efficiency. This work provides critical insights into 
solid-solid interface design and contributes to the advancement of anode-free ASSLMBs for 
practical applications. 
 

Session: ESTU2 Tuesday, May 13, 2025 - 16:30 

All-dry, environmentally responsible processing of nickel materials for 
rechargeable batteries 

Vladimir Paserin; Param Dave (1); Vahid Barahimi (1), Vladimir Paserinv (1), Eric Croiset (1), 
Chris Holsgrove (2), Mark Fuller (2), Michaela McGurn (2) 
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(1) University of Waterloo ; (2) Weber Manufacturing Technologies Inc.; 
 

Acid-free extraction of nickel and iron from a variety of nickel sources ranging from as low as ~1 
wt% Ni has been demonstrated using vapo-metallurgy techniques. The so-called Mond process 
represents a unique way of nickel extraction that is well established with traditional feed materials 
such as Ni oxide and Ni-rich metallic concentrates (the oldest vapo-metallurgy refinery has been 
in almost continuous operation since 1902 in the town of Clydach, U.K., currently producing 
~40,000 tons of class 1 nickel annually). The process yields high-purity nickel and iron products 
suitable as precursors for NMC and LFP Li-ion battery cathodes, including the single-crystal 
variety. Such batteries are recognized as capable of very long life, exceeding several decades of 
continuous use or several million km of pure EV driving. 
 

MHP (mixed hydroxide precipitate) is the most established form of laterite ore concentrate 
available from Indonesia, New Caledonia and other laterite-rich locations, including Albania, 
Greece and Turkey in Europe and in limited quantities in the U.S.  In addition to abundant 
Canadian sources, the Eagle mine in Michigan (currently the only active mine in the US) and the 
Duluth complex in Minnesota are two additional major sources of nickel in the U.S. 
 

The vapo-metallurgy process involves three main steps: reduction of the as-received feed 
material at temperatures ranging from ~400 to ~700oC range, carbonylation of the reduced 
material in CO atmosphere at temperatures ranging from ~50 to ~200oC (pressure dependent) 
and atmospheric pressure decomposition of carbonyl vapor to produce high-purity, micron-size 
Ni powder or high-purity bulk nickel with most of the CO fully recycled. Past estimates of capital 
cost of carbonyl process for laterites will be reviewed. The flowsheet of producing Li-ion NMC 
cathode utilizing carbonyl Ni powder will be briefly outlined with comparison of conventional 
method of cathode manufacturing, using Ni sulfate. 
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Materials and Interactions with the Environment (MIE) 
Session: MIE1 Tuesday, May 13, 2025 - 10:05 

Keynote: Design of robust scalable anti-icing metallic surfaces 

Kamran Alasvand Zarasvand; Kevin Golovin 

University of Toronto; 
 

Ice accretion presents operational and safety challenges across various industries, including 
aerospace, energy, and transportation. Conventional ice mitigation strategies, such as lubricants, 
hydrophobic coatings, and soft elastomers, reduce ice adhesion but suffer from limited durability. 
As an alternative, we introduced Buckling Elastomer-like Anti-icing Metallic Surfaces (BEAMS), 
which utilized sparsely confined metallic sheets with tailored surface buckling instabilities to 
achieve ultra-low ice adhesion (<1kPa) without coatings. BEAMS combine the mechanical 
durability of metals with ice adhesion strengths on par with existing methods. By adjusting 
confinement conditions, boundary constraints, and geometric parameters of the metallic plates, 
we optimize ice adhesion reduction via plate buckling mechanics. We further examined the 
influence of curvature on shear ice adhesion strength, revealing that compliance within the 
suspension system induces lateral-torsional buckling, reducing ice adhesion. Icing wind tunnel 
experiments confirmed BEAMS’ effectiveness in mitigating rime and glaze ice accretion under 
atmospheric conditions, while numerical simulations demonstrated that BEAMS' low ice 
adhesion— even on curved surfaces—results from buckling instabilities in the metal plates or 
suspension material. Beyond passive de-icing, we integrated active de-icing by designing 
elastomeric suspension points as air channels beneath the sheet. Active de-icing was achieved 
via (i) pressurized air, inducing outward bulging for mechanical delamination, and (ii) room-
temperature airflow, weakening the ice-substrate interface thermally. Additionally, replacing the 
air gap with liquid altered the ice detachment mechanism, with the liquid’s type and viscosity 
influencing ice adhesion and impact resistance. The combination of passive and active de-icing 
functionalities establishes BEAMS as a scalable anti-icing solution, improving infrastructure 
performance in cold environments. 
 

Session: MIE1 Tuesday, May 13, 2025 - 10:35 

Industrial sizing practices and their microstructural and electrochemical 
impact on powder metallurgy AlCuSiMg components 

Nima Valizade; George Jarjoura; Georges J. Kipouros 

Dalhousie University; 
 

The demand for lightweight and fuel-efficient vehicles has driven significant advancements in 
aluminum powder metallurgy (PM), propelled by the automotive industry. The PM process allows 
for the fabrication of components with intricate geometries while maintaining dimensions that 
closely match the final part specifications. Among various aluminum PM components, camshaft 



95 

bearing caps are widely produced using the commercial alloy AA2014 (AlCuSiMg), which derives 
its strength primarily from the precipitation of θ-type phases. 
 

However, achieving precise dimensional tolerances in as-sintered parts often necessitates 
additional mechanical surface treatments, such as sizing, which can influence the alloy’s 
microstructure and, consequently, its corrosion properties. While extensive research has been 
conducted on the mechanical properties of PM aluminum alloys, studies on their corrosion 
behavior remain limited. 
 

This study investigates the impact of sizing on the corrosion properties of aluminum PM parts, 
with a focus on microstructural evolution and precipitate distribution under different applied loads. 
Electrochemical techniques, including open-circuit potential (OCP) measurements, 
electrochemical polarization, and electrochemical impedance spectroscopy (EIS), were employed 
to evaluate corrosion behavior. Surface characterization was performed using scanning electron 
microscopy (SEM) and confocal scanning laser microscopy to analyze morphological changes 
post-sizing and examine corroded surfaces. Furthermore, EIS data were modeled to elucidate 
corrosion mechanisms. Given that sizing is widely implemented in industrial applications, these 
findings offer valuable insights that could benefit the aluminum PM industry, contributing to the 
optimization of components for enhanced durability and performance. 
 

Session: MIE1 Tuesday, May 13, 2025 - 10:55 

Effect of major alloying elements on the corrosion susceptibility of Mg 
alloys. 

Osama  Elzahed(1); Timothy Skszek (2); Alan Luo; Joshua Caris (3); Joseph R.  McDermid (4); 
Joseph Kish (1) 

(1) McMaster University ; Pacific Northwest National Laboratory; Ohio State University; Terves 
LLC; McMaster University 

 

Magnesium (Mg) alloys are promising materials for vehicle light-weighting, contributing to reduced 
fuel consumption for the internal combustion engines and extended range in electric vehicles. 
However, their application in the automotive industry is hindered by two key challenges: limited 
room-temperature formability due to Mg's hexagonal close-packed crystal structure and corrosion 
susceptibility. The addition of alloying elements plays a crucial role in enhancing both formability 
and corrosion resistance, making Mg alloys more viable for automotive applications. This study 
aimed to assess the corrosion susceptibility of three new ZAXME Mg alloy (Mg-1Zn-1Al-0.2Ce) 
extrusions in aqueous NaCl versus two widely used Mg alloys, ZE20 (Mg-2Zn-0.2Ce) and AM30 
(Mg-3Al-0.4Mn). Light optical microscopy and scanning electron microscopy equipped with 
energy dispersive spectroscopy, were utilized to analyze the cross-sectional microstructures and 
identify secondary particles along with their distribution. This analysis revealed two distinct 
metallurgical zones: (i) a recrystallized coarse-grained skin layer and (ii) an un-recrystallized fine-
grained core. The relative corrosion susceptibility of each zone was investigated using 
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potentiodynamic polarization, volumetric H2 gas evolution, and mass loss as a function of 
immersion time in 0.1 M NaCl (aq). Digital imaging of the corroded surfaces in the corrosive 
solution was conducted to gain deeper insights into the filament-like corrosion mechanism. This 
contribution will detail the impact of the major alloying elements on the anodic and cathodic 
kinetics, as well as their influence on the formation of secondary particles that can serve as active 
cathode sites. 
 

Session: MIE1 Tuesday, May 13, 2025 - 11:15 

Optimization of air-processed perovskite solar cells through dual 
incorporation of chlorine precursors and potassium thiocyanate 

Ivy M. Asuo; Ibrahima Ka; Riad Nechache; Fiorenzo Vetrone; Federico Rosei 
Institut National de la Recherche Scientifique (INRS); INRS, WATTBYWATT 

 

Perovskite solar cells (PSCs) have garnered significant research interest due to their rapidly 
increasing power conversion efficiency (PCE), recently reaching 25.7%. However, most high-
efficiency devices rely on spin-coating under controlled environments, limiting scalability. To 
enable large-scale production, it is crucial to develop fabrication strategies in ambient air while 
enhancing stability. 
 

Halide mixing is a proven method for tuning the structure and properties of perovskite materials. 
Compared to CszFA1−zPbX3 (X = Cl, Br, I), CszFA1−zPbX3-yIy (X = Cl, Br) exhibits distinct differences 
in crystallinity and optoelectronic behavior. Various cationic chlorides (CsCl, FACl, MACl, RbCl, 
PbCl2) have been explored to enhance PSC stability by improving surface morphology and 
thermal resilience. However, the coexistence of mixed perovskites with the photoinactive FAPbI3 
phase can cause ion trapping, affecting reproducibility and scalability. 
 

This study investigates the impact of cationic chlorides on PSC performance using a vacuum-
based pre-crystallization method. The perovskite active layer and complete device fabrication 
were performed under ambient air, simplifying the process and reducing costs. Our results show 
that Cl bonding in the cationic chloride precursor strongly influences stability and efficiency. 
Incorporating moderate amounts of CsCl and KSCN in the precursor inks facilitates the formation 
of smooth, compact films with larger grain sizes. The combination of these precursors yielded 
efficient planar PSCs with a high PCE of 18.1%. Additionally, the moisture stability of PSCs 
improved significantly, retaining over 80% of the initial efficiency after 520 hours under ambient 
humidity (25-60% RH). 
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Effect of carbonized biomass on the mechanical, thermal, and rheological 
properties of recycled and biodegradable polymer composites 

Seyed Amirali Bozorgnia Tabary (1); Franco Berruti (2), Ramona Fayazfar (1) 
Ontario Tech University; (2) University of Western Ontario 

 

The incorporation of sustainable fillers into polymer matrices has gained significant attention for 
promoting circular economy practices. This study investigates the effect of varying concentrations 
(0–10%) of carbonized biomass on the mechanical, thermal, and rheological properties of both 
recycled and biodegradable polymer systems. The recycled polymer utilized in this study consists 
of a post-consumer waste stream comprising 90% recycled polyethylene terephthalate (r-PET) 
and 10% recycled high-density polyethylene (r-HDPE), compatibilized to enhance interfacial 
adhesion. The biodegradable counterpart is poly-lactic acid (PLA), a widely used bio-based 
polymer. A comprehensive characterization was conducted to assess the impact of fillers and 
additives on the property enhancement of polymer blends. Differential scanning calorimetry (DSC) 
was employed to analyze changes in thermal transitions and crystallinity, while thermogravimetric 
analysis (TGA) evaluated the thermal stability of the composites. Rheological measurements 
provided insights into the melt viscosity and process-ability, and tensile tests were performed to 
determine the mechanical performance, including strength and elongation. This study highlights 
the potential of carbonized biomass as a functional filler to enhance sustainability in polymer 
applications, paving the way for environmentally friendly composite materials. 
 

Session: MIE2 Wednesday May 14, 2025 - 10:05 

Keynote: Mechanical behavior of irradiated nickel-based alloys 

Zhaoying Ding (1); Yanwen Zhang (2); Yu Zou (1) 
University of Toronto; (2) Queen's University 

 

Face-centered cubic (FCC) materials are gaining attention for advanced reactor applications due 
to their excellent radiation resistance, corrosion resistance, ductility, and high-temperature creep 
strength. However, knowledge gaps remain regarding their radiation effects, for example, from 
the interaction between incident ions and materials, particularly due to the formation of 
displacement cascades. To investigate these interactions, low-dose heavy-ion irradiation with 
high-energy Xe ions (0.71 MeV/amu) to a fluence of 2×10¹² cm⁻² was employed to examine ion 
track formation and damage production as function of irradiation depth, enabling a comparative 
examination of morphological changes and near-surface mechanical behavior before and after 
irradiation. Single-crystal nickel-based alloys, with major constituents having similar atomic ratios, 
were selected as model systems, ranging from pure nickel to high-entropy alloys (HEAs). The 
study included binary Ni-Co and Ni-Fe alloys, as well as ternary Ni-Co-Cr, Ni-Fe-Co, and 
quaternary Ni-Fe-Co-Cr alloys. To evaluate the mechanical behavior of the irradiated layer, nano- 
and micro-scale pillars were fabricated using focused ion beam milling, ensuring their height 
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remained within the irradiation depth. These pillars were subjected to micro-pillar compression 
testing using a flat-end tip in an indentation machine to determine their compressive strength. 
Transmission electron microscopy analysis and molecular dynamics simulations provided insights 
into irradiation-induced defect formation and the underlying deformation mechanisms. The 
research findings provide new insight into understanding radiation effects and pave the way for 
the design of new alloying systems for nuclear applications. 
 

Session: MIE2 Wednesday May 14, 2025 - 10:35 

Integrating circularity analysis tools in undergraduate engineering design 
education 

Heather Li Yam Nam; Ethan Albrough; Chris Rennick; Reem Roufail 
University of Waterloo; 

 

A Circular Economy is inherently restorative and regenerative, promoting reuse, repurposing, and 
recycling. Product circularity assesses material flow and measures its ability to maintain material 
value throughout the lifecycle. Circularity analysis tools, like the Circular Pathway (TCP), an 
Excel-based tool developed by Maastricht University, conducts impact analyses and inform 
design choices in 3rd- and 4th-year university courses. 
 

The original TCP requires users to gather information and assign circularity scores based on their 
research and judgement, which can lead to unreliable open-source information and subjective 
scoring. Granta, a materials information management software, hosts an extensive materials 
database and Eco Audit tool, offering insights into a product’s lifecycle. By combining both tools, 
trusted quantifiable metrics can be used for a more consistent and accurate scoring system. 
 

A revised TCP was developed where values from the Granta-Eco-Audit are imported, 
automatically populating the value chain analysis and calculating circularity scores. Additional 
manually inputted data sourced from Granta summarize characteristics and metrics on materials, 
manufacturing processes, product design, transportation, usage, and End-of-Life (EOL) 
processes influencing a product’s circularity, such as recycled content, risk indicators, 
recyclability, embodied energy, and carbon dioxide equivalent (CO2-eq). The linear assessment 
sheet visually compares phase circularity scores, energy consumption, and CO2-eq contributions 
per component, guiding students to identify highly linear phases and poorly performing 
components for improvement in future iterations. 
 

The developed tool offers a straightforward approach to highlighting environmental impacts and 
circularity in material selection and product design at an undergraduate level. The TCP-Granta 
tools are designed for early use by students in the design process to examine and optimize 
circularity before prototyping. 
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A green synthesis development route for inorganic nanomaterials and their 
application in water and agriculture sustainability 

Charles Wroblewski; Sivaranjani Palanisamy Ravikumar; Rahul Islam Barbhuiya; Abdallah 
Elsayed; Ashutosh Singh 

University of Guelph; 
 

The development of novel nanomaterials has emerged as a transformative approach to 
addressing critical environmental challenges. Traditional agricultural and water management 
practices have contributed to extensive soil degradation and water contamination, by inefficient 
remediation techniques. A pressing need for novel materials offering sustainable, cost-effective, 
and high-performance solutions is required. Metal and metal oxide nanoparticles have 
demonstrated potential in environmental applications due to their high surface area and selective 
adsorption capabilities. This study explores the “green synthesis” of nanomaterials using agrifood 
waste as precursors to engineer nanoparticles with tailored physicochemical properties. A model 
for inorganic nanoparticles synthesis was developed using a modified co-precipitation technique 
with an ammonia headspace over a solution of inorganic salts and small molecules including gallic 
acid as reducing agents. Emphasis was placed on achieving control over particle size, distribution, 
and functionalization. Characterization of these nanomaterials was performed assessing size 
distributions, shape uniformity, and chemical compositions through various advanced techniques, 
including  
 

Transmission/Scanning Electron Microscopy (TEM/SEM), X-ray Diffraction (XRD), Energy-
Dispersive X-ray Fluorescence (EDX), and Fourier Transform Infrared Spectroscopy (FT-IR). 
Nanomaterials were evaluated for two key applications: 1)Water purification to selectively remove 
agricultural contaminants including antibiotics and nutrients. 2) Soil enhancement to improve 
nutrient retention providing sustainable alternative to conventional fertilizers. These findings 
highlight the potential of novel nanomaterials as next-generation environmental remediation tools 
paving the way for more efficient and ecological solutions in agriculture and water treatment. 
 

Session: MIE2 Wednesday May 14, 2025 - 11:15 

Impact of Si and La on Ni-based chromia-forming alloy in wet air oxidation 

Kangze Ren; Joey Kish 

McMaster University; 
 

The commercial Ni-based chromia-forming heat-resistant alloy UCX (48Ni-41Cr-1.5Si-0.7Mn-
0.15Ti-(0.2-0.5)C-(balance)Fe) is typically used in pyrolysis tubes under 1100 ℃ for steam 
cracking ethane to produce ethylene. Chromia oxide, one of the key protective layers, effectively 
slows oxidation and carburization. This study focuses on preserving Cr in UCX under a wet air 
environment (20 vol.% H₂O with laboratory air) to ensure a continuous and sufficient Cr supply 
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for chromia layer formation. A common method to enhance oxidation resistance is adding Si to 
form an SiO₂ sublayer beneath the chromia layer. However, a thick, continuous SiO₂ sublayer 
often leads to severe oxide spallation. This study evaluates the effect of Si in commercial UCX 
during wet air oxidation using two variations: high-Si UCX (1.5 wt.% Si) and low-Si UCX (0.9 
wt.% Si). The preliminary results from the wet air oxidation experiment confirm that higher Si 
content increases oxide spallation during controlled furnace cooling from 950 ℃ to room 
temperature. Light optical microscopy and scanning electron microscopy with energy-dispersive 
spectroscopy were used to analyze compositional changes in each alloying element from cross-
sectional micrographs. Although both alloys exhibit similar gross weight loss and chromia 
thickness after seven days of wet air oxidation, the high-Si alloy retains less Cr near the 
oxide/matrix interface than the low-Si alloy. Dissolved Si in high-Si UCX seems to slow Cr 
diffusion, causing more severe local Cr depletion near the interface. Another approach to 
improving oxidation resistance is alloying with reactive rare earth elements. This study also 
investigates whether adding as little as 3 ppm of lanthanum to high-Si UCX influences oxidation 
kinetics and oxide spallation severity in wet air. 
 

Session: MIE2 Wednesday May 14, 2025 - 11:35 

Failure analysis of environmental barrier coatings under adverse 
operational environment: multi-physics modeling 

Rajan Suwal (1); Arnaud Weck (1); Kuiying Chen (2) 
(1) University of Ottawa; (2) National Research Council Canada 

 

Under high-temperature adverse environments, the premature failure of environmental barrier 
coatings (EBCs) is a preliminary phenomenon that can significantly affect their applications in 
both aircraft engines and land-based gas turbines. The delamination failure of EBCs typically 
occur at topcoat/TGO or TGO/bondcoat interface due to thermal mismatch and water vapour 
corrosion, resulting in crack nucleation, propagation and final coating spallation. This presentation 
reports on a study of the degradation of bi-layer YbDS/Si EBCs using multi-physics modelling as 
methodologies via the COMSOL package. Thermal cycles were implemented into the EBC model 
to simulate the system's in-service operation. The high-temperature creep models of the silica 
TGO, Si bond coat and SiC substrate are included for the built-up undulated coating geometry. 
Based on the stress evolution and distribution in the EBC system during thermal cycles due to 
the combined effect of thermal mismatch, TGO growth and transformation of YbDS to YbMS, the 
vertical and delamination cracks at the YbDS-YbMS topcoat and TGO were initiated, respectively. 
The phase-field damage and virtual-crack methodologies were then implemented to investigate 
the vertical crack propagation in the YbDS topcoat and silica TGO under thermal cycles. The 
accumulated stress at the crack tip were also evaluated. The delamination crack along the 
TGO/bond coat interface was simulated, considering the cristobalite TGO a displaced α-β phase 
transformation between 220 oC and 270 oC with an associated large volume shrinkage on cooling 
during thermal cycling. The effect of TGO growth rates on delamination crack propagation was 
examined.  The crack propagation path via COMSOL multi-physics modelling is compared to 
those observed in the SEM image available. 
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Damage modes and fracture toughness in AlCoCrFeNi2.1 eutectic high 
entropy alloys 

Cal Siemens (1); Jidong Kang (2); David Wilkinson (1) 
(1) McMaster University; (2) CanmetMATERIALS, Natural Resources Canada; 

 

High entropy alloys receive notable research interest due to their exciting mechanical and 
electrical properties arising from unprecedented alloy design space and complex microstructure. 
The AlCoCrFeNi2.1 eutectic HEA (EHEA) is one such system, exhibiting high strength and 
moderate ductility. However, there is currently little work published on the fundamental 
mechanisms controlling damage and fracture for this EHEA. This lack of knowledge limits the 
application of such alloys in advanced high strength cast parts. In this work, a study comparing 
thermomechanical processing and alloying approaches was taken to identify controlling damage 
mechanisms and resulting toughness of the AlCoCrFeNi2.1 EHEA.  The total systems presented 
are an as-cast and hot rolled EHEA, along with a novel iron-alloyed AlCoCrFe1.15Ni2.1 HEA. 
Microstructural and advanced mechanical characterisation was used to determine alterations to 
damage mechanisms, quantify improvements in toughness, and evaluate defect sensitivity. SEM-
EDS and scanning transmission electron microscopy were used to confirm composition, and in-
situ micro-digital image correlation (DIC) paired with SEM was used to characterize the 
distribution of strain and at the microscale. Fracture toughness testing was performed using a 
novel combination of the normalization data reduction technique and DIC measurement. Micro-
crack nucleation and strain localization along phase boundaries were found to control damage in 
the cast alloys, with improved ductility and toughness from iron alloying. Hot rolling improved 
tensile properties but shifted the primary damage mode to secondary particle cracking and 
resulted in lower defect resistance. The role of phase morphology, improved crack growth 
resistance, and in-situ observed micro-crack nucleation on toughness will be highlighted. This 
work uses correlative and multiscale mechanical testing to showcase how complex 
microstructures can be tailored for improved use-case performance. 
 

Poster - AMCT-P2 Wednesday, May 14th, 2025, 15:45  

Quantification and modelling of (Ti, Nb)C-rich nano-precipitates in 
microalloyed steels 

Jacob Barron; J. Barron (1); J. B. Wiskel (1); A. Mehrabi (2); T. Zhou (2); C. Cathcart (2); D.G. 
Ivey (1); H. Henein (1) 

(1) University of Alberta; (2) Stelco Inc.; Hamilton; Ontario 

 

Microalloyed steels represent a subset of high strength low alloy (HSLA) steels containing small 
additions ≤ 0.1 wt% C, Nb, V and Ti that are produced via thermomechanical controlled processing 
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(TMCP). Nano Ti and/or Nb precipitates precipitated during TMCP can improve mechanical 
properties via precipitation strengthening and grain refinement. The scope of this work is to 
measure (size and composition) and model nano-precipitation of four steels with varying Ti and 
Nb contents from the end of rough rolling, through finish rolling and finally in the coil and its 
subsequent cooling. Nano-precipitate size and composition is measured using TEM imaging and 
EDX analysis of carbon replica samples. The PRISMA module of Thermocalc is used to predict 
size, size distribution, composition and number of nano-precipitates formed during processing. 
The temperature-time profile of the TMCP process incorporated into the model will include 
measured plant temperature data. In addition, the time-temperature profile in the coil during 
cooling is modelled using a finite element analysis (FEA) and will be incorporated into the 
precipitation model. 
 

Poster - AMCT-P3 Wednesday, May 14th, 2025, 15:45 

Application of scanning electron microscopy and energy-dispersive x-ray 
spectroscopy in the study of bronze disease on ancient artifacts 

Laura Battista (1); Ehsan Nikbin (1); Dian Yu (1); Laura Lipcsei (2); Jane Howe (1); Doug 
Perovic (1) 

(1) University of Toronto; (2) Royal Ontario Museum; 
 

Bronze disease is one of the most severe types of degradation in ancient copper-based artifacts 
and poses significant challenges to their preservation. This “disease” is an active cyclic corrosion 
process primarily resulting from chlorine, oxygen and moisture in the atmosphere. Products 
formed during the corrosion process, such as cuprous chloride (CuCl), continue to spread across 
the surfaces of the artifact until there is no more oxygen available to react, eventually resulting in 
irreversible destruction. Bronze disease is difficult to distinguish from other corrosion processes, 
leading to inaccurate assessments of the degradation mechanisms affecting the artifact. We 
hereby report that combined scanning electron microscopy (SEM) and energy-dispersive x-ray 
spectroscopy (EDS) is a viable method for analyzing the mechanisms of bronze disease in ancient 
artifacts and for distinguishing it from other forms of degradation. 
 

We investigated suspected bronze disease on a cast bronze vessel from the 11th–10th century 
BC China, from the collection at the Royal Ontario Museum in Toronto. This investigation had two 
main objectives, with the first being to chemically characterize and topographically analyze the 
sampled corrosion product. The second objective was to determine the most appropriate SEM 
sample preparation method to be used in this type of investigation, comparing the use of three 
different adhesives: carbon tape, resin, and copper tape. Results reveal that the sampled material 
was a copper chloride, a compound consistent with the presence of bronze disease. Overall, the 
choice of preparation method did not significantly impact the quality of the results. Differences 
observed in the EDS spectra and elemental maps were attributed to error resulting from the 
inhomogeneous nature of the corrosion product, rather than from the adhesives themselves. 
Through electron microscopy, we continue to study the mechanisms of bronze disease and its 
impact on ancient artifacts. 
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The structure-function relationship in graphene oxide membranes: beyond 
d-spacing 

Nima Zakeri; Kirill Levin, Marta Cerruti 
McGill University; 

 

Graphene oxide membranes (GOMs), with their nanochannel-based microstructure, are 
promising for ionic sieving and ultrafast water transport. However, the permeation behavior of 
GOMs is often oversimplified, with a primary focus on nanochannel size (d-spacing, 7.4–11.5 Å), 
while the role of structural defects remains underexplored. This oversight contributes to 
inconsistencies in experimental results and limits the understanding of the structure-function 
relationship in GOMs. This study systematically explores how fabrication methods (vacuum 
filtration, VF; air drying, AD), membrane size (0.0314–12.56 cm²), and thickness (500 nm–7.6 µm) 
influence crystalline domains, defect structures, and filtration efficiency. Crystallite domains were 
characterized using XRD, Raman spectroscopy, and TGA, while structural defects were analyzed 
using SAXS and NMR relaxometry. Ethanol vapor permeation tests were also used to assess 
membrane performance, linking structure to function.  
 

Contrary to prevailing assumptions, AD did not inherently increase d-spacing in GOMs, as both 
AD- and VF-GOMs exhibited comparable values. However, AD-GOMs demonstrated significantly 
higher ethanol permeation rates, suggesting that factors beyond d-spacing, such as defect density 
and morphology, play a critical role in transport behavior. SAXS analysis revealed a higher defect 
density and more irregular defect-crystallite interfaces in AD-GOMs. NMR further indicated larger 
defects and enhanced water retention in AD-GOM nanochannels, whereas VF-GOMs exhibited 
limited water infiltration into nanochannels, with water primarily retained in defects. We propose 
that uneven drying during AD induces localized stresses, causing curvature in graphene oxide 
sheets and forming oxygen-rich defect interfaces, which facilitate molecular transport. These 
findings highlight the pivotal role of defects in GOM performance, shifting the focus beyond 
nanochannel size toward considering defects in membrane design.  
 

Poster - AMCT-P5 Wednesday, May 14th, 2025, 15:45 

Physico-chemical characterization of Si-AuAg nanocomposite synthesized 
using pulsed laser ablation 

Saeed Takaloo, Alexander H. Xu, Yury V. Ryabchikov, Mustafa Yavuz 

University of Waterloo; 
 

Gold-silver (Au-Ag) bimetallic nanocomposites have gained significant attention due to their 
unique optical, electrical, and chemical properties. Au-Ag bimetallic nanocomposites can be 
synthesized using various methods, including chemical reduction techniques, electrochemical 
codeposition, hydrothermal, photochemical, microemulsion, biogenic, laser ablation, and atomic 
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layer deposition approaches. Each approach offers precise control over size, shape, and 
composition. However, the laser ablation technique results in ultra-pure nanomaterials without the 
need for extra chemical reagents. Recent research has shown that the laser ablation technique 
highly depends on fabrication parameters, including Laser wavelength, Laser energy, and the 
synthesized medium that is used, which can result in no bimetal nanocomposite, alloy-type 
bimetal nanocomposite, or core-shell bimetal nanocomposite. The literature has also 
demonstrated that, in UV-Vis spectroscopy, gold and silver nanoparticles peak at 500 and 400 
nm, while Au-Ag peaks vary depending on alloy type and structure. In this study, we 
experimentally evaluate the optical and chemical properties of pulse laser ablated Au-Ag 
nanocomposites and demonstrate the effect of laser ablation duration on their optical properties. 
A silicon wafer was ablated in deionized water for 5 min to prepare bimetal nanocomposites. 
Afterward, an Au-Ag alloy was ablated for 1, 3, 5, and 7 minutes with laser wavelength 1030 nm, 
pulse duration 6 ps, repetition rate 10 kHz, laser energy 50 mkJ/pulse, and Gaussian laser profile 
in this colloidal solution. As demonstrated by UV-visible analysis, all samples peak at 482 nm due 
to their Ag-Au alloys, and 700 nm due to their silver quantum dots. However, peaks at 462, 465, 
465, and 468 nm were observed in samples with T equals 1, 3, 5, and 7 minute, respectively, all 
attributed to gold nanoparticles. These results show that increasing laser ablation duration shifts 
UV-Vis wavelengths. 
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Damage characterization and 3d visualization of sustainable composites 
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In this study, X-ray computed tomography (XCT) is used to analyze the microstructure and 
damage mechanisms within two different classes of injection molded sustainable composites. 
Composites analyzed included a rHDPE−rPP-biocarbon composite made from pyrolyzed burlap 
and ocean-recycled polymers and a recycled carbon fiber reinforced nylon 6-6 composite. Each 
composite specimen was uniaxially tested, scanned using XCT, then post-processed to identify 
damage nucleation sites, quantify damage (voids/cracks), and phase distributions. Within the 
ocean recycled composite, the rPP phase was identified and appeared as individual ellipsoids 
dispersed throughout the matrix. Voids were observed to mainly nucleate within this phase and 
then coalesced into cracks within the phase and perpendicular to the loading direction. The 
biocarbon particle distribution was homogeneous throughout the matrix phases and voids were 
also observed to nucleate at the biocarbon particle-matrix interface, although much less 
frequently. Finally, void volume fraction and void density were plotted against thickness strain and 
trends are discussed.  Additionally, the orientation and distribution of recycled short carbon fibers 
within the nylon 6-6 matrix were evaluated via the XCT scanning of a uniaxially tested specimen. 
The damage mechanisms within the sustainable nylon composite were analyzed and quantified 
in a similar fashion. Overall, the XCT analysis of two different classes of composites provides a 
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valuable insight into the effect of into how internal structural arrangements affect damage 
progression in composite materials. 
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Assessing fused filament fabrication part thickness via ultrasound with 
machine learning insights 

Mohammad Rafiee; A. Abumettleq, N. Baddour 
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Fused Filament Fabrication (FFF) has emerged as a leading additive manufacturing process due 
to its affordability and adaptability. However, when FFF components are used in demanding 
environments—such as chemical processing systems, fluid transport infrastructure, or industrial 
machinery—their long-term durability and structural integrity become critical concerns. Non-
invasive inspection methods, particularly ultrasonic testing, are vital for verifying part quality 
without inflicting damage. Yet, the inherent layered structure and diverse processing parameters 
of FFF introduce unique challenges to reliable ultrasonic assessment. In this work, we explore 
the potential of A-scan ultrasound as a diagnostic tool to evaluate key quality indicators in FFF-
produced parts. Our investigation focuses on understanding how different factors—such as 
variations in infill design, density, and the presence of additional outer layers—affect the accuracy 
of ultrasound measurements. To further refine our analysis, we incorporate a Random Forest 
machine learning model that correlates these process variables with both ultrasound data and 
conventional caliper measurements, enabling precise thickness estimations. Our results indicate 
that, for a specific contact transducer, A-scan ultrasound can successfully monitor part thickness 
within certain limits, although its accuracy may be influenced by the orientation of the transducer 
with respect to certain infill configurations. Notably, components featuring a concentric infill pattern 
consistently deliver measurements that align closely with caliper results and exhibit low sensitivity 
to transducer orientation. Moreover, our machine learning model shows excellent predictive 
performance for Time of Flight, as evidenced by strong correlation metrics and minimal prediction 
error. These findings underscore the potential of integrating ultrasonic testing with advanced data 
analytics to enhance the quality assurance of FFF parts. 
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Effect of infill passes on the microstructure evolution of inconel 718 thin 
walls produced using laser-directed energy deposition 
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Laser-Directed Energy Deposition (L-DED) is an additive manufacturing technique that, in 
addition to fabricating new parts, is especially adept at creating and repairing thin-wall structures. 
This study explores the effects of the number of infill passes on the microstructure and mechanical 
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properties of Inconel 718 thin walls fabricated by L-DED. The effects of spatially varying cooling 
rates across both height above the substrate and through the thickness of the thin-wall samples, 
quantified through a combination of dendrite arm spacing measurements and finite element 
simulations, revealed that the most rapid cooling occurred at the walls' base under all conditions. 
The number of infill passes had a significant effect on this behavior, with the no-infill pass (P2 
sample) condition showing the most uniform cooling rate through its height. Moreover, the 
microstructure variation resulted in spatially varying hardness ranging from 170 HV in the 
stainless-steel substrate, to ~220 HV towards the skin and top of the samples, and finally up to 
~270 HV in the center of the samples where the cooling rate was the highest. More infill passes 
(P3 sample with one infill pass and P4 sample with two infill passes) led to higher cooling rates, 
finer grain structures, and increased hardness, particularly in the central regions of the thin wall 
samples. Conversely, fewer passes resulted in a more uniform but generally lower hardness 
throughout the sample. It is concluded that the infill pass strategy is a critical parameter in the L-
DED process that directly influences the thermal history and, thus, the resultant microstructure 
and properties of Inconel 718 thin walls. 
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Additive manufacturing of crack-prone sustainably-manufactured aluminum 
alloy 
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High-strength aluminum alloys are highly susceptible to solidification cracking during laser powder 
bed fusion (LPBF) additive manufacturing (AM) due to the rapid and repeated cooling cycles 
inherent to the process. The incorporation of nanoparticles has been shown to mitigate cracking 
in LPBF-fabricated aluminum alloys; however, their presence alters laser-material interactions, 
influencing the production of fully-dense components. Furthermore, powder morphology is also 
known to influence density outcomes in LPBF. As such, this study utilizes a low-cost, 
environmentally sustainable AA7075 powder with angular powder morphology and enhanced with 
1 vol.% nanoparticles. This powder differs from the conventional spherical powders typically used 
in AM and can influence the final relative density. A normalized processing diagram was employed 
to predict and understand the melting mode behavior and laser absorptivity of the nanoparticle-
enhanced AA7075. Theoretical calculations indicated that nanoparticles can increase absorptivity 
by up to 50%, and that the relative density of the alloy is greatly dependent on the melting mode. 
The fabricated alloy showed 1.8% Zr composition and an achieved relative density of 99.98% in 
the transition melting mode. 
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Investigation of process parameter  effects on 17-4 PH stainless steel 
manufactured by laser powder bed fusion 
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17-4 PH stainless steel, renowned for its exceptional mechanical strength and corrosion 
resistance, is extensively employed in the aerospace, automotive, and biomedical sectors. Its 
inherent weldability renders it particularly amenable to Laser Powder Bed Fusion (LPBF). Despite 
its advantages, the intricate interplay of LPBF process parameters can result in components with 
inconsistent mechanical properties, predominantly attributed to defect formation and phase 
composition variations. However, the influence of process parameters on these variables is yet to 
be fully understood. This study undertakes a comprehensive quantitative investigation of defects 
across a matrix of process parameter combinations, including laser power, scan speed, and bed 
preheat, to delineate an optimal process window. The defect-free samples were also subjected to 
post-LPBF heat treatment. . The phases present in the material were examined and quantified in 
both as-built and heat-treated conditions using X-ray diffraction and transmission electron 
microscopy (TEM). A high relative density exceeding 99.5% was consistently achieved within the 
identified process window, although variations in phase composition were observed. After heat 
treatment, the samples fabricated under the optimized conditions demonstrate a uniform phase 
composition and superior mechanical properties . This investigation elucidates the critical impact 
of LPBF process parameters on defect formation and microstructural evolution in 17-4 PH 
stainless steel, providing insights into refining the LPBF process to yield defect-free builds with 
improved mechanical properties. 
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Laser powder bed fusion (LPBF) often generates significant residual stresses and porosity, 
compromising the mechanical performance of manufactured components. Hot isostatic pressing 
(HIP) is an essential post-processing technique that applies high temperature and pressure 
simultaneously to address these shortcomings of LPBF by promoting creep, plastic deformation, 
and stress redistribution. This study presents a thermomechanical finite element model to 
simulate the effect of the HIP process on a nickel-based superalloy fabricated by LPBF. The model 
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incorporates a hyperbolic-sine creep law and thermal-stress analysis to predict the evolution of 
residual stresses during the HIP process. A cubic component with 1 mm edges was considered 
in this study. The component contains the residual stresses and defects like micropores from the 
LPBF process, as the initial state of the simulation. The numerical analysis demonstrates the 
effectiveness of HIP in mitigating these residual stresses; specifically, pressure plays a critical 
role in accelerating stress relaxation, with creep strain increasing by more than 50% under HIP 
compared to furnace conditions at equivalent temperatures. Additionally, the results show that 
higher temperatures and pressures during HIP lead to greater plastic deformation, creep, and 
stress relaxation, while tensile residual stresses are transformed into beneficial compressive 
stresses, which may significantly benefit fatigue performance. 
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Reducing stress shielding effect of Ti-6Al-4V structures using porous 
architecture design in laser powder bed fusion 
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Bone is a complex and hierarchical structure with the ability to provide extensive structural support 
to the body while also being lightweight for ease of motion. Bone can be damaged due to injury 
or illness, requiring the need for an orthopedic implant to provide structure and encourage the 
growth of new bone. A challenge with current metal orthopedic implants is stress shielding, where 
there is a mismatch of mechanical moduli between the implant and human bone. Bone is 
mechanoresponsive which means loss of load transmission due to stress shielding leads to loss 
of new bone growth, leading to poor implant fixation. When designing implants, it is important to 
tailor the mechanical response of the implant to natural bone in order to avoid stress shielding. 
This research explores a new method for implant design and manufacturing, incorporating pores 
stochastically using laser powder bed fusion (LPBF), an additive manufacturing (AM) technique. 
This type of porosity is introduced into a solid metal part during printing by altering process 
parameters in the LPBF process. The pore interconnectivity and morphology is dictated by the 
hatch spacing and rotation. These structures were printed in Ti-6Al-4V with two sets of process 
parameters to obtain two different surface finishes. The effects of the hatch spacing and rotation 
angle on melt pool morphology and porosity were investigated. The data collected from this 
research is used to validate a geometric melt pool stitching model used. This model is used to 
visualize how the melt pools of each layer overlap and predict the final part porosity given process 
parameters such as power, velocity, layer thickness, hatch spacing and rotation angle. The data 
collected from this study and model can be used to predict final part porosity when stochastic 
pores are overlaid over a structured porous design such as a lattice. 
  



109 

Poster - AMM-P6 Wednesday, May 14th, 2025, 15:45 

Crack susceptibility and grain structure evolution in electron beam powder 
bed fusion of a non-weldable Ni-base superalloy 
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In this study, a non-weldable Ni-base superalloy, CM247LC, was manufactured using electron 
beam powder bed fusion (EB-PBF) across a wide range of energy levels. Various process 
parameters were adjusted to examine their effect on microstructure and crack formation. The 
results showed a high susceptibility to cracking across both low and high energy densities. At low 
energy densities, lack of fusion (LoF) and porosity were prevalent, whereas higher energy 
densities led to denser samples. Changes in heat input and process parameters influenced the 
grain structure, transitioning from fine columnar to coarse columnar and near single crystal 
morphologies. Despite these modifications, cracking remained a significant issue, with micro-
cracks forming in low-energy samples and macro-scale cracks, extending several millimeters, 
appearing at higher energy levels. The cracks were primarily associated with high-angle grain 
boundaries (HAGBs). At high energy densities, severe recrystallization was observed around 
cracks, accompanied by an increased dislocation density. Energy-dispersive spectroscopy (EDS) 
analysis identified hafnium- and silicon-rich precipitates in interdendritic regions and near cracks, 
which contributed to severe hot cracking in the material. 
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Assessing the impact of binder-powder interaction and binder saturation on 
print quality of binder jetted green samples of regular and irregular 

morphologies 

Alexandra Darroch; Edward Yang; Mihaela Vlasea 

University of Waterloo; 
 

A pivotal process parameter in binder jetting additive manufacturing (BJAM) is binder saturation, 
defined as the volumetric ratio of binder deposited to voids within the powder bed. Improperly 
tailored binder saturation may cause printing issues such as binder overspread, increased surface 
roughness, and layer delamination. These existing issues may be further exacerbated with the 
use of irregular morphological powders, which have a higher degree of interparticle friction and 
therefore tend to form powder beds with larger pores. This then slows down binder imbibition into 
the bed. This research will examine the differences in binder imbibition through ex-situ sessile 
drop goniometry and the effect of varying binder saturation on both regular and irregular powder 
morphologies and the resulting green part qualities using C18150 copper powder. Metrics used 
to assess binder-powder interaction include wetted area and absorption time, while metrics used 
to assess part quality include dimensional and geometric accuracy, which will be evaluated using 
image processing techniques to compare designed and actual feature sizes of fine through holes 
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and horizontal slots. Green density of parts will be evaluated with a precision balance and calipers 
on cubic samples. 
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Reductive sintering of sustainable 3D printed steels 
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Steel additive manufacturing (AM) has traditionally relied on highly refined powders that 
underwent energy-intensive preprocessing to remove impurities and achieve the targeted bulk 
composition. This study introduces an alternative approach by directly utilizing low-cost, as-water-
atomized steel powders in binder jet additive manufacturing (BJAM) and achieving in-situ 
chemical refinement and bulk densification via a single-step reductive sintering process. Key 
factors include maintaining low H₂ partial pressure to prevent excessive decarburization while 
leveraging high temperatures to reduce stable oxides and triggering supersolidus liquid-phase 
sintering (SLPS) for pore elimination. In-situ thermal and off-gassing analyses, combined with ex-
situ chemical analysis, revealed the underlying reductive sintering mechanisms, particularly the 
dominant role of CO-based redox reaction in driving deoxidation and decarburization after the 
BCC→FCC transformation. 
 

Poster - AMM-P10 Wednesday, May 14th, 2025, 15:45 

AI-driven prediction of mechanical properties in additive manufacturing: 
integrating microstructure and process parameters 
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The integration of microstructure analysis with both process and post-treatment parameters holds 
transformative potential for predictive modeling in additive manufacturing, particularly for 
Maraging Steel M300. This study explores a dual-layer modeling framework that combines optical 
microscopy image data, processing parameters (such as laser power, laser speed, and hatching 
space), and post-treatment parameters (including heat treatment time and temperature) to 
enhance the accuracy and reliability of mechanical property predictions. A systematic approach 
is proposed to address the challenges of integrating diverse datasets, including data 
preprocessing, encoding strategies, and handling inconsistencies between microstructure 
features, process conditions, and post-treatment variables. Advanced AI modeling techniques are 
employed to establish correlations between microstructural attributes and mechanical properties, 
including ultimate tensile strength (UTS), and elongation, while accounting for the influence of 
manufacturing and post-treatment parameters. The evaluation framework assesses predictive 
accuracy, computational efficiency, and applicability to real-world manufacturing scenarios. This 
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research not only advances the understanding of microstructure-process-property relationships 
but also provides a scalable modeling approach for optimizing LPBF additive manufacturing and 
post-treatment processes. Insights from this work contribute to developing robust predictive tools, 
paving the way for more efficient and reliable production in industrial applications. 
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Laser-based and solid-state additive manufacturing of high-entropy alloys 

Yu Zou; 
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Eutectic high entropy alloys (EHEA) with alternating FCC and BCC (B2) phases offer an excellent 
combination of strength and ductility. Additive manufacturing allows for the fabrication of ultrafine 
nanolamellar EHEA with directional growth. In this presentation, we show the effect of orientation 
and the lamellar size on on the deformation, strengthening, and fracture mechanisms of 
directional EHEA manufactured by additive manufacturing using in situ high-energy synchrotron 
X-ray diffraction and in situ high-energy synchrotron X-ray tomography. Our research sheds light 
on a better understanding of the co-deformation behavior of dual-phase alloys with orientation 
dependency. Moreover, our study provides insights into how to tailor the microstructure of 
additively manufactured directional EHEAs based on different mechanical property requirements. 
 

AlCoCrFeNi2.1, a eutectic HEA consisting of soft FCC and hard BCC/B2 lamellar structure is 
processed by cold spray, HVOF, and plasma spray to evaluate and compare the influence of 
processing conditions. XRD results indicate that all coating samples have experienced different 
extends of phase transformation. As characterized by SEM and WDS mapping, the processing 
environments of HVOF and plasma spray favour the formation of Al2O3, showing high extends of 
elemental segregation of the Al in the NiAl rich BCC/B2 phase. Hardness on both the coating 
surfaces and cross-sections is increased due to the precipitation of oxides. Cold sprayed samples 
show phase transformation with preservation of the lamellar microstructure and no significant 
signs of elemental segregation or oxidation. High strain rate deformation achieves refined 
microstructures at particle interfaces, leading to high hardness coatings. Cold spray is proposed 
as a promising manufacturing technique for the deposition of AlCoCrFeNi2.1 coatings. 
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Effect of laser powder bed fusion processing parameters on post-aging 
microstructure and toughness response under charpy test of 17-4 PH 
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The aging treatment plays a crucial role in controlling the precipitation kinetics of 17-4 PH stainless 
steel, significantly impacting its toughness behavior by facilitating the formation of desirable 
phases. Additionally, the optimization of processing parameters before heat treatment is essential 
to influence the material's microstructure, ensuring an ideal balance of strength and ductility 
through precise control of solidification and phase transformations. This study investigates the 
effect of LPBF parameters, including laser power, scanning speed, and hatch distance, along with 
heat treatments (H900, H1025, H1150), on toughness, assessed through Charpy impact testing. 
Three different combinations of processing parameters are applied at each aging temperature to 
evaluate their influence on the toughness behavior of the LPBF-manufactured material. The 
results indicate that LPBF parameters affect the material's density, manufacturing defects, and 
the kinetics of precipitation, which, in turn, influence its microstructure and toughness, even when 
the aging treatment is conducted at the same temperature. While solution annealing at 1040°C 
eliminates microstructural inhomogeneity caused by the LPBF process, the microstructure after 
heat treatment remains influenced by the processing parameters. In all cases, the aging treatment 
at 620°C (H1150) yielded the highest toughness around 120J, with the effect of aging treatment 
outweighing that of the processing parameters. Optimized processing parameters, with a 
volumetric energy density (VED) between 80-88.98 J/mm³ and an aging temperature of 
620°C(H1150) are recommended. 
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Comparative study on the corrosion performance between wire arc additive 
manufacturing and traditionally produced alloys 
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Wire Arc Additive Manufacturing (WAAM) has emerged as a promising technique for fabricating 
large-scale aluminum components due to its high deposition rate and material efficiency. 
However, the microstructural characteristics introduced by WAAM significantly influence the 
corrosion behaviour of Al 6061 alloys. This study investigates the correlation between 
microstructural features and corrosion resistance in WAAM-fabricated Al 6061. The thermal 
cycling in WAAM leads to heterogeneous grain structures, dendritic segregation, and varying 
porosity levels, which can act as initiation sites for localized corrosion. Electrochemical tests, 
including potentiodynamic polarization and electrochemical impedance spectroscopy (EIS), will 
be conducted to assess corrosion susceptibility in chloride-rich environments. Scanning Electron 
Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDS) will be used to analyze grain 
morphology, intermetallic phase distribution, and oxide film integrity. The findings will reveal how 
WAAM-induced microstructural variations significantly impact pitting and galvanic corrosion 
behaviour, necessitating tailored post-processing treatments to enhance corrosion resistance. 
This study provides valuable insights into optimizing WAAM parameters and post-processing 
techniques for improved durability of Al 6061 components in industrial and marine applications.  
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Damage, temperature, and strain rate properties of Ti/Nb precipitation 
strengthened HSLA steels 
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Four Ti/Nb precipitation strengthened HSLA steels were examined in this work. A major 
strengthening contribution to these steels is a refined ferritic microstructure, which varies from 1.5 
to 2.6 µm. The room temperature and quasi-static (0.003 s-1) tensile strength of the steels ranges 
from 597 to 781 MPa. Additional tensile tests were conducted up to a nominal strain rate of 1 s-
1, and a low temperature testing methodology was developed to conduct tensile tests at -80 °C. 
Strain rate sensitivity was moderate for these steels, but the low temperature tensile strength 
increased significantly, with a tensile strength ranging from 756 to 938 MPa, for the four steels. 
Ductility was assessed by measuring area reduction and the highest strength grade exhibited 
temperature and rate dependence, while the other three grades’ ductility was minimally affected. 
The fractured tensile specimens were used to characterize and quantify the damage evolution of 
the steels, which was noticeably different among the four different grades. For some of the steels, 
damage accumulation was shown to increase for the elevated strain rate tests, and the effect of 
temperature on damage evolution was also observed. Large TiN particles were observed in all 
the steels and contributed to the measured damage. Although not experimentally measured, the 
equilibrium transformation of carbides and carbonitrides were simulated to shown that 
precipitation strengthening was a significant factor to the highest strength grades’ excellent 
properties. 
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Low modulus, antimicrobial β-Ti alloys for superior hip implants 

Kate Hardman (1); Yu Zou (1); Adele Changoor (2) 
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Reducing the rate of hip implant revision surgeries remains a significant clinical challenge, as 
these are both incredibly physically demanding on patients and costly to the payee of the 
procedure. The most common reasons necessitating revisions are 1. persistent infection and 2. 
aseptic loosening due to a high-stiffness implant. This project aims to mitigate these issues by 
designing a titanium-based alloy that possesses intrinsic antibacterial activity, as well as a 
reduced elastic modulus while maintaining the strength and wear resistance necessary for load-
bearing implants. Beta-phase titanium alloys with 1.5 at. % silver additions have been investigated 
for their low elastic moduli and high strengths, and it is hypothesized that further additions of silver 
(2, 3, and 4 at. %) will introduce antibacterial activity to this alloy system. The mechanical 
properties, biocompatibility, and antibacterial efficacy of these alloys will be systematically 
evaluated and compared to the current industry standard, Ti-6Al-4V. 
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nutrient supplementation 

Malvika Sharma; Kyle Robertson; Loong-Tak Lim; Guneet Kaur 
University of Guelph; 

 

Around 48 million dry tonnes of agri-food residues are generated per year in Canada, with the 
majority ending up as waste. These residues are rich in lignocellulose, a highly complex and 
recalcitrant compound, which however is a valuable nutrient for microbial growth and 
bioproduction. Such massive amount of unexploited biomass poses several environmental, 
economic and societal challenges. This has spurred the interest towards valorization of these 
agri-food resources into high-value products including biomaterials. Thus, this research has 
developed fungal-mycelium based bio-based materials that produces both SUP as well as animal 
and synthetic-based leather alternatives by upcycling the abundantly available nutrient enriched 
resources.   
 

Our study involved the growth of various fungal species such as Trametes versicolor and Irpex 
lacteus on agri-food side streams to evaluate the impact of feedstock composition on produced 
mycelium material properties and were compared with synthetic media. Fourier Transform 
Infrared Spectroscopy (FTIR) analysis showed higher chitin in materials from agri-food residues 
and more protein in those from synthetic media imparting rigidity to flexibility, respectively. 
Scanning Electron Microscopy (SEM) revealed average hyphal diameter of 2.52±0.45 µm with 
short to long tube-like structures for synthetic media-based biomaterials whereas agri-food 
resources imparted closely stacked, flat and less tangled hyphal networks imparting variable 
mechano-physical properties to the biomaterials based on feedstock. Thermogravimetric Analysis 
(TGA) and Differential Scanning Spectroscopy (DSC) elucidated major thermal degradation in the 
range 200-380°C along with melting temperatures at 166.03 °C and 212.64 °C highlighting their 
thermal stability. The above results hold great importance for valorization of agri-food resources 
into high-value bioproducts such as packaging material and vegan leather, while supporting the 
circular economy approach. 
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Field-effect transistor-based biosensors (bioFETs) have gained considerable interest, owing to 
their rapid response, high sensitivity, and potential for miniaturization. Reduced graphene oxide 
(rGO) is a promising channel material for bioFETs, offering high electron mobility, thereby 
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improving sensitivity of the sensor. When combined with metallic nanoparticles, plasmonically 
induced hot electrons can be injected into the surrounding rGO, further enhancing charge carrier 
density and mobility. The shape of these nanoparticles plays a crucial role in their optical response 
and the energy of these hot electrons. In this study, we fabricated rGO FETs and decorated them 
with Au@Ag core-shell nanoparticles with well-defined shapes (e.g. nanocubes and 
nanospheres). The rGO gel was prepared via femtosecond laser ablation of aqueous graphene 
oxide, while the nanoparticles were prepared ex-situ using a colloidal synthesis route. We 
measured and compared the electronic properties (e.g. charge carrier density, mobility, and 
ION/IOFF ratio) of Au@Ag decorated and undecorated rGO FETs. 
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Flexible strain sensors have advanced considerably for use in human–machine interfaces (HMI), 
soft robotics, and wearable electronics. However, challenges such as conformability, reusability, 
customizability, and long-term mechanical stability still persist. In this study, we present a 
customizable, self-adaptive, and biocompatible wearable strain sensor composed of polyvinyl 
alcohol (PVA), silk fibroin (SF), and multi-walled carbon nanotubes (MWCNTs), specifically 
designed for motion sensing applications. Inspired by the viscoelastic properties of Silly Putty™, 
calcium chloride (CaCl₂) was incorporated as a hygroscopic agent to enable the sensor to absorb 
ambient moisture, allowing it to conform to complex surface geometries without the need for 
adhesives, while maintaining stretchability and sensitivity. Direct ink writing (DIW) was employed 
to fabricate application-specific sensor geometries for targeted on-body strain monitoring. A 
computational approach was used to determine the optimal printing pressure and temperature for 
improved printability. The sensor can be applied like a temporary tattoo and directly transfer-
printed onto various surfaces. Mechanical testing, including cyclic and high-strain loading, along 
with finite element analysis (FEA), confirmed the excellent conformability of the sensor to body 
surfaces. Moreover, the sensor supports a modular design, enabling the assembly of multiple 
single-line patterns tailored to individual anatomical and functional needs, such as direction of 
movement or placement location. This high degree of customization, combined with self-healing 
properties, long-term durability, and reusability, makes the PVA-SF-MWCNT-based sensor a 
promising platform for next-generation wearable HMI applications. 
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Golnaz Najafi; Aditya Kamath, Hao Sun, Matthew Thoms, Mark R. Daymond, and Laurent 
Beland 

Queen's University; 
 

Using active learning, moment tensor potentials (MTP) were developed to model two zirconium-
based intermetallic compounds: ZrFe2 and Zr(Zr,Nb,Fe)2. These MTPs were fitted to density 
functional theory (DFT) data and demonstrate high accuracy in capturing the phonon properties 
of aforementioned compounds. Furthermore, these potentials provide a high-fidelity 
representation of the C14-C15 syncroshear transformation in Zr(Zr,Nb,Fe)2, as revealed by solid-
state nudged elastic band (SSNEB) calculations. Leveraging this MTP, the projected average 
force integration (PAFI) method was employed to calculate the free energy barriers associated 
with the transformation of C36-C15 in ZrFe2 and C14-C15 in Zr(Zr,Nb,Fe)2. The resultant energy 
landscapes were further refined using free-energy perturbation theory. According to these 
calculations, C15 ZrFe2 is more stable than C36 ZrFe2 from 0K to 1600K. As for Zr(Zr, Nb, Fe)2, 
its C15 polymorph is more stable than its counterpart C14 from 0K to 900K. The C14 structure is 
favored if T>900K. This is compared to C14 being favored if T>600K if only harmonic contributions 
to the entropy are taken into account. 
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Using an atomistic-continuum phase field theory to explore rapid 
solidification of metals 

Sam Nittala; Jaarli Suviranta, Nikolas Privates 

McGill University; 
 

Recent years have seen the development of an exciting class of models called phase field crystal 
(PFC) models that couple the thermodynamics that drive the formation of solids during non-
equilibrium phase transformations to atomic-scale elasticity and plasticity that gives rise to 
complex defect microstructures that control the emergent properties of most materials. This is 
particularly prevalent during rapid solidification of critical metals such as tungsten and aluminum 
under rapid laser heating, a process at the heart of modern 3D metal printing.  Here we present 
our work elucidating a purely dislocation-driven mechanism for the formation of orientation 
gradients and sub grains during rapid solidification. We also make the formal connection between 
our proposed mechanism and a known morphological transition between dendritic to the so-called 
“hyper branched” structure occurring at an atomic scale. 
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Quickly revealing the structures of amorphous materials 

Xander Gouws; Conrard G. Tetsassi Feugmo 

University of Waterloo; 
 

Determining the atomic structure of materials from experimental data is a key challenge in 
materials science. This becomes especially difficult for amorphous materials, which lack the 
regular long-range order found in crystals. While current methods rely on random trial-and-error 
approaches to match experimental X-ray and neutron spectra, we've developed a gradient-based 
method that systematically refines structural models. Our approach not only converges faster but 
also produces more physically realistic results. We've implemented this method in an accessible 
Python package that integrates seamlessly with existing quantum chemistry and machine learning 
tools. 
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Computational insights into the corrosion mechanisms of high-entropy 
alloys in molten salts 

Agnes Katai; Conrard Tetsassi 
University of Waterloo; 

 

Small Modular Reactors (SMRs) are a new class of nuclear reactors that can be manufactured in 
a factory and then shipped to on-site locations for installation, making them more affordable than 
conventional reactors. In many SMR designs, molten salts are used as both a fuel solvent and 
coolant, allowing for operation at higher temperatures and lower pressures. While higher 
temperatures lead to greater power generation efficiency, they exacerbate the corrosive effects 
of salts on reactor materials. Alloy corrosion encompasses the progressive depletion of elements 
from the alloy, particularly at the salt-alloy interface and along grain boundaries. High Entropy 
Alloys (HEAs) are an emerging field of research in material science which have potential 
applications as SMR materials. HEAs have been reported to possess superior mechanical 
strength and corrosion resistance which are attributed to their synergistic effects and ability to 
form single phase solid solutions. Nonetheless, a deeper understanding of their atomic-level 
behaviour is required for which computational tools can be leveraged. This research aims to 
investigate the corrosion mechanisms of HEAs in molten salts at high temperatures using ab-
initio molecular dynamics (AIMD) and classical molecular dynamics (MD) with a reactive force 
field, targeting non-chromium refractory HEAs such as NbTaMoW, NbTaMoWV, VNbCrMo and 
VTiFeCrZr. Three interactions will be studied: the impact of salts on the electronic structure and 
mechanical properties of HEAs, the adsorption behaviour of salts on HEA surfaces, and the 
dynamics of atomic exchanges at the salt-alloy interface. This study will primarily focus on the two 
eutectic salts, 2LiF-BeF2 and LiF-NaF-KF which are commonly used in modern reactors. 
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Improving our current atomic-level understanding of corrosion mechanisms will drive the 
development of more robust materials for SMRs, catalyzing their rapid deployment in Canada.  
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Electrochemical impedance and oxygen diffusion in solid oxide electrolysis 
cells: a physics-based approach 

Toby McConville; 
University of Waterloo; 

 

Green hydrogen, produced via water electrolysis, presents a promising alternative to fuel 
unelectrifiable sectors; however, the low electrical efficiency of water electrolysis with 
conventional proton or anion exchange membranes is a large drawback. Solid Oxide Electrolysis 
Cells (SOECs), which use electrical energy to separate the hydrogen from steam so that it can 
be used as fuel, offer promise with favourable kinetics and can achieve nearly 100% electrical 
efficiency. Despite their upside, a remaining challenge is identifying materials that minimize all 
forms of impedance while ensuring chemical stability, thermal compatibility, and durability under 
extreme operating conditions. These challenges extend to all components of the SOEC—the fuel 
electrode, air electrode, and electrolyte— whose thermal expansion coefficients must align closely 
to prevent structural failure. Improving the efficiency of SOECs could reduce hydrogen costs by 
20–30% compared to low-temperature electrolysis methods. The oxide diffusion mechanisms in 
SOEC materials can be modelled computationally to study material stability, particularly to limit 
degradation at high temperatures. This study aims to understand and optimize ion transport 
mechanisms in Sillén oxyhalide electrolytes by investigating O2- anion diffusion, assessing the 
influence of REE doping on transport properties, and developing a physics-based electrochemical 
impedance model to enhance the predictive capabilities of ion conductivity and charge transfer 
processes. This model will be formulated using partial differential equations (PDEs) governing 
ionic transport and electrostatic potential. NVIDIA Modulus, an open-source framework for 
building and training Physics-ML models, will be leveraged to efficiently solve these PDEs using 
machine learning techniques within a simple Python interface. Diffusion coefficients extracted 
from the model will be tested against EIS data from similar systems to ensure that the model is 
valid. 
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Constitutive relationship analysis of Al-Mg-Si(-Cu) alloy microstructures 
with the S-VH model 

Brad Diak; Y. Anabaranze; B.J. Diak; S. Saimoto 

Queen's University; 
 

Several different Al-Mg-Si (-Cu) alloys in various heat-treated states were mechanically tested 
and their mechanical response characterized using the Saimoto-Van Houtte (S-VH) constitutive 
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relation analysis (CRA) model to derive information about the underlying mechanisms of plastic 
deformation from the standard stress-strain data. The derived microstructural parameters, 
including mean slip distance, shear stress, dislocation length, and dynamic annihilation of 
dislocations, will be described in the context of understanding the difference between 
contributions to strength versus plastic flow. The evolution of the microstructural parameters for 
the different alloy compositions and heat treatments were interpreted using the generated CRA 
parameters. The results correlate the alloy chemistry differences and heat treatments to the 
density of precipitates and clusters, and dislocations present within the alloy matrix. 
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Simulations of laser-induced metallic nanorod shrinking in polymer-based 
nanocomposites for colour formation 

David Girard (1); Aram Melkonyan (2); Jean-Philippe Colombier (2); Pierre Berini (1); Arnaud 
Weck (1) 

University of Ottawa; (2) Université Jean Monnet; Université Jean Monnet; University of Ottawa; 
University of Ottawa 

 

Metallic nanorods embedded in polymers can be selectively heated using a laser with a 
wavelength equal to the nanorod's plasmon resonance wavelength, causing their aspect ratio to 
decrease. This allows the optical response of the nanocomposite to be tuned with high spatial 
resolution. The shrinking of nanorods can be modeled with molecular dynamics to explore the 
effects of polymer, surfactant, and nanorod material. Finite Element Method electromagnetic 
simulations predict the optical response of the nanorods at various aspect ratios. 
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Aluminum lithium alloy anodes for high-performance Li-ion rechargeable 
batteries 

Shuo Yan; Ali Merati; Yaser Abu-Lebdeh 

National Research Council of Canada; 
 

Li-ion batteries as a renewable energy storage technology have emerged as a viable solution for 
the global transition away from fossil fuel engines and toward electrification. Materials (e.g., earth-
abundant metals like Aluminum (Al)) that alloy with Lithium (Li) at low potentials (around 0.3 V vs 
Li+/Li) are an attractive alternative for Li metal and graphite anodes due to their high storage 
capacity (993 mAh g−1) and mitigation of Li dendrite growth.  
 

However, alloy anodes undergo substantial volumetric and structural changes when reacting with 
Li, which causes excessive solid-electrolyte interphase (SEI) growth and accelerates cell failure. 
In this study, we demonstrated that Al-Li alloy (100 µm in thickness) with a non-aqueous 
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electrolyte can exhibit stable cycling performance using typical cathodes (e.g., LiFePO4, Ni-rich 
layered oxides). Al-Li electrodes were precisely cut via an electrical discharge machining and then 
some followed by a surface polishing. Different weight percentages of Li content in Al were 
evaluated as anodes to reveal the effects of phase changes on cycling behavior, initial Coulombic 
efficiency, and attained capacity. 
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Development of solid-state membrane for high performance solid-State Li 
batteries 

Colin Turner; 
University Of Western Ontario; 

 

Solid-state electrolytes (SSEs) are critical for the advancement of next-generation lithium 
batteries, offering enhanced safety and stability compared to conventional liquid electrolytes. This 
study investigates the fabrication and electrochemical performance of thin-film SSE membranes 
using lithium Phosphorus Sulfur chloride (Li₆PS₅Cl) combined with polymer binders: 
polytetrafluoroethylene (PTFE) and polyethylene oxide (PEO). Li₆PS₅Cl is selected for its high 
lithium-ion conductivity, reaching values on the order of 10⁻³ S cm⁻¹. 
 

Each binder plays a unique role in influencing mechanical integrity, ionic conductivity, and 
interfacial stability. PTFE, a fibrillating polymer, forms a porous, interconnected network of fibers 
that hold active material together when a shear force is applied, enabling the fabrication of 
extremely low binder content membranes. However, PTFE membranes struggle with 
electrochemical stability and mechanical properties at low membrane thickness. PEO, an ion-
conducting polymer, enables lithium-ion transport through its amorphous regions. However, high 
crystallinity at room temperature restricts ion mobility, limiting ionic conductivity.  
 

Dry processing methods are highly desirable for industrial-scale battery fabrication, as solvent 
usage and recovery contribute significantly to energy consumption and manufacturing costs. 
Eliminating solvents enhances sustainability, cost effectiveness and reduces environmental 
impact, making dry processing a viable approach for next-generation all-solid-state lithium 
batteries (ASSLBs).  
By tailoring binder composition and processing conditions, this study aims to develop high-
performance, solvent-free SSE membranes that balance ionic conductivity, mechanical integrity, 
and interfacial stability. This research contributes to the advancement of scalable, environmentally 
sustainable, and high-energy-density solid-state battery technologies. 
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Mitigating polysulfide dissolution and improving kinetics in Na-S batteries 
by nanoscale polyurea interface 

Reza Andaveh; Yang Zhao 

Western University; 
 

Sodium–Sulfur (Na-S) batteries offer high energy density and cost-effectiveness but face 
challenges like polysulfide dissolution, the shuttle effect, and sulfur electrode instability. This study 
proposes a polyurea (PU) layer as an advanced molecular layer deposition (MLD) coating to 
address these issues. MLD enables precise deposition of ultra-thin PU coatings, ensuring uniform 
sulfur electrode coverage without compromising electrochemical activity. As a dual-functional 
barrier, PU blocks polysulfide migration while interacting with sodium polysulfides (NaPSs) to 
enhance stability, improving cycle life, capacity retention, and Coulombic efficiency. Its flexibility, 
chemical stability, and ionic selectivity boost long-term performance by accommodating volume 
changes and preventing electrode pulverization. Additionally, the hydroxyl (-OH) and nitrogen (-
N) functional groups in PU stabilize NaPSs by limiting solubility and improving redox stability, 
further mitigating the shuttle effect. These properties highlight PU’s role in enhancing Na-S battery 
durability and efficiency. 
 

In this study, by optimizing PU coating thickness, the PU-coated sulfur electrode exhibited 
exceptional cycling stability, sustaining over 1000 cycles, whereas the pristine carbon-sulfur 
composite degraded within 100 cycles. The PU coating maintained nearly 100% Coulombic 
efficiency under a high current density of 1,675 mA g⁻¹, with a capacity decay rate as low as 
0.02% per cycle, demonstrating its effectiveness in electrode stabilization. Moreover, the PU-
coated electrode enhanced reaction kinetics, enabling faster charge-discharge and higher 
conductivity, as confirmed by cyclic voltammetry (CV) and electrochemical impedance 
spectroscopy (EIS). These findings highlight MLD-deposited PU coatings as a promising strategy 
for improving Na-S battery performance and durability, paving the way for practical applications. 
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Investigation of hydrogen embrittlement in X60 pipeline steel and welded 
regions through ex-situ and in-situ testing 

Rashiga Walallawita; Matthew C. Hinchliff, Dimitry Sediako 

The Unversity of British Columbia; 
 

The effect of hydrogen embrittlement on the base metal and seam welds of API 5L X60 pipeline 
steel was examined using slow strain rate tensile tests with ex-situ and in-situ hydrogen exposure, 
followed by fractographic analysis. Ex-situ tests involved pre-charging specimens in 100% 
hydrogen at 2.07 MPa (300 psi) for one and two months at room temperature. In-situ tests were 
conducted in a custom-built autoclave with 20% hydrogen at the same pressure, ensuring 
continuous exposure during testing. 
Tensile results showed that in-situ testing led to a 7% and 20% higher hydrogen embrittlement 
index for the base metal and welds, respectively, compared to the closest ex-situ condition. This 
highlights a greater susceptibility to embrittlement when hydrogen is present during mechanical 
loading. Fractographic analysis revealed significant differences in fracture morphology. In-situ 
tested specimens exhibited shallow dimples and quasi-cleavage facets, characteristic of 
hydrogen-assisted cracking, in contrast to micro-void coalescence seen in ambient and ex-situ 
tests. Additionally, in-situ specimens showed more localized plastic deformation and micro-
cracks, indicating greater embrittlement than pre-charged ex-situ conditions. These findings 
emphasize the necessity of in-situ testing for accurately assessing hydrogen embrittlement in 
pipeline steels under service conditions. 
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Optimizing wind turbine longevity and efficiency: the impact of sustainable 
gearbox materials on canada's growing wind energy capacity 

Amy  Hsiao; Syed Imran Ali, Jesus Resendiz, Amy Hsiao 

University of Prince Edward Island; 
 

Wind energy plays a crucial role in facilitating Canada's goal of achieving net zero by 2050. To 
remain a feasible transition alternative, wind turbine systems must have low maintenance 
requirements. Reducing friction and wear is critical to minimizing energy loss and maximizing 
service life performance. 
 

Amongst the various components, the gearbox is one of the most vulnerable components to 
failure due to wear from the gear tooth interaction. Hence, it is crucial to quantify wear which can 
enable mitigation of gearbox failure. Wear has been quantified regarding thermal fluctuations and 
percentage surface roughness difference. Thermal fluctuations can be identified through 
computational-flow dynamics software simulations (CFD) to model the rotating gears in a 
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lubricant environment. In addition, the surface roughness variation can be investigated through a 
physical lab-scale model involving the spur gearbox with properties similar to those of the wind 
turbine system. This lab-scale model would validate the CFD simulation results. The impact of 
lubricant application methods can also be assessed through the same model. 
 

Results of simplified 2D CFD models indicate significant thermal fluctuations during the gearbox's 
initial operation that gradually reach equilibrium. This poster will present further refinements to 
the model, such as using a 3D fine mesh of the gearbox, which adds accurate quantification of 
the variance that enables further understanding of the gear-tooth profile and interaction. 
Results from the refined CFD model can be used to compare the service life performance of 
different metal alloys. This would open avenues to study sustainable materials, such as recycled 
metals; and manufacturing processes such as metal hardening techniques, 3D, and metal printing 
that could be incorporated into gear manufacturing to maximize service life performance while 
also promoting the use of sustainable materials and manufacturing processes 
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Inspection methods for detecting damage in once-through steam generator 
tubes 

Shamim S. Boroujeni; John A. Nychka; R. Sean Sanders 

University of Alberta; University of Alberta; University of Alberta 

 

Once-Through Steam Generators (OTSGs) are critical components in power generation and oil 
recovery. Unlike conventional boilers, OTSGs continuously convert water into steam in a single 
pass without a steam drum, making them highly efficient. In some operations, such as in situ 
bitumen recovery, the boiler tubes are exposed to high-temperature steam leading to material 
degradation such as corrosion, erosion, and eventual failure. Accurately assessing the depth and 
morphology of this damage without the use of destructive methods has always been a challenge. 
The goal of this research is to identify damage mechanisms using minimally invasive methods. 
Presently, the following methods have been investigated: 1) An optical dental scanner was used 
to image corroded surfaces and generate a continuous 3D map of the tube; 2) A wide-angle peri-
probe macro lens was employed to capture an internal image of the tube; 3) A Hirox digital 
microscope provided high-resolution imaging and surface mapping, although it was limited to 
small cut samples. To assess the accuracy and precision of our analysis, a standardized 
calibration sample was designed and manufactured via 3D printing and machining. The 
calibration specimens were scanned using the techniques, allowing for direct comparisons 
between the calibration specimen and in-service tubes. These minimally destructive techniques 
will help identify damaged areas before cutting a boiler tube, preventing further unintentional 
damage, and also enable detailed quantification and investigation of material degradation. By 
providing insights into how materials interact with harsh environments, these methods contribute 
to the development of more durable materials, improved maintenance strategies, and optimized 
operational conditions, ultimately extending the lifespan of critical OTSG components. 
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Weld penetration and macrosegregation: implications for microhardness 
profiles in laser-welded AISI 1018 and 301 LN joints 

Payam Farhadiopur; Narges Omidi, Pedram Farhadipour, Noureddine Barka, Abderrazak El 
Ouafi 

University of Quebec at Rimouski(UQAR); 
 

Laser welding of dissimilar materials, such as AISI 1018 carbon steel and 301 LN stainless steel, 
offers significant industrial advantages but presents challenges related to weld penetration and 
macrosegregation. This study explores the relationship between weld penetration depth, 
macrosegregation patterns in the weld bead joint area, and their effect on the microhardness 
profile of overlap joints. Weld penetration levels were varied by adjusting laser power and 
scanning speed, and their influence on the distribution of alloying elements was assessed using 
energy-dispersive spectroscopy (EDS). Results indicate that increased weld penetration 
promotes macrosegregation of alloying elements, including chromium (Cr), Manganese (Mn), and 
nickel (Ni), leading to compositional gradients across the weld bead. This segregation significantly 
impacts the microhardness profile, with hardness variations across the fusion zone. less weld 
penetration results in more uniform alloy distribution and a narrower hardness gradient, while 
deeper penetration exacerbates macrosegregation and hardness disparities. 
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Multi-material bond characteristics of biopolymer and aluminum for use in 
electric vehicle battery trays 

Hannah Smyth-Liu; Jerin James; Abdallah Elsayed; Manjusri Misra; Amar Mohanty 

University of Guelph; 
 

Using a mixed-material approach in the battery tray of electric vehicles can reduce their weight 
and subsequently improve their range. Novel biopolymers have a smaller carbon footprint than 
traditional composite materials, but a joining method between metallics and biopolymers is 
required. This research examined Araldite 2015-1 epoxy adhesive as an effective bonding method 
for aluminum alloys and biopolymers. Materials including PLA, neat nylon 6, and nylon 6 with 
recycled carbon fiber (70:30) were used as the biopolymer adherends. Due to their prevalence in 
the automotive industry, aluminum alloys 6061 and 6082 were selected as the metallic adherends. 
Tensile testing was conducted based on ASTM D1002-10 guidelines. Primary testing was 
completed on three Aluminum 6061-PLA samples and resulted in a relatively low average 
maximum load of 873 N and a large average extension of 3.42 mm. These samples experienced 
adherend and adhesive failures. All aluminum joints, on the other hand, experienced cohesive 
failures which indicated an effective bond. The aluminum 6082-neat nylon 6 and aluminum 6082-
nylon/carbon fiber samples had maximum loads of 1850 N and 2500 N respectively. The sample 
without carbon fiber had a large extension of 7.2 mm, while the sample with carbon fiber 
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experienced only 1.65 mm of extension. Araldite 2015-1 was effective in bonding aluminum alloys 
and biopolymers but further research on appropriate adhesive selection is required to maximize 
bond strength. While plentiful research on metallic polymer joining is available, this study is unique 
in its focus on biopolymers and battery tray applications. 
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Comparative assessment of copper and silver interlayers in laser butt 
welding of AA7075 and Ti6Al4V alloys: microstructure, mechanical 

properties, and residual stress analysis 

Asim  Iltaf; Noureddine Barka; Narges Omidi 
Université du Québec à Rimouski (UQAR); 

 

Dissimilar joining of aluminum and titanium alloys remains a significant manufacturing challenge 
due to their markedly different physical and metallurgical properties. This study investigates the 
laser butt welding of AA7075 to Ti6Al4V using two different interlayers; copper (Cu) and silver 
(Ag), to enhance weld quality and mitigate the formation of detrimental intermetallic compounds. 
The welded joints were characterized via microstructural analysis (optical microscopy, scanning 
electron microscopy, and energy-dispersive X-ray spectroscopy) to identify phases, grain 
morphology, and elemental distribution. Mechanical properties were evaluated through tensile 
and impact testing, while microhardness and nanohardness profiles were measured to assess 
local hardness variations within the fusion zone and heat-affected zones. Additionally, hole drill 
strain measurement based residual stress measurements were conducted to determine stress 
distribution and potential stress concentrations in the weld region. The results highlight that 
introducing an interlayer successfully reduced the extent of brittle reaction products at the weld 
interface, thereby improving weld integrity. Both Cu and Ag interlayers contributed to better 
mechanical properties compared to direct Al–Ti welds; however, distinct differences were 
observed between the two interlayers in terms of microstructural refinement, ultimate tensile 
strength, ductility, and impact resistance. Moreover, differences in residual stress fields were 
closely linked to the interlayer used. This work provides critical insights into optimizing dissimilar 
welding processes and highlights pathways for further improving joint performance in advanced 
aerospace and automotive applications. 
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Ultrasonic spot welding of AA6016 and PVD-coated DP800 steel 
Dhruv Bajaj (1); V.V. Nemade (2); N. Stöcker (3); D. Sulik (3); X.F. Fang (3); D.Y. Li (4); D.L. 

Chen (1) 
(1) Toronto Metropolitan University; (2) Manipal University Jaipur, India;  (3) Institute of 

Automotive Lightweight Design, University of Siegen; (4) University of Alberta; (5) Toronto 
Metropolitan University 
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The reduction of emissions from automobiles is largely dependent on the lightweighting of the 
components by materials and manufacturing engineers. Such lightweighting of manufactured 
assemblies often involves the dissimilar welding of aluminium alloys to steels. However, the 
disparate mechanical and thermal properties of aluminum alloys and steels pose a significant 
challenge to their dissimilar welding. This difference in mechanical and thermal properties could 
be overcome through the use of special coatings on the steel surface, leading to improved joint 
efficiency and higher effectiveness of the welding process. It is also known that joining aluminium 
alloys to steels using the conventional fusion welding techniques is fairly difficult due to the large 
difference in their melting points. Alternatively, solid-state welding techniques such as ultrasonic 
spot welding could be considered to join such dissimilar materials with reduced weld defects and 
improved joint efficiency. Therefore, in this study, DP800 steel was pre-coated with an Al-Si layer 
using physical vapor deposition (PVD) and subsequently welded to AA6016 aluminium alloy using 
ultrasonic spot welding. Effects of PVD coating on the tensile and load-controlled high-cycle 
fatigue behaviors of the dissimilar joints were investigated. The mechanical properties were 
correlated with the microstructure via relevant analysis using scanning electron microscopy 
(SEM) and electron backscatter diffraction (EBSD). Distinct failure mechanisms including the 
adhesive, cohesive, and substrate failure were identified under monotonic and cyclic loading 
conditions. The details of this work will be presented at the conference. 
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Effect of time on interdiffusion coefficient in Cu-Ge alloy system 

Oluwadoyinsola Haastrup; Olanrewaju A Ojo 

University of Manitoba; 
 

Diffusion controlled processes are advantageous in a wide range of material and metallurgical 
processes such as phase transformations, sintering and surface treatments thus the subject of 
diffusion has garnered considerable scholarly focus in recent times. Isothermal interdiffusion 
coefficient is a critical parameter that significantly influences material performance assessments 
and analysis used in characterizing these processes. In the literature a general assumption holds 
that this parameter is solely a function of temperature and concentration however, previous 
studies suggest an effect of time resulting from diffusion induced stresses evident within the 
system. 
 

This present research work experimentally verifies time effect on concentration dependent 
interdiffusion coefficient in Cu-Ge alloy system for different temperatures. In computing this 
parameter for this system, a recently developed fully explicit numerical diffusion model coupled 
with the forward simulation technique is employed in order to avoid flaws inherent in conventional 
models such as Boltzmann-Matano, Sauer Freise, Wagner and Hall procedures. 
 

The obtained results, which are attributable to the concept of diffusion-induced stress, 
demonstrate a time variation of interdiffusion coefficient under isothermal conditions. These 
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findings contradict the widely accepted behavior that interdiffusion coefficient depend solely on 
concentration and temperature.  
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Comparative study of microhardness and tensile strength in AA 6061 tailor-
welded joints with various aluminum alloys for automotive applications 

Pedram Farhadipour; Narges Omidi; Noureddine Barka; Abderrazak El Ouafi 
University of Quebec at Rimouski(UQAR); 

 

Aluminum alloys are widely used in the automotive industry, with AA 6061 being one of the most 
common materials due to its excellent mechanical properties and lightweight characteristics. This 
study is crucial for optimizing the performance of tailor-welded blanks (TWB), a key technique in 
automotive manufacturing where different aluminum alloys are welded together to achieve 
specific mechanical properties. Specifically, this research compares the microhardness and 
tensile strength behaviors of AA 6061 welded to other aluminum alloys, including AA 5052, AA 
7075, and AA 5083, using the patchwork blank welding method. The aim of the study is to identify 
which aluminum alloy combination provides the highest strength joint with AA 6061, which is 
critical for improving the structural integrity and performance of automotive components. 
Microhardness and tensile strength measurements are taken across the base materials, heat-
affected zone (HAZ), and joint interface under various welding conditions. The results reveal 
significant variations in mechanical properties between the different alloy combinations, 
highlighting the importance of alloy selection and welding parameters in achieving optimal joint 
strength. This study provides valuable insights for optimizing TWB processes in the automotive 
industry, aiming to enhance the durability and strength of aluminum-based joints in vehicle 
manufacturing. 
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Metal active gas welding of 780SF steel: effect of filler metals 

Nadeem Fayaz  Lone; Sophie Depriester (2); Onishi Yoichiro (3); Sato Kentaro (4); Ninshu Ma 
(3); Frank Czerwinski (5); Daolun Chen (1) 

Toronto Metropolitan University; (2) National Institute of Science and  Technology, Rennes 
(France); (3) Joining and Welding Research Institute, Osaka University  (Japan); (4) JFE Steel 

Corporation, Fukuyama (Japan); (5) CanmetMATERIALS, Natural Resources 

 

The increasing greenhouse gas emissions from automotive industry have drawn widespread 
concerns from the global communities and have coerced it to focus on lightweighting strategies. 
Despite the development of some lightweight alloys such as magnesium and aluminum alloys, 
steels still remain the widely used materials for motor vehicles. To address the issues of global 
warming via reduced emissions, advanced high-strength 780SF steel was developed primarily 
for the weight reduction and energy efficiency. Although 780SF steel exhibits an excellent 
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combination of strength and ductility along with superior stretch flangeability, its application often 
requires joining via welding which usually deteriorates the mechanical properties. During welding, 
the choice of filler metals plays an important role in the weld quality and performance. Therefore, 
in this study, the effect of two filler metals (i.e., low-strength MG50T and high-strength YM80A) 
on the microstructures and mechanical properties of the 780SF steel welds in a single fillet lap 
joint configuration made with metal active gas welding was investigated. The effect of filler metals 
on the hardness profile, tensile and fatigue properties of the welded joints was evaluated, and the 
results were correlated with the microstructural features. Further, the failure mechanisms were 
identified and the effect of stress concentration and tensile residual stresses on the fatigue 
strength was scrutinized. The study demonstrates the implications of dynamic fatigue testing of 
the welded joints for guaranteeing the quality and structural integrity of the welded joints in the 
lightweight structural applications. The details of this study will be presented at the conference. 
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Investigating the effects of centrifugal forces on the porosity of solder joints 
formed in microgravity 
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Arroyo-Cottier; Mysha Hamid; Asmi Gujral; Sameek Sharma; Benjamin Orchard; Ryan Chang; 

Michael Mayer; Michael Benoit; 
University of Waterloo; 

 

Over time, electrical components on spacecraft for deep space exploration missions degrade, 
requiring costly replacement. Solder joints formed under low-gravity conditions are known to have 
increased interior porosity, which substantially diminishes the thermal and electrical properties of 
the solder and compromises the joint’s mechanical integrity. This porosity is a result of the 
absence of buoyant forces on flux and gases, which are present under Earth's gravity. This study 
investigates whether soldering inside a centrifuge, simulating varying levels of gravity, can reduce 
porosity in solder joints formed in reduced gravity. 
 

The centrifuge was operated onboard the National Research Council of Canada (NRC) Falcon 
20, which was modified for reduced gravity flight in association with the Canadian Space Agency 
(CSA). These flights provided repeated microgravity periods of 20 seconds each across 16 
parabolas, where a total of 790 solder joints were created. The experiment exposed lead-free 
solder paste (Bi57.6Sn42Ag0.4) to centrifugal forces equivalent to 1G, 3G, and 5G by varying the 
centrifuge's rotational speeds. The solder was also subject to 0G by keeping the centrifuge 
stationary during microgravity periods. Ground control samples were produced in a stationary 
centrifuge on Earth. Solder was melted on vertically-mounted Kapton-polyimide heater films 
around the centrifuge circumference, and the resulting joints were analyzed for average porosity. 
Preliminary results show that the solder joints subject to increased centrifugal forces have 
decreased porosity, with the porosity percentages averaging 3.28%, 1.32%, 0.83%, and 0.30% 
for 0G, 1G, 3G, and 5G samples populations, respectively. This study highlights the potential of 
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centrifuge-assisted soldering for in-space electronics repairs and on-demand manufacturing, 
which could lead to significant cost and mass savings during launches.  
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High-manganese press-hardenable steel with enhanced mechanical 
properties 

Fatemeh Khalatbari; Joseph McDermid 
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Press-hardened steels (PHS) are extensively used in the automotive industry due to their capacity 
for lightweighting, increased fuel efficiency, and extended electric vehicle battery range while 
enhancing safety. Zn-coated PHS offers excellent cathodic protection to the steel substrate; 
however, its adoption has been limited by the risk of liquid metal embrittlement (LME) during direct 
hot press forming (DHPF) at temperatures above the Fe-Zn peritectic reaction (782°C). 
 

To address this limitation, some prototype steels have been developed whose chemical 
composition has been modified to allow DHPF to be conducted below 782°C, thereby avoiding 
LME failure without compromising mechanical performance. In this research, a prototype PHS 
with a composition of 0.23C–2.0Mn–0.25Si–0.004B–0.01Ti–0.03Nb (wt.%) was introduced with 
the purpose of moving toward higher-strength Zn-compatible press-hardened steels. Quench 
dilatometry was used to determine the transformation temperatures and create a continuous 
cooling transformation (CCT) diagram. Direct hot press forming was performed on bare steel 
panels using a U-channel die. This contribution will discuss the mechanical properties and 
microstructural development of the alloy during low-temperature hot stamping. 
 

Keywords: Press-Hardened Steel, Zn Coating, Liquid Metal Embrittlement, Hot Stamping, 
Mechanical Properties 
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Characteristics of electrical wire made from 6201 aluminum using two 
different hot rolling techniques 
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The properties of electrical grade 6201 Al alloy wire produced by two different hot rolling methods 
were compared in a study. The first method, designated M in this instance, used a combination 
of horizontal and vertical rolls, while the second, designated P, made use of triangular rolls. The 
processing parameters were the same for both types of procedures, but the starting materials 
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varied in cross-sectional areas and forms. The microstructure of the alloy was examined using 
scanning electron microscopy in conjunction with energy dispersive x-ray spectroscopy to 
ascertain the elemental makeup of the intermetallics and precipitates. To determine how the 
alloy's grain size changed during the production route, light microscopy and image analysis were 
combined. The alloy's microstructural characteristics were related to its electrical conductivity, 
microhardness, and qualities such as tensile strength and % elongation. The wire produced from 
alternate horizontal-vertical rolls (Method M/rectangular bars) was stronger, harder, and exhibited 
similar proportion of conductivity to the wire processed using triangular rolls (Method P/trapezoid 
bars). 
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