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Metal Additive Manufacturing in Marine Environments: Processes, Properties, 

and Applications 

 
Mojtaba Karamimoghadam1, Payam Shafie1, Félix-Antoine Carrier2; Ahmad 
Mobasher Amini1, Charles Lagacé-Leblanc2, Mousa Javidani1 
 
1 Université du Québec à Chicoutimi, QC, Canada. 
2 Chantier Davie Canada Inc, Lévis, QC, Canada. 
 
Driven by the rapid development and cost eMiciency of additive manufacturing (AM) 
in marine engineering, growing attention has been devoted to assessing the 
performance of advanced AM techniques. This study aims to critically analyze 
findings reported in the literature regarding the microstructural characteristics, 
corrosion behavior, and mechanical properties of metallic components produced 
by AM for marine applications. The review focuses on the eMects of process 
parameters on the mechanical and metallurgical properties of parts used in 
icebreakers, naval vessels, and luxury ships operating in cold and icy environments. 
By systematically comparing results across applications, this work provides a 
comprehensive assessment of the benefits and limitations of AM-fabricated 
components for marine engineering.



Development of new material to 3D print porous membranes via 

polymerization-induced phase separation 

 
Haleh Nourizadeh Kazerouni, Gabriel Toshiaki Tayama, Julie Fréchette, Younès 
Messaddeq 
 
Centre d’Optique, Photonique et Lasers (COPL), Université Laval , QC, Canada. 
 
 
Additive manufacturing attracts significant interest for its ability to produce 
advanced, intricate 3D structures with minimal material waste, high speed, low 
cost, and exceptional design flexibility. Employing vat photopolymerization—a rapid, 
high-resolution, and low-cost 3D printing method—we utilized polymerization-
induced phase separation (PIPS) to develop porous hybrid materials for printable 
membranes using a digital light processing (DLP) technique, the materials 
underwent supercritical drying. The polymer matrix was synthesized from 
methacrylic acid (MAA) as the monomer and polyethylene glycol diacrylate (PEGDA) 
as the cross-linker, providing a balance of structural stability and flexibility. Porosity 
and pore architecture were tailored by using 1-butanol and 2-phenoxyethanol as 
solvent porogens. The membranes were characterized using Scanning Electron 
Microscopy (SEM) to analyze pore morphology and distribution, Brunauer-Emmett-
Teller (BET) analysis to determine surface area, and Raman spectroscopy to verify 
successful polymerization and chemical composition. 
Analysis confirmed a highly porous structure with pore sizes tunable from 50 nm to 
100 nm through solvent concentration adjustment. The materials demonstrated 
exceptional 3D printing compatibility, enabling the fabrication of advanced 
membranes with precisely tailored architectures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Influence of unconventional particle size distributions on LPBF processability of Ti-
6Al-4V powders 
 
Nicolas Modestine, Carl Blais 
 
Université Laval, QC, Canada. 
 
The performance of Laser Powder Bed Fusion (LPBF) strongly depends on powder 
characteristics, particularly particle size distribution (PSD), morphology, and 
flowability. Commercial Ti-6Al-4V powders used for LPBF are typically optimized 
within narrow PSD ranges, commonly around 15–65 µm, to ensure stable spreading, 
high packing density, and consistent melt pool behavior. However, restricting 
powders to these narrow fractions limits overall material utilization and increases 
production costs. This work investigates the relationship between PSD broadening 
and LPBF processability of Ti-6Al-4V powders. A commercial powder within a 
conventional PSD range is first characterized and used as a reference to establish 
baseline processing parameters and resulting microstructural features. 
Subsequently, powders with broadened or unconventional PSDs are evaluated in 
terms of flowability, packing behavior, and printing performance. Initial results focus 
on powder characterization and early-stage printing trials, including density 
measurements and microstructural observations. The objective is to identify 
processing window limits associated with PSD broadening and to assess the 
feasibility of increasing powder consumption in LPBF without compromising part 
quality. This study aims to provide practical guidelines for maximizing metal powder 
utilization in additive manufacturing while maintaining microstructural integrity and 
mechanical performance.
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Simultaneous pressure leaching and oxidation as an eCective pretreatment for 

refractory silver–antimony ores: improving recovery through alkaline sulfide 

media 

 

Juan Carlos Soto Uribe1, Francisco Raul Carrillo Pedroza1, Jesus Leobardo 
Valenzuela Garcia2, Maria Mercedes Salazar Campoy2 
 
1 Universidad Autonoma de Coahuila, Mexico. 
2 Universidad de Sonora, Mexico. 
 
Silver ore is often associated with antimony ores, which significantly reduces the 
eMiciency of cyanidation extraction. This type of ore is classified as refractory Ag-Sb 
ore. The principal associated mineral species are antimony sulfides. This ore was 
processed by simultaneous pressure leaching/oxidation, resulting in a 50–92% 
increase in silver recovery. Oxygen pressure and sodium sulfide concentration in 
alkaline media were found to exert a strong influence on silver extraction through 
the decomposition of antimony sulfide.



Microstructure Design of Composite Cathodes towards Stable Solid-State 

Batteries 

 
Kumlachew Zelalem Walle, Prof. Linqin Mu 
 
Arizona State University, USA. 
 
Hybrid-solid-state batteries (HSSBs) integrating high-voltage layered oxide cathode 
active materials (CAMs), composite polymer electrolytes (CPEs), and lithium metal 
anodes are promising next-generation energy storage systems. Despite advances in 
mitigating lithium dendrite growth, cathode-related instabilities such as oxidative 
degradation of the CPE, chemical reactivity between CPE and CAM, and mechanical 
failure remain critical challenges. In this study, we address these limitations by 
engineering composite cathodes incorporating a garnet-type oxide catholyte, 
Li6.28Al0.24La3Zr2O12 (LALZO), valued for its high oxidative stability, to enable the 
direct use of pristine high-voltage Ni-rich CAMs. A comparative evaluation between 
polycrystalline (PC) and single-crystal (SC) NCM811 cathodes elucidates the 
eMects of intergranular cracking and mechanical instability caused by volume 
changes during cycling. Results reveal that PC-NCM811 cathodes with LALZO 
significantly outperform SC counterparts in both specific capacity and reversibility, 
particularly under high-rate cycling. Among various compositions, a PC-NCM811 
cathode with 15 wt% LALZO and 65 wt% CAM exhibits optimal performance, 
achieving reduced volume resistivity and enhanced ion/electron transport. Although 
the 15 wt% LALZO composite delivers the best overall cycling stability and rate 
capability balance, the 7.5 wt% LALZO variant demonstrates superior specific 
capacity at high C-rates (3C–10C), potentially due to improved interfacial kinetics. 
These findings highlight the critical role of inorganic filler integration in mitigating 
cathode degradation, enhancing interfacial stability, and optimizing 
electrochemical performance, oMering valuable insights for advancing high-energy, 
long-life HSSB technologies. 
 
 
 
 
 
 
 
 
 
 
 
 
 



Toward Stable Lead-Free Perovskites: A First-Principles Study of Mixed-Halide 

CsGe(I,Br,Cl)₃ Perovskites 

 
Neelam Saghir 
 
University of South Africa  
 
Lead-free halide perovskites are promising alternatives to Pb-based absorbers for 
sustainable photovoltaics, yet stability and band-gap control remain major 
challenges. CsGeI₃ shows favorable optoelectronic properties but requires further 
optimization for durable device operation. In this work, first-principles density 
functional theory calculations are used to investigate mixed-halide CsGe(I,Br,Cl)₃ 
perovskites as a route to enhance stability and tune electronic properties. A 2×2×2 
supercell of rhombohedral CsGeI₃ was constructed, and iodide was partially 
replaced by equal amounts of Br and Cl at concentrations of 16.7%, 25.0%, and 
33.3%. Structural optimization was performed using the PBEsol functional with 
dispersion corrections, while electronic and optical properties were evaluated using 
the HSE06 hybrid functional including spin–orbit coupling. Phonon dispersion and 
formation-energy analyses confirm dynamic and thermodynamic stability of all 
mixed-halide compositions. All systems retain direct band gaps, which are 
continuously tuned from ~2.05 eV to ~1.35 eV, leading to enhanced visible-light 
absorption. Mechanical stability and ductile behavior further support suitability for 
thin-film photovoltaic processing. These findings identify mixed-halide 
CsGe(I,Br,Cl)₃ perovskites as promising lead-free absorber materials for next-
generation solar cells.



Impact of Cycle Counting Methods on Fatigue Life Predictions for Hydraulic 

Turbine Steel 

 
Jia'An Yu 
 
Polytechnique Montreal, QC, Canada. 
 
Martensitic 410 NiMo steel is widely used in the repair welding of hydraulic turbine 
components, where fatigue performance is strongly influenced by both loading 
history and material defects. Previous work on defect-free 410 NiMo containing 
natural metallurgical heterogeneities has demonstrated a pronounced load 
sequence eMect under variable amplitude loading, including Hi–Lo and Lo–Hi 
sequences. When service-representative load spectra were applied, fatigue damage 
was observed to accumulate earlier than predicted by conventional S–N curve–
based approaches. In particular, low-amplitude cycles nominally below the fatigue 
limit were found to contribute at an early stage, despite ASTM-based rainflow 
counting identifying only a single dominant damaging cycle and classifying the 
remaining cycles as non-damaging. This discrepancy highlights the limitations of 
standard cycle counting approaches when applied to complex service load 
histories. In conventional ASTM rainflow counting, fatigue damage assessment 
relies primarily on cycle amplitude and mean stress, implicitly assuming that cycles 
below the endurance limit do not contribute to fatigue life. In contrast, alternative 
counting approaches such as the Pavlou method account for load sequence eMects 
by modifying the eMective contribution of small-amplitude cycles through 
interaction with preceding overloads and underloads, potentially leading to diMerent 
fatigue life predictions under variable amplitude loading. In the first part of the 
present study, this behaviour will be investigated in 410 NiMo specimens containing 
artificially introduced notches, serving as controlled stress concentrators. In the 
second part, welding defects representative of industrial repair conditions will be 
introduced. These defects are generally larger and more severe than natural 
material heterogeneities and are expected to significantly alter fatigue crack 
initiation mechanisms.



Indentation scale eCects on the estimation of mechanical properties through 

instrumented indentation 

 
Maxence Farin1, Daniel Paquet2; Myriam Brochu1 
 
1 École Polytechnique de Montréal, QC, Canada. 
2 Hydro-Québec, QC, Canada. 
 
Instrumented indentation has proven to be an essential technique for assessing 
hardness and mechanical properties such as Young’s modulus or strain-hardening 
law. A common approach consists in calibrating a numerical model of the 
indentation experiment to infer local tensile properties through inverse analysis. 
However, depending on the test scale, size eMects and experimental dispersion may 
arise, leading to variability in the extracted properties and potentially inaccurate 
results. Here we propose a strategy to estimate the influence of an experimental 
dispersion on indentation inverse analysis. The approach is divided into two steps. 
First, we characterize the experimental variability of P–h curves measured during 
micro indentation tests on stainless steels. Second, we perform a sensitivity 
analysis using numerical simulations of the direct indentation problem to identify 
how mechanical properties react to perturbations on the P-h curve and residual 
imprint. This allows experimental uncertainty to be propagated directly to 
mechanical properties without solving the full inverse problem. Our initial results 
rely on a one-factor-at-a-time analysis. By varying parameters such as yield 
strength, we quantify their individual eMects on the P–h curve and pile-up 
characteristics. It enables us to estimate how uncertainties on pile-up height, 
applied load, or indentation depth translate into uncertainties on inferred material 
properties. We then propagate the uncertainties of experimental P-h curves from 
spherical indentations. The strength of this strategy lies into its consideration for 
experimental variability of indentation results linked to the test scale. Mapping this 
dispersion onto the mechanical properties space, we identify a scale where 
variability remains controlled, which is an essential prerequisite for reliable inverse 
analysis. This protocol will ultimately be tested on turbines' steels to study the 
quality of the mec 
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ECect of Ce-addition and Solidification Cooling Rate on Thermal Stability of 

AA5182 Al-5Mg Alloys 

 
Farideh Moghabeli1,Hesam Pouraliakbar1, Mark Gallerneault1, Andrew Howells2, 
Vahid Fallah1 

 
1 Department of Mechanical and Materials Engineering ,Queen's University, 

Kingston, ON, Canada. 
2 Hazelett-CASTechnology, Kingston, ON, Canada. 
 
Al-Mg alloys are widely used in automotive and packaging applications due to their 
high strength-to-weight ratio, formability, and corrosion resistance. As their use 
expands into elevated-temperature environments, improving microstructural 
stability during long-term thermal exposure has become increasingly important. 
AA5182 (Al-5Mg) is a key alloy in this system, yet its thermal stability remains limited 
by grain coarsening and phase evolution at high temperatures. Advances in 
solidification processing and alloy modification provide new pathways to address 
these challenges. Conventional direct-chill (DC) casting produces coarse dendritic 
microstructures, while thin-strip (TS) casting developed by Hazelett-
CASTechnology™, fabricates 2-5 mm strips with significantly higher cooling rates, 
noticeably influencing grain refinement and solute distribution. In parallel, rare-
earth additions, particularly cerium (Ce), have shown promise in forming stable 
intermetallics and improving high-temperature microstructural stability. 
Understanding the eMect of Ce-addition and diMerent casting route is therefore 
critical for developing thermally stable 5182 alloys. This study evaluates the 
influence of Ce addition and solidification cooling rate on thermal stability of 
AA5182 alloy. DC- and TS-cast samples, with and without Ce, were heat treated at 
multiple temperatures for up to 72 hours, and thermal softening was assessed 
through macro-hardness and tensile measurements. Microstructural changes were 
examined using optical, polarized-light, and scanning and transmission electron 
microscopy to capture grain evolution and phase stability. DiMerential scanning 
calorimetry (DSC) at varying heating rates provided complementary insight into 
thermal events and high-temperature behavior. The integrated results show how Ce-
addition along with casting method aMect microstructural stability, oMering 
guidance for designing improved Al-Mg alloys for elevated-temperature 
applications.



ECect of Ce Microalloying on Anisotropy and Deformation Instability of Thin-

Strip Cast AA5182 Alloy 

 
Radin Moradi1, Hesam Pouraliakbar1, Mohammad Reza Jandaghi2, Mark 
Gallerneault1; Andrew Howells3; Johan Moverare3, Vahid Fallah1 
 
1 Department of Mechanical and Materials Engineering ,Queen's University, 

Kingston, ON, Canada. 
2 Department of Management and Engineering, Link¨oping University, Sweden. 
3 Hazelett-CASTechnology, Kingston, ON, Canada. 
 
Thin-strip (TS) casting oMers a promising route for producing 5xxx series Al-Mg alloys 
with reduced necessity for post-cast processing steps and refined microstructures; 
however, the implications of this process on mechanical anisotropy and 
deformation remain insuMiciently understood. In this work, the influence of minor 
Ce addition (0.15 wt.%) on the anisotropy and deformation instability of as-cast TS 
AA5182 alloy is investigated. A comprehensive experimental framework combining 
scanning electron microscopy, electron backscatter diMraction, and uniaxial tensile 
testing at 0°, 45°, and 90° relative to the casting direction was employed. Particular 
attention was given to crystallographic texture evolution, anisotropy parameters 
derived from tensile testing, and strain-rate-dependent deformation behavior 
associated with the Portevin–Le Chatelier (PLC) eMect as a manifestation of 
dynamic strain aging. The role of Ce in modifying solidification pathways, 
intermetallic phase formation, and their collective influence on flow stability was 
assessed. Mechanical anisotropy was calculated using Lankford coeMicients, 
planar anisotropy, and in-plane anisotropy, allowing the influence of Ce addition 
and strain rate change (in the range of 10-3-10-1 s-1) on directional plasticity to be 
systematically assessed. Furthermore, the PLC eMect was analyzed in detail by 
examining stress-strain serration types, stress-drop magnitudes, and the critical 
strain, indicating the onset of instability across diMerent orientations and 
deformation rates. This approach enables a mechanistic interpretation of how grain 
orientations (i.e., crystallographic texture) and slip system activity collectively 
govern flow stability in the TS AA5182 alloy. By integrating anisotropy with Schmid 
factor analysis and PLC characterization, the study provides a framework for 
understanding the interplay between rapid solidification, rare-earth microalloying, 
and rate-sensitive deformation behavior.



A Study on Thermal Sensitivity of 6061-T6 Aluminum Alloy 

 
Alana Gin, Antoine Pomerleau; Myriam Brochu 
 
Polytechnique Montréal, QC. Canada. 
 
In a research program aiming to push the recyclability limits of aluminum alloys, a 
concern is raised regarding the eMicacy of standard T6 heat treatments on alloys 
containing tramp elements. This work aims to document the sensitivity of a 
commercial 6061-T6 alloy to remelting and heat treatment parameters so as to 
provide a reference for further comparison with contaminated alloys. 
Experimental evaluation of the sensitivity is assessed using Vickers 
microindentation performed on metallographic samples following the ASTM E384-
22 standard. Samples of a commercial cold-rolled 6061-T6 aluminum plate are 
remelted to generate a microstructure comparable to the contaminated alloys. 
These samples are cooled at two diMerent rates to examine the sensitivity of the 
resulting T6 treatment to cooling rate. The eMect of overaging and repeated T6 on the 
commercial alloy is also examined. For these samples, the hardness values are 
taken from the cold rolled surface. The hardest samples were those which were 
remelted then heat treated, at 126.6 HV 0.1 and 127.3 HV 0.1 for the rapidly cooled 
and slowly cooled samples respectively. After overaging, the sample hardness was 
measured to be 114.1 HV 0.1, similar to the commercial alloy, and repeating the T6 
yielded a hardness of 119.6 HV 0.1. The expected dominant hardening mechanism 
was precipitation hardening; thus, variations in hardness were likely due to 
diMerences in precipitate growth. The quickly cooled samples were slightly less hard 
than the slowly cooled samples, likely due to more limited solute diMusion, 
modifying the size and/or phase(s) of the precipitates. For the overaged and 
repeated aging samples, cold rolling changed the grain geometry, potentially 
modifying solute dispersion and, consequently, the size and location of 
precipitates. This study will serve to expand on the eMects of heat treatment 
parameters on recycled 6061-T6 aluminum alloys, so that they may be modified to 
accommodate tramp elements.



Texture Evolution under Rate-Dependent Deformation in a Rapidly Solidified Al-

Mg Alloy 

 
Hesam Pouraliakbar1, Mohammad Reza Jandaghi2, Johan Moverare3, Vahid Fallah1 
 
1 Department of Mechanical and Materials Engineering ,Queen's University, 

Kingston, ON, Canada. 
2 Department of Management and Engineering, Link¨oping University, Sweden. 
3 Hazelett-CASTechnology, Kingston, ON, Canada. 
 
This study systematically investigates the crystallographic texture evolution and 
deformation mechanisms of AA5182 Al-Mg alloy under tensile loading at quasi-
static strain rates, with particular emphasis on the role of casting route. Thin-strip 
cast (TS) and direct-chill cast (DC) materials exhibited distinctly diMerent initial 
microstructures, with the TS sample characterized by finer grains, fewer 
intermetallics, and higher Mg supersaturation than the coarser-grained DC 
counterpart. These features in the TS material promoted enhanced intragranular 
plasticity and more active grain rotation pathways. Tensile testing revealed a strain-
rate-dependent reduction in elongation for both casting routes; however, the 
decrease was more pronounced in the DC samples, consistent with stronger 
Portevin-Le Chatelier instabilities dominated by Type-A serrations. Texture analysis 
by electron backscattered diMraction (EBSD) showed a larger increase in texture 
strength in the TS sample compared with the DC sample. Moreover, the TS sample 
exhibited pronounced strain-rate influence, with multiple rate-dependent texture 
components, whereas the DC sample displayed only one, indicating that stronger 
microstructural constraints suppress strain-rate impact. While the number of 
texture transformations remained constant in the TS sample, it slightly decreased in 
the DC sample at higher strain rates. These contrasting behaviors arise from 
fundamentally distinct strain accommodation mechanisms: deformation in the TS 
sample is governed by grain rotation and dislocation annihilation, enabling more 
diverse texture evolution, whereas the DC sample deforms primarily through 
dislocation pile-up and interfacial interactions, resulting in more restricted texture 
transformations. Overall, the results highlight the critical role of casting route in 
controlling microstructural evolution, deformation behavior, and formability of Al-
Mg sheet alloys.



Sodium Sulfate Reactivity Test of Carbon Anodes in Aluminum Production 

 
Elahe Khani1, Simon Laliberté-Riverin1; Guillaume Gauvin1; Julien Lauzon-Gauthier2, 
Houshang Alamdari1 
 
1 Univerité Laval, QC, Canada. 
2 Alcoa Corporation Operational Excellence Smelting Technology, QC, Canada. 
 
In aluminum production, carbon anodes react with alumina to form metallic 
aluminum and CO2 in a molten cryolite bath under an applied electrical current. 
Excess carbon consumption arises from undesirable side reactions, such as 
oxidation by air and CO2. Conventional anode reactivity tests performed in gaseous 
atmospheres do not accurately represent real pot conditions. A characterization 
method is therefore needed to better represent excess carbon consumption under 
realistic conditions. The sodium sulfate reactivity (SSR) test, previously applied in 
industry, better represents pot conditions by assessing carbon anode reactivity in 
molten sodium sulfate and shows greater sensitivity to baking temperature than air 
or CO2 reactivity tests. Although the BT eMect on the SSR of the carbon anode has 
been studied, there remains a lack of information on the impact of other process 
parameters and carbon anode properties on SSR results. This study revisits the SSR 
test using a molten sodium sulfate bath with N2 cooling to evaluate anode reactivity 
through mass loss measurements at temperatures above 900 °C. Preliminary 
experiments identify optimal test conditions of 990 °C, 30 minutes, and 230 g of 
Na2SO4. Under these conditions, the correlation between apparent density and 
SSR is investigated using samples from diMerent positions within an industrial-
baked anode.



Evaluating Pitch-Coke Interaction Using a Uniform Composite Surface 

Approach 

 
Fatemeh Khademian1, Simon Laliberté-Riverin1, Guillaume Gauvin1, Seyed-
Mohammad Taghavi2, Houshang Alamdari1 
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QC, Canada. 
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Abstract 
 
Carbon anodes are made of diMerent fractions of calcined petroleum coke and coal-
tar pitch. Wettability of coke by pitch in the mixing process aMects anode quality. 
Understanding the wetting and the penetration behavior of coal-tar pitch in 
petroleum coke, which has a porous structure, requires determining the real 
contact angle between pitch and coke. However, due to the inherent porosity of 
calcined petroleum coke, determining the real contact angle and true wettability 
has remained a significant challenge. 
This study aims to determine the real contact angle of pitch on coke particles 
indirectly using the Cassie-Baxter model. The Cassie-Baxter model describes the 
apparent contact angle of a liquid on a composite surface as a weighted average of 
the contact angles on its components, with the fraction of composite surface area 
covered by each component. Thus, two series of bed samples, including one with 
pure epoxy resin and another with a combination of epoxy resin and fine coke 
particles as a composite, are made for subjection to sessile drop tests. In this test, a 
pitch droplet at 178 ̊C is dropped over the surfaces individually, and the contact 
angle is analyzed. Moreover, optical microscopy and image analysis are employed 
to determine the composite surface area fraction occupied by coke particles. 
This research's findings have direct implications for modeling and optimizing the 
mixing process of anode fabrication for the aluminum production industry. 
 
 
 
 
 
 
 
 
 
 
 
 



Sc–Zr Microalloyed Al-Mg-Si-Cu Conductors with Enhanced Strength and 

Thermal Stability 
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This study investigates the eMect of solution heat treatment temperature on the 
balance between Mg–Si and Al3(Sc,Zr) precipitates, which are the primary 
contributors to strength, electrical conductivity (EC), and thermal stability in an Al–
Mg–Si–Cu–Sc–Zr alloy. The alloys were subjected to a tailored thermomechanical 
processing route consisting of pre-aging at 120 °C, post-aging at 140 °C and 160 °C, 
and over-aging at 300 °C for 5 h. Solution treatments were performed at 500 °C 
(S500) and 530 °C (S530). The S530 condition post-aged at 160 °C achieved the 
highest tensile strength, approximately 10% higher than its counterpart solutionized 
at 500 °C but exhibited relatively lower electrical conductivity. In contrast, the S500 
condition over-aged at 300 °C demonstrated the best overall thermal stability, 
attributed to the formation of finer and more thermally stable Al3(Sc,Zr) dispersoids. 
This condition (S500) also achieved the higher EC, meeting the IEC 62004 AT2 
electrical conductivity requirement while maintaining reasonably high strength.



Entropy production driven processing of aluminum 

 
Marjan Moradi, Mark Daymond, Bradley Diak 
 
Queen's University, Kingston, ON, Canada.  
 
The thermo-mechanical processing of aluminum alloys is controlled by the kinetics 
associated with dislocation and point defect multiplication from the imposed 
deformation (work in), and the role of vacancies, alloying solute atoms and 
interfaces on bleeding away the energy through recovery, annihilation and heat 
(work out). A non-mechanical way to introduce point defects into a crystalline 
lattice is by irradiation. High-purity aluminum provides a well-controlled face-
centered cubic (FCC) model system for fundamental irradiation studies, where 
defect mobility, defect retention, and non-equilibrium processes can be examined 
without solute-related complexity. However, the onset of point defect motion in 
aluminum above 40 K makes it experimentally diMicult to retain irradiation damage 
and see its eMect on microstructure evolution, particularly at low displacement per 
atom (dpa). This work investigates the response of aluminum to proton irradiation 
with emphasis on defect retention, defect self-organization, and thermal control. A 
99.99 aluminum foil with a strong cube texture and large grains was used as the 
baseline microstructure. Using “Stopping and Range of Ions” calculations as a 
design guide, samples were irradiated with 4 MeV protons to 0.01 or 0.1 dpa without 
implantation. Microstructural and mechanical responses were evaluated using X-
ray line profile analysis (XPA), cryogenic tensile testing and transmission electron 
microscopy (TEM) to quantify lattice strain, dislocation obstacle density and 
irradiation-induced defect structures. Results show defect retention at low dose 
evidenced by the presence of irradiation-induced dislocation loops, dose-
dependent XPA changes, and changes in the mechanical response relative to the 
annealed state. The work provides new insight into defect retention at low doses in a 
highly mobile FCC system and clarifies how irradiation can act as a deformation 
surrogate for aluminum processing without mechanical work.



Integration of the hybrid bio-binder in carbon anodes for aluminum electrolysis 

 
Marie Aimee Tuyizere Flora, Guillaume Gauvin, Simon Laliberté-Riverin, Thierry 
Ollevier, Houshang Alamdari 
 
Université Laval Aluminium Research Centre – REGAL, QC, Canada. 
 
During aluminum electrolysis, the carbon anodes made with coal-tar-pitch (CTP) 
binder are consumed, generating CO2. In response to the global commitments to 
reduce carbon footprint, the aluminum industry is actively seeking low-carbon 
alternatives. Bio-pitch (BP), a carbon-neutral binder derived from biomass, is a 
promising alternative to CTP. However, further improvements are required on BP-
based anodes, particularly with regards to reducing specific electrical resistivity and 
air and CO2 reactivities. In our previous work, we developed a hybrid bio-binder 
(HBB) through thermal treatment of a mixture of biomass-derived bio-oil and fine 
particles of coke, aiming to improve the performance of BP for carbon anode 
formulation. HBB exhibited favorable rheological properties that may facilitate its 
distribution between coke particles and enable the formation of a compact layer on 
the coke aggregates surface. As a novel binder, HBB lacks well-established 
formulation parameters, resulting in an absence of the optimal recipe for producing 
HBB-based anodes. Maintaining an ideal binder thickness is essential to ensure 
close solid-to-solid contact between coke particles, which is governed by the 
optimum binder content. Therefore, estimating the required amount of HBB 
between coke aggregates was a critical step in anode formulation. In this work, the 
interparticle void volume between coke aggregates was measured and used as a 
guideline to determine the appropriate HBB content in the carbon anodes. Based on 
the measured interparticle volume, the carbon anodes made of HBB containing 40 
% of fine particles of coke were formulated and compared with the carbon anodes 
prepared using BP and CTP binders and the same concentration of dry fines 
particles of coke. The resulting anodes exhibited a reduced specific electrical 
resistivity compared to anodes produced with bio-pitch, achieving values 
comparable to those of CTP-based anodes. A suitable anode made of HBB can be 
formulated.



Processing considerations for bio-pitch/coal-tar-pitch blends in carbon anodes 
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Industrial carbon anodes are a consumable in the Hall-Héroult process for primary 
aluminum production and rely on fossil-derived calcined petroleum coke (CPC) and 
coal-tar-pitch (CTP), resulting in a significant carbon footprint. Bio-pitch (BP), 
produced through the thermal conversion of bio-oil, has been proposed as a 
renewable binder alternative. While full replacement of CTP by BP has been 
explored at laboratory scale, reported issues such as extensive shrinkage raise 
concerns about industrial scalability. In this study, we investigated CTP and BP 
blends as carbon anode binders to balance performance and sustainability. BP was 
prepared by thermally treating the as received bio-oil under N2. Wettability 
measurements used to assess binder-coke interactions during anode preparation 
revealed limitations associated with BP, attributed to continued curing and viscosity 
increase upon repeated thermal exposure. These observations highlight the 
importance of processing pathways and motivate alternative approaches for anode 
production. In particular, the direct introduction of CPC during the conversion of 
bio-oil into BP is proposed as a promising route to enhance interaction between 
coke and the evolving binder, potentially alleviating handling and mixing challenges 
associated with highly viscous pre-formed BP. This concept opens new perspectives 
for the integration of bio-based blends as binders in industrial anode 
manufacturing.



Reduction of the impurities of biocoke for carbon anodes used in the 

production of aluminum 
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Carbon anodes are a critical component of the Hall–Héroult process for primary 
aluminum production. They are traditionally manufactured from calcined petroleum 
coke, recycled anode butts, and coal tar pitch as a binder. In Quebec alone, annual 
anode production reaches nearly 1.5 million tonnes of carbon, representing 15–20% 
of the total aluminum production cost and playing a decisive role in electrochemical 
performance and metal quality. In the context of the global energy transition and 
industrial decarbonization, the heavy reliance on fossil-based raw materials raises 
significant environmental concerns. The incorporation of renewable carbon 
materials, such as biochar, therefore represents a promising pathway to reduce the 
carbon footprint of the aluminum sector while maintaining the required properties 
and performance of industrial anodes. A promising approach involves the partial 
replacement of petroleum coke with biocoke produced from biomass, which has 
gained growing attention in recent years. Nevertheless, the presence of mineral 
impurities in biocoke remains a significant concern, as these elements can enhance 
anode reactivity and negatively aMect the stability of the electrolysis process. 
This study presents diMerent treatment strategies designed to reduce the impurity 
content of biocoke, with the objective of maintaining key anode properties such as 
density, electrical conductivity, and controlled reactivity after its incorporation. 
The findings indicate that treated biocoke exhibits strong potential as a partial 
substitute for petroleum coke, supporting the development of a more sustainable 
alternative without adversely aMecting anode performance.
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Several oxidation reactions occur during aluminum production by the Hall-Héroult 
process, some of which lead to excessive consumption of carbon anodes, 
particularly reactions between carbon and air or CO₂. The inhibition of these 
reactions through the impregnation of a protective boron-based coating has been 
demonstrated using standard tests under a gaseous atmosphere . Boron oxide is 
first dissolved in aqueous solution (H₃BO₃) and then applied to the anode. Upon 
baking the anode, it transforms into boron oxide (B2O3), which blocks the active 
sites of the carbon . However, the interactions between boron oxide and the 
components of the electrolyte bath remain scarcely documented . In this study, the 
behavior of boron oxide in the electrolytic cell is investigated using thermodynamic 
simulations performed with the FactSage software. The Reaction and Equilibrium 
modules, along with calculations , were used in order to evaluate the 
thermodynamic stability of boron-containing species at 950 °C in a typical 
electrolytic bath. Subsequently, diMerential scanning calorimetry (DSC) 
measurements were carried out on a representative electrolytic bath composition 
containing added boron oxide. Finally, the residues remaining after the DSC 
experiments were analysed using X-ray diMraction (XRD). This combined approach 
allows the identification of the boron-containing species present in the electrolytic 
cell, and the prediction of boron distribution among the molten aluminum, the 
electrolytic bath and the gas phase.
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Carbon anodes are composed of four raw materials which are petroleum coke, coal 
pitch, recycled anodes and butts. The quality of carbon anodes depends on these 
raw materials which are used in its composition, particularly petroleum coke. 
Variations in coke quality have led to increased greenhouse gas (GHG) emissions. 
The aluminum industry has taken up the challenge of reducing GHG emissions 
while maintaining the quality of carbon anodes. Among the solutions proposed to 
reduce GHGs is the partial replacement of petroleum coke by biocoke. Biocoke is 
obtained by pyrolysis of wood chips at a temperature around 1100°C, similar to the 
maximum temperature reached during anode firing. The objective of this project is 
to study the impact of chemical modification as well as the type of wood species on 
the properties of biocoke. In this work, five wood species are used to produce 
biocokes. The chemical modification was carried out thanks to a chemical additive. 
The XPS and wettability test were carried out on biocokes before and after 
modification. The best wood species among those studied have been identified for 
future use in anode production. 
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Menstrual hygiene is a critical aspect of women’s health, with sanitary pads being 
the most commonly used products for managing menstrual fow. However, 
conventional sanitary pads are often made from non-biodegradable materials, 
posing signifcant environmental and health challenges. This study explores the 
potential of using fbers extracted from pineapple crown leafets as an eco-friendly 
and sustainable alternative for the absorbent cores of sanitary pads. We subjected 
the fbers to an alkali treatment process using sodium hydroxide, and their 
performance was evaluated through a series of tests, including absorbency, 
retention, and strike-through time. The treated fbers demonstrated enhanced 
absorbency, with percentages ranging from 652.74% to 706.34%, and retention 
capacities between 644.35% and 683.48%. These values surpass those of 
both untreated fbers and commercial absorbent cores. Additionally, the treated 
fbers had a faster strike-through time, averaging 1.86 s, compared to 2.04 s for the 
commercial product. The yield of pineapple crown fbers was calculated to range 
from 4.075% to 5.365%, highlighting the efciency of the extraction process. The 
fndings of this study suggest that treated pineapple crown fbers ofer superior 
performance and environmental benefts over conventional materials, positioning 
them as a promising alternative for sustainable menstrual hygiene products.
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Dental implants are widely used for oral rehabilitation; however, reduced-diameter 
implants (RDI) are increasingly required in clinical situations characterized by 
limited bone volume or narrow alveolar ridges. Although these minimally invasive 
implants oMer several advantages in clinical use, they are subjected to mechanical 
loads that may exceed their limits. Moreover, they are more susceptible to 
corrosion, fatigue, and premature failure due to their smaller cross-sectional area. 
Conventional metallic biomaterials, such as commercially pure titanium and its 
alloys, therefore exhibit mechanical and electrochemical limitations under these 
demanding conditions. High-entropy alloys (HEAs) have emerged as promising 
candidates for advanced biomedical applications owing to their multi-principal 
element compositions, typically equiatomic or near-equiatomic, which promote 
unique microstructures distinct from those of conventional alloys. These materials 
oMer an attractive combination of high mechanical strength, adequate ductility, 
superior wear resistance, and excellent corrosion protection, making them suitable 
for next-generation dental implants. This project aims to investigate the metallurgy 
and corrosion resistance of novel high-entropy alloys developed for dental 
applications, with particular emphasis on reduced-diameter implants. The research 
focuses on how chemical composition influences phase formation and 
microstructural evolution, and how these factors aMect both mechanical strength 
and electrochemical stability in simulated oral cavity environments. Corrosion 
mechanisms and passive film stability will be evaluated through a combination of 
microstructural characterization techniques, including SEM and XRD, together with 
electrochemical analyses such as potentiodynamic polarization testing and 
electrochemical impedance spectroscopy.
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The aim of this study is to establish a new-engineered material with tailor-made 
physicochemical and biological properties to suit the selected biomedical 
application. Multiblock copolymers “poly(ether-ester-urethane)s” were synthesized 
by condensation polymerization of “PCL diol” and “PEG” segments with 1,6-
hexamethylendiisocyanate as coupling agent in the presence of dibutyltin dilaurate 
as catalyst. FT-IR, 1H-NMR, and GPC confirmed the chemical composition and the 
molecular weight of the formed multiblock copolymers. The crystal structure of the 
copolymers was studied using DSC, TGA, and WAXD. The contact angle 
measurements correlated the hydrophilicity of the polymer surface to the polymer 
composition produced. The prepared multiblock copolymers were explored for the 
fabrication of fibrous scaMolds using the “electrospinning technique”. The fibers 
developed were characterized for size and morphology using SEM. The results 
obtained showed that the fibers have good morphological characteristics. The 
developed fibers were investigated as a dual function cell regeneration and drug 
delivery scaMold. The scaMold was loaded with chlorhexidine and “Chlorhexidine- 
eluting fibers” were characterized using IR and DSC. The major outcome of the study 
was the modulation of CHX release to generate a relatively wide spectrum of 
release profiles at physiological pH featuring fast burst release with relatively short 
term multi-hour sustained eMect as well as reduced burst associated with a 
considerably the medium pH change. Thus, copolymers provide an eMective means 
of controlling CHX release from NFs and possibly other copolymer structures.The 
CHX/copolymer nanofibers provide a platform of non-antibiotic nanofibrous 
scaMolds for both short- term and long-term antimicrobial biomedical applications 
such as those involving local or superficial infections, operative sites in dental or 
other surgeries as well as coating of medical device. 
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The surge in osteoarthritis cases leads to continuous demand for developing more 
advanced materials for durable arthoplasty implants. High-entropy alloys (HEAs) 
have emerged as promising candidate materials due to their exceptional strength, 
wear resistance, and corrosion resistance. Among many HEAs, the MoNbTaTiZr 
system stands out for its superior mechanical properties and absence of toxic 
elements. Reinforcement by CeO₂ further enhances the alloys’ wear resistance. This 
work aims at evaluating the wear and corrosion resistance of a novel CeO₂-
reinforced MoNbTa₀.₇TiZr alloy fabricated via spark plasma sintering. The alloy 
achieved a density of 8.86 g/cm³, with a dual BCC+FCC microstructure having 
equiaxed grains with an average size of 0.12 ± 0.11 μm² and enriched by 
Zr₀.₈₈Ce₀.₁₂O₂ phase. Cyclic polarization test revealed a stable passivation zone with 
a negative hysteresis loop, indicating an excellent repassivation capability. The alloy 
also exhibited a lower corrosion current density (icorr = 0.37 × 10⁻⁶ A/cm²) 
compared to the conventional CoCrMo F75 alloy (icorr = 0.45 × 10⁻⁶ A/cm²), which 
represents a lower corrosion rate. Impedance spectroscopy analysis showed an 
increased polarization resistance (from 1.14 to 1.19 MΩ·cm²), reflecting the 
formation of a more eMective passive layer that inhibits ionic transfer. The decrease 
in the constant phase element value (from 7.24 × 10⁻⁵ to 6.27 × 10⁻⁵ F·s⁽ⁿ⁻¹⁾) 
indicated a denser passive film which is associated with a more homogeneous and 
less porous surface. After being subjected to potensiostatic polarization above the 
passive region at 0.7 V for 1 h, the alloy demonstrated an improved hardness (from 
836 to 877 HV) and a reduced wear rate (from 1. 21 × 10⁻⁴ to 0.71 × 10⁻⁴ mm³/N·m). 
These findings highlight the importance of CeO₂ reinforcement and compositional 
optimization of HEAs in enhancing wear and corrosion resistance, raising further 
interest toward durable arthroplasty implant application.
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WC-Co cemented carbides have long been the benchmark material for cutting tool 
applications due to their excellent combination of hardness, toughness, and wear 
resistance. Nevertheless, increasing concerns related to the toxicity, environmental 
impact, and supply of cobalt have motivated the search for alternative binder 
systems. In this work, a high entropy alloy (HEA) is explored as a replacement binder 
for WC-based cemented carbides, aiming to improve sustainability while 
maintaining high performance. The HEA binder was produced by ultrasonic 
atomization, and WC-HEA cemented carbide powders were subsequently 
processed by ball milling to achieve a uniform carbide distribution and to enhance 
matrix carbide interfacial contact. Consolidation was carried out using diMerent 
sintering routes, including vacuum sintering, hot pressing, and hot isostatic pressing 
(HIP), allowing a systematic evaluation of their eMect on densification and 
microstructural development. The study also investigates the initial chemical and 
structural interactions between WC and the HEA matrix, assessing their influence 
on the mechanical and tribological performance of the final cemented carbide. 
The results highlight the potential of HEA bonded cemented carbides as a promising 
alternative to traditional WC-Co systems, contributing to the development of cutting 
tool materials with reduced cobalt content, enhanced durability, and improved 
environmental compatibility for next generation machining applications.
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Nickel-based superalloys are extensively used for turbine blades (above 1000°C) of 
aeronautical engines because of their good thermomechanical properties. It is a 
material that is complexly alloyed with Cr-Al-Mo-Ti-Nb-Zr. The objective of this work 
was to realize nickel aluminide coatings on an Inconel 738 nickel-based alloy by the 
pack cementation process to study the eMect of the holding time on the 
microstructure and the mechanical properties (microhardness) of the elaborated 
coating. The diMusion coatings obtained by pack cementation at 1000°C for 4, 
8, and 12 hours are adherents to the substrate. The study of the coatings by SEM, 
EDS, and DRX confirms the diMusion of nickel outwards (coating) and the diMusion 
of aluminum inwards (substrate). This interdiMusion between coating (aluminium 
based coating) and substrate induces a microstructural modification, which 
simultaneously influences the mechanical properties of the substrate and the 
coating.
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Mycomaterials are a type of bio-sourced material made from fungal mycelium (the 
root structure of fungi). These materials are lightweight, biodegradable, and have an 
exceptionally low carbon footprint. The substrate is composed of organic waste 
such as hemp, sawdust, or coMee grounds. In this research, the mycelium used was 
the Ganoderma Lucidum and was cultivated on a wood substrate. In the next phase, 
a substrate made of wood and cardboard was tested. Various parameters 
influencing cultivation, including cultivation ratios, the nature of the substrate, and 
growth duration, were identified. Subsequently, the thermal conductivity, 
mechanical properties and water absorption of the material were determined. A 
white piece of living mycelium was collected during growth to perform Fourier-
Transform Infrared Spectroscopy (FTIR). The samples were observed using the 
Scanning Electron Microscopy (SEM) to understand the interaction between the 
hyphal network (the white roots of the mycelium) and the substrate.
 


