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Hydrometallurgy: Precious Metals Processing

Author(s) & Affiliation: Shijie Wang, MNC Associates
Abstract Title: Gold Mineral Processing — Ore Types, Properties, and Plant Practices

Abstract:

Gold mineral processing is directly governed by ore type and its mineralogical and physicochemical properties.
As most economically viable gold resources occur in vein gold deposit, this paper classifies gold ores based on
their geological characteristics, gold occurrence, and associated mineral assemblages. Detailed ore
characterization—including gold grain size, liberation behavior, and associations with sulfide and gangue
minerals—is emphasized as the foundation for process selection and optimization. This paper also reviews and
summarizes practical processing routes applied in operating gold plants, including gravity separation, flotation,
cyanide leaching, and selected combined processing flowsheets. From an operational and industrial
perspective, representative case examples are presented, covering geometallurgical process development and
the integration of ore characterization with plant operation. These examples demonstrate how a systematic
understanding of ore variability can be used to maximize gold recovery, improve plant stability, and maintain
cost-effective gold production.

Author(s) & Affiliation: Tyler Crary, SGS Canada Inc.; Neri Botha, SGS Canada Inc; Chris Fleming, SGS
Abstract Title: Evaluating Gold Project Start-ups, Expansions and Ramp-up Curves

Abstract:

The price of gold continues to set record highs, companies continue to explore, and several new operations
have come into production over the last 20 years, particularly in Canada. This paper focuses on the projects
that have moved from exploration, to testing, to operation, and the time required during start up (the “ramp-up”
time). It is known in the mining industry that commissioning and ramp-up can be very costly and extra time is
often required to reach target throughput. The gold industry has a good record when it comes to ramp-up and
this will be explored and discussed. A number of case studies will be discussed, and different gold ore
processing flowsheets will be compared. Several papers have covered this topic over the years, but the main
objective of this paper is to focus on how rapidly gold processing plants achieve ramp-up / production targets.

Author(s) & Affiliation: Abraham Adewale Adeleke, OBAFEMI AWOLOWO UNIVERSITY; Stephen Kuye,
OBAFEMI AWOLOWO UNIVERSITY; Joseph Ajao; Olasunkanmi Akande, OBAFEMI AWOLOWO
UNIVERSITY; Adegoke Ogunnake, OBAFEMI AWOLOWO UNIVERSITY; James Olumuyiwa, OBAFEMI
AWOLOWO UNIVERSITY; John Olawale, Obafemi Awolowo University; Oluwatobi Osasona, OBAFEMI
AWOLOWO UNIVERSITY

Abstract Title: RECOVERY OF GOLD FROM AN ALLUVIAL DEPOSIT BY SLUICE BOX GRAVITY
SEPARATION AND BORAX SMELTING

Abstract:

Mercury use in gold amalgamation limits gold recovery and also contaminates the ecosystem. This project was
undertaken to develop a gold recovery route that used a locally fabricated sluice box and borax smelting
technology. Gold-bearing ore was collected from Iperindo, Osun State, South West Nigeria. The ore was



crushed and ground. It was subjected to sieving, and concentrated by panning, jigging, and the fabricated
slurry box system. The sluice box was designed with a recirculating water circuit, demonstrated enhanced
particle separation and improved gold recovery compared to traditional methods, while significantly reducing
water usage. Mineralogical characterization using sieve analysis, reflective light microscopy, and XRF
confirmed the enrichment of gold-bearing phases in concentrates obtained from the sluice box. The recovery
process was further improved by applying borax smelting, in which concentrates mixed with borax flux were
heated in a controlled furnace. Borax lowered the smelting temperature, trapped impurities in the slag, and
facilitated the formation of clean gold grain without the need for mercury. The results obtained showed that gold
ore as received assayed 0.03 ppm, while the concentrates from panning, jigging and sluice box processing
assayed 0.03, 0.34 and 0.32 ppm, respectively. The borax smelting produced gold grains that assayed 96.30%
gold, 1.7% copper and 0.40% lead. Therefore, the integrated sluice box processing and borax smelting
approach produced mercury-free, high-purity gold at lower environmental and health costs. The system proved
cost-effective, adaptable to artisanal scales, and technically viable for widespread adoption. With adequate
training and policy support, this innovation can substantially improve gold recovery rates, protect the
environment, and enhance the socio-economic well-being of artisanal mining communities in Nigeria.

Author(s) & Affiliation: Bert Smits, Umicore; Jan Luyten, Umicore
Abstract Title: Process Safety Aspects in Industrial PGM Refining

Abstract:

Like most chemical processes, the refining of PGMs involves several specific process safety hazards. The
noble character of PGMs often necessitates highly aggressive conditions to achieve dissolution and chemical
separation. The harsh chemicals used in traditional PGM refining processes (e.g. HCI, HNO3, ClI2,...) - and
particularly their combinations - can give rise to dangerous situations or unintended by-products. Additional
hazards arise from the chemical properties of the PGM compounds themselves and may be either acute (e.g.
RuO4 formation) or long-term (e.g. sensitization to platinum salts). These process hazards are generally well
understood when the generation or use of hazardous species is intentional and properly controlled. However,
the same chemistry can create significant issues when it occurs unintentionally or under uncontrolled
conditions. Several incidents and near misses illustrate how such situations can escalate into safety events.
Through a series of case studies, this presentation aims to share these learnings more broadly with the industry
and raise awareness of less obvious but critical process safety hazards. A first group of process hazards is
linked to the presence of hydrogen. Hydrogen evolution is a common concern in hydrometallurgical processes,
particularly when non-noble metals are contacted with concentrated acids. A less widely known issue is that
certain noble metals, and their mixtures, can also cause H2 evolution even though this is not immediately
apparent when considering the standard electrochemical series alone. This behaviour is explained by the fact
that industrial-scale PGM processing occurs almost exclusively in hydrochloric acid media. Strong chloride
complexation can significantly alter the redox behaviour of metals under these conditions. A notable example is
copper, which may evolve hydrogen under specific combinations of acidity and temperature. More detailed
thermodynamic analysis shows that high activities in concentrated HCI solutions, together with the Cu(l)/Cu(ll)
stability domain, play a key role in this phenomenon. Hydrogen-related hazards also include hydrogen uptake
by PGMs through adsorption or absorption. Finely dispersed PGM materials may exhibit pyrophoric behaviour
associated with hydrogen uptake. A second category of hazards is associated with the formation of nitrogen
trichloride (NCI3) during the refining of Pt/Pd through ammonium salt precipitations. NCI3 is a shock-sensitive
and highly unstable liquid that decomposes violently. Its formation can occur via reaction between ammonium
species and chlorine and has been described in the literature. Adequate venting is therefore required to prevent
accumulation of NCI3 during PGM processing. Finally, the formation of organic species from inorganic



carbon—typically present after pyrometallurgical operations—may also pose safety hazards. |dentification of
these species and quantification of their formation rates are important to ensure safe operation.

Author(s) & Affiliation: Jamie Donald, Scantech International Pty. Ltd.; Henry Kurth, Scantech International
Pty Ltd

Abstract Title: Direct, representative gold grade measurement in conveyed ore using GEOSCAN GOLD — H
Kurth and J Donald

Abstract:

Representative measurement of precious metals in bulk materials has been successfully achieved using high
performance Prompt Gamma Neutron Activation Analysis (PGNAA). The technique has been proven
extensively in various industrial sectors for the multi-elemental measurement of conveyed and packaged bulk
materials for over 30 years. The unique capability to measure precious metals directly has occurred over only
the last few years with proven performance of GEOSCAN GOLD in gold ores and scrap materials such as
e-waste. Measurement of gold content to as low as 0.2 ppm Au and silver to single ppm levels has been
implemented at multiple mining operations. Measuring gold and silver along with copper is now also proven in
scrap received at recycling plants and in concentrates received by smelters. PGNAA has been successfully
implemented for platinum-palladium ore measurement for every thirty seconds of flow for bulk ore sorting
applications using measurement of proxy elements. The paper explains the PGNAA technology, its
development for gold analysis, and provides examples of applications and performance at multiple operating
sites. This capability provides previously unmatched metal accounting opportunities especially when combined
with real time moisture analysis for dry tonnage determination.

Author(s) & Affiliation: Petteri Halli, ElImery Ltd.; Kim Kavander, Elmery; German Fernandez Garrido, Elmery;
Mika Paalanne, Elmery Ltd.; Mari Lundstrém, Aalto University

Abstract Title: Expanding Electrochemistry Beyond Electrowinning: Pulsed Electrolysis for Precious Metals
Refining and Recovery

Abstract:

Precious metals such as Au, Ag, and the platinum group metals (PGMs) are increasingly critical to modern
technologies, yet industrial hydrometallurgical circuits are being asked to process more variable and complex
feedstocks (ores, concentrates, slags, residues, and recycled materials) while reducing chemical footprint. In
many refineries and recycling operations, leaching is followed by reagent intensive purification—solvent
extraction (SX), ion exchange (I1X), and precipitation/cementation—before a final electrowinning (EW) step.
Because EW typically requires tightly specified electrolytes, upstream conditioning may be repeated to manage
impurity thresholds and solution specifications (e.g., complex chemistry and acidity), often increasing chemical
consumption, generating side streams, and elevating effluent treatment and waste handling demands. In this
paper, the intelligent electrification is evaluated as a new processing method, that extends electrochemistry
beyond the last step, by introducing pulsed-controlled electrolysis as a selective separation unit operation for
precious metals processing. EImery Ltd positions its technology as a pulse-based electrometallurgical method
designed to selectively recover precious, base, and critical metals from complex industrial liquid streams in a
clean, precise, and predictable manner. In contrast to conventional, constant current EW, the Elmery
Technology deliberately uses pulsed parameters to influence interfacial kinetics, nucleation, and deposit
growth, thereby favouring targeted metals extraction and suppressing unwanted codeposition. Rather than
increasing reagent consumption or adding additional processing stages; maintaining the product purity and



recover rate with varying feed conditions are the key targets, which is done by modifying the parameters
established within the operating window. Integration concepts are presented for (i) selective recovery of
valuables from process, bleed, and side streams to prevent impurity buildup and increase metal circulation, (ii)
recovery from low concentration solutions where conventional EW performance may be limited, and (iii)
selective removal of hazardous metals from side and waste streams to simplify downstream effluent treatment.
The unit is framed as a modular, add-in addition to existing flowsheets: piloting can be done rapidly on real
plant streams, and industrial scaleup can be achieved by adding parallel cell banks. Operating window
definition is addressed early in implementation to establish robust pulse recipes across expected ranges of feed
composition and metal loading. Long-term performance stability is treated as a primary acceptance criterion for
customers and a core design priority for EImery. A pathway for closed loop, data driven optimization is outlined,
where sensor and historical operating data are used to adapt parameters as process conditions change,
reducing operator intervention and supporting consistent product quality targets.

Author(s) & Affiliation: Damian Connelly, METS Engineering Group Pty Ltd
Abstract Title: Cyanide DETOX or Recovery From Plant Tailings? Which is Preferred.

Abstract:

This paper evaluates the options and what influences the process selection for cyanide destruction and or
cyanide recovery. The cost effectiveness, comparison of common detoxification DETOX) or cyanide recovery
methods with advantages and disadvantages are explored including the INCO, SART, AVR and Hannah
processes. The various environmentally sensitive issues pertaining to the usage of cyanide, including the
effects on wildlife, monitoring procedures and strategies undertaken to prevent and more and more gold plants
around the world are being required by law to limit cyanide emissions to the environment. This paper evaluates
the options and what influences the process selection for cyanide destruction and recovery. Fundamental
aspects of the International Code for Cyanide Management are covered, and highlighted with references to the
management of cyanide. The social licence attitudes have changed over recent years relating to
environmental issues pertaining to the usage of cyanide, including the effects on wildlife, monitoring
procedures and strategies undertaken to prevent and control any risks due to exposure to the environment.
Treatment procedures, and methods, for cyanide poisoning are also covered as well as standard transport and
storage procedures for the handling of cyanide and control of any risks due to exposure to the environment will
be discussed. Case studies are examined with new gold projects to illustrate major hazards and mitigations
that may occur and be implemented in gold processing operations.

Author(s) & Affiliation: Carlos Torres, DRASLOVKA; Glen O'Malley, Draslovka Mining Process Solutions

Abstract Title: Raman Spectroscopy to identify Cyanide/ Glycine Base Metal (Copper) Complexes and Sulfur
Speciation in Conventional Cyanidation and Glycine—Cyanide Hydrometallurgical Solutions

Abstract:

Raman Spectroscopy to identify Cyanide/ Glycine Base Metal (Copper) Complexes and Sulfur Speciation in
Conventional Cyanidation and Glycine—Cyanide Hydrometallurgical Solutions Accurate chemical speciation is
essential for controlling reagent efficiency, copper solubility, and gold extraction performance in both traditional
cyanidation and the emerging GlyCat™ (glycine—cyanide) leaching technology. However, industrial monitoring
methods still rely on partial measurements such as free cyanide, WAD cyanide or total copper, which do not
reveal the distribution of cyanide among metal complexes, oxidation products, sulfur—nitrogen derivatives, or
organic ligands. This analytical limitation results in oversupply of reagents, unaccounted cyanide losses, and



sub-optimal process control. This work presents Raman spectroscopy as a single, reagent-free analytical
technigue capable of simultaneously distinguishing and quantifying the main chemical species that define
cyanide behaviour in hydrometallurgical liquors. The method resolves, in a single measurement: ¢
copper—cyanide complexes relevant to dissolution and soluble copper loss, * cyanide oxidation products such
as cyanate (OCNM), - sulfur—nitrogen derivatives such as thiocyanate (SCNH), « stable iron—cyanide species
that remove cyanide from solution, « free glycine and copper—glycine complexes in GlyCat™ systems, and «
major dissolved sulfur species including sulfate (SOM?HE) and thiosulfate (SEMOM2M), which govern part of the
cyanide degradation pathway and strongly influence copper speciation. The dual-process applicability is
central: the same Raman workflow can be used whether the plant is operating under conventional cyanidation
or under partial or full glycine substitution. In cyanidation circuits, Raman enables direct tracking of cyanide
consumption through oxidation, metal complexation, and sulfur reaction pathways. In GlyCat™ circuits, Raman
allows quantification of the competitive complexation between cyanide and glycine for copper, providing insight
into reagent distribution, dissolution kinetics, and the transition from Cu—CN to Cu—Gly species. This is not
possible using standard titration-based methods, where each analyte requires a separate chemical procedure.
The method was validated using synthetic and real plant samples from multiple metallurgical projects across
different regions worldwide. Raman predictions were benchmarked against Metrohm DET titration for

total glycine, UV-Vis for copper—cyanide equilibria, ICP-OES for dissolved copper, and ion-exchange extraction
for ligand differentiation. Agreement demonstrated that Raman can replace multiple laboratory workflows, while
also providing species-level resolution that conventional methods cannot offer. The ability to measure sulfate
and thiosulfate alongside cyanide species is especially relevant in sulfidic ores, where sulfur oxidation controls
cyanide losses and affects SCNE formation. Unlike traditional methods where thiosulfate and sulfate require
additional titration or chromatography steps, Raman provides instantaneous measurement in the same scan
used to quantify cyanide, copper and glycine. These results show that Raman spectroscopy is not only a rapid
analytical technique but a process-control enabler: it allows closed-loop monitoring of reagent dosing, copper
deportment, cyanide destruction chemistry, and the transition between cyanidation and GlyCat™ operation
modes. lts ability to quantify multiple species without reagents, derivatization or sample preparation makes it
the first viable single-platform speciation tool for modern hydrometallurgy.

Author(s) & Affiliation: Sherzodbek Khamdamov, University of Saskatchewan; Shafig Alam, University of
Saskatchewan

Abstract Title: A Mixed Cyanide—Chloride Process for Energy-Efficient and Sustainable Gold Recovery with
Cyanide Recycling

Abstract:

An innovative mixed cyanide—chloride process has been developed for gold production. In this process, gold is
initially recovered by cyanidation, followed by cyanide recovery and recycling using Acidification-Volatilization
methods. During the cyanide recovery stage, gold forms a gold—chloride complex in solution, which is well
suited for gold biosorption, where simultaneous adsorption and reduction occur to produce pure metallic gold.
This integrated approach eliminates conventional gold recovery steps, including high-temperature elution and
electrowinning, resulting in significant energy savings and supporting Net Zero objectives. Furthermore, the
recovery and recycling of cyanide substantially reduce the environmental impacts associated with conventional
gold processing operations.

Author(s) & Affiliation: Cassandra Walli, Laurentian University; Jacob Schmidt, Laurentian University; Eduard
Guerra, Laurentian University; Jeffrey Shepherd, Laurentian University



Abstract Title: Exploring the Catalytic Effect of Dissolved Copper on the Kinetics of Electrolytic Oxidation of
Cyanide on Stainless Steel Electrodes

Abstract:

Electrolytic oxidation of cyanide is a potential alternative to chemical oxidation methods in the treatment of gold
mill effluents. Previous experiments using 304 stainless steel electrodes showed that the addition of small
amounts of copper provided a dramatic improvement in cyanide oxidation kinetics. However, visible corrosion
of the 304 stainless steel electrodes was observed, which disqualified it from being a viable electrode material.
As an alternative, 316 stainless steel was identified as candidate electrode material as it is already a common
electrode material in industrial gold electrowinning cells. Cyclic voltammetry experiments were initially
performed to characterize the redox behavior of 316 over a wide range of electrolyte conditions. Galvanostatic
studies were then performed using electrolytes more typical of gold mill effluents, at a pH of ca. 11, containing
250 mg L-1 of cyanide with and without 50 mg L-1 of copper (as copper(l) cyanide). These experiments were
conducted at current densities of both 20 A m-2 and 100 A m-2 over 48 hour periods, during which periodic
sampling of the electrolyte was done. The residual cyanide concentrations were measured in the solution
samples by potentiometric titration using a silver nitrate solution and fit to a first order rate model. The presence
of copper was found to dramatically enhance the oxidation of cyanide, in a similar manner as shown for 304
stainless steel. The enhanced kinetics was attributed to the formation of loosely adherent copper(ll) oxide
particles at the anode. In this regard, SEM-EDS analysis of the anodes after being used in experiments with
copper-containing electrolytes showed evidence of the presence of copper particles on the electrode surfaces.
In comparison to 304 stainless steel, SEM-EDS analyses of the 316 stainless steel electrode surfaces and
ICP-MS analyses of the solutions samples did not show significant evidence of corrosion after 48 hours,
validating its potential use for industrial applications.

Author(s) & Affiliation: Senzeni Lephuthing, DRASLOVKA MINING LAB; Glen O'Malley, Draslovka Mining
Process Solutions

Abstract Title: A comparative evaluation of gold extraction using Cyanidation and GlyCat™ leaching
processes

Abstract:

This study evaluated the GlyCat™ process compared to conventional cyanidation for gold leaching under
varying cyanide concentrations under batch and continuous conditions on a free milling gold ore. The batch
leaching was conducted in 46 L reactors at 50% solids, pH 9.0, 17.5 h residence time, and 14 g/L carbon
concentration, with dissolved oxygen maintained between 25-10 mg/L in CIL configuration where carbon was
added for 16 hrs. The results demonstrated that at higher cyanide dosages (250-350 mg/L), both methods
achieved comparable recoveries. However, GlyCat™ achieved consistent higher gold extractions (~90%)
across a range of cyanide dosages (150-350 mg/L), whereas conventional cyanidation displayed on gold
extraction up to (70%) at 150 mg/L, highlighting the significance co-lixiviant role of glycine under
cyanide-deficient conditions. GlyCat™ also demonstrated higher concentrations of free and WAD cyanide
which led to cyanide stabilization and lower overall cyanide consumption. Continuous leaching was carried out
in parallel 10-tank circuits over 504 hours (28 residence times), with different cyanide dosages in stages 1-4
with different dissolved oxygen levels in some stages between the leaching processes. The results
demonstrated that gold extraction from stages 1-4 cyanidation achieved 64%, 50%, 66%, and 71%, while
GlyCat™ yielded 75%, 59%, 66%, and 67%, respectively. These results shows clearly that GlyCat™ at stage
1-2 high gold extraction than cyanidation, although at stage 2 the dissolved oxygen of GlyCat™ were at lower
levels than cyanidation. In contracts, stage 3-4 showed both leaching process comparable specifically at stage



2 and stage 3 cyanidation was high gold extraction. Furthermore, despite identical cyanide setpoints, GlyCat™
showed lower cyanide consumption, indicating better reagent efficiency. Although sodium hydroxide was used
in both circuits, pH adjustment in GlyCat™ was minimal due to its increased alkalinity, reducing the need for
lime. These results highlight the technical and economic benefits of GlyCat™ in improving cyanide stability,
optimizing gold recovery, and lowering reagent costs.

Author(s) & Affiliation: Dave Sammut, Loop Hydrometallurgy; Mel Warman, Loop Hydrometallurgy
Abstract Title: The Halion Loop™ - Unlocking Problem Resources Using Halide Hydrometallurgy

Abstract:

For more than a decade, new copper discoveries have been getting fewer, smaller and much deeper. The only
major discovery in this period commences at 600m depth, and when developed will become the world’s
deepest copper mine.Yet the world still offers abundant near-surface copper resources. Their ‘limitation’, being
low?grade, polymetallic and/or arsenic contaminated, is that they aren’t technically or economically suitable for
beneficiation to smelter-grade concentrates. Closing the supply gap is substantiallya matter of developing
solutions that operate beyond the technical limitations of smelters.As the most common alternative to smelting,
heap leaching can address only one of the problems (low grade), but it requires very long residence times,
massive quantities of acid, and enormous land use — requiring extensive land remediation. It sacrifices
substantial copper recoveries (typically at least 30%), and it fails to extract key co-occurring metals: gold, silver,
lead, rare earths and more.As a significantly better alternative, the Halion Loop™ applies and extends the
well-known economic and environmental advantages of halide hydrometallurgy. Operating at atmospheric
pressure and <100°C offers faster and cheaper extraction of copper and other metals from mineral ores,
concentrates and tailings than any sulphate-based hydrometallurgy.This paper will discuss key outcomes of
studies on the use of the Halion Loop™ for the efficient extraction of target metals from a broad range of copper
resources: low grade ‘pre?concentrates’ (<8% Cu); high arsenic (>8%); large-grain (>1,000um); polymetallic
copper?lead-zinc bulk concentrates; from refractory minerals, ores and tailings; and from water?constrained
and saline sites.While these capabilities significantly extend the range of viable resources — even compared to
previous halide hydrometallurgical processes — the key challenge that has hindered the commercial application
of halide hydrometallurgy was the recovery of metal products, most particularly the recovery of copper as high
purity metal.The development of the Halion™ electrowinning cell is the critical step for ‘closing the loop’ on a
cyclic process. It is the world’s first design for the practical, efficient production of dendritic copper from halide
electrolytes. Utilising the advantages of the cuprous copper state, this design significantly reduces the power
consumption of copper electrowinning, as well as allowing for continuous production without the need to
regularly handle and strip the cathodes.The paper will also discuss the outcomes from the operation of Loop
Hydrometallurgy’s pilot electrowinning cell during the first half of 2026.

Author(s) & Affiliation: M. Robert Mock, NOVA Hydromet; Brant Mock, NOVA Hydromet
Abstract Title: Autoclave Compressible Multiphase Slurry Flow and Level Control Valve Sizing

Abstract:

Flashing slurry flow is common to autoclave (AC) processing of refractory ore and leads to substantial AC
process facility losses each year. Despite its detrimental effect, this phenomenon is comprehended by relatively
few in the global slurry mining industry. While esoteric, flashing is central to the operation, sizing, and health of
the AC system. Correct understanding of multiphase flow dynamics impacts important aspects of the AC
process, such as AC letdown equipment wear (including the level control valve), AC throughput, and level



control. The first section of this paper serves as an introduction to the first-principle bases for flashing
multiphase flow. It covers both the thermo- and flow dynamics of AC letdown applications. The fascinating
characteristics of this science provide helpful insights into avoiding costly problems, troubleshooting operation
issues, and innovating novel AC letdown solutions. The second section of this paper describes a novel sizing
technique for AC level control valves (LCV). This technique uses specific adaptations of thermodynamics and
compressible flow science applied to three-phase flow. It goes beyond basic sizing techniques currently
common in industry by including ceramic material properties, thermoelasticity, AC level control, statistical
control of temperature and pressure, health monitoring, and AC starts and stops. By understanding and
accurately applying these disciplines, some of the negative effect of flashing flow on LCVs can be prevented.

Author(s) & Affiliation: Joseph Prince, Caldera Engineering; John Pearson, Caldera Engineering; Johann
Verster, Caldera Engineering; Nicholas Wallace, Caldera Engineering; Jeff Robison, Caldera Engineering

Abstract Title: Mitigating Thermal Shock and Hydraulic Transients in Autoclave Discharge Systems through
Optimized Operating Procedures

Abstract:

In pressure hydrometallurgy, unplanned shutdowns associated with autoclave operation result in significant
downtime and substantial economic impact. Equipment downstream of the autoclave is particularly susceptible
to damage due to the severe operating conditions in the discharge line. The two block valves and the level
control valve (LCV) that are part of the slurry control in the discharge line are vulnerable to erosive wear and
hydraulic shock from flashing flow, while the LCV faces additional risks of ceramic fracture caused by thermal
transients and crushing of scale. Autoclave startups and shutdowns represent the highest-risk operating
periods for this equipment. Valve sequencing downstream of the autoclave, along with the thermal soak time of
the discharge line, strongly influences the magnitude and rate of thermal stresses imposed on the LCV. In this
work, computational fluid dynamics and heat transfer models, validated against experimental data, are used to
evaluate flow behavior, thermal response, and thermal shock risk in the autoclave discharge line during startup
and shutdown. The results demonstrate how optimized operational procedures can reduce thermal, hydraulic,
and erosive damage, improve valve reliability, and minimize costly unplanned downtime.

Author(s) & Affiliation: Christoph Ziegler, Aurubis AG; Bernhard Wahl, Aurubis AG; Christoph Braun, Aurubis
AG; Leslie Bryson, Aurubis AG

Abstract Title: The value of plant trials to de-risk the commissioning of Aurubis’ new precious metals plant

Abstract:

The commissioning of any commercial plant is one of the most important phases in project execution. While
laboratory-scale tests, a pilot operation and thorough engineering provide an indispensable foundation, it is
still often challenging to capture the complexity of full-scale operations. Conducting structured trials and
testwork within an existing operating plant offers a unique opportunity to validate process assumptions under
realistic conditions, significantly reducing technical and financial risks during commissioning. Aurubis is
currently building a new precious metals refinery with expected commissioning in 2027. Operational trials have
allowed us to simulate key aspects of the new flowsheet in order to more completely evaluate new prototype
operating equipment, feed variability and process dynamics. In this publication we are discussing these three
trials in further detail: Long-term test of ion exchange columns for palladium control in silver electrorefining
Equipment testing for combined: silver crystal sieving, washing and drying Assessment of a silver refining
prototype cell with improved safety, automation readiness and optimized process robustness All testwork was



conducted in the existing precious metals plant at the Hamburg site. The information and data collected have
been used for the final design of the new plant and we aim to reduce the technical and process risk during
commissioning.



Hydrometallurgy: Processing of Critical Materials

Author(s) & Affiliation: Benedict Ndagano Ogalabyoshi, Université Laval; Salmata Diallo, Université Laval;
Georgios Kolliopoulos, Université Laval

Abstract Title: Fluoride-free extraction of niobium and tantalum from a pyrochlore-microlite intermediate
concentrate via alkali fusion and water leaching

Abstract:

Traditional extraction methods for niobium (Nb) and tantalum (Ta) rely heavily on hydrofluoric acid (HF), which
poses significant environmental and safety risks. This study investigates an eco-friendly alkali fusion and
water-leaching process as a cleaner alternative. Using a pyrochlore-microlite-bearing intermediate concentrate,
alkali fusion with potassium hydroxide at 700 °C, followed by water leaching, achieved high extraction
efficiencies of 86.4% for Nb and 91.4% for Ta. The process demonstrated excellent selectivity against major
impurities, with minimal extraction of iron (6.3%) and calcium (1.2%), while aluminum, sodium, and titanium
were solubilized.

Author(s) & Affiliation: Maziar Sauber, CanmetMINING Natural Resources Canada; Antonio Di Feo, NRCan
(Canmet Mining); Shahrokh Shahsavari, SGS Canada

Abstract Title: Comparative beneficiation flowsheets for Alces Lake monazite-rich REE ore sample

Abstract:

Developing flexible and scalable beneficiation routes is crucial to enhancing the resilience of rare earth supply.
This study evaluates processing options for a monazite-rich ore sample from the Alces Lake Project
(Saskatchewan, Canada) with a head grade of approximately 2% total rare earth oxides (TREQ). Multiple
strategies were assessed to manage silicate-rich gangue, size-dependent liberation, and inherent
grade—recovery trade-offs. The work also examined early gangue rejection via physical preconcentration to
reduce flotation mass pull, and the use of magnetic response differences to split the feed into more selective
flotation circuits. Three alternative process flowsheets were developed and compared. Flowsheet 1 applied
direct flotation with one rougher stage followed by regrind and three cleaning stages to maximize concentrate
grade, producing a final concentrate of 7.6 wt% grading 20.4% TREO at 72.2% TREO recovery (7.6% mass
pull). Flowsheet 2 combined 850 um screening and dense medium separation (DMS) to reject low-grade floats,
followed by flotation of the DMS sinks and scavenger flotation of reground sinks tailings; this route achieved
approximately 70—-75% TREO recovery with rougher concentrate grades around 14% TREO, with additional
TREO recovered in the scavenger at lower grade (mass pull increased as recovery was maximized). Flowsheet
3 combined two-stage wet high-intensity magnetic separation (WHIMS) at 5 kGauss with separate flotation of
non-magnetic and magnetic fractions, delivering a combined concentrate grading 8.44% TREO at 84.9% TREO
recovery (19.7% mass pull). These results demonstrate practical, selectable processing routes for Alces Lake
material, enabling flowsheet selection based on priorities of maximum concentrate grade, maximum TREO
recovery, or reduced downstream mass handling through preconcentration.

Author(s) & Affiliation: Fatemeh Hadiani Kapourchali, Université Laval; Salmata Diallo, Université Laval;
Ashish Pandey, National Research Council of Canada (NRC); Georgios Kolliopoulos, Université Laval



Abstract Title: Direct Nickel Extraction from a Sulfide Ore Concentrate Using Hydrophobic Deep Eutectic
Solvents

Abstract:

This study investigates the direct extraction of nickel from a primary sulfide ore concentrate, predominantly
pentlandite, using hydrochloric acid-loaded hydrophobic deep eutectic solvents (DES). The proposed system
offers a solvometallurgical alternative to conventional processes by operating in a predominantly organic phase
and reducing bulk agueous waste streams. A hydrophobic DES composed of decanoic acid and
methyltrialkylammonium chloride (mixture of C8-C10) was pre-loaded with hydrochloric acid and evaluated
under moderate-temperature conditions. Nickel extraction reached up to 70% without the addition of external
oxidants. The results emphasize the importance of effective acidity and chloride complexation within the
organic medium in promoting metal dissolution from the sulfide matrix. Overall, the findings demonstrate the
feasibility of hydrophobic DES systems as an alternative platform for sulfide ore processing in low-water solvent
environments.
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Abstract Title: Cobalt Recovery by Oxidative Precipitation with Sodium Persulfate in Acidic Sulfate Media

Abstract:

Cobalt is a critical metal for rechargeable batteries and high-performance alloys, and its recovery from both
primary and secondary resources is increasingly important in hydrometallurgy. Oxidative precipitation of cobalt
(Co2H to Co°H) provides a selective route for cobalt removal from acidic sulfate solutions. In this study,
thermally activated sodium persulfate (NalISEHOM) was evaluated as an oxidant for cobalt precipitation from
synthetic sulfate media containing 5 g-LIl' Co2M at pH 4. Persulfate concentrations of 0.1, 0.2, and 0.5 mol-LIl'
were tested at 60, 70, and 80 °C. Cobalt removal was proven to strongly depend on both oxidant dosage and
temperature. At 0.1 M, removal remained below 50%, whereas 0.2 M, >98% removal was achieved at 70-80
°C. Near-complete cobalt removal (=100%) was obtained at 0.5 M with significantly reduced reaction times.
X-ray diffraction confirmed the formation of cobalt oxyhydroxide (CoOOH) as the dominant precipitated phase.
These results demonstrate that both temperature and persulfate dosage define practical operating ranges for
persulfate-driven cobalt precipitation under hydrometallurgical conditions.
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Abstract Title: Economic Viability of Graphite Recycling from End-Of-Life (EOL) Lithium-lon Batteries (LIBs)

Abstract:

The unavoidable need for growth of transport electrification, electric cars, and renewable energy systems has
driven the demand for lithium-ion batteries (LIBs), resulting in a surge of end-of-life (EOL) batteries, creating
both challenges and opportunities for recycling. Recycling efforts have traditionally focused on recovering
high-value metals (such as lithium, cobalt, and nickel); however, graphite used as the primary anode material
remains largely overlooked despite its significant contribution to battery mass and its strategic importance in the
supply chain. This study explores the economic feasibility of recycling graphite from EOL LIBs by comparing its



recovery costs with those of natural and synthetic graphite sources. Graphite, often treated as waste or
incinerated, represents a lower value opportunity for battery recycling efficiency and circular economic
strategies. To address this gap, we evaluate the cost efficiency of graphite recovery from Black Mass; Black
mass is produced and processed by discharging and dismantling used batteries, followed by mechanical
treatment such as shredding, grinding, and magnetic or density separation to remove plastics and casings from
the rest of the battery. The proposed process starts with heat treatment, followed by flotation, acid washing,
solid/liquid separation, drying, second heat treatment (regeneration), lump breaking, agglomeration and carbon
coating, third heat treatment (carbonization). Beyond direct economics, graphite recovery offers environmental
and strategic benefits, including reduced dependence on imported natural graphite and a lower carbon
footprint. These advantages may strengthen longBterm feasibility as sustainability policies evolve. Despite all
technical and environmental advantages, recycled graphite must still meet electric vehicle-grade performance
requirements, which can be challenging due to mixed feed compositions. Since commercial LIBs rely on
optimized blends of natural and synthetic graphite, quality inconsistencies are common in recycled material.
Density-based separation and other advanced methods can help improve product performance. Logistical
design also affects feasibility. As graphite constitutes approximately 30-40% of black mass by weight,
integrating graphite separation at the spoke facilities can reduce transportation volumes and associated
emissions, particularly when graphite processing occurs at a different site. This approach improves both cost
efficiency and sustainability.
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Abstract Title: Bench-scale Microwave Pretreatment and Leaching of a Cu-Zn Sulphide Ore

Abstract:

Copper is critically important to industry due to its high electrical and thermal conductivity. The decline in ore
grades has led to the search for modern and innovative approaches to extract copper from low-grade ores.
Chalcopyrite (CuFeS2) is a copper sulphide mineral and is the primary source of copper in global production.
Pyrometallurgical and hydrometallurgical routes are the two main processes used to extract copper

from the low-grade sulphide ores. Hydrometallurgy is more desirable due to environmental drivers such as
lower energy demand and less gas emissions. However, the lengthy processing times and

lower recoveries make it economically unfavorable at the pilot and industrial scales. Microwave heating is of
interest due to its potential to improve extraction efficiency, reduce energy and processing costs, and enhance
overall sustainability. This study evaluates the interaction of a copper sulphide ore with microwaves, and its
implications for comminution, mineral liberation, and downstream leaching. Optical microscope and scanning
electron microscope (SEM) micrographs were taken before and after microwave pretreatment, as well as after
leaching. The microstructural analysis revealed rapid absorption of microwave energy by the copper sulphide
ore, resulting in the formation of extensive micro- and macrocracks throughout the particles. X-ray diffraction
(XRD) and thermogravimetric analysis /differential thermal analysis (TGA/DTA) studies were performed to
further investigate the heating mechanisms within the minerals during microwave pretreatment. Furthermore,
oxidative leaching of the reference (as-received) and microwave treated ores were performed to evaluate the
effect of microwave pretreatment on leaching. The leaching results demonstrated that incorporating a
microwave pretreatment step prior to crushing and grinding increased copper extraction recovery from 64% to
94%. The kinetics of the leaching process were studied, and the mechanisms leading to improved

recoveries were investigated. Finally, a comparison of energy consumption and copper extraction economics,
with and without microwave pretreatment was conducted to assess the technoeconomic implications.
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Abstract Title: Thermodynamic Evaluation of the Alkali Roasting of a-Spodumene and the Effect of Impurities

Abstract:

The growing demand for lithium has led to increased extraction of lithium from hard rock minerals,
predominantly spodumene (LiAISi206). Currently, spodumene processing relies on a combination of dense
media separation followed by flotation to produce a spodumene concentrate. Spodumene flotation is
challenging, as micas, feldspars, and other silicates will often report to the concentrate. The concentrate is then
subjected to calcination at 1000 to 1100 °C to convert monoclinic a-spodumene into tetragonal B-spodumene,
which facilitates leaching of the lithium by sulphuric acid. Calcination is energy-intensive and so it is preferable
to recover lithium from a-spodumene. Roasting of a-spodumene concentrates with alkali salts at 300 to 400 °C
has been studied, but such tests have focused on the treatment of high-grade concentrates containing greater
than 90% a-spodumene. In this study, the thermodynamic feasibility of using lower grade spodumene
concentrates containing impurities such as feldspars was evaluated using the equilibrium model in HSC
Chemistry 6.1. The model simulates the roasting behavior and quantifies the influence of key process variables,
including feldspar content and composition, alkali salt dosage, and temperature. It was found that the
temperature had little effect on the equilibrium amount of lithium orthosilicate, which is amenable to water
leaching. The addition of feldspars and silica were found to result in increased formation of potassium and
sodium metasilicates and/or aluminates at the expense of potassium hydroxide and sodium orthosilicate.
Lithium orthosilicate was found to convert to lithium metasilicate at higher feldspar or silica contents. This work
provides a fundamental thermodynamic basis for determining appropriate feed specifications and operating
conditions for the potential industrial deployment of alkali roasting for the recovery of lithium from low grade
spodumene deposits.
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Abstract Title: Optimization of Dolomite Leaching and Multi-Stage Purification for Impurity Removal in
Hydrometallurgical Magnesium Production

Abstract:

As demand for low-carbon materials increases, the magnesium industry faces growing pressure to reduce the
environmental impact of primary magnesium production. Current production is largely based on the
energy-intensive Pidgeon process, which relies on dolomite as the main magnesium-bearing feedstock. While
dolomite is abundant and widely available, alternative hydrometallurgical routes remain underdeveloped.
Existing studies on dolomite leaching are limited, use inconsistent methodology, and report widely varying
kinetics and extraction efficiencies. In addition, impurity removal strategies required to produce
electrolysis-grade magnesium chloride have not been systematically investigated, limiting assessment of
hydrometallurgical magnesium production as an industrial option. This study presents an integrated
experimental approach for hydrometallurgical magnesium production from dolomite, combining leaching
optimization with multi-stage purification suitable for downstream molten-salt electrolysis. The leaching
behaviour of uncalcined, semi-calcined, and fully calcined dolomite was first examined. Thermogravimetric
analysis (TGA), including non-isothermal and isothermal measurements, together with X-ray diffraction (XRD),
was used to characterize thermal decomposition, phase evolution, and apparent calcination kinetics. These



results were used to link thermal pretreatment history and phase composition to subsequent leaching
performance. The results demonstrate that direct leaching of uncalcined dolomite provides higher magnesium
extraction than leaching of calcined materials. Thermal pretreatment promoted the formation of hydroxide-rich
phases, which increased slurry viscosity, and led to mass-transfer limitations during acid leaching. Based on
these findings, a Central Composite Design (CCD) was implemented to optimize the leaching of uncalcined
dolomite. The effects of hydrochloric acid concentration, temperature, reaction time, solid to liquid ratio, and
particle size were evaluated to identify key parameters controlling magnesium dissolution kinetics and acid
consumption. After leaching, a multi-stage purification process was developed to remove impurities such as
iron, boron, and sulfate, which negatively affect electrolyte stability and current efficiency during magnesium
electrolysis. The purification strategy progressively conditioned the leach solution toward electrolysis-grade
MgCIH by controlling impurity speciation, precipitation, and solution chemistry. Overall, this work demonstrates
a technically robust hydrometallurgical route for magnesium production from dolomite by combining optimized
leaching with targeted impurity removal. The results provide practical insights into process sensitivities,
operational limits, and feedstock requirements relevant to the development of scalable and low-carbon
magnesium production pathways.
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Abstract Title: Recovery of Scandium and Rare Earth Elements from Crater Lake Concentrates Using Alkali
Cracking and Supercritical CO2 Extraction

Abstract:

Scandium (Sc) and rare earth elements (REEs) hosted in silicate-rich ores are difficult to extract due to their
strong association with refractory mineral phases. This study evaluates an integrated processing approach for
ore concentrate samples from Scandium Canada’s Crater Lake project (Québec, Canada) that combines alkali
cracking with supercritical CO2 extraction (SCFE) using a TBP—-HNOS extractant system. Direct SCFE of
untreated concentrates resulted in negligible scandium recovery, highlighting the need for an effective
pretreatment step. Several alkali-cracking conditions were investigated, including NaOH roasting at elevated
temperatures and a lower-temperature NaOH-KOH eutectic treatment. Both approaches significantly improved
metal accessibility and enabled efficient scandium and REE extraction during subsequent SCFE. Under
optimized conditions, scandium recoveries approaching 90% were achieved, with similar trends observed for
total rare earth elements. Mineralogical analyses confirmed selective removal of metal-bearing phases, while
refractory gangue minerals remained in the solid residues. From a process perspective, the NaOH-KOH
eutectic route delivered metallurgical performance comparable to high-temperature NaOH cracking while
operating at substantially lower thermal input. Preliminary economic considerations indicate that this
lower-temperature pathway offers advantages in energy consumption and overall processing costs, improving
its attractiveness for scale-up. The results demonstrate the potential of combining alkali cracking with SCFE as
a viable and energy-efficient route for scandium recovery from refractory silicate concentrates.
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Abstract Title: Recovery of Barium, Alumina and Manganese from a Barium-rich oxide Manganese Ore



Abstract:

Barium, manganese and aluminum are classified as critical and strategic metals due to their increasing
importance in modern technological applications. This study investigates the formation and recovery of BaO
and Al203 from a Ba-rich oxide manganese ore, from Zambia, through a combined hydrogen reduction,
aluminothermic reduction- smelting, and alkaline leaching process. The manganese ore was first reduced using
hydrogen, where all manganese oxides were fully converted to MnO at 800 °C. This was followed by
aluminothermic reduction at 1500 °C, employing 25% excess aluminum, which resulted in the formation of a
Mn—Fe alloy and a CaO-Ba0-Al203 slag. The slag was subjected to an alkaline leaching using a
NalCOM-NaOH mixture (75:25). The leaching experiments were conducted at 90 °C with a solid-to-liquid ratio
of 1:10. The slag was primarily composed of krotite (CaAlO4), with indicated approximately 70% leachability
under the applied conditions. In this process, alumina was selectively dissolved into the leach solution, while
calcium and barium remained predominantly in the leaching residue. Alumina and BaO were further extracted
from the leaching and residue of solutions, respectively. Phase analysis, microstructural characterization, and
chemical composition measurements were performed using XRD, SEM-EDS, and XRF. This integrated
extraction approach enables the efficient recovery of manganese, alumina and barium from Zambian
manganese ore.
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Abstract Title: Metallurgical Process for the Recovery of Bismuth from the NICO Deposit

Abstract:

METALLURGICAL PROCESS FOR THE RECOVERY OF BISMUTH FROM THE NICO DEPOSIT Alex
Mezeil, Robin Goad1, Mike Johnson2, Crispinne Patino3, Mike Pimentel3 , MD Mezbahul Islam3 1Fortune
Minerals Limited 617 Wellington Street London, Ontario, Canada amezei@fortuneminerals.com &
rgoad@fortuneminerals.com, 25GS Canada Inc. 185 Concession Street Lakefield, Ontario KOL 2HO
Mike.Johnson@sgs.com 3XPS Industry Relevant Solutions, A Glencore Company Falconbridge, ON, POM 1S0
Crispinne.Patino@xps.ca, Mike.Pimentel@xps.ca, Mezbahul.lslam@xps.ca ABSTRACT Fortune Minerals
Limited is developing the vertically integrated NICO cobalt-gold-bismuth-copper critical minerals project in
Canada. The project is comprised of an open pit and underground mine plus concentrator in the Northwest
Territories and a dedicated hydrometallurgical facility in Lamont county, Alberta where concentrates from the
mine, and other feed sources, will be processed to bismuth ingots, gold doré, cobalt sulphate and copper
cement. The NICO project, is at the definitive feasibility study stage after extensive resource delineation and
engineering work that included metallurgical studies and piloting to develop process flowsheets specifically
designed to maximize the recoveries for each of the four payable metals into value-added products. Historically,
the NICO deposit was primarily a cobalt-gold asset, but it is also the largest deposit of bismuth in the world with
12% of global reserves. This paper describes the recovery of bismuth from its concentrate produced from the
ore using bulk and selective flotation, followed by hydrometallurgical and a pyrometallurgical processing to
99.99% (4N) bismuth ingots. The relevant testing was performed at SGS and XPS, respectively with Worley
responsible for leading the Feasibility Study engineering. Bismuth concentrate, averaging 40-45% bismuth and
400 - 500 g/t gold is subjected to hydrochloric acid oxidative leaching using regenerated ferric chloride lixiviant,
followed by thickening, filtration and washing. The well-washed filter cake containing most of the recoverable
gold is blended with auriferous cobalt concentrate and subjected to pressure oxidation to recover the gold,
cobalt and copper. The combined bismuth pregnhant leach and wash solution is subjected to bismuth
cementation using iron powder. The cementation barren solution is directed to ferric regeneration with chlorine.
Free acidity and chloride levels are adjusted using sulphuric acid and sodium chloride, respectively. The
bismuth cement containing about 90% bismuth is subjected to reductive smelting using charcoal and sodium



carbonate flux. The crude ingot containing about 95-98% bismuth is subjected to multiple stages of refining to
produce the high purity bismuth ingots. Keywords Keywords: NICO Project, Bismuth, Hydrochloric acid
oxidative leaching, Ferric chloride lixiviant, Bismuth cementation, Iron powder, Reductive smelting, Refining,
4N Bi.

Author(s) & Affiliation: Tejaswini Das, Council of Scientific & Industrial Research-Institute of Minerals and
Materials Technology (CSIR-IMMT), Odisha, India & RMIT University, Melbourne,VIC, Australia; Aishvarya V,
CSIR-IMMT, India; Jang Mee Lee, RMIT Univeristy; Subhashree Sahoo, CSIR-IMMT; Kshyanaprava Biswal,
CSIR-IMMT; U Balaji, CSIR-IMMT; N Pradhan, CSIR-IMMT

Abstract Title: Enhancement of Anoxic Bioleaching of Low-Grade Manganese Ore Using Biochar as a Solid
Electron Shuttle

Abstract:

The growing interest towards the sustainable recovery of metals is driven by environmental and economic
limitations of conventional extraction methods. This has led to the exploration of bioleaching as a viable and
promising greener alternative. The extraction of Mn from low-grade manganese ore (LGMO) is a significant
challenge due to its complex ferruginous mineralogy, lower Mn and high Fe content. This study investigates the
potential of biochar as a solid electron shuttle to enhance the anoxic bioleaching of manganese from LGMO
using manganese reducing bacterial consortium (MRC). Biochar, a banana peduncle based carbon composite,
has been studied for its ability to transfer electrons between the bacterial consortia (MRC) and iron rich
manganese oxides. The study investigated the impact of key parameters, including biochar concentration,
leaching time, pulp density and the effect of agitation on the recovery of Mn. Results showed that increasing
biochar concentrations up to 0.1% (w/v) led to a clear enhancement in manganese extraction, with saturation at
0.2% (w/v). The inclusion of biochar significantly accelerated the reductive dissolution of Mn from 6.71%
(control) to 23.81% in 30 days of incubation without agitation, and the leaching was further enhanced upto
54.33% under similar conditions by providing agitation to the system. During the anoxic bioleaching, the specific
glucose consumption rate was estimated to be 27 mg g—1 day—1, which is significantly lower than the rates
reported previously for other bioleaching methods. XRD was conducted to confirm the metal oxide phase
transformation during bioleaching. The influence and interaction of MRC on biochar were confirmed using
RAMAN spectroscopy and FTIR analysis. Overall, this study demonstrates that biochar can be effectively
employed as an electron shuttle to enhance the bioleaching of low-grade manganese ores, offering a greener,
more efficient alternative to conventional extraction methods. This work lays the groundwork for scaling up
biochar-assisted bioleaching processes, potentially revolutionizing the treatment of low-grade ores in the mining
industry.
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Abstract Title: A Citrate-Based Hydrometallurgical Flowsheet for Selective Rare Earth Recovery from
lon-Adsorption Clays

Abstract:

lon-adsorption clays represent one of the world’s most strategically important sources of rare earth elements
(REEs), essential for electric vehicles, wind turbines, defense technologies, and advanced manufacturing. Yet
current processing practices rely heavily on ammonium-based lixiviants, which generate environmentally
burdensome effluents, increase impurity co-leaching, and pose challenges for regulatory compliance, especially
as governments strengthen oversight of critical mineral extraction. This work introduces a sustainable,



ammonia-free hydrometallurgical approach that leverages sodium citrate as an environmentally benign lixiviant
for selective REE recovery. Experimental results demonstrate that citrate-based leaching substantially reduces
impurity dissolution while maintaining strong REE extraction performance. Mechanistic analysis indicates that
the process operates through ligand-assisted desorption, preserving clay structure and enabling application in
both heap and agitated leaching operations. Two downstream recovery strategies were evaluated to assess
industrial readiness. Oxalic acid precipitation from citrate leachates yielded high-purity mixed REE oxalates
meeting typical refinery feed specifications, while carbonate-based precipitation produced significantly lower
REO grades, increasing refining complexity. These findings highlight clear pathways for integrating citrate
leaching into existing or emerging REE supply chains. For government and industry stakeholders, this
citrate-based flowsheet offers a practical means to reduce environmental liabilities, improve permitting viability,
and enhance the long-term sustainability of rare earth production. By improving selectivity, lowering chemical
burdens, and generating high-quality products, the process supports policy goals around responsible
critical-mineral development while providing industry with a scalable and regulation-friendly alternative to
conventional ammonium systems.
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Abstract Title: Accelerating Technology Commercialization Through Unbiased, Standardized Metallurgical
Testing

Abstract:

Deploying new technologies in the mining industry is notoriously slow, particularly when these innovations
target mineral systems with inherently complex or sluggish leaching behaviour. Primary copper sulfides are a
prime example: they exhibit slow kinetics, therefore requiring long leach times. When testing new or established
leaching approaches, inconsistent methodologies, inadequate mineralogical characterization, or deviations
from standard procedures can yield ambiguous results that obscure true performance. Consequently, promising
technologies may fail to advance simply because the underlying testwork is non-standardized or misaligned
with the mineralogical characteristics of primary sulfide ores. This paper addresses these limitations by
presenting a rigorous, unbiased, and standardized testing framework jointly implemented by an independent
laboratory (SGS Burnaby) and Jetti Resources. The case study revolves around Jetti’s catalytic leaching
technology. The primary objective is to illustrate how a structured approach, beginning with sample selection,
preparation and characterization, and continuing through statistically validated metallurgical testwork, enables
reliable evaluation of emerging leach technologies. This approach reduces technical uncertainty and
accelerates early-stage decision making. To generate meaningful and reproducible results, test programs must
deliberately integrate representative sample preparation, mineralogical diagnostics, sequential leach
characterization, and testwork design across multiple particle sizes. The methodology presented here includes:
(i) detailed mineralogical assessment; (ii) sequential leach and complementary characterization tests; and (iii)
leach evaluations across stirred reactors (P80 ~76 um), bottle rolls (=2 mm), and column tests (>2 cm). At each
stage, disciplined adherence to SOPs (Standard Operating Procedures), precise sample handling and rigorous
analytical QA/QC are emphasized. Close communication between the laboratory and the client, along with
continuous data validation, is also crucial. Clear decision points following characterization and stirred reactor
testing ensure that only suitably qualified samples proceed to more resource-intensive column testing, thereby
reducing unnecessary cost and time. Case studies from various programs demonstrate the practical application
and value of this workflow. Examples highlight how duplicate tests, statistical treatment of variability, and
unbiased parallel testing generate high-confidence datasets that support robust technical and commercial



evaluations. Importantly, the methodology ensures that performance differences between control and catalyzed
conditions are statistically significant rather than artifacts of natural sample variability or procedural
inconsistencies.
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Abstract Title: Extracting Rare Earth Elements from lonic and Clay-Hosted Deposits: Process Overview

Abstract:

The rare earth elements (REEs) are part of the key critical minerals identified globally as being essential for
modern technology, clean energy solutions and national security but they are also vulnerable to supply chain
disruption. Therefore, there has been significant effort in both exploration and process development for new
rare earth deposits in recent years, in particular for clay deposits similar to those historically processed in
China. The most sought after deposits are ionic adsorption deposits (IADs), which have been historically
processed in China, and more recently in Myanmar. In IADs, the rare earths are ionically adsorbed and
enriched on clay surfaces during migration of REE bearing solutions following chemical weathering of the rare
earth rich host rocks. The adsorbed REEs are then readily extracted by desorption with a salt solution (e.g.
(NH4)2S04 or NaCl) via an ion-exchange process at pH 4-5. However, not all deposits which contain clay
minerals and REEs are of the IAD type. “Non-IAD” deposits may contain a small portion of desorbable REE
content, but the REEs are mainly present in other mineral phases including colloidal sediments, carbonate
minerals, oxide/hydroxide phases or refractory mineral phases. These clay-hosted RE deposits require
moderate acidity or aggressive leach conditions for rare earth extraction, depending on the mineralogy present.
ANSTO (Australian Nuclear Science and Technology Organisation) has been closely involved with the
development of a number of these new IAD and clay-hosted REE projects, in both Australia and South
America. From experimental laboratory-scale test work through to continuous piloting operations, ANSTO has
supported industry clients in establishing flow sheets for REE extraction, purification, product precipitation and
reagent recycle/water treatment. Unlike most hard rock/primary REE deposits (e.g. monazite), the
IAD/clay-hosted deposits contain very low concentrations of uranium and thorium. However, because of the low
concentrations of REEs in the clay deposits, the radioactivity associated with uranium/thorium and their
radioactive daughter products needs to be controlled/removed in some areas in order to meet strict rare earth
product specifications. ANSTO has applied its’ specific expertise in this area during the development of
clay-processing flowsheets. This paper will provide an overview of REE processing options from clay deposits,
including example flowsheets for processing IADs via tank leach (e.g. South American projects) and processing
clay-hosted RE deposits via heap leach (e.g. Australian clay-hosted projects). The paper will also include the
radioactivity aspects associated with REE clay processing, including limits for handling and transportation.
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Abstract Title: A Comparative Study of Sulfuric Acid and Citric Acid Leaching of Rare Earth Metals from
Phosphogypsum

Abstract:

A Comparative Study of Sulfuric Acid and Citric Acid Leaching of Rare Earth Metals from Phosphogypsum José
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are critical to modern technologies, including renewable energy, defense systems, and electronics. However,
global REE supply remains highly concentrated. This creates supply risks, motivating interest in secondary
resources such as phosphogypsum (PG), a byproduct of phosphoric acid production. This study evaluates the
feasibility of recovering REEs from PG using sulfuric acid and citric acid leaching under controlled conditions.
Head-grade characterization confirmed the presence of Ce, Nd, Y, and Dy, along with impurity elements
including Al, Mg, and Fe. Sulfuric acid leaching experiments were conducted at acid concentrations ranging
from 0.2 to 2 M and temperatures between 40 and 85 °C to assess REE extraction efficiency and selectivity.
Optimal recoveries of 76.0% Ce, 73.6% Nd, and 76.9% Y were achieved at 40 °C using 1 M HESOM, as
confirmed by both solution chemistry and solid residue analyses. Structural and mineralogical characterization
using X-ray diffraction and scanning electron microscopy revealed pronounced modification of the PG matrix,
indicating that REE release is governed by gypsum dissolution—recrystallization processes. Citric acid leaching
and mixed sulfuric—citric acid systems were further investigated as alternative extraction approaches. Citric acid
alone achieved comparable REE recoveries with improved selectivity over impurity elements. Mixed acid
systems enabled a reduction in inorganic acid consumption while maintaining the same REE extraction
efficiency. This highlights the potential of organic-acid-assisted leaching as a more sustainable method for REE
recovery from PG. Keywords: phosphogypsum, organic acid leaching, rare earth extraction, citric acid, sulfuric
acid leaching
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Abstract Title: Nickel Extraction from Mixed Hydroxide Precipitates via Reduction and Carbonylation

Abstract:

The global transition to electric vehicles (EVs) has prompted significant research into the sustainable and
efficient production of battery-grade materials. Nickel (Ni) is a crucial element in rechargeable batteries,
primarily for its vital role in cathode materials, especially in Nickel Manganese Cobalt (NMC) and Nickel Cobalt
Aluminum (NCA) batteries. Nickel is generally extracted from natural sources, such as laterite ores (which
contain 1-2% nickel by mass), using either hydrometallurgy (involving acid-intensive processing) or
pyrometallurgy (entailing high temperature, energy intensive processing). Hydrometallurgical extraction yields
an intermediate product known as mixed-hydroxide precipitate (MHP), which may contain up to 50% nickel by
mass on a dry basis; however, more processing is necessary to achieve high-purity nickel. This research
addresses a sustainable and selective extraction technique for nickel from mixed hydroxide precipitates derived
from laterite ores and used battery materials (black mass). The process relies on a vapometallurgical approach
that involves two main steps. First, the nickel hydroxides in the MHP are reduced to metallic nickel using
hydrogen at temperatures between 400°C and 600°C. Then, this metallic nickel is selectively extracted through
carbonylation, carried out at 100—120°C and pressures between 10 and 30 bar. During carbonylation, nickel
reacts with carbon monoxide (CO) to form a volatile compound nickel tetracarbonyl (Ni(CO)M), which allows
nickel to be transported in the vapor phase. Reduction and subsequent carbonylation experiments were
conducted in a high-pressure thermogravimetric analyzer (HPTGA), enabling real-time monitoring of mass
changes associated with the operations. Characterization techniques were utilized to quantify nickel extraction,
evaluate morphological changes from fresh samples to reaction residues, and confirm the synthesis of
Ni(CO)M. Main findings revealed that nickel extraction via carbonylation is highly dependent on the structural
properties of the precursor, requiring increased surface areas, suitable pore sizes, and diminished cobalt
concentration to enable the movement of carbon monoxide and nickel tetracarbonyl. Nickel extraction
efficiencies above 95% were achieved, indicating highly effective carbonylation under the optimized conditions.
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Abstract Title: Recovery of Critical Elements from a Leaching Solution of Spent Solid Oxide Electrolyzer Cells

Abstract:

Solid oxide electrolyzer cells (SOECs) are a promising technology for production of green hydrogen because of
their high efficiency and great potential for integration with industrial processes, that enables the use of waste
heat and steam. However, the lifetime of the SOECs is currently only about five years, while many critical
elements (e.g., rare earth elements (REEs), Ni, Co) are used in the cells. Therefore, a recycling process is
mandatory for scaling up the technology. Most critical elements are located in the membrane electrode
assembly (MEA), the active part of the cell. Since the investigated MEAs are electrolyte supported, meaning
that the thin electrolyte (approx. 100 um) provides the mechanical support to the MEA, they are very brittle,
which prevents mechanical separation steps reported in the literature for other cell designs. Therefore, a direct
hydrometallurgical approach is pursued in this work. The MEA can be crushed followed by a leaching process
with 4.5 M HCI at 80 °C previously published by our research group, resulting in a leaching solution mainly
composed out of Ce, Co, Fe, Gd, La, Mn, Ni, and Sr, while the solid electrolyte consisting of Sc-doped
zirconium oxide remains undissolved. This work deals with an efficient separation process of the critical
elements from the leaching solution to prepare pure oxides that can be reused for the fabrication of new cells.
The first separation step involves the selective precipitation of Fe at pH 3; however, the poor filterability of the
resulting Fe203 B x H20 requires the optimization of the precipitation parameters, such as temperature and
time. Subsequently, Ce can be oxidized to Ce(IV) by hydrogen peroxide addition and the Ce(lV) is selectively
precipitated at a pH 4-5, thereby avoiding the high effort of separating Ce from the other REEs by solvent
extraction. This precipitation is sensitive to all experimental conditions, especially pH and temperature, which
must be carefully controlled to ensure complete precipitation of Ce without co-precipitation of other elements.
The remaining leaching solution can then be divided into two streams by adding Na2S04 which allows the
precipitation of Sr as SrSO4, and Gd as well as La as NaREE(SO4)2 B H20. To achieve a high precipitation
yield of Gd, which is the only heavy REE in the studied system, application of elevated temperatures is
required. After this step, Co, Mn, and Ni are the only elements remaining in solution. Both streams are further
processed to prepare pure oxides. All separations steps are optimized experimentally, supported by
thermodynamic calculations performed with OLI studio 12.5.
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Abstract Title: COMAN process: Selective sulphide precipitation of Cu, Zn, Co and Mn from mining-waste
bioleachates

Abstract:

The COMAN process introduces a selective hydrometallurgical route for recovering copper, cobalt and
manganese from mining tailings and secondary resources. The process flowsheet combines beneficiation
(including comminution, classification, gravity, and flotation) with sustainable bioleaching, followed by a
purification stage designed for high selectivity and product purity. This work describes the solution purification
and metals recovery stages of the COMAN process. Bioleachates from sulphidic resources typically contain



Fe(lll) at concentrations that complicate recovery of Cu and other critical metals. The widely used hydroxide
precipitation of Fe(lll) (with CaCOS3 as a reagent) often leads to coprecipitation losses of Cu and Co and
excessive generation of gypsum waste. To mitigate coprecipitation of target metals and decrease waste
generation, the COMAN process removes iron as a phosphate phase (FePO4). The iron removal is followed by
selective sulphide precipitation using H2S gas to recover Cu, Zn, Co, and Mn. The sulphide route provides
highly selective separation and favourable filtration characteristics while limiting the addition of foreign cations,
although complete avoidance is not possible. Where pH control is required, ammonium-based reagents are
preferred so that added NH4+ can be recovered and recycled. The study integrates batch experiments to
identify the optimal operating parameters (pH, redox, and reagent consumption) with continuous validation to
demonstrate process stability and scalability. The COMAN flowsheet offers a practical approach for
hydrometallurgical treatment of bioleachates—reducing reagent consumption and improving impurity
management while simultaneously minimising waste. This work is supported by the European Union’s
Framework Programme for Research and Innovation 'Horizon Europe’, with the METALLICO project [Grant
number 101091682]
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Abstract Title: Scale, Speed and Strategy: The New Face of Nickel Processing. Where To From Here?

Abstract:

Despite its recognised critical mineral status in various renewable energy applications, nickel (Ni) has remained
the most underperforming base metal to-date. This underperformance is largely attributed to a persistent
surplus in supply that continues to outpace demand. Over the past decade, there has been a remarkable
growth in nickel laterite processing, particularly in Indonesia. This period has witnessed the emergence of
large-scale intermediate processing, including vertically integrated facilities producing battery chemicals and
electrolytic nickel, signalling the onset of a significant technological era in nickel processing. Historically, Ni
processing has been both complex and costly. However, the market has not been willing to pay a premium for
higher-quality processing. This has driven innovation in three key areas: scale, speed, and strategy, which
become the new face of nickel processing. Increasing the scale of production, accelerating the speed of project
execution, and employing strategic contracting for both processing inputs and outputs have collectively
disrupted the global Ni industry in recent years. Indonesia’s abundant high-grade laterite deposits, relatively
low-cost power and labour, and abundant coal resources have played a crucial role in enabling cost-competitive
projects and supporting low-cost production. As a result, several greenfield projects outside Indonesia have
become unviable, and many ageing and/or high-cost existing Ni operations have either closed or shifted into
survival mode. Although the momentum of Indonesian-led Ni expansion appears unstoppable, there are clear
and emerging threats that could alter its trajectory. Declining ore grades pose a significant challenge, as does
the need to balance rapid development with managing its environmental and social impacts. This includes
addressing the increasing volume of tailings, improving safety, and responding to calls for greater social value
from mining operations. Furthermore, broader economic factors such as geopolitical issues and volatility in key
commodity prices (notably sulfur and sulfuric acid) introduce additional uncertainty to the industry’s future. This
paper will provide an overview of the critical innovations shaping recent developments in Ni processing, along
with insights into the high-level project costs associated with these changes. It will also examine the potential
impacts of the emerging threats described above and explore future technologies that may influence the sector.
The aim is to offer technical guidance and benchmark data that can assist both future greenfield Ni projects and
existing operations as they navigate this evolving and competitive landscape.
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Abstract Title: Extraction Of Lithium From Lepidolite And - Spodumene Via Acid Leaching

Abstract:

Although spodumene is the primary lithium ore deposit, Li extraction from secondary deposits like lepidolite is of
growing scientific interest. This is due to reasons such as ensuring diversified supply in the face of potential
price swings and forecast supply deficits. Conventional processing technologies currently in use for lithium
extraction from spodumene (LiAISi206) and lepidolite (K(LiAl)3(Al,Si)4010)(F,OH)2) are based on thermal
pre-treatment and the sulphuric acid process. These technologies involve energy intensive steps such as
decrepitation (1100°C) and sulphuric acid digestion (250°C) in spodumene processing and roasting (750-1000
°C) for lepidolite processing. Although lithium is critical in the transition to a green economy, the lithium refining
process itself is largely environmentally unfriendly and incurs a large carbon footprint. There is a need to reduce
the carbon footprint of the metallurgical processing of this strategic metal. This work investigates the direct acid
leaching of lithium from lepidolite and beta spodumene. Lepidolite is a mineral which contains Li and valuable
elements such as Cs, Rb and K. The acids, H2S0O4, HNO3, HCIO4 and H3PO4 with different anions show
different leaching efficiencies of Li and other valuable elements. The results show that high Li extractions
(above 90%) were achieved with minimal silica dissolution in the lepidolite systems whilst extractions above
60% were obtained within 1 hour of optimised leaching of beta spodumene.
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Abstract Title: Advanced Electrodialysis of Purified Low Concentration Li-solutions

Abstract:

Lithium is a key component in rechargeable batteries and due to the global energy transition the demand for
lithium is rapidly increasing. Efficient recovery methods for lithium from both lithium-bearing brines and ores as
well as from end-of-life batteries are essential to meet this demand. In this study, advanced electrodialysis was
successfully applied to recover lithium from relatively dilute chloride- and sulfate-based solutions. The influence
of temperature and current density on lithium recovery was investigated, focusing on specific energy
consumption and current efficiency. The optimum performance in terms of energy efficiency was achieved at
30°C and 50 A m-2 for the specific feed composition in the chloride system. Sodium, present as an impurity,
exhibited higher transport rates through the cation-exchange membrane compared to lithium. In feeds
containing aluminum ions, scale formation occurred rapidly on the catholyte side of the cation exchange
membrane due to a higher pH. The chemical nature of the starting catholyte also affected the performance,
showing a higher current efficiency for lithium when using diluted KOH instead of diluted LiOH as initial
catholyte. Overall, the results provide insights on how to optimize lithium recovery by advanced electrodialysis.
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Abstract Title: Separation of Rare Earth Elements Using Electrodialysis as an Alternative to Solvent Extraction

Abstract:
Rare earth elements (REEs) are critical raw materials underpinning advanced manufacturing, clean energy
technologies, electronics, and defense applications. As global demand accelerates and supply-chain risks



intensify, governments and industry are seeking separation technologies that are more sustainable, flexible,
and resilient than conventional solvent extraction. While solvent extraction remains the industrial standard, it is
capital-intensive, chemically complex, and associated with significant environmental and permitting challenges.
This study evaluates electrodialysis as a potential alternative or complementary separation technology for REE
processing. Using synthetic solutions representative of industrial REE leachates, a multi-stage electrodialysis
separation circuit was developed to mirror the functional performance of conventional solvent extraction
flowsheets. The system was assessed using different chelating agents commonly employed in REE processing,
enabling systematic evaluation of separation efficiency across individual stages. Experimental results
demonstrate that electrodialysis can achieve stage-wise separation factors that are competitive with those
reported for solvent extraction under comparable conditions, supporting its technical feasibility for REE
fractionation. For industry stakeholders, these findings indicate that electrodialysis may offer advantages in
process modularity, chemical inventory reduction, and operational simplicity. For government and policy
stakeholders, the technology presents opportunities to lower environmental impact and improve regulatory
compliance in critical-mineral processing. This work establishes electrodialysis as a promising candidate for
next-generation REE separation circuits and provides a quantitative basis for further scale-up, technoeconomic
evaluation, and integration into sustainable critical-materials supply chains.
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Abstract Title: Artificial Intelligence in the Metallurgical Industry: Promise, Pitfalls, and Professional
Responsibility

Abstract:

Artificial intelligence (Al) will reshape the metallurgical industry across the full processing chain - from ore
characterization and mineral beneficiation through pyrometallurgical and hydrometallurgical testing, report
preparation, plant design, and plant operations. This paper, generated with Al assistance, surveys the current
landscape of Al models and agents relevant to metallurgical practice, reviews representative applications, and
critically examines the limitations practitioners must confront: hallucination, sycophantic behavior, confidentiality
risks, ethical responsibilities, and the challenge of detecting Al-generated manuscripts. Employment
implications for metallurgical engineers are discussed. The intent is to equip metallurgical professionals with a
balanced and technically honest evaluation of Al as a practical engineering tool.
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Abstract Title: Fluoride Removal from NMC Black Mass Leachates using Activated Alumina

Abstract:

The rapid growth of lithium-ion battery (LIB) manufacturing and deployment has intensified the need for
recycling processes capable of recovering high-purity critical metals while minimizing environmental impacts.
Hydrometallurgical processing of NMC black mass offers a pathway to produce battery-grade Ni, Co, Mn, and
Li; however, leaching of the cathode material generates high concentrations of fluoride ions. Elevated fluoride
levels reduce extraction efficiency in downstream separation steps and present environmental and regulatory
risks if not properly managed. Effective fluoride removal is therefore essential for industrial-scale, closed-loop
recycling of NMC-based LIBs. This work evaluates activated alumina as a viable, selective, and operationally
simple fluoride removal strategy for NMC black mass leachates. While precipitation can remove up to 98% of
fluoride, it also results in undesirable losses of critical metals. Activated alumina offers an adsorption-based
alternative that mitigates metal co-loss while meeting industrial process requirements. Under optimized



conditions, activated alumina achieved 90% fluoride removal with <5 % loss of Ni, Co, Mn, and Li. These
conditions are compatible with existing hydrometallurgical circuits and avoid the formation of large sludge
volumes characteristic of precipitation-based approaches. By providing a selective, regenerable method for
fluoride removal, this work supports the development of cleaner hydrometallurgical processes and strengthens
critical-materials recovery from end-of-life LIBs. The results offer actionable guidance for industrial
implementation, improving downstream metal extraction performance, reducing environmental liability, and
enhancing overall process sustainability within the battery materials supply chain.
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Abstract Title: Supercritical COM Extraction of Critical Metal Recovery from NMC Black Mass:
Phenomenological Modeling

Abstract:

The rapid growth of electric vehicles and grid-scale storage has intensified global demand for critical battery
metals while simultaneously increasing endloflllife lithium-ion battery waste. To support secure, lowBcarbon,
and resilient supply chains, industry requires recycling technologies that combine high recovery, predictable
performance, and reduced environmental burden. This work evaluates supercritical CO2 extraction (SCFE) as
an industrially practical route for recovering lithium, cobalt, nickel, and manganese from real NMC111 black
mass, positioning CO2 as both a processing medium and a strategic enabler in criticallmaterials recovery. The
SCFE process uses chelating and reducing agents dissolved in supercritical CO2 to selectively extract target
metals under moderate conditions. Under optimized conditions, metal recoveries reached 93% Co, 93% Ni,
98% Mn, and 73% Li, demonstrating yields competitive with hydrometallurgy while substantially reducing
aqueous waste and chemical consumption. These process conditions align with existing industrial supercritical
equipment designs and support safe, closedBllloop solvent operation. To enable scaleBup and process control,
a predictive kinetic framework was developed by integrating Sovova’s brokenlandMintactlicell (BIC) model
with the shrinkingllcore model. The BIC model reproduced extraction behavior with < 1 .1% deviation,
indicating a Type A regime governed by an initial rapid surface extraction followed by diffusionBlimited
intraparticle transport. From an industrial perspective, the use of nonflammable supercritical CO2 improves
safety, reduces solvent recovery costs, and minimizes corrosion risk, extending equipment lifetime. The
validated modeling framework supports accurate equipment sizing, feedstock variability management, and
operational forecasting. This work provides an industryBaligned, mechanistically grounded foundation for
deploying supercritical CO2 extraction at commercial scale, strengthening criticallmaterials supply chains and
enabling circularleconomy strategies for strategic battery metals.
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Abstract Title: Solid-Liquid Separation for Energy-Transition Metals: Li & Rare Earth Processing with GEA
Centrifuge Solutions

Abstract:

The demand for energy-transition metals such as lithium (Li) and rare earth elements (REES) is rapidly
increasing due to the global push for renewable energy, electric vehicles, and advanced technologies. The
extraction, purification, and recovery of these metals are essential for building a sustainable and scalable
supply. Solid-liquid separation, a crucial step in hydrometallurgical processes, plays a central role in the efficient
processing of lithium and rare earths. As these metals are extracted from complex slurries, effective separation
methods are necessary to ensure high recovery and purity while keeping costs low. GEA’s advanced centrifuge



solutions, particularly disc stack and decanter centrifuges, have proven to be vital in addressing these
challenges. The decanter centrifuges are employed in lithium brine processing to separate solid particles,
enabling high-throughput treatment of large brine volumes. This process minimizes lithium loss while optimizing
energy efficiency. Disc stack centrifuges, on the other hand, are used in rare earth processing to separate fine
solids and impurities, achieving higher purity levels for the final concentrate. The high g-force generated by the
disc stack design improves separation efficiency, ensuring better product quality and operational performance.
Both lithium and rare earth extraction methods often involve aggressive and abrasive slurries due to the nature
of the leaching processes, which can cause conventional solid-liquid separation methods such as gravity
settling or filtration to underperform. These methods typically lead to high operational costs, inefficient
separations, and excessive maintenance. GEA centrifuges overcome these limitations, providing high-capacity,
continuous separation with reduced energy consumption and enhanced recovery rates. In addition to their
operational benefits, GEA centrifuge systems offer significant environmental advantages. By improving water
recovery from tailings and waste streams, these centrifuges help reduce water consumption and minimize the
need for expensive chemical treatments and waste disposal. The advanced design of GEA centrifuges also
results in reduced chemical sludge generation, contributing to overall process sustainability. The robustness
and durability of GEA centrifuges are key to their effectiveness in harsh processing environments. With
wear-resistant components and automated control systems, they ensure minimal downtime and high reliability.
The systems enable precise monitoring and adjustment of operational parameters, ensuring consistent process
stability and reducing maintenance needs. In conclusion, GEA centrifuges provide advanced solutions for the
efficient separation of solids and liquids in the extraction of lithium and rare earth elements. Their ability to
improve recovery, purity, and environmental sustainability makes them crucial in meeting the growing global
demand for energy-transition metals. As the world shifts toward sustainable energy, these centrifuge
technologies will play an essential role in addressing the challenges of efficient and cost-effective metal
processing. By incorporating GEA centrifuge solutions, operators can enhance both the performance and
environmental responsibility of their operations, supporting the sustainable development of critical resources.
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Abstract Title: State of the Art of industrial carbonylation processes

Abstract:

Metallurgical carbonylation is a selective chemical refining and materials-production process that exploits the
reversible formation of volatile metal and carbon monoxide complexes. First pioneered by Ludwig Mond in the
late nineteenth century, the process enables the purification and controlled deposition of metals through cyclic
carbonyl formation and thermal decomposition. Among transition metals, nickel, iron, and cobalt exhibit the
most industrially relevant carbonyl chemistry, forming Ni(CO)M, Fe(CO)l, and Coll(CO)M, respectively. Nickel
carbonylation remains the most mature and widely applied system. The Mond process converts reduced nickel
into gaseous Ni(CO)M at low temperatures and near-atmospheric pressures, followed by decomposition at
elevated temperatures to deposit >99.9% pure nickel while recycling CO. Over more than a century, this
principle has evolved into atmospheric, medium-pressure, and high-pressure industrial flowsheets, enabling
faster kinetics, higher throughput, and diverse product forms including pellets, powders, foams, and coatings.
Detailed kinetic studies reveal that Ni(CO)M formation is governed by surface-controlled reactions strongly
influenced by temperature, CO pressure, crystallographic orientation, and surface activation, with both reaction
and mass-transfer limitations relevant under industrial conditions. Iron carbonylation, although
thermodynamically feasible, is kinetically hindered relative to nickel and requires higher temperatures and CO



pressures to form Fe(CO)M. Nevertheless, large-scale production of carbonyl iron powder has been
commercialized, particularly for magnetic and powder-metallurgy applications. Cobalt carbonylation is even
more kinetically constrained and has received comparatively limited attention, though dicobalt octacarbonyl is
formed in mixed-metal systems and plays an important role in organometallic chemistry and catalysis. Industrial
carbonylation processes have enabled the production of exceptionally pure metal powders with tightly
controlled particle size and morphology, characteristics unattainable by conventional atomization or reduction
methods. Carbonyl-derived nickel and iron powders exhibit high surface area, tunable structures, and excellent
magnetic and catalytic properties, supporting applications in batteries, fuel cells, electronics, powder metallurgy,
electromagnetic interference shielding, and advanced defense materials. Overall, metallurgical carbonylation
remains a unique and powerful technology for metal refining and materials engineering, combining chemical
selectivity, process recyclability, and unmatched control over product design, purity and microstructure, as
exemplified in the NVD (Nickel Vapor Deposition) products of Weber Manufacturing Technologies Inc.
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Abstract Title: Selective Removal of Tetravalent Elements and Hafnium Separation from REE Leachates:
Bench and Pilot-Scale Evaluation

Abstract:

This work presents a comprehensive study on the separation of tetravalent elements hafnium (Hf), zirconium
(Zr), uranium (U), and thorium (Th) from a rare earth element (REE) bearing leachate generated through
sulfuric-acid heap leaching of the Round Top deposit. EDicient removal of tetravalent species is essential to
prevent downstream poisoning of phosphoric acid based extractants such as DEHPA and lonquest 801, which
are used in subsequent solvent-extraction (SX) circuits for REE separation. A primary-amine extractant,
Primene JM-T was evaluated for its ability to selectively extract tetravalent elements from the leachate.
Bench-scale shakeout tests were performed to investigate the eDects of organic to aqueous (O:A) volumetric
ratios in both extraction and stripping stages, strip agent composition concentration. Across these tests,
Primene JM-T demonstrated extremely high separation factors between tetravalent species and REEs. As a
result, incorporation of a scrub stage was deemed unnecessary, simplifying the overall flowsheet. Based on
bench-scale results, operating conditions were determined for a continuous pilot scale SX circuit. The pilot was
run using three diDerent strip chemistries nitric acid, sodium nitrate, and ammonium nitrate, to evaluate
stripping eDiciency, loading behavior, and the ability to concentrate tetravalent ions into a strip product( preg)
solution. Process parameters were optimized during the continuous campaign, with emphasis on maximizing
tetravalent concentrations in the strip product while maintaining complete rejection of these ions to the raDinate,
which feeds downstream REE purification circuits. The pilot results validated the robustness of the Primene
JM-T extraction system and provided key design data for scale up, including equilibrium loading behavior,
potential crud formation and strip agent selection. The same extractant system was further investigated for
selective hafnium recovery from the tetravalent-rich preg stream. Conventional Hf/Zr separation agents such as
tributyl phosphate (TBP) and methyl isobutyl ketone (MIBK) typically operate eDectively only in clean nitrate
media, and their extraction behavior deteriorates significantly in sulfatecontaining solutions. As the Round Top
leachate and subsequent preg streams contain substantial sulfate concentrations, traditional approaches are
not suitable without complex sulfate removal steps. In contrast, Primene JM-T maintains selective extraction
behavior in sulfate media, provided nitrate levels are adequately moderated. Using bench- scale experiments, a
commercial-grade hafnium product was successfully produced, and the process will be validated on a
continuous basis as part of the ongoing studies.
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Abstract Title: Development and Pilot Scale Validation of an SX Process for REE Separation and
Concentration from dilute PLS

Abstract:

A novel solvent-extraction (SX) process was developed for the concentration and separation of rare earth
elements (REEs) from the pregnant leach solution (PLS) generated via sulfuric-acid heap leaching of the
Round Top ore. Prior to SX, the PLS underwent a proprietary pretreatment designed to remove tetravalent
species primarily hafnium, zirconium, thorium, and uranium which are known to poison the organic phase. As
part of this pretreatment, ferric ions present in the PLS were reduced to ferrous using metallic iron, mitigating
the risk of Fe*M-induced extraction inefficiencies and organic poisoning issues. The extraction system utilized
lonquest 801 diluted in Orfom SX-80 to achieve the bulk separation of heavy rare earth elements (HREEs;
terbium and heavier) from the light rare earth elements (LREEs; gadolinium and lighter). Although the PLS
contained a relatively low total rare-earth oxide concentration (TREO = 1 g/L), the application of a high-acid
stripping regime enabled upgrading of the strip liquor (pregnant strip solution) to approximately 15 g/L TREO.
This also allowed for reducing the volumetric throughput for the downstream separation circuits. To facilitate
downstream individual-element separations, the SX circuit incorporated a media-exchange mechanism in the
strip section, ensuring that the final preg product was delivered directly in nitrate media. Bench-scale shakeout
tests were used to establish equilibrium behavior, which combined with a steady-state stagewise mass-balance
model guided the determination of stage counts and operating conditions for extraction, scrubbing, and
stripping. The flowsheet was subsequently validated in a continuous pilot-scale campaign, during which the
production of a 15 g/L TREO preg solution was successfully demonstrated. Because of the large volumetric
throughput associated with this front-end circuit, baseline separation was not the objective; accordingly, a
modest co-extraction of gadolinium into the preg stream was observed. This was acceptable, as final
purification was deferred to downstream separation circuits where the volumetric load is substantially reduced
and tighter separation efficiencies can be achieved.
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Abstract Title: Beyond Product Recovery: Effective Use of Crystallization as a Purification Step for
Battery-Grade Nickel and Cobalt Sulphate Production

Abstract:

Crystallization is widely used as a final recovery step in the production of battery-grade nickel and cobalt
sulphates. However, its potential to function as an effective and selective purification operation is often not fully
understood and hence underutilized in process design. To meet the stringent battery-grade specifications,
especially for products derived from refining mixed hydroxide precipitate or from recycling end-of-life battery
feedstocks, flowsheets often incorporate extensive upstream impurity removal stages. When the behaviour of
crystallization with respect to impurity partitioning and rejection is not well understood or integrated into the
process design, there is more reliance on upstream purification methods which would lead to capital and
operating cost-intensive process designs. A comprehensive understanding of behaviour of individual impurities
during crystallization can therefore enable more targeted and efficient design of upstream purification steps.
This paper presents a systematic evaluation of impurity incorporation behaviour during nickel and cobalt



sulphate crystallization, based on multiple test work programs conducted on solutions derived from mixed
hydroxide precipitate refining and battery recycling pilot campaigns. The study examines both the tendency of
impurities to incorporate into the crystal and their removal efficiency through post-crystallization washing steps.
Particular emphasis is placed on understanding which impurities are effectively rejected during crystallization
from those that exhibit strong incorporation, with the aim of informing purification strategies and process design.
The results demonstrate that crystallization purification performance is highly impurity specific. Impurities like
sodium are separated efficiently, while impurities like magnesium show limited separation effects. Recognizing
and accounting for this behaviour enables flowsheets to be designed to explicitly leverage crystallization
selectivity, thereby reducing redundant purification steps and supporting lower-cost and more efficient process
flowsheets.
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Abstract Title: Selective Lithium Recovery from LFP - Type Black Mass Using Inorganic and Organic Acid
Systems

Abstract:

The rapid growth in lithium iron phosphate (LFP) battery deployment, driven by electric vehicle manufacturers
such as BYD, Tesla, Ford, and Volkswagen, has created an urgent need for recycling strategies tailored to
phosphate-based cathodes. Unlike nickel- and cobalt-containing chemistries, LFP batteries present distinct
processing challenges and opportunities, particularly for selective lithium recovery and closed-loop material
reuse. Developing efficient, low-impact hydrometallurgical routes for LFP recycling is therefore a priority for
both industry and policymakers focused on critical-materials security and sustainable battery supply chains.
This study systematically evaluates selective lithium extraction from LFP-type black mass using a range of
inorganic and organic acid systems in the presence of hydrogen peroxide. Five acid—oxidant systems were
assessed to identify conditions that balance extraction efficiency, selectivity, reagent cost, and operational
safety. Comprehensive materials characterization confirmed that the feed consisted primarily of crystalline
LiFePO4 and graphitic carbon, with surface-enriched lithium and fluoride species influencing leaching behavior.
High lithium recoveries (>95%) were achieved using sulfuric, hydrochloric, nitric, and acetic acid systems, while
maintaining minimal co-dissolution of iron and phosphorus. In contrast, oxalic acid, although effective for lithium
dissolution, showed reduced selectivity due to strong iron complexation. The addition of hydrogen peroxide was
found to be critical in enhancing both lithium recovery and selectivity by promoting iron oxidation and
stabilization as insoluble phosphate phases. From an industrial perspective, process evaluation indicates that
sulfuric acid remains the lowest-cost option, while acetic and hydrochloric acids provide an attractive balance of
selectivity, efficiency, and safety. Importantly, the solid residues generated under selective leaching conditions
were enriched in FePO4, making them suitable for direct relithiation and cathode material regeneration. This
work provides a practical framework for evaluating leaching systems in LFP battery recycling and demonstrates
that selective lithium recovery can be achieved under moderate conditions with reduced environmental impact.
The findings support the development of green, closed-loop hydrometallurgical processes for phosphate-based
lithium-ion batteries, strengthening critical-materials circularity and supply-chain resilience.
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Abstract Title: Aurubis’ Experience Using Ozone As A Novel Oxidant In Black Mass Recycling Processes



Abstract:

Aurubis AG, Europe’s leading Copper producer and multi-metal recycler, has been developing a
Hydrometallurgical process to recycle Li-ion Battery Black Mass (BM) since 2020. This process, comprising of
leaching, precipitation, crystallisation processes, and flotation for recovery of Graphite was developed by
Aurubis’ R&D; Department and piloted at our Hamburg site until end of 2023 with results openly presented in
2024. Aurubis’ process uses Ozone as an oxidant for Lithium-first leaching of BM and for the separation of
Cobalt and Manganese from Nickel out of a subsequent reductive leach filtrate. The ability of a strong oxidant to
de-lithiate a layered Lithium Cobalt Oxide (e.g., a cathode active material) was investigated in the 1990’s. The
oxidative precipitation of Mn and Co with Ozone selectively from Ni has also been both well researched and
practised. Using a gaseous, strong oxidant like Ozone has numerous advantages such as, high oxidative
potential and water balance considerations (e.g., vs. H202) or lack of salt addition (e.g., vs. Na2S208).
However, unlike the commonly used oxidant, Chlorine gas in Chloride-based processes, Ozone has a similar
solubility in water than Oxygen and cannot be produced as a pure gas (e.g., only ~10 wt.% in O2 carrier gas at
low pressures). Therefore, gas-liquid mass transfer and utilisation becomes a serious application challenge and
ultimately decides cost competitiveness. The industrial application of Ozone in hydrometallurgical,
solid-liquid-gas systems is not commercially developed or widely practised. Therefore, there is little existing
knowledge to aid process and reactor design. Aurubis believed that High-shear-mixing technologies were the
best chance to achieve high mass transfer rates and enable high utilisation of poorly soluble Ozone gas.
Scale-up from overhead Lab stirrer design to Pilot plant circulating in-line mixer design (~1 kW) and industrial
scale (~100 kW) mixers in a Demonstration plant have been completed. We will present on the process
chemistry related to Li-first leaching from real BM samples and Cobalt Manganese separation from real leach
liquors and the operational results from our Pilot and Demo Plants using Ozone gas injection into High-shear
mixing reactor systems.
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Abstract Title: Simultaneous carbon mineralization and critical metal recovery: Options for ultramafic and
sulfidic resources

Abstract:

With the rapidly growing demand for critical metals and the urgent need for carbon neutrality, comprehensive
utilization of natural mineral resources has become increasingly important. This study presents two integrated
approaches that simultaneously enable CO2 mineralization and critical metal recovery: (Option 1) intensive
CO2 mineralization and selective leaching, and (Option 2) atmospheric CO2 mineralization and selective
leaching. Both options are broadly applicable to a range of ultramafic and sulfidic resources. The Option 1 is
targeting at ultramafic and oxide resources for simultaneous carbon mineralization and nickel and cobalt
recovery from silicate and oxide minerals. Option 1 targets ultramafic and oxide resources, achieving
concurrent carbon mineralization and recovery of nickel and cobalt from silicate and oxide minerals. This option
operates under elevated temperature and CO2 pressure in an autoclave, enabling rapid reaction kinetics and
high recovery efficiency within hours. While requiring high capital and operational costs, it offers a significant
payback rate. The Option 2 focuses on low-grade chalcopyrite- and/or pentlandite- bearing resources, enabling
simultaneous CO2sequestration from ambient air and recovery of copper, nickel, cobalt, or zinc from sulfide
minerals. Although this option exhibits slower kinetics, it can be robustly operated under ambient temperature
and pressure. Critical metals can be selectively extracted from low-grade ores, wastes, or intermediate
processing residues, while atmospheric CO2 is captured and converted into stable carbonate minerals. Option
2 is particularly attractive due to its low capital and operational costs, coupled with high revenue potential from
recovered critical metals and CO2 sequestration credits. Together, these two options offer promising pathways



for the mining industry to enhance critical metal recovery, advance carbon neutrality goals, and improve the
sustainable utilization of natural mineral resources.
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Abstract Title: Successfully Treating Non-Pyrolysed Black Mass In The Aurubis Li-First Hydrometallurgical
Recycling Process

Abstract:

Aurubis AG, Europe’s leading Copper producer and multi-metal recycler, has been developing a
Hydrometallurgical process to recycle Li-ion Battery Black Mass (BM) since 2020. The process, comprising of
leaching, precipitation, crystallisation processes, and flotation for recovery of Graphite was developed by
Aurubis’ R&D; Department and piloted at our Hamburg site until end of 2023 with results openly presented in
2024. At that point in time, the core process was well defined, with Pilot campaign results underpinning mass
and energy balances with high accountability for value metals (e.g., Li, Ni, Co, Mn). Pyrolysis is the preferred
pre-treatment method for BM before entering a Hydromet process and purportedly removes Organics such as
Battery electrolyte (e.g., Ethylene Carbonate) and destroys or converts Fluorine materials (e.g, PF6, PVDF).
However, the energy usage and off-gas treatment requirements for Pyrolysis has a high economic and
environmental barrier to entry, especially in the European context. Aurubis took a strategic view to adapt our
process to accept non-pyrolysed BM, whereby the Organic electrolyte is only vacuum distilled, to enable
competitive BM supply. However, this would result in a large increase in residual Organic Electrolyte entering
the Process flowsheet and had potential to cause other operability issues (e.g., foaming). An increase in
primary conducting salt, LiPF6, was also associated with the battery electrolyte. After a Pilot campaign with
non-pyrolysed BM it was apparent that Organic carbon species and Fluorine species would accumulate in our
Lithium recovery processes. A robust process must therefore deal with both Organic material and Fluorine
species or risk infecting products and residues with both. Initial pilot plant filtrate analyses and process
modelling showed that a build-up of Organic content could cause problems throughout the entire flowsheet or
require large bleed streams to disposal to control it, engendering recovery losses. Lab and Pilot test-work and
analytics were conducted to understand process chemistry, Organic and Fluoride speciation and removal
techniques that could apply to our process. Ultimately an organic removal concept was developed and
integrated into the process design. It also converted PF6 species to desired by-products. Finally, Lithium
recovery was optimised by recycling the treated residue from the bleed stream. We believe that this
development is highly competitive with Pyrolysis pre-treatment when combined with our overall flowsheet. It is
worth discussing in context of BM recycling, the opportunity to robustly treat pyrolysed and non-pyrolysed feed
materials with Hydrometallurgical processes.

Author(s) & Affiliation: Megan Girdwood, Paihau-Robinson Research Institute - Victoria University of
Wellington; Aston Pearcy, Monash University; Tanzeel Arif, NA; Brooke Matthews, Paihau-Robinson Research
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Abstract Title: A Zero-Liquid-Discharge Approach to Vanadium Leaching and Precipitation from
Titanomagnetite Steel-Making Slags

Abstract:
Vanadium is a ‘critical mineral’ that is a key component in the production of high strength steel and
high-performance titanium alloys. Natural vanadium ores are typically low grade, with ~85% of global vanadium



produced from titanomagnetite ores containing less than 0.5 wt% vanadium. As such, vanadium is usually
considered a “companion metal”, with ~70% of vanadium extracted from vanadium-rich slags formed during the
smelting of titanomagnetite ores into steel. New Zealand currently accounts for ~1% of world supply of
vanadium-rich slag through the Glenbrook steel plant operated by NZ Steel, which utilises a feedstock of
vanadium-bearing titanomagnetite ironsand that is mined locally. In steel-making slags, vanadium is usually
present in an insoluble V(IIl) state as a spinel such as FeV204 or (Mn,Fe)(V,Cr)204, with typical recovery
methods comprising of an oxidative sodium roast to produce V(V) species, before leaching with an aqueous
lixiviant. The resulting leachate is then treated with ammonium salt compounds to precipitate ammonium
vanadate at low pH. While effective, sodium oxidative roasting typically releases polluting and corrosive

gases. Treatment of the leachate with ammonium salts also requires a significant excess of reagents, resulting
in the discharge of large volumes of contaminated saline wastewater. This presents significant obstacles to the
environmental consenting of any proposed new plant. As such, there is a clear need for alternative cleaner
Zero-Liquid-Discharge (ZLD) processes for vanadium recovery. Here, we describe an integrated ZLD process
for vanadium recovery, from vanadium-bearing slag through to a solid vanadium-oxide product. We show that
air-roasted steelmaking slags obtained from the NZ Steel plant can be successfully leached with an ammonium
bicarbonate solution to achieve up to 99% vanadium extraction to the leachate, and without leaching hazardous
hexavalent chrome. Treating the resulting leachate with a solution of hydrazine hydrate then reduces the
vanadium species in solution to a lower valence state, decreasing their solubility at near neutral pH and hence
driving precipitation. Solid vanadium-bearing oxides of up to 99.5% purity have been produced in this manner,
at precipitation efficiencies of up to 94%. Precipitation via hydrazine reduction requires near-stoichiometric
quantities of hydrazine which swiftly decomposes to inert nitrogen, thus ensuring no further soluble
contaminants are added during the precipitation step. In addition, excess ammonium bicarbonate from the
leaching step can be decomposed to CO2 and NH3 gases which can then be recycled, through recombining
with residual clean water obtained after precipitation. As such, the combined process of ammonium bicarbonate
leaching followed by hydrazine-reduction precipitation forms a ZLD closed-loop process for vanadium-oxide
extraction from steel slags.
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Abstract Title: Integrated Metallurgical Recovery Strategies of Critical Materials from End-of-Life CdTe
Photovoltaics for Circular Solar Energy Systems

Abstract:

The world is accelerating the deployment of low-carbon electricity technologies to achieve net zero greenhouse
gas emissions by 2050. Solar power is at the forefront of transitioning to sustainable energy and would be a
significant contributor to this deployment of low-carbon electricity technologies. This paper illustrates a
comprehensive metallurgical analysis of the recycling methodologies for end-of-life CdTe solar panels that
ensure the supply chains of critical materials are functional and reduce leaching risks in landfills. As by-products
of copper and zinc mining, there are stress points within the Te supply chain that contrast with the continuous
supply and demand of tellurium. Typically, waste CdTe panels pose a threat to contaminating the environment
through Cd leaching, which is a Group 1 carcinogen. Due to leaching, soluble Cd levels exceed thresholds,
posing a threat to soil and water. The paper evaluates different recycling technologies like pyrometallurgical,
hydrometallurgical, and electrolytic processes from patents and operating pilot plants, including First Solar’s
method and ambipolar electrolysis. A contrastive analysis between the different recycling approaches showed
that pyrometallurgical methods have high throughput but are energy-intensive; conversely, hydrometallurgical



approaches result in high recovery rates, but face environmental issues due to the management of generated
liquid waste. Therefore, to optimize the recovery of both Cd and Te, an integrated approach often provides the
best performance. But integrating thermal delamination, chemical vapor transport, and flotation optimized
material recovery by reducing dependency on primary mining and minimizing waste.
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Abstract Title: Controlling Impurity Precipitation in Rare Earth Sulphate Liquors through Phosphate Dosing
and pH Adjustment

Abstract:

The purity of rare earth element (REE) products is strongly influenced by the ability to selectively remove
impurity elements from sulphate leach liquors prior to downstream separation and recovery. Iron, thorium, and
refractory metals such as titanium, zirconium, niobium, and tantalum are commonly present in REE sulphate
liquors and can negatively impact solvent extraction, selective precipitation, and product quality if not effectively
managed. These impurities can hydrolyse or form secondary phases that reduce extractant capacity, promote
crud formation, or result in co-precipitation losses of valuable REEs. This study investigates the use of
controlled phosphate addition as a front-end purification strategy for the selective removal of iron, thorium, and
refractory metal impurities from REE sulphate liquors while minimising REE losses. The approach focuses on
adjusting the FelION/PEOM ratio through targeted phosphate dosing and pH control to exploit differences in
aqueous speciation and solid-phase stability between impurities and REEs. A combination of laboratory test
work and thermodynamic modelling was applied to evaluate precipitation behaviour across a range of pH
conditions. Experimental results demonstrate that iron can be selectively removed at relatively low pH, with
thorium precipitation occurring at higher pH values, while REEs remain predominantly in solution over the same
operating window. Under optimised conditions, high levels of impurity removal were achieved with limited total
rare earth oxide (TREE) losses, highlighting the potential of phosphate-assisted purification as a selective
impurity management step. Thermodynamic modelling was used to support and interpret experimental
observations by predicting aqueous speciation trends and relative solubility behaviour of impurity and REE
phases in sulphate-phosphate systems. The modelling results qualitatively reproduced observed precipitation
sequences and provided insight into the mechanisms governing selective impurity removal. In particular, the
analysis illustrates how phosphate addition alters phase stability relationships, delaying REE precipitation while
promoting the formation of sparingly soluble iron- and thorium-bearing phases. The integration of experimental
test work with thermodynamic modelling provides a robust framework for understanding and optimising
phosphate-controlled impurity precipitation in REE hydrometallurgical flowsheets. This combined approach
supports the identification of operating windows that maximise impurity rejection while preserving REE value,
and offers a transferable methodology for impurity management across variable REE sulphate liquor
compositions.
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Abstract Title: Production of Beryllium Oxide and Beryllium Hydroxide from the Perzhanskoye Deposit

Abstract:

Genthelvite-bearing deposits are an emerging alternative source of beryllium (Be), often offering higher Be
grades than traditional bertrandite or beryl-hosted systems, and in some cases enabling the recovery of zinc as
a by-product. The BGV Beryllium (Perzhanskoye) deposit in Ukraine’s Zhytomyr region is one of the largest



known genthelvite-rich ore bodies, hosted within quartz—feldspar and feldspar metasomatites. Beneficiation
testwork has demonstrated effective genthelvite flotation achieving over 87% Be recovery, producing a mineral
concentrate containing 1.6 - 3.2% Be and 24.5% Zn. Subsequent hydrometallurgical testwork led to the
development of a flowsheet consisting of acid baking, impurity removal, and solvent extraction, ultimately
yielding a high purity sodium beryllate solution. Subsequent hydrolysis and calcination produced beryllium
hydroxide at 99.7% purity and beryllium oxide at 99.2% purity, with an overall hydrometallurgical recovery (from
concentrate) of 90-94% Be. The testwork showed that high purity Be compounds can be produced from the
Perzhanskoye deposits using fairly conventional metallurgical processes. The presentation aims to highlight the
beneficiation and hydrometallurgical results and discuss potential by-product recovery from this genthelvite-rich
deposit.
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Abstract Title: Global Patent Filing Trends for Hydrometallurgical Processing of Mining Waste for Recovery of
Critical Minerals

Abstract:

Patents are playing an increasingly important role in today’s business world. A patent portfolio can enable a
company to secure a monopoly within the market, which can provide a commercial advantage over competitors.
At the same time, possessing a patent portfolio increases the value of a company’s intangible assets. The
importance of critical minerals is being rapidly recognized by governments worldwide. One recently identified
route to recovering critical minerals is through the hydrometallurgical processing of mining waste, such as
tailings and waste rock. The Government of Ontario has established Ontario’s Critical Minerals Strategy
2022-2027, which includes an amendment to the Mining Act in 2021 to allow for the reprocessing of mining
waste, without the requirement to file a mine production closure plan or obtain a mining lease. At the same
time, Ontario’s Critical Minerals Innovation Fund identifies extraction of additional value from mining waste as a
key innovation area in need of further development, and is providing up to $0.5 million in funding for
development of such projects. Companies and research institutions worldwide are racing to develop, and
ultimately commercialize, processes and technologies for processing of mining waste to recover critical
minerals. These new processes and technologies are routinely patented soon after they are developed, as a
step toward monetization. Analysis of this patent filing data can provide a unique, combinatorial picture of both
research and commercial activities within the field. The present study looks at patent filing trends in the field of
hydrometallurgical processing of mining waste for recovery of critical minerals over the decade spanning 2015
to 2025. The data shows a generally constant rate of annual patent filings from 2015 to 2023, followed by a
sharp increase in the number of filings in 2024 and 2025, presumably reflecting recent international recognition
of this new approach as a commercially viable route to recovering critical minerals. Patent filings in China,
Australia, the U.S. and Canada accounted for over 95% of all filings. Interestingly, the bulk of patent filings by
Chinese entities were in China only, while patents filed by entities outside China were filed more internationally
and in multiple jurisdictions, providing an interesting indicator as to anticipated commercial activity by those
entities in those different global markets. On a technological level, the patent filing data shows a sharp
increase in 2024 and 2025 in the number of patents filed for processes for lithium recovery, while filings for
processes for recovery of copper, nickel, cobalt and rare earth metals exhibited individual maxima prior to 2024
and 2025. A more granular analysis of the above data and findings, as well as recommended patent filing
strategies for researchers in view of the current patent landscape portrayed by the data, will be provided.
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Abstract Title: Unlocking lithium from LiFePO4-rich black mass using salt-assisted roasting and water leaching

Abstract:

Rapid growth in the use of lithium iron phosphate (LiFePO4, LFP) batteries has led to an increasing volume of
spent batteries, creating an urgent need for efficient and sustainable lithium recovery processes. This study
presents an enhanced method for recovering lithium from spent LFP battery black mass using a salt-assisted
roasting and water leaching approach. In the proposed process, black mass is roasted in the presence of ferric
sulfate, which promotes phase transformation and selectively converts lithium into water-soluble lithium
compounds while stabilising iron and phosphate species in insoluble forms. Subsequent water leaching enables
efficient dissolution and separation of lithium, significantly improving lithium yield and recovery rates compared
with other roasting-leaching and direct leaching approaches. The process demonstrates improved lithium
recovery efficiency and selective separation of lithium from iron, highlighting its potential as an environmentally
friendly approach for recycling spent LFP batteries.
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Abstract Title: Impact of Germanium on Impurity Removal in Zinc Dust Cementation

Abstract:

Metallic zinc is predominantly produced through the roast-leach-electrowinning process, where electrolyte
purification prior to electrowinning is essential to prevent current efficiency losses and impurity co-deposition.
Germanium, typically removed during iron co-precipitation, can enter the zinc dust cementation circuit and has
been associated with unstable impurity behavior. This study investigates the influence of initial germanium
concentration on impurity removal during zinc dust cementation under cold purification conditions. Batch
experiments were conducted using synthetic electrolytes representative of industrial compositions, with
controlled variation of initial germanium levels. Impurity concentrations and redox potential were monitored over
time. Increasing germanium concentration resulted in a less reducing electrolyte environment and significantly
promoted cadmium redissolution, with greater magnitude at higher levels. Although germanium was
progressively removed from solution, cadmium instability persisted. In contrast, nickel, copper, and antimony
were largely unaffected, while cobalt removal remained limited. These results demonstrate that germanium acts
as a critical electrochemical modifier that selectively destabilizes cadmium.
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Abstract Title: Novel Use of Contact Electrification and Electrostatic Separation to Upgrade LIBs Recycling
Feedstock

Abstract:

In the effort to mitigate climate change, the transition from traditional petroleum-based engines to electric
motors has accelerated the adoption of lithium-ion batteries (LIBs). Although this trend has contributed to
reducing greenhouse gas emissions, it has also introduced new challenges. The rapid growth in LIB production
has led to stockpiles of end-of-life or scrap batteries, raising concerns about secondary pollution and resource
scarcity. Battery recycling has emerged as a promising avenue to address these concerns. It would allow for



the reduction of waste while also recovering valuable minerals such as cobalt, nickel, and lithium. Despite its
appeal, current recycling practices face economic and environmental hurdles. Pyrometallurgical processes
require high energy input and produce significant greenhouse gases due to binder and electrolyte vaporization,
as well as graphite burning. On the other hand, hydrometallurgical pathways rely on large quantities of solvents,
generating large volumes of effluent. One culprit for these issues is graphite. Although graphite has limited
financial value in recycling streams, its presence destabilizes temperature gradients in pyrometallurgical
furnaces, causes process hotspots, releases carbon dioxide, and reduces leaching efficiency in
hydrometallurgical circuits. These downstream complications increase processing costs and environmental
emissions. My research introduces an innovative approach to selectively remove a portion of the graphite from
industrial black mass using electrostatic charging and separation. Recycled battery feedstock undergoes
contact electrification through a pneumatic conveying line due to particle-particle and particle-wall contacts. The
charged particles are conveyed to a cyclone, which dissipates their kinetic energy, allowing them to free-fall into
an electrostatic separator. Due to graphite’s conductive nature, it dissipates charge through the conductive
conveying line. In contrast, insulating metal oxides retain their acquired charges. This charge discrepancy
allows for the partial separation of graphite, thereby enhancing the quality of the feedstock. Results from
preliminary testing will be presented for synthetic and real waste battery material to demonstrate the separation
performance efficiency of the new proposed technique. The implications of this work are both environmental
and economic. The removal of graphite in the pyrometallurgical pathway allows for a less energy intensive
process, less greenhouse gas production, and a more stable process. The hydrometallurgical process, it allows
for a lower leaching time, enhancing process throughput and minimizing process waste.

Author(s) & Affiliation: Ashish Pandey, National Research Council of Canada (NRC); SUMANJANI
Vinnakota, National Research Council Canada; Gilles Robertson, National Research Council of Canada

Abstract Title: Lithium Recovery Using a Eutectic Solvent: A Step towards Circular Recycling of Battery Black
Mass

Abstract:

The rapid growth of lithium-ion battery usage in electric vehicles and energy storage systems has intensified the
need for efficient recycling technologies to recover critical metals from black mass. Traditional
hydrometallurgical methods often rely on harsh chemicals, raising environmental and economic concerns. Deep
eutectic solvents (DESs) are receiving great attention for metal recovery because of their high selectivity,
environmentally friendly character, low melting point, good stability, and low corrosive properties. In this study,
an organic acid based eutectic solvent was developed and applied for selective lithium leaching from various
black mass compositions (NMC, LFP and a mixed composition, LLC) under mild conditions. The process
demonstrated good extraction kinetics with high lithium recovery from 70-90% across different chemistries in
3-9 hours, followed by solvent regeneration achieved through a simple distillation step. An analysis of the
distillation residue from all the tests confirmed lithium-containing phases, indicating potential for downstream
conversion. Further, the concentration of other battery metals, in all cases, varied from less than 1 to 5%, with
an exception of nearly 15% manganese at 3 hours in the LFP leach solution. This approach underscores the
promise of eutectic solvents as sustainable alternatives for battery recycling. Future work will focus on
optimizing process parameters, scaling up, and integrating the method into circular economy frameworks for
critical metal recovery.
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Abstract Title: McNulty ramp-up curves: where are we 28 years after the first paper?

Abstract:

Derivation. refinement, and adoption of the Series 1 through 4 McNulty Curves will be presented briefly,
followed by a discussion of typical applications. Given the current global focus on critical material supply chains,
| will discuss the unique risks associated with commercialisation of processes for extraction and refining of
critical minerals and metals. Everyone involved in project development expects financial success, but that
expectation requires diligent preparation and unbiased objectivity. Unfortunately, a grim reality has been
revealed through examination of about 140 case histories by me, by my colleagues, and by professionals in
major mining companies, process development laboratories, engineering firms, and project financing

entities: Only about half of reported cases have exhibited Series 1 behavior. The balance have ranged from
almost acceptable to marginally successful to extreme disappointments for owners and investors. The primary
source of risk is definitely not the result of adoption of innovative technology, and | will support this conclusion
with some well-documented examples from the 1950s through 2024. Projects employing innovative technology
can perform very well if managed carefully throughout all aspects of process development, engineering, design,
and construction. An example of projects that have great potential for failure is typified by the "Promoter's
Curve", a concept presented at the 2024 PDAC by an analyst involved in project financing for a major bank.
Within the context of critical minerals and metals, many proposals to investors incorporate an undocumented
prediction of a ramp-up curve that achieves design production rate almost overnight. Unfortunately, even Series
1 performers may only average 60-80 percent of design production during the first year following completion of
commissioning, Many of us have responsibilities for ensuring that our clients or employers succeed, and we
often serve as Qualified Persons, "QPs", in preparation of reports that comply with Canadian Instrument NI
43-101. However, a typical PEA, PFS, or Technical Report focuses on the geologic resource.with minimal
requirements for metallurgical information and requires little or no documentation for predictions of rapid
profitability. A dominant theme underlying use of the curves as a planning tool is the quality of information upon
which process design criteria have been based, so | will present typical costs of mineralogical characterization,
laboratory testing, and pilot plant campaigns. To demonstrate the value of high-quality technical information, |
will present a hypothetical example of the financial performance of projects whose ramp-up curves exhibit
Series 1 through 4 behavior. Cost/benefit ratios will be shown in order to reinforce the need for thorough
preparation early in a project's life.
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Abstract Title: Advancing the Development of Canada’s Critical Minerals Resources through Government of
Canada Programs

Abstract:

Natural Resources Canada (NRCan), in collaboration with federal partners, has designed and delivered a suite
of investment programs supporting all six areas of focus of the Canadian Critical Minerals Strategy. Supported
by nearly $4 billion in funding from Budgets 2021 to 2024 — and further enhanced through Budget 2025 and
off-cycle funding to support the advancement of Canada’s G7 Critical Minerals Action Plan and defence and
national security objectives — the strategy aims to increase the supply of responsibly sourced critical minerals
while strengthening Canada’s green and digital economies. NRCan’s Minerals Programs Branch delivers grants
and contributions programming that advances Canadian critical minerals projects aligned with priorities such as
defence, clean technologies, and dual-use value-chains. NRCan'’s investment suite includes the Critical
Minerals Infrastructure Fund (CMIF), which will be integrated into the new First and Last Mile Fund (FLMF)



starting in 2026—27, and continues to support clean energy and transportation infrastructure projects related to
critical minerals development. It also includes the Critical Minerals Research, Development and Demonstration
(CMRDD) contributions stream, and the Global Partnerships Initiative (GPI). Complementary investments under
the Canadian Critical Minerals Strategy comprise of the Critical Minerals Geoscience and Data Initiative
(CMGD) and the Indigenous Natural Resource Partnerships (INRP) programs. Together, these investments
support and enable Canadian industry and research organizations in accelerating the development of strategic
critical mineral projects, including advancing mineral processing and hydrometallurgy processes and
technologies. Grounded in the objectives of the Canadian Critical Mineral Strategy, these initiatives advance
research and innovation; accelerate project readiness; build sustainable infrastructure; strengthen Indigenous
participation and reconciliation; grow a skilled and diverse workforce; and strengthen Canada’s global
leadership and security. With an emphasis on the CMRDD and GPI contribution programs, this presentation will
inform stakeholders on the value of federal government programs and incentives that support critical mineral
resource development. Investments made to date and emerging successes will demonstrate advancements in
innovation across critical mineral extraction and processing in a rapidly evolving industry.
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Abstract Title: Ligand-Assisted Atmospheric Leaching of Pentlandite Integrated with Mineral Carbonation for
Simultaneous COM Sequestration

Abstract:

The increasing global demand for nickel, driven by advanced energy infrastructure, electric vehicle batteries,
and stainless-steel production, has intensified the need for efficient and sustainable extraction technologies as
high-grade resources become depleted. In Canada, nickel sulfide ores, particularly pentlandite, remain a critical
source of Class I nickel; however, conventional pyrometallurgical processing is becoming energy-intensive and
emits significant greenhouse gases. This work examined hydrometallurgical processing routes for nickel
recovery from nickel sulfide resources, with a focus on simultaneously atmospheric leaching systems and direct
CO2 sequestration from air by utilizing organic complexing agents. The performance of nitrilotriacetic salt (NTA)
in the synergistic leaching system was evaluated and compared with alternative ligands, such as glycine and
glutamate diacetate (GLDA) salts, in terms of nickel recovery, selectivity, and impurity control. In addition, the
potential integration of mineral carbonation within the hydrometallurgical process was explored as a pathway for
simultaneous nickel recovery and carbon dioxide sequestration. The test results have shown that appropriate
control of leaching conditions can enable effective metal extraction while promoting COM mineralization without
adversely affecting nickel recovery. This integrated approach demonstrates strong potential to reduce the
environmental footprint of nickel processing and supports the development of low-carbon, sustainable nickel
production strategies aligned with Canada’s critical minerals objectives and the global clean energy transition.
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Abstract Title: Optimizing System Performance using Advanced Lithium Extraction Technology for Lithium
Recovery from Brines

Abstract:

Summit Nanotech's denaLi™ direct lithium extraction (DLE) technology combines its proprietary North
American-made eLivate™ sorbent with a sequenced column approach to deliver an optimal balance of lithium
recovery, impurity rejection, and water and energy efficiency, driving the lowest levelized cost of lithium (LCOL)



production. The denaLi™ system is designed as an advanced simulated moving bed (SMB) with novel
sequencing that enables simultaneous adsorption and elution, continuous operation, optimized mass transfer,
and efficient sorbent utilization. This approach results in >98% lithium recovery, >95% TDS rejection, and only 7
m3/t-LCE make-up water. To validate these outcomes beyond the lab, Summit built an in-house demonstration
system in Santiago, Chile, informed by its 2025 field deployment in Northern Chile. Processing just 20—30 m3 of
a customer's field brine, the Santiago system generates all parameters needed to design a commercial plant.
This paper will showcase results from a recent in-house trial of a South American brine and illustrate how
customers can mitigate project risk, optimize full-flowsheet CapEx and OpEXx, and build investment confidence
without the need for an on-site demonstration facility.
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Abstract Title: Control of nickel concentration in copper electrorefining using anti-solvent technology

Abstract:

Nickel build-up in copper electrorefining electrolytes remains a recurring operational challenge, adversely
impacting cathode quality, current efficiency, and overall process stability. Traditional purification methods, such
as evaporative crystallization, are energy-consuming and often yield low-purity nickel sulfate due to impurity
co-concentration. As an alternative, this study explores antisolvent crystallization, focusing on the operational
parameters that influence nickel recovery. Systematic experiments assessed the effects of antisolvent type,
dosage, and mixing intensity under typical tankhouse electrolyte conditions. Among the tested antisolvents,
isopropanol produced the highest nickel sulfate recovery, reaching a maximum crystallization yield of 77% at
room temperature. Increasing the antisolvent dosage and raising the mixing speed from 50 to 400 rpm
accelerated supersaturation development in the Cu—Ni—SOM electrolyte system, thereby promoting faster
nucleation and increasing overall crystal formation. These results indicate that optimizing the antisolvent type,
dosage, and mixing speed can improve the effectiveness and selectivity of nickel removal relative to
conventional evaporative purification.
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Abstract Title: Lignin-based adsorbents for the separation of Pr(H), Nd(l), and Sm(H)

Abstract:

Lignin is a promising natural polymer for adsorbing metal from aqueous solutions. However, its application in
the separation of rare earth metals-particularly adjacent elements such as Pr(Hl), Nd(H), and Sm(H)-remains
underexplored. In this work, alkali lignin was fractionated to obtain a low molecular weight fraction (F5) enriched
with functional groups. Subsequently, F5 was assembled into highly hydrophilic nanoparticles (F5-NPs), which
expose a greater density of surface functional groups and thereby enhance rare earth metal ion adsorption from
aqueous media. 31P nuclear magnetic resonance analysis confirmed that F5 possesses a higher density of
phenolic OH groups compared with the original alkali lignin. Batch adsorption experiment showed that F5-NPs
achieved a total adsorption capacity of 38.7 mg/g for Pr(H), Nd(H), and Sm(H), which is 3.4 times higher than
that of alkali lignin. Notably, the F5-NPs adsorbent exhibited inherent selectivity for Pr(l), Nd(H) and Sm(H),
with a highest affinity to Sm(H), followed by Nd(l) and Pr(H). These findings demonstrate the natural potential
of lignin-based materials for selectively separating adjacent rare earth elements.
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Abstract Title: Combustion exhaust utilization during lithium carbonate production with integrated carbon
capture

Abstract:

Battery-grade lithium carbonate (Li2CO3 > 99.5 wt%,) is recovered from spodumene-rich pegmatite ore by
energy-intensive processes having considerable environmental impacts. Spodumene concentrate generated
upstream undergoes a thermal activation step that contributes greatly to lifecycle greenhouse gas emissions
associated with Li2CO3 production. Further downstream, crude Li2COS is conventionally recovered by alkaline
precipitation from an acidic leachate, then purified via carbonation, which consumes pressurized CO2 to
generate water-soluble lithium bicarbonate. The aqueous bicarbonate is separated from insoluble impurities
before depressurizing to recrystallize battery-grade Li2CO3. A novel carbonation process variant was recently
reported, whereby combustion exhaust gas, such as that generated during thermal activation of spodumene
concentrate, was compressed and utilized to purify crude Li2CO3 while about one-third of utilized CO2 was
captured from the exhaust in high purity. Thus, the Li2CO3-purification process was adapted to
co-generate@rather than depend uponla source of pure CO2. This work’s purpose is to explore how process
operating conditions impact recoveries and purities of battery-grade Li2COS3 and captured CO2 to inform
upscaled process models that enable predictive comparisons of techno-economic performance for conventional
versus novel Li2CO3-production pathways. Techno-economic analysis predicts that co-generation of pure CO2
and avoided consumption thereof under current market conditions substantially improves the novel scenario’s
net profit annually and accumulated over an operating plant lifetime. This work demonstrates long-term
economic incentive for chemically integrating post-combustion capture of CO2 from exhaust otherwise
unutilized during production of a critical mineral commodity under anticipated ranges of operating and market
conditions.
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Abstract Title: Effect of Various Types of Anions on the Oxidative Dissolution of Chalcopyrite

Abstract:

Chalcopyrite (CuFeSH) is the most abundant copper-bearing mineral, yet its oxidative dissolution kinetics are
strongly influenced by solution chemistry, particularly the nature of dissolved anions. In this study, we
systematically investigate the effect of various inorganic anions on the oxidative dissolution behavior of
chalcopyrite under controlled electrochemical conditions. Using a combination of potentiostatic polarization,
electrochemical impedance spectroscopy (EIS), and solution analysis, the dissolution kinetics of chalcopyrite
were examined in electrolytes containing chloride, sulfate, nitrate and nitrite at comparable ionic strengths. The
results demonstrate that anion identity plays a critical role in modulating both the surface reaction pathway and
the overall dissolution rate. Activation energy analysis derived from temperature-controlled electrochemical
impendance spectroscopy (EIS) and linear polarization resistance (LPR) measurements reveals the influence
of anions on the apparent activation barrier for anodic dissolution. In addition, it was also found that none of the
analyzed anions prevent the effect of passivation in acidic media as the surface product generated during the
oxidation process show higher open circuit potential (OCP), higher charge transfer resistance (RCT) and lower
system capacitance than the freshly polished mineral sample. The passivation kinetics was studied through the
potentiostatic/galvanostatic polarization analysis. Through Avrami-type analysis at the normalized active
fraction, n = 1 were found for all anion system which means the passivation layer grows in “site-by-site
deactivation / 1D growth” from rather than 2D/3D growth with continuous nucleation at different rate (k).
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Abstract Title: Oxidative Dissolution of Chalcopyrite in Alkaline Media

Abstract:

Chalcopyrite (CuFeSH) is the most abundant copper sulfide mineral, yet its dissolution remains kinetically
hindered under many leaching conditions. While acidic systems have been widely studied, oxidative dissolution
of chalcopyrite in alkaline media is comparatively less understood, despite its relevance to emerging
environmentally benign hydrometallurgical processes. In this work, the oxidative dissolution behavior of
chalcopyrite in alkaline solutions was investigated using a combination of electrochemical techniques, including
potentiodynamic polarization and electrochemical impedance spectroscopy, complemented by solution
chemistry analysis and surface characterization using scanning electron microscope and raman sepctroscopy.
The activation energy was calculated for chalcopryite at pH 10 using electrochemical method as varioud
potentials. It was found that between 100 to 750 mV vs Ag/AgCl, activation energy ranges between 24.5 to 45.4
kd/mol, indicating the process being electrochemically controlled rather than diffusion-controlled. It was also
found that with while using sodium hypochlorite as potential controller, the oxidation product resembles certain
features found in pyrite, covellite and cuprite. This oxidation product layer was found to be highly acid soluble
and provide Fe: Cu ratio of 1:1. In general, this work reveals important mechanism involved in the oxidation of
chalcopyrite in alkaline media which potentially leads to new process of metal's extraction from tailings or other
minewaste where acid consumption is an issue.
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Abstract Title: Behaviour of organic and fluorine containing compounds in hydrometallurgical recycling of black
mass

Abstract:

Aurubis AG, Europe’s largest multi-metal producer and a leading copper recycler globally, has developed and
patented a hydrometallurgical process to recycle both pyrolysed and un-pyrolysed Black Mass (BM) stemming
from Li-ion batteries. This purely inorganic process, comprising of leaching, precipitation, and crystallisation
processes, was developed by Aurubis’ R&D; Department and piloted at our Hamburg site successfully since
April 2022. Organic chemicals and associated Fluorine containing compounds that are critical components of
Li-ion batteries present a unique challenge for hydrometallurgical recycling processes. Typical Li-ion batteries
use a mixture organic carbonate solvents (e.g., Ethlyene Carbonate) as the electrolyte, Lithium
hexafluorophosphate (LiPF6) as conducting salt and PVDF as common binder for Anode and Cathode material
to adhere to current collector foils. The presence of these types of materials in BM to a greater or lesser extent,
depending on pre-processing, is critical to understand in context of hydrometallurgical recycling. How these
compounds react, distribute and build-up in recirculating streams has numerous impacts, including process
performance and impurity deportment to products and residues. Aurubis has investigated the presence of these
type of materials in raw unpyrolized BM and their corresponding reaction products and distribution in our
process. Using samples from Pilot plant and Laboratory experiments NMR-Analysis was used to identify and
track Organic and Fluorine compounds through key streams. Laboratory experiments with pure LiPF6 and
Ethylene carbonate were conducted to understand the influence of aqueous processing conditions (e.g., pH,
temperature and background electrolyte) on their reactions and residual compound formed.



Author(s) & Affiliation: Atefeh Azizi, Neo Performance Materials ULC; David Branken, Neo Performance
Materials ULC; Don Thornington, Neo Performance Materials ULC; Edgar Peek, Neo Performance Materials
Canada

Abstract Title: Gallium Extraction from a Metallurgical Byproduct Stream Containing High Concentrations of Fe
and Zn via Successive Selective Precipitation and Leaching Steps

Abstract:

Gallium (Ga) is a critical material for advanced semiconductor manufacturing, high-performance magnetic
materials, and low-melting-point alloys. In response to China’s 2023 export restrictions, multiple international
initiatives have emerged to develop secure, ex-China Ga supply chains. While many of these efforts focus on
recovering Ga from primary alumina sources, i.e., Bayer liquor, recovery from other industrial process streams
offers another potentially significant alternative. This study evaluates two hydrometallurgical flowsheets
developed for extracting Ga from an industrial byproduct stream (details withheld). Depending on upstream
processing conditions and feed composition, this gallium-bearing stream typically contains 1000-2000 ppm Ga
along with high concentrations of zinc (Zn) and iron (Fe). These contaminants must be selectively removed to
produce an enriched Ga intermediate that is suitable for downstream processing at the Ga recycling facility of
Neo Performance Materials in Peterborough, ON. To avoid the high CAPEX burden of solvent extraction
technology, hydrometallurgical processing via successive selective precipitation and leaching steps using oxalic
acid as a key reagent was investigated. This paper compares two process design variations, highlighting the
trade-offs between simplicity, recovery efficiency, and product quality, and provides guidance on selecting the
optimal flowsheet based on feed composition and operational objectives. The first flowsheet variant reported
here consists of a simple five-stage process based on sequential precipitation and leaching, achieving an
overall Ga recovery of 54.6% and producing a final metal hydroxide intermediate with an average of 11.8 wt.%
Ga(OH)M. The second flowsheet incorporates an additional step to recover the lost Ga via selective leaching of
an oxalate salt resulting from the first selective precipitation step. This additional unit operation recovered
67.7% of the Ga loss, improving the overall Ga recovery to 64.6% and enhancing product quality to 12.1 wt.%
Ga(OH
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Abstract Title: Atmospheric and High-Pressure Leaching of Low-Grade Ultramafic Resources for Selective
Nickel Extraction from Mixed Sulfides and Silicates with Simultaneous Carbon Mineralization

Abstract:

The globally growing demand in nickel production necessitates the development of sustainable extraction
strategies from low-grade mineral resources while achieving carbon neutrality. This study investigated the
selective recovery of nickel from a low-grade silicate sample with an integrated focus on carbon dioxide
sequestration through mineral carbonation. The nickel (0.3wt%) in the sample was present in mixed form of
both sulfide and silicate minerals, occupying approximately 35% and 65%, respectively. Atmospheric and
high-pressure leaching approaches are systematically investigated using nitrilotriacetic salt (NTA) as a
complexing agent to enhance nickel dissolution while realizing CO2 mineralization as stable mineral
carbonates. It is found that the atmospheric nickel extraction with carbon mineralization was effective for nickel
in sulfide minerals. Within half an hour, the nickel from sulfide minerals, mainly pyrrhotite and pyrite, can be
completely and selectively leached into aqueous solution under ambient temperature and pressure, together



with the simultaneously direct CO2 mineralization at approximately 40 kg CO2/t ore resources. The pressure
nickel leaching with carbon mineralization under elevated temperature and CO2 overpressure was effective for
nickel in silicate minerals, mainly serpentine and olivine. Within two hours, all the nickel from silicate minerals
can be selectively extracted together with the simultaneous carbon mineralization at 72 kg CO2/t ore resources,
although a heat pre-treatment can further enhance the carbon mineralization efficiency. The integration of
atmospheric and pressure leaching approaches can effectively and selectively extract nickel existed in mixed
forms of sulfide and silicates of low-grade resources while achieving carbon mineralization from both air and
CO2 resources. This integrated approach presents a promising pathway for the sustainable processing of
sulfide- and silicate-mixed nickel resources, offering reduced environmental impact and contributing to the
development of low-carbon nickel production aligned with global clean energy and critical minerals objectives.
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Abstract Title: Novel Agitator Configuration for Pressure Leach Applications for Moderate Oxygen Flows

Abstract:

Freeport-McMoRan Inc. (FMI) is the majority owner and operator of the Morenci copper mine. The mine
process facilities include two flotation concentrators, four solvent extraction plants, 3 electrowinning plants and
a concentrate leach plant (CLP). The CLP applies a pressure oxidative leach process to leach copper
concentrate into solution for recovery to copper cathode at Morenci. The leach process is applied in two
pressure leach vessels (PLV) operating at elevated temperature and pressure. The CLP was designed,
constructed and commissioned in 2007 under partial leach and direct electrowinning conditions. The circuit was
restarted in 2015 under full oxidation conditions. An expansion project was completed in 2025 to utilize PLV
process volume at full oxidation conditions. The expansion required an increase in gas flow rates and during
the investigation phase of the project the installed SPX FLOW agitators were evaluated for dispersion
performance and handling of the increased gas flow. The original agitator utilized dual up pumping wide blade
A340 Hydrofoils to disperse gas and suspend solids. At the increased throughput and oxygen flow rates, the
agitator system faced challenges to meet process requirements, so a new design was proposed and evaluated.
The new design involved inverting the upper A340 to a down pumping A320 and maintaining the lower A340
impeller. The two impellers produce an impinging axial flow which increases power transfer and subsequently
the gas handling ability of the system. The pilot design was developed to a commercial scale and installed in
both of the Morenci PLVs in mid-2024. The agitators have achieved the target power transfer and gas
dispersion since installation and have provided an additional benefit of reducing the headspace fouling and
scale buildup of precipitated solids present with the prior agitator configuration. The success of this novel
hydrofoil agitator configuration has been encouraging, and further study has progressed to assess other
pressure oxidation applications. This paper discusses the evaluation and development of the novel up/down
pumping hydrofoil system with a focus on gas-liquid mass transfer and gas handling ability as well as power
consumption vs. various geometric parameters characterization to optimize the configuration. Erosion
characteristics have been measured and compared with standard Rushton-style impeller performance at similar
power input for blade-life analysis. This characterization effort will help define the optimum operating envelope
for this new style of pressure oxidation agitator for future applications.
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Abstract Title: EPAL 3 - NEW IMPELLER INNOVATION FOR HPAL APPLICATIONS



Abstract:

In HPAL (High-Pressure Acid Leach) autoclaves, the mechanical process of stirring and mixing is primarily
facilitated by the agitator. These agitators are crucial for achieving rapid and uniform mixing of the ore
suspension with sulfuric acid, thereby preventing acid hotspots and ensuring a high leaching rate. Additionally,
they play a vital role in maintaining the ore particles in suspension, allowing for their efficient transfer over
compartment walls into subsequent compartments. Existing impeller designs, including those specifically
developed for this application like the EPAL impeller, effectively address these tasks. However, the formation of
deposits on impellers and autoclave walls remains a challenge, influenced by the type of ore processed.
Chemical solutions to mitigate these deposits are not feasible in HPAL applications, necessitating alternative
approaches. One such solution, presented this year, involves the development of an energy-efficient impeller
designed to minimize deposit formation on its surfaces through a specially engineered shape. This design was
optimized using advanced simulation techniques across multiple iterations to enhance flow dynamics. Various
prototypes of the new impeller were tested and evaluated on a 70-liter, a 1 m3 and a 7 me scale. The final
version has been successfully accomplished and is now ready for large-scale implementation.
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Abstract Title: Impurity Removal in Lithium-lon Battery Recycling Hydrometallurgical Process

Abstract:

The rapid growth of lithium-ion battery (LIB) production and the emerging recycling industry have intensified the
need for efficient hydrometallurgical processes capable of recovering battery-grade metals/materials from the
End of Life (EoL) batteries and scraps. A critical challenge in these flowsheets is the effective removal of
impurities-including Al, Fe, F, Cu, Mn, Mg, and Ca-introduced through spent electrode materials, current
collectors, and mechanical preprocessing steps. These impurities can negatively impact downstream solvent
extraction, crystallization, and product purity requirements for battery-gradeM nickel, cobalt, and lithium
products. This study evaluates impurity removal strategies within a typical black mass leaching circuit,
emphasizing pH-dependent separation, selective precipitation, oxidation and solvent extraction mechanisms.
The findings highlight that an integrated impurity management strategy can reduce reagent consumption,
minimize colprecipitation losses of critical metals, and improve the overall efficiency and economic viability of
hydrometallurgical LIBs recycling. This work provides practical insights for designing robust impurity removal
circuits as the recycling sector scales to meet growing global demand for critical minerals.
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Abstract Title: Two-Step Selective Leaching of Lithium, Nickel, Cobalt, Manganese, Aluminum, and Copper
from Industrial Mixed Lithium-ion Battery Wastes via Formic Acid and Sulfuric Acid Systems

Abstract:

Waste lithium-ion batteries (LIBs) contain abundant critical metals such as lithium, nickel, cobalt, and
manganese. However, industrial mixed LIB wastes, which typically consist of lithium iron phosphate (LFP) type
waste combined with lithium nickel cobalt manganese oxide (NCM) type waste and are not subjected to
beneficiation, often lead to simultaneous dissolution of multiple metals in conventional leaching systems,
making selective separation difficult. To reduce impurity dissolution and minimize the burden of downstream
extraction and purification, there is an urgent need for an efficient and economically feasible integrated recovery
strategy. This study proposes a novel two-step selective leaching process for the efficient separation and



recovery of lithium, nickel, cobalt, and manganese from unbeneficiated industrial-scale mixed LIB wastes
dominated by LFP with minor NCM fractions. The process employs the synergistic use of a weak-acid system
followed by a strong-acid system to achieve stepwise, highly selective dissolution of the target metals. In the
first step, a formic acid—hydrogen peroxide system is applied to leach lithium from the mixed material. As a
weak acid, formic acid creates a mild chemical environment that enables the selective leaching of lithium
without causing substantial dissolution of transition metals. Under optimized conditions, the lithium leaching
efficiency exceeds 99%, while the leaching rates of nickel, cobalt, manganese, copper, aluminum, and iron
remain below 1%. In the second step, the residue obtained after formic-acid leaching is further treated using a
sulfuric acid—hydrogen peroxide system. The stronger acidity of sulfuric acid, combined with the reductive
behavior of hydrogen peroxide, significantly enhances the dissolution of nickel, cobalt, and manganese. Under
optimized conditions, the leaching efficiencies of nickel and cobalt exceed 99% and 98%, respectively, while
iron remains largely in the solid phase as FePO4, confirming the excellent selectivity of this system. Overall, the
two-step weak—strong acid synergistic leaching process enables efficient stepwise separation of metals and
offers advantages including high selectivity, low energy consumption, environmental compatibility, and
operational simplicity. This method provides a practical pathway for the green and high-value recovery of
industrial mixed LIB wastes without requiring preliminary beneficiation, and establishes a robust theoretical and
experimental foundation for subsequent metal separation, purification, and closed-loop recycling.
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Abstract Title: High-Purity Cesium Formate and Cesium Chloride Production from Case Lake Pollucite
Concentrate

Abstract:

Power Metals Corp. is evaluating the potential of cesium production from pollucite concentrates from its Case
Lake Project in northeastern Ontario, Canada. The West Joe dykes host the world’s fourth largest known hard-
rock cesium resource, with an inferred resource of 13,000 tonnes averaging 2.40% CsHO. X-ray tomography-
based ore sorting (by TOMRA in Germany) on a bulk sample produced a high-grade concentrate assaying
18.6% CsHMO, representing a Cs20 recovery of 96.3%. The grades ranged from 25.3% Cs20 to 4.7%Cs20 for
the coarse size fraction and 25.6% Cs20 to 8.2% Cs20 for the fine size fraction. A concentrate blend (19.5%
Cs20) from ore sorting testwork was subjected to hydrometallurgical process development testing. The
program included hot sulphuric acid leaching, two-stage crystallization and recrystallization, and sequential
impurity removal stages, followed by the production of cesium formate and cesium chloride. The flowsheet
achieved production of high-purity cesium formate (99.8%) and cesium chloride (99.6%) demonstrating the
technical feasibility of processing Case Lake pollucite concentrates into high purity cesium chemicals. This
paper presents and discusses the results of the various hydrometallurgical investigations.
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Abstract Title: Industry Track Record for Ramping up Critical Mineral Projects: Actual versus Predicted
Performance

Abstract:

In 1998, Terry McNulty presented an SME paper that surveyed 41 processing plant case histories and identified
the dominant causes of success and failure. That survey resulted in creation of four curves, graphically
portraying the approximate rates of achievement of design capacity over time for projects that ranged from very
successful to marginal to unsuccessful. Identifiable characteristics included maturity of technology, level of
understanding of the resource, depth of characterization of the feed material, thoroughness of laboratory
development of process design criteria, and the degree of planning and execution of pilot plant test

campaigns. Updates were presented at SME 2004 (Denver), COM 2014 (Vancouver), COM 2024 (Halifax) and
Extraction 2025 (Phoenix). These so-called “McNulty Ramp-up Curves” have been widely adopted by
operating companies and project financing firms for use as a checklist for risk assessment and for ranking
competing capital investments. Most of the case histories underlying the McNulty Curves have been based on
traditional commodities. Industry electrification and climate change technologies, as well as the current trend to
develop domestic supply chains for non-traditional or critical commaodities (such as rare earths, graphite,
lithium, nickel, cobalt, gallium, germanium, and antimony), have led to the launch of new mineral projects.
While traditional commodity projects can be benchmarked against existing projects to assist in derisking and
generating capital and operating cost estimates, this is more difficult for critical mineral projects. Without bench
marking, additional engineering studies supported by extensive laboratory programs and comprehensive pilot
and/or demonstration plant operations may be required. This paper will present ramp-up curves for recent
critical mineral projects using production data in the public domain. The authors will then contrast the actual
ramp-up performance with the predicted ramp-up performance as published in recent prefeasibility and
feasibility studies. Clearly, some lessons learned have been incorporated into predicted plant ramp-up
performance. We have also observed that aurguments to support optimistic plant ramp-up performance often
have not been provided.
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Abstract Title: Mitigation Of Environmental Impacts Of Rare Earths Elements Extraction From lon Adsorption
Clay Deposits By Controlled In-Situ Leaching Followed By Solvent Extraction

Abstract:

Heavy Rare Earths (HRE) are found in numerous applications related to energy transition and defense and are
subject to strong geopolitical tensions. Today, they are mostly mined from lon-Adsorption Clay (IAC) deposits in
which Rare Earths Elements (REE) dissolved over geological times by weathering of REE-bearing minerals are
adsorbed onto the layered structure of clay minerals. Total REE content in such deposits is typically low (500 —
5000 ppm) but REE can be recovered by simple ion exchange using reagents such as (NH4)2S04. This IX
process can be implemented in tank leaching, heap leaching or in-situ leaching. In the first two cases, it
generates intensive mining activities as millions of tons of ore need to be processed yearly to have an industrial
operation. In the third case, there is no mining involved but in situ leaching of IAC deposits as implemented in
southern China or Myanmar did result in disastrous environmental effects such as pollution of rivers or aquifers
and landslides due to uncontrolled injection of the leaching solution in the ground. Such consequences are
mostly at the origin of the current image suffered by the REE mining industry in general. As all REE deposits,
IAC deposits also contain U and Th but with relatively low TREO contents, they tend to have higher
U30O8/TREO and ThO2/TREO ratios. This leads to the presence of radionuclides from the naturally occurring



radioelements decay chains in the pregnant leach solution, very often at levels that are higher than acceptable
for RE refineries. With several industrial and institutional partners, Carester has worked on a process to mitigate
environmental impact of REE extraction from IAC deposits by in-situ leaching. This process involves: Onsite
geological, geophysical and hydrological data acquisition to build a hydrogeological model and foresee
underground flow of leaching solution, Implementation of monitoring techniques and washing stages to
guarantee the quantitative recovery of leaching reagents, Implementation of a patented solvent extraction
process to eliminate and sequestrate radionuclides from the PLS. This process will help responsible sourcing of
HRE-rich concentrates for Caremag REE refinery, scheduled to start-up by the end of 2026. Ongoing work on
in-situ leaching as well as recent development in elimination of radionuclides by solvent extraction and its
implementation in the case of in-situ leaching operations will be discussed.
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Abstract Title: DesignBforBRecycling of NextlGeneration SodiumBIon Batteries: Challenges and
Opportunities

Abstract:

Sodium-ion batteries (SIBs) offer a promising, low-cost path for large-scale energy storage due to abundant
sodium resources and favorable safety attributes. However, recycling technology for SIBs remains
underdeveloped compared with lithium-ion systems, which have benefited from cobalt-driven economic
incentives. This review critically examines recent research and pilot efforts in SIB recycling, emphasizing
hydrometallurgical leaching and recovery of Na, Fe, Mn; direct regeneration of cathode materials; and emerging
green and bio-based extraction techniques. We compare these methods with established Li-ion recycling
workflows, identify technical bottlenecks (electrolyte/fluorine handling, low-value material economics,
heterogeneous cathode chemistries), and evaluate industrial readiness. Finally, we outline policy and
design-for-recycling recommendations, including extended producer responsibility, Na-salt integration into
chemical streams, and standardized dismantling protocols that are necessary to close the loop for SIBs in a
post-2030 circular economy. This perspective aims to guide hydrometallurgical research and industry planning
for sustainable SIB lifecycle management.
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Abstract Title: The Archambault Alkaline Route to Lithium Carbonate Production — Revisited

Abstract:

In 1963, Archambault described a direct alkaline processing route to produce lithium carbonate from calcined
lithium-bearing silicate minerals of the spodumene type, thereby eliminating the need for conversion to an
intermediate lithium sulphate phase. The primary objective of this process was to simplify lithium recovery by
enabling the direct hydrometallurgical reaction of the lithium silicate phase with sodium carbonate in aqueous
media under controlled temperature and pressure conditions. The process results in the formation of lithium
carbonate and an aluminosilicate residue considered to be environmentally benign. Although documented more
than six decades ago, variations of this direct alkaline processing approach have received renewed attention in
recent years as demand for lithium has increased and greater scrutiny has been placed on the environmental
and economic impacts of sulphuric acid—based extraction flowsheets. Several contemporary process
developments have been presented as novel; however, these approaches generally offer some advancements
in reaction kinetics, solid—liquid separation, and process integration (e.g. incorporation of Solvay-type circuits



for sodium carbonate regeneration) rather than the introduction of fundamentally new hydrometallurgical
flowsheet. This paper revisits the alkaline lithium extraction technology originally proposed by Archambault and
demonstrates that direct soda ash conversion of lithium silicates has long been recognized as a technically
viable processing route. A systematic comparison is presented between conventional sulphuric acid leaching
and direct soda ash conversion to produce 25 ktpy LCE from hard-rock lithium resources. The comparison
focuses on reaction chemistry, leaching operating conditions, process chemistry, reagent and energy
consumption, impurity control, and residue stability. The respective technological, economic, and environmental
implications of each flowsheet are evaluated to define their advantages and limitations.
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Abstract Title: Sustainable Rare Earth Element Recycling from Solid Oxide Electrolyser Cells: A
Simulation-based Life Cycle and Exergy Assessment

Abstract:

Several metals, particularly the Rare Earth Elements (REE), are considered critical for technological
development and key enablers of the sustainability agenda. Nevertheless, their general availability is limited,
being mainly produced in China. Therefore, increasing effort has been observed for the REE and Rare Earth
Oxides (REOs) recycling process development. One of REOs application are Solid Oxide Electrolyser Cells
(SOEC), an emerging technology to produce green hydrogen (H2) industrially, with a lifetime currently about 5
years or more, representing a significant future source of REOs. Therefore, the recycling of a SOEC Membrane
Electrode Assembly (MEA), consisting of electrodes, electrolyte, contact/barrier layer, is developed as part of a
research project, and the respective process is analysed in the current work. A recycling process consumes
several resources to achieve its goal, and there are always unavoidable losses according to the second law of
thermodynamics (2LT), contributing to a “spiral” economy rather than to a “circular” one. In this way,
simulation-based Life Cycle Assessment (LCA) is applied, aiming to understand the environmental impacts
(e.g., climate change, acidification) of the MEA recycling, while exergy conservation is assessed by quantifying
processes irreversibilities correlated to entropy generation according to the 2LT. Software HSC Sim 10.5.3 is
applied for simulating the processes in terms of mass, energy, and exergy balances, combined with software
openLCA 2.4.1 for the calculation of environmental impacts using Environmental Footprint 3.1 method. In
addition, the ecoinvent cut-off version 3.11 is applied as the background database (mainly for energy/utilities).
The assessment focused on the leaching of electrodes and electrolyte, while the underling experimental work is
not part of the current paper. First, the electrodes leaching experimental conditions are obtained from laboratory
experiments (1-6 h, 40-90 °C, 10-500 g/L, 4.5 mol/L hydrochloric acid) and subsequently modelled. The
leaching of the undissolved residue (electrolyte) is also evaluated (sulphuric acid, different additives, and
solid/liquid ratios). For both steps, it is identified the optimal conditions under which the laboratory leaching yield
is maximized, while the environmental impacts and exergy losses are minimized. For the electrodes leaching,
the optimized conditions are selected (70°C, 2-3 h, 300-400 g/L), and the electricity consumption is considered
a hotspot in terms of environmental impacts. Regarding the electrolyte dissolution step, at higher solid/liquid
ratios, the environmental impact and exergy losses per kg of recovered metal is significantly reduced, despite a
minor decrease in the leaching yields. Electricity and sulphuric acid are the hotspots of the observed results,
while the considered additives have low influence on the results. The current processes have a Technology



Readiness Level of 4 and the electricity consumption considered in the assessment does not yet reflect
industrial scale operation. Therefore, their performance can be further enhanced through heat management.
Nevertheless, scenarios to estimate heat loss are also considered. This work contributes to recycling
optimization, beyond the technical perspective. In future work, the digital twin of the process will be expanded to
include further recycling steps up to the obtention of final products, leading to a fully optimized and digitalized
SOEC recycling process.
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Abstract Title: Calibration of Kinetic Parameters Using a Heap Leaching Model for Copper Oxide and Sulfide
Ores

Abstract:

This study presents an efficient grouping method to simplify kinetic parameter calibration for ferric leaching of
mixed copper oxide and sulfide minerals in a five-mineral column test. By grouping reactions with similar
kinetics, the calibration is reduced from 10 parameters to only 4, optimized over 4 sequential iterations. The
resulting model accurately reproduces the experimental copper extraction curve while significantly improving
computational efficiency. These findings provide a robust and efficient framework for multi-mineral heap
leaching simulations and serve as a foundation for future extensions, such as incorporating additional minerals
or detailed ore-specific kinetics.
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Abstract Title: Ambient Antisolvent Crystallization for Sodium Sulphate Management in Lithium Carbonate
Production

Abstract:

Global lithium production has grown exponentially, rising from less than 200 kt LCE (lithium carbonate
equivalent) in 2015 to an estimated 1.3 Mt LCE by 2025. This rapid expansion has amplified concerns over
sodium sulphate disposal, a major by-product of battery-grade lithium carbonate production. Lithium carbonate,
a critical precursor for Li-ion cathode materials, generates approximately 2 tonnes of sodium sulphate (dry
basis) per tonne of LCE processed, primarily in spent carbonation liquors. Conventional evaporative
crystallization precipitates sodium sulphate as Glauber’s salt (NalSON-10HEO) at low temperatures (0 —5
°C). However, producing the more compact anhydrous phase (NalSOM) requires temperatures above 32 °C,
where solubility exceeds 30 g/100 g HEO. These conditions impose high energy demands and necessitate
large evaporation areas, limiting scalability and economic viability. To overcome these limitations, this study
introduces a novel antisolvent crystallization approach employing methanol to drastically reduce sodium
sulphate solubility, inducing supersaturation and crystallization under ambient conditions. Prior decarbonation
of spent lithium carbonation liquor is essential to minimize lithium co-precipitation. Laboratory experiments at 25
°C with a methanol-to-water mass ratio of 0.5 achieved 78.6% sulphate removal from a simulated liquor
containing 0.75 M NalBSOM (~100 g/L), 0.1 M NamCOM (~10 g/L), and 0.1 M LiBSOM (~10 g/L), with lithium
loss as low as 1.14%. Crystallization occurred rapidly without the need for elevated temperatures or extensive
evaporation. Furthermore, methanol can be efficiently recovered and recycled through distillation, reducing
solvent costs and environmental impact. The process can be integrated into existing lithium carbonate plants
with minimal retrofitting, leveraging current liquor handling systems and solvent recovery infrastructure.



Compared to conventional evaporative crystallization, the proposed antisolvent method offers lower
temperature operation, reduced energy consumption, and accelerated crystallization kinetics, presenting a
scalable and cost-effective alternative for sodium sulphate management in lithium carbonate production. This
approach not only mitigates environmental challenges associated with sodium sulphate disposal but also
enhances process efficiency, supporting sustainable growth in the lithium supply chain.
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Abstract Title: A New Route for Strontium Recovery from Calcite Residues

Abstract:

Strontium is increasingly recognized as a strategically important element, used in functional ceramics, ferrite
magnets, pyrotechnics, and emerging energy-storage technologies. lts primary production is largely derived
from celestite (SrSOM) deposits, and global production is highly concentrated, especially in China, which poses
a risk to supply security. This criticality has generated growing interest in developing alternative recovery
pathways, including secondary sources. Since strontium belongs to the alkaline earth group, it is often
associated with calcium minerals. In this work, the recovery of strontium from grey mud, mainly CaCOM residue
generated during the aluminothermic reduction of pre-reduced manganese ore, is investigated. In the residue,
0.33% of SrO and 0.35% of BaO are present as minor but valuable components. The ratio of Ca/Sr is high
(~102), and in order to separate Sr from the overwhelming Ca content, the large difference in solubility between
alkaline-earth nitrates in organic solvents is exploited. The developed process first fumed the grey mud with
concentrated nitric acid to convert all the carbonate species into their respective nitrates. The nitrated solid was
then leached with acetone. It was found that calcium nitrate preferentially dissolves in acetone, leaving a
residue enriched in Sr and Ba nitrates with minor calcium content. In experimental trials, this workflow achieved
about 70-75% strontium recovery and 90-95% barium recovery in the acetone-insoluble fraction, while limiting
co-extraction of calcium to just 2-3.5%. . This work demonstrates a low-energy, solvent-selective method for
upgrading strontium from carbonate-bearing industrial residues. It opens a promising research route for
strontium-bearing calcite minerals and by-products.
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Abstract Title: Process Risk Management for Different Brine Sources in Direct Lithium Extraction

Abstract:

Direct Lithium Extraction (DLE) technologies offer a transformative approach to lithium recovery from different
types of brines, bypassing traditional evaporation methods. However, the selective nature of the DLE processes
demands rigorous process risk management and monitoring of impurity profiles in the aqueous streams.
Impurities such as magnesium, calcium, bromine, sulfate, organics, transition metals, and magnetic metallics,
can compromise lithium purity and therefore affect battery-grade specifications. Other impurities can also affect
downstream processes and damage downstream equipment. The main difference between different Li salt
grades is the minimum lithium content and the maximum tolerable impurities. Impurities influence production
processes, cathode quality and performance, and, most importantly, safety. Most lithium battery faults originate
from the presence of impurities. This, coupled with production processes and safety aspects, puts pressure on
material purity, with a focus on trace elements' characteristics and their content. The present study emphasizes



the importance of brine characterization and screening for different types of brine, pretreatment protocols, and
real-time monitoring to identify impurity profiles and their dynamic behavior during extraction. Brines from
different sources (salar, petro brines, geothermal, etc.) are considered here and the risk of impurity
contamination is quantified using a risk assessment tool. A robust impurity risk assessment and impurity
management protocol not only ensures compliance with battery-grade standards but also mitigates several
process risks, enhances process sustainability, and economic viability.
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Abstract Title: Direct Lithium Extraction Is A Game Changer For Recovering Lithium From Brines

Abstract:

Direct Lithium Extraction (DLE) is a new innovative efficient and cost effective method in the lithium brine
industry. DLE is a process that selectively extracts lithium from brines bypassing the need for solar evaporation
ponds. This method uses solvent extraction or ion exchange offering lower CAPEX and faster production cycles
and reduced water consumption. The environmental footprint is significantly smaller and the removal of
impurities is enhanced over conventional solar evaporation methods. Going forward it is expected to be a major
part of the lithium brine industry over the next twenty years. DLE technologies use advanced adsorbents,
membranes, or solvent-based systems to isolate lithium ions with high precision. By targeting lithium
specifically, these methods reduce impurities and enable the production of high-purity lithium compounds
suitable for direct use in battery manufacturing. The result is lower production costs and a greener, more
efficient process. Adsorption based DLE captures lithium ions by adsorbing them onto the surface of a selective
sorbent material. The loaded organic is then washed before being stripped from the material using chemicals or
water. Adsorption-based DLE has shown strong promise in efficiently recovering lithium from brines. This
process requires an acid solution to strip and recover the lithium. By exchanging lithium ions with other ions
present in the solution, ion exchange-based DLE technologies demonstrate the potential to extract lithium
effectively from low grade complex brines containing concentrations of various ions. One case study is
discussed including bench scale testwork piloting and engineering development.
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Abstract Title: Aluminum Dross and Bauxite Residue Co-Valorization via Hydrogen Production: A New
Perspective on Aluminum Sustainability

Abstract:

Aluminum dross and bauxite residue (red mud) are two of the most challenging waste streams generated
across the aluminum value chain. During primary and secondary aluminum production, dross forms on the
molten metal surface and is typically classified into white dross, rich in metallic aluminum, and black dross,
which contains significantly less metal and is composed mainly of oxides and salts. While white dross can be
treated effectively through pyrometallurgical routes to recover aluminum, the processing of black dross remains
problematic. The low metal content and small particle size limit economic recovery, and poor management can
lead to the release of hazardous gases such as ammonia or phosphine, as well as the leaching of soluble salts
harmful to water systems. Upstream in the aluminum supply chain, the residues produced during the Bayer
extraction of alumina from bauxite presents a parallel challenge. Generated in significant quantities, they
consist of complex mixtures of Fe, Al, Si, Ca, Na and Ti bearing oxides with high alkalinity, leading to storage



constraints and long-term environmental risks, including caustic leachates. Additionally, the storage of bauxite
residue in artificial damns has led to multiple accidents, posing a serious health and safety risks to neighboring
communities. Despite decades of research, large-scale valorization pathways for red mud remain limited,
leaving most of it stockpiled. In this work, we propose a novel hydrometallurgical process,

HYBRECOT (HYdrogen from Black dross and Red mud Eco Conversion Technology), capable of treating both
waste streams simultaneously. The method exploits the intrinsic alkalinity and reactive aqueous chemistry of
red mud to activate aluminum hydrolysis within black dross, enabling the co-neutralization of both residues
while producing hydrogen and recoverable heat. In contrast to conventional black dross treatments that rely on
concentrated sodium hydroxide, this synergistic approach significantly reduces chemical consumption, lowers
environmental impacts, and promotes the formation of more stable mineral phases. The study focuses primarily
on the kinetic behavior of the coupled hydrolysis reactions and the influence of process parameters on
hydrogen production rates. Particular attention is given to the effect of the type of additive, particle size
distribution (PSD) of the dross, and composition of both wastes, which were systematically varied to quantify
their impact on reaction kinetics. Several kinetic models were evaluated to identify the dominant
rateMcontrolling mechanisms, and the corresponding kinetic parameters (activation energies, reaction orders,
and rate constants) were determined from experimental data. This kinetic comparison provides new insight into
how the inherent chemistry of red mud enhances aluminum activation and how process conditions can be
optimized for improved hydrogen yields and residue stabilization. Overall, the HYBRECOT process offers a
promising route for safer and more sustainable management of aluminum industry residues while enabling
simultaneous hydrogen colproduction. This work is funded by Novacium and the French National Association
for Research and Technology (ANRT) under a CIFRE agreement.
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Abstract Title: Acid Baking and Water Leaching of Rare Earth Elements and Thorium from a South African
Monazite Ore: Structural and Leachability Insights

Abstract:

Sulfuric acid baking followed by water leaching (ABWL) is commonly used to recover rare earth elements
(REEs) and thorium (Th) from refractory REE-phosphate ores like monazite. This study assessed a low- to
moderate-temperature ABWL process for a South African monazite ore containing 30.0% total REEs (TREE)
and 2.0% Th. The effect of baking temperature (250—-310 °C) on mineral transformation and extraction
efficiency was examined through XRD, SEM-EDS, and Raman spectroscopy. Direct acid leaching was
ineffective, extracting only 31% of REEs and 29% of Th, while dissolving notable impurities such as Fe (61%),
P (79%), and Cu (64%). Residue analysis confirmed that the monazite largely remained intact, explaining the
poor recovery. Baking at 250 °C increased extraction to 55% REEs and 74% Th. Raising the temperature to
280 °C significantly improved recovery to 92% REEs and 83% Th, with minimal residual monazite detected,
indicating extensive breakdown of the phosphate structure. However, increasing the temperature to 310 °C
decreased the recoveries to 75% REEs and 26% Th due to sulfur loss and the formation of a
Th—anhydrite—silica network that impeded leaching. These findings show that moderate-temperature acid
baking effectively breaks down monazite and maximizes REEs and Th extraction.
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Abstract Title: The Wicheeda Rare Earth Project — Key Factors Including Metallurgy



Abstract:

Defense Metals Corporation (Defense) is the owner of the Wicheeda Rare Earth Project in British Columbia,
Canada. Defense completed a Preliminary Economic Assessment (PEA) in 2022 [1], a Preliminary Feasibility
Study (PFS) in 2025 [2] and has commenced additional work programs in preparation for a Feasibility Study
(FS) to be completed during 2026-2027. The Wicheeda project provides a useful example of the many parallel
streams of activity required to advance a mineral project to production — besides metallurgical work. This paper
presents a high-level overview of the technical, environmental, infrastructure, financial, and social dimensions
of the project, with emphasis on the proposition that metallurgical testwork and process design, while essential,
represent only one component of a highly complex and resource-intensive development program. The time
commitments and costs associated with each workstream are significant, often individually exceeding the
metallurgical effort, and must be integrated within a coherent development schedule if commissioning targets
are to be achieved.
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Abstract Title: Piloting Exterra’s New LOW and ARC Processes for Valorizing Serpentine Tailings

Abstract:

Since 2021, Exterra Carbon Solutions and SGS have been collaborating to develop an innovative
hydrometallurgical process for the treatment of serpentine tailings, left behind by Quebec’s asbestos mines,
through the production of magnesium chemicals, nickel and cobalt hydroxides, as well as supplemental
cementitious material (SCM). The process involves contacting the serpentine tailings with heated nitric acid to
extract magnesium and nickel. After leaching, magnesium oxide is added to neutralize residual acidity and
precipitate impurities such as iron and aluminum. Following solid-liquid separation, the remaining solid is
recovered and further treated by magnetic separation to produce SCM-grade silica free of asbestos. The partial
purified solution advances into a nickel recovery circuit, where a mixed nickel-cobalt concentrate (NCC) is
recovered. The magnesium nitrate based filtrate (containing over 99% of the nitrates present in the leaching
step) is thermally converted into magnesium oxide and regenerated nitric acid for reuse in leaching. The
hydrometallurgical components of the process were successfully operated at pilot scale in 2025 at SGS
Lakefield’s facilities, processing 10 kg/h of serpentine over 11 days. The pilot campaign confirmed the
performance previously achieved in batch-mode, reaching 90% magnesium and 95% nickel extraction, and
producing NCC with nickel+cobalt grades in excess of 25%. Finished products (NCC, magnesium oxide,
SCM-grade silica) were delivered to potential customers for further testing. Building on this success, Exterra
plans to deploy the process at demonstration scale over the next 12-24 months, with a feed rate of 2.5 tonnes
of serpentine per day. Exterra and SGS continue their collaboration, with ongoing optimization tests underway.
This paper will summarize the bench testing results and report on the primary outcomes of the
hydrometallurgical and pyrometallurgical pilot plant. Future plans will also be outlined.
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Abstract Title: Selective Recovery of Rare Earth Elements from a Canadian Ore

Abstract:

Rare earth elements (REEs) are widely recognized as vital, strategic resources that play an essential role in a
broad range of modern industries, including the clean technology sector, due to their unique chemical and
physical properties. Renewable energy systems, such as wind turbines and electric vehicles, rely heavily on
REE-based components, particularly permanent magnets, which provide high efficiency and durability. As the



global push toward decarbonization accelerates, ensuring a stable and sustainable supply of these elements
has become a major economic and geopolitical priority. This project evaluates the effectiveness of nitric,
hydrochloric, and sulfuric acids as individual leaching agents for extracting REEs from a Canadian phosphate
ore, serving as a proof-of-concept study. The influence of key operational parameters, including temperature,
acid concentration, and liquid-to-solid ratio, is also examined. Among the acids tested, nitric acid showed the
highest selectivity, recovering more than 95% of the REEs while extracting less than 10% of iron and aluminum.
Furthermore, the most suitable acid will be selected, and the process conditions will be optimized based on
downstream processes, eco-friendliness, and overall operational costs.
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Abstract Title: Control Strategies for Blending Ore Streams and Smoothing Feed Disturbances

Abstract:

One of the biggest challenges facing mineral processing plants is the high variability in mined ore properties
such as hardness, particle size and mineral composition. Even when imperfect measurements of these exist
(e.g. online particle size or grade analysers), few operations have the flexibility to actively divert or blend ore
streams. However, when this is the case, the question arises, how to control flows and manage inventories in a
way that consistently minimizes variations in the ore feeding the processing plant? In this presentation | will
provide an overview of standard process observers and control algorithms for inventory management and surge
control, as well as advanced methods such as nonlinear model predictive control (NMPC) for optimal blending. |
then share results of simulations of these methods in various ore mixing, blending and surge control scenarios
to illustrate their advantages and limitations. The results show that ... (t.b.d.). As well as providing insights on
the selection and design of ore blending and smoothing control strategies, the simulations also reveal how feed
system design, physical constraints, and measurement inaccuracy limit the ability to fully reject or attenuate
disturbances in ore properties.
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Abstract Title: Production of High Purity Manganese Sulfate from a Manganese Silicate Intermediate Derived
from Deep-Sea Polymetallic Nodules

Abstract:

The Metals Company is well-positioned to become the first company to collect deep-sea polymetallic nodules at
commercial scale for critical mineral recovery. A high grade, abundant resource rich in nickel, copper, cobalt
and manganese is contained in polymetallic nodules that sit unattached on the seabed at depths exceeding
4,000 meters in an area of the Pacific Ocean known as the Clarion Clipperton Zone. Over the past decade,
TMC has developed and tested a custom flowsheet configuration that employs well-known, existing unit
operations that are in use in nickel operations worldwide. The flowsheet involves processing the nodules
pyrometallurgically at the front-end, first through a rotary kiln and then an electric furnace, which produces a
nickel-copper-cobalt alloy and manganese silicate slag product. The manganese silicate is a saleable product
that has previously been planned for use in the steel manufacturing supply chain. In light of recent market
developments involving higher manganese content in battery cathodes and associated interest in manganese
sulfate supply, TMC engaged Kingston Process Metallurgy (KPM) to conduct a bench scale testing program to
determine if manganese sulfate can be generated from their manganese silicate product. This works presents
an overview of the KPM bench scale program, where the eventual flowsheet was developed almost entirely in



house due to minimal existing literature. Following selection and optimization of multiple unit operations, the
program ultimately culminated in the generation of high purity manganese sulfate crystals with a purity on assay
basis of 99.98% and all impurities below detection. A brief overview of TMC’s manganese silicate product and
its importance to the project’s economics and near-zero waste initiative, as well as a market analysis which led
to execution of this program will also be discussed.
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Abstract Title: Kinetic study of stirred tank chalcopyrite leaching at uncontrolled potential in ferric sulfate media
with iodine

Abstract:

The addition of iodine is known to significantly accelerate chalcopyrite leaching in ferric sulfate media. Previous
studies on heap leaching of chalcopyrite-bearing ores have shown significant increases in copper extraction
from chalcopyrite when small amounts of iodine are present in the leach solution. This study aims to develop an
atmospheric stirred tank leaching process that incorporates iodine to enhance chalcopyrite leaching kinetics.
Thermodynamic calculations were first performed to determine the stability region of iodine species as a
function of the ferric-to-ferrous ratio in the system studied. Due to possible evaporation loss and material
corrosion, kinetic studies were conducted in a specially designed, fully sealed stirred reactor. Two chalcopyrite
samples with different copper grades and mineralogical characteristics were used to evaluate the effects of
leaching parameters on copper extraction. The results show that copper extraction increased by approximately
60% within 48 h in the presence of iodine compared with in the absence of iodine. Moreover, the rate of copper
extraction increased at a higher temperature, total iodide concentration, and initial solution potential up to a
certain extent. It was also found that the high rate of copper dissolution could be maintained by replenishing the
system with fresh oxidant or by adding chloride to the sulfate system. A kinetic model was then developed to
correlate the copper dissolution rate with these parameters.
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Abstract Title: Extracting Lithium from High Calcite Clay Minerals

Abstract:

As the demand for lithium increases, the extraction and processing of less economic sources of lithium such as
lithium bearing clay minerals may become economically viable. Our study investigated the leaching of lithium
from core samples taken from a brine well in Nevada, USA. Because clay minerals and lithium-rich brine can be
co-located, our objective was to develop a leaching process that generates a lithium-rich liquor compatible with
traditional lithium concentration and conversion technologies. Characterization of the core sample revealed ~
51% framework silicates, ~ 30% clay minerals, ~ 12% calcite, and a lithium concentration of 690 ppm. An
experimental leaching method using concentrated hydrochloric acid (HCI) combined with deionized water
proved highly effective, producing a lithium-containing liquor suitable for concentration and conversion to lithium
salts. We evaluated concentrated HCI-to-sample mass ratios ranging from 0.25:1 to 2:1. Neutralization
precipitated Al, Fe, and Si, and subsequent filtration produced a clarified lithium-containing liquor. Lithium loss
during neutralization was negligible for solvent-to-sample ratios up to 1:1. Overall, lithium extraction efficiencies
ranged from 14% to 95%.
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Abstract Title: Atmospheric Leaching of Ferronickel for Ni-rich Next-generation Precursor Cathode Active
Materials

Abstract:

Rising demand for high-nickel cathode active materials has strengthened interest in alternative nickel sources
that can support sustainable and scalable production. Ferronickel, traditionally used in the stainless-steel
industry, is a promising feedstock for battery-grade nickel when efficiently converted via hydrometallurgical
routes. This study investigates atmospheric leaching as an energy-efficient, lower-carbon method for extracting
nickel from ferronickel to produce precursors for next-generation Ni-rich cathode materials. The work evaluates
how solution composition, temperature, redox conditions, and mineralogical characteristics affect the
dissolution of nickel and the precipitation of impurities under ambient-pressure conditions. Attention is given to
achieving efficient removal of contaminants, particularly iron (Fe), via selective precipitation to produce
battery-grade nickel sulphate. Integrated characterisation of leach residues and leachates provides insight into
reaction mechanisms and the evolution of metal speciation. The results demonstrate that optimised
atmospheric leaching of ferronickel can deliver chemically controlled intermediate solutions that meet the
stringent purity and stoichiometric requirements for high-performance Ni-rich cathode precursor synthesis,
offering a sustainable complementary route to conventional sulfide or laterite processing.
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Abstract Title: Enhancement of copper dissolution from chalcopyrite in ferric sulfate media by a non-ionic
biodegradable surfactant

Abstract:

Copper is a critical material for the global economy. There may be a structural supply gap that current
production pipelines will struggle to address. As the primary source of the world's copper, chalcopyrite is critical
to the green energy transition and to addressing this supply gap, yet its refractory nature creates significant
processing bottlenecks amid surging global demand. Consequently, unlocking the full potential of chalcopyrite
reserves requires urgent attention to process optimization that overcomes the mineral's inherent kinetic
limitations. Recent literature demonstrates that organic biodegradable surfactants can help to overcome the
refractory nature of chalcopyrite, as they significantly reduce interfacial tension and inhibit the formation of
passivating layers. By modifying the mineral's surface wettability, these additives facilitate deeper lixiviant
penetration and sustained dissolution kinetics, thereby unlocking superior copper recovery rates compared to
conventional methods. In this research, a non-ionic biodegradable surfactant, Tergitol 15-S-9, was tested in
chalcopyrite bioleaching using non-adapted mixed mesophilic bacteria. The bioleaching results revealed that
the surfactant, up to 20 ppm, significantly increased copper extraction. By adding 10 and 20 ppm of surfactant
at the beginning of bioeleaching, final copper extraction increased by 2.44 and 1.66 times, respectively,
compared to control tests. Increasing the surfactant concentration to 50 ppm had a minor effect on extraction.
The effect at 100 ppm was negligible. Exceeding the 100 ppm threshold caused an inhibitory effect on bacterial
growth and overall copper yield. At 200 ppm, dissolved copper decreased by 41%, and at 500 ppm, it
decreased by more than 69%. Operational parameters such as pH, oxidation-reduction potential (ORP),
bacterial count, surface tension, and ferric concentration were monitored during the experiments. It was shown
that the alcohol-based surfactant could increase the lag phase of bacterial growth and metabolism at



concentrations above 20 ppm and completely hinder bioleaching above 200 ppm. Bioleaching residues were
subjected to various characterization analyses, such as XRD and SEM/EDS, to identify phase and
morphological changes.

Author(s) & Affiliation: Daniel Nothaft, Uplift Geosystems; Peilong Lu, Uplift Geosystems; Han Zong, Uplift
Geosystems; William Liessmann, Uplift Geosystems; Keerthana Goskonda, Uplift Geosystems; Miranda
Wright, University of Pennsylvania; Thomas Mallouk, University of Pennsylvania

Abstract Title: Nanosheet-catalyzed Bipolar Membranes for Electrodialytic Acid Regeneration: Applications in
Rare Earth Element Refining

Abstract:

Hydrochloric or nitric acids are used in common rare earth element processing steps such as bastnaesite
leaching and mixed rare earth carbonate dissolution. Likewise, bases such as NaOH and NH4OH are often
used, including for pH control during solvent extraction. Due to the relatively high costs of these acids and
bases, they can constitute the majority of operational expenses in rare earth element extraction and refining
projects if not recycled within the process. Bipolar membrane electrodialysis is an energy-efficient acid/base
regeneration technique that can also contribute to zero-liquid discharge operations. Recently, new bipolar
membranes (BPMs) have been developed that catalyze water dissociation at the interfacial layer of the BPM. In
one approach, sub-nanometer planar catalysts such as graphene oxide are deposited at the interfacial layer of
the BPM to intensify the local electric field, thereby accelerating water dissociation through the second Wien
effect and other interactions between water oxidized functional groups on the catalyst surface. Here, we
describe experiments using electrodialysis stacks incorporating BPMs with interfacial layer catalysts operated in
salt splitting mode to produce acid and base. Results indicate 15.4% or more reduction in specific energy
consumption for catalyst-modified BPMs versus the state of the art. The catalyst-modified BPMs performance
improvement is particularly marked at current densities greater than or equal to 1000 A/m2. Acid concentrations
above 1.4 mol H+/L and base concentrations above 2.1 mol OH-/L were obtained. Membrane performance
stability was assessed in trials exceeding 63 h. Overall, a new generation of BPMs show promise for
substantially lowering the costs of bipolar electrodialysis, prompting technoeconomic reassessments of rare
earth element extraction and refining processes.



Light Metals: New Age Alloys, Processes and Solutions
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Abstract Title: Additive manufacturing ceramic particle reinforced aluminum alloy matrix composites

Abstract:

Aluminum alloy powders containing in-situ TiB2 and TiC ceramic reinforcing particles, respectively, are
additively manufactured (AM) to combat the strength-ductility trade-off. The ceramic particles are introduced
into the aluminum alloys by chemical reactions avoiding potential contamination. Laser powder bed fusion
(LPBF), acting as an external field, generates a complex flow pattern and a high cooling rate in a melt pool,
promoting the nucleation of aluminum grains in solidification. The presence of heterogeneous nucleation sites
under a supercooling solidification condition refines the aluminum grains to nanometers with ubiquitous
reinforcing particles and a cell structure in the matrices. The particles arrest slipping dislocations in deformation
increasing the strength and ductility simultaneously.
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Abstract Title: Correlation Between Process Parameters, Microstructural Evolution, and Mechanical
Performance in Gas Metal Arc Welded Ultra-High-Strength Steels

Abstract:

COM 2026 - Bardia NF - Martinrea/Waterloo Collaboration The automotive sector is under pressure to reduce
vehicle weight as part of an overarching strategy to reduce fuel consumption and emissions while also
improving occupant safety. Therefore, high-strength steels are being increasingly adopted into automotive
designs to enhance vehicle safety and reduce weight without significantly increasing costs. Third generation
ultra-advanced high strength steels (UHSS), particularly the 980 MPa-grade complex-phase (CP) and the
1000MPa-grade UHSS, have been identified as appropriate alternatives over conventional High-Strength
Low-Alloy steels (HSLA), and are now being considered for next generation automotive platforms. An inevitable
area of concern for the production of automotive body structures is how to join these complex

microstructure UHSS sheets. Gas Metal Arc Welding (GMAW) is one of the most widely used metal fusion
welding processes in the industry. However, gas metal arc weld structural joints in vehicles have highly variable
properties due to the high heat generation during the process. Since UHSSs are relatively new to the

industry for frame applications, it is essential to optimize GMAW process parameters to achieve acceptable
mechanical performance. The effect of welding parameters on the tensile strength of CP9800 and 100

UHSS steel with two different thicknesses of welds is investigated in this study. GMAW was performed on
ultra-high-strength steel lap fillet joints using a structured experimental design. The parameters of interest were
welding voltage, wire feed rate, and torch speed. The weld microstructure and geometric

factors—including Heat Affected Zone (HAZ) width, toe angle, penetration, and bead dimensions—were
characterized using optical and scanning electron microscopy. Furthermore, the mechanical properties of the
joint were evaluated through standard lap shear testing and microhardness profiling

to identify the optimal welding parameters for peak performance. These mechanical properties

were subsequently correlated with the microstructural evolution of the various weld zones

to identify the optimal processing conditions for peak performance.
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Abstract Title: Effect of Heat Treatment on Microstructure and Local Mechanical Properties of Wire-Arc
Additively Manufactured Al-Fe Bronze

Abstract:

Understanding the influence of heat treatment on microstructure and local mechanical performance is critical for
the reliable application of aluminum-iron bronze (Al-Fe bronze) in marine and aerospace industries. While these
structure-properties relationships have been extensively studied in conventionally manufactured Al-Fe bronze,
they remain relatively unexplored in additively manufactured (AM) counterparts. Wire arc additive
manufacturing (WAAM) presents a cost-effective method for fabricating large-scale Al-Fe bronze components,
offering reduced material waste and improved production efficiency compared to traditional manufacturing
routes. In this study, the effects of two key heat treatment parameters — annealing temperature and annealing
time — on the microstructure and mechanical properties of WAAM-fabricated Al-Fe bronze were systematically
investigated using response surface methodology-central composite design (RSM-CCD). Quadratic response
models were successfully developed to predict Vickers hardness and nano-hardness as functions of annealing
temperature and time. The optimal heat-treatment condition was identified as 4500C for 3.5 hours, yielding
Vickers hardness and nano-hardness values of 112 HV10 and 3.3 GPa, respectively. Microstructural analysis
indicated significant heat treatment-induced modifications, including grain refinement, reduced crystallographic
misorientation and dislocation density, and increased fractions of high-angle grain boundaries (HAGBs) and
annealing twins. These microstructural changes contributed to enhanced hardness and elastic modulus of the
Al-Fe bronze alloy. Overall, this study highlights the effectiveness of an RSM-CCD-based optimization
approach in tailoring heat treatment to improve the performance of WAAM-fabricated Al-Fe bronze
components, thereby enhancing their suitability for demanding marine and aerospace applications.
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Abstract Title: Optimized Heat Transfer Studies for the Horizontal Single Belt Casting (HSBC) Process using
2D Mathematical Modelling.

Abstract:

Horizontal Single Belt Casting (HSBC) possesses several advantages over current casting processes (e.g. DC
Casting of aluminum, Continuous Casting of steels). These include greatly reduced investment costs, greatly
reducing processing steps and therefore the processing time of the near-net-shape product, much improved
environmental impacts, with equivalent or improved microstructures. Using an HSBC process, relatively thin
strips (3-15 mm thick), with uniform microstructures across the strip thickness, with refined grains, have been
obtained directly from liquid state. These cast strip microstructures can be attributed to the higher heat fluxes
and enhanced heat transfer coefficients of HSBC, compared to those reported for the conventional casting
technologies just noted. Mathematical predictions have also been developed to confirm our pilot scale
experiments, using the Computational Fluid Dynamics (CFD) code, Fluent ANSYS v.19 program, to further
study and optimize some of the processing parameters. These include liquid metal feeding systems, belt
speeds, belt dimensions (length and width), and inlet velocities. Most recently, the distance between the inlet
and the inclined plane, termed the “free fall distance” was lowered from 6 to 3 mm, rendering important process
improvements. These were attributed to the quality of the falling film, which showed reduced oscillations and



suspected entrainment of air. According to recent simulations for various alloy systems (commercial aluminum
alloys, TWIP steels, and calcium based Bulk Metallic Glasses), the main purpose of these predictions has been
to guide us in our aim to achieve steady, uniform flows, with stable back-menisci, and reduced surface wave
formation when a liquid metal flows down onto a moving, horizontal, single belt. We have also shown that
transient two-dimensional models can provide adequate information on the temperature evolution, heat fluxes,
etc. vs the more granular information provided by three dimensional predictions that enabled us to predict our
previous experimental results, close to the entry regions of the caster. The three-dimensional simulations also
served our purpose in studying interfacial interactions between the metal and air. However, not unexpectedly,
the heat transfer results did not vary significantly with respect to the strip width. As such, the present work
expands on the two-dimensional simulations’ studies of the HSBC process for several aluminum and steel
alloys for much longer 5m and 10 m long, endless moving belts, versus the 1.6m long belt, for our
proof-of-concept research work. Currently, different boundary conditions for the moving belt are tested to
optimize and improve the current simulations, e.g., convective and constant heat flux boundary conditions. The
simplified simulations allow one to more readily predict the solidification points and the temperature evolution of
the forming strips for different alloys with optimized, but realistic heat transfer conditions. The work also intends
to summarize the capabilities of the HSBC process for different alloys, providing expected solidification
distances along the cooling belt, cooling rates and temperature profiles for commercial HSBC operations.
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Abstract Title: Influence of Heat Treatments on the Cyclic Deformation and Tribological Behavior of Powder
Metallurgical Ti-36Nb-2Ta-3Zr-0.30 (TNTZ-O) for Dental Implant Applications

Abstract:

Ti-86Nb-2Ta-3Zr-0.30 (TNTZ-O) is a promising third-generation titanium alloy due to its favorable combination
of mechanical properties and biocompatibility. These properties include high strength, a relatively low Young's
modulus and the absence of cytotoxic elements. To further assess its suitability for dental implant applications,
various heat treatments were performed to investigate the influence of resulting microstructural variations on
mechanical and tribological behavior. Samples containing different heat-treated conditions with o (alpha),
(beta), and  (omega) phases were analyzed and compared with commercially pure titanium Grade 4 and
Ti-6Al-4V ELI to evaluate the performance of TNTZ-O relative to established implant materials. Tribological
tests were performed under dry conditions as well as in simulated physiological environments to evaluate
friction and wear behavior. Among all investigated conditions, the w-containing microstructure demonstrates the
most stable friction behavior, resulting in the lowest wear volumes. The B-microstructure, comparable to the
as-received condition, exhibits pronounced fluctuations in friction behavior with frequent friction peaks, leading
to increased wear volumes. This behavior is primarily attributed to the high elastic deformability and adhesive
wear characteristics of the B-phase. The presence of a-phase slightly improves friction stability compared to the
B-microstructures, as reflected by reduced friction peak intensity. SEM and EDX analyses indicate that
adhesive wear and delamination are the dominant wear mechanisms for TNTZ-O, particularly in - and
o-containing microstructures. In contrast, the higher wear resistance of the w-containing microstructure is
attributed to its increased strength and hardness, although its inherent brittleness may limit applicability. By
comparison, CP-Ti Grade 4 and Ti-6Al-4V ELI show finer grooves and ridges within the wear tracks, indicative
of predominantly abrasive wear. In addition, cyclic tensile tests were performed on 3-TNTZ-O using
progressively increasing maximum strain amplitudes and monitored by full-field strain measurements via GOM
Aramis. The stress—strain response exhibits a pronounced hysteresis that evolves with cyclic loading, indicating
a deviation from linear elastic behavior and a reduction in stiffness at higher strain amplitudes. This response
indicates a non-linear deformation behavior of the B phase under cyclic loading, associated with



microstructure-dependent and transformation-assisted deformation mechanisms. Compared to the fully
B-phase condition, the presence of an a-phase fraction results in a broader and more stable hysteresis
response during cyclic loading, suggesting increased energy dissipation due to microstructure-related
deformation mechanisms. Overall, this study demonstrates the strong influence of heat treatments on the
mechanical and tribological behavior of TNTZ-O. While the w-phase offers improved wear resistance, its
brittleness limits applicability. The presence of an a-phase provides a promising balance of strength and
ductility, whereas the -phase shows favorable ductility but a pronounced evolution of the stress—strain
hysteresis with cyclic loading, associated with a reduction in effective stiffness by progressive strain
accumulation. Further optimization through tailored heat treatments and deformation strategies is required to
enhance long-term mechanical stability and wear resistance for biomedical applications. The observed cyclic
deformation behavior further highlights the need for in situ diffraction-based investigations to directly resolve
phase evolution of TNTZ-O during loading.
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Abstract Title: Enabling Data-Driven Material Development and Simulation Validation in Light-Metal Structures
Using Accessible Full-Field Strain Measurement

Abstract:

The development of modern light-metal structures increasingly depends on the quality of material data used to
populate simulation models and material databases. As products grow in complexity, organizations must
characterize and manage hundreds of distinctalloys, tempers, coatings, and bonded or formed subassemblies.
In this context, traditional point-based testing methods often lack the spatial resolution required to capture strain
localization, anisotropy, and boundary effects critical for generating reliable material cards for numerical
simulation.This paper examines how recent advances in imaging sensors, data-transfer standards, and
general-purpose computing have reduced the cost and complexity of full-field digital image correlation (DIC),
enabling broader adoption in material development workflows. Improvements in global-shutter CMOS sensors,
including high-resolution 1/1.8” formats such as the Sony IMX547, combined with USB-C and USB 3 Gen
1/Gen 2 bandwidth and modern laptop-class computing, allow compact systems such as ARAMIS 1 to deliver
high-quality full-field strain data without specialized acquisition hardware.An industrial case study from an
autonomous vehicle manufacturer is presented, where full-field optical measurement is used across both
raw-material characterization and subassembly-level testing. With more than 500 distinct materials and alloys
present ina single vehicle platform, the organization applies full-field strain measurement during incoming
inspection and development testing to validate material behavior, improve consistency of material cards, and
strengthen correlation between experimental results and finite-element simulations.The results demonstrate
that recent technological advances have made full-field strain measurement a practical tool for systematic
material understanding, supporting more reliable simulation, reduced model uncertainty, and faster iteration in
light-metal product development.
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Abstract Title: The Lightweighting Paradox in Steels for Construction and Steels for Engineering Applications:
An open discussion on Steel Greening

Abstract:
The global steel industry accounts for approximately 7 % to 10 % of direct anthropogenic CO2 emissions,



necessitating urgent decarbonization strategies. Lightweighting—the reduction of mass while maintaining
functional performance—is widely promoted as a key lever for improving sustainability. This paper presents a
critical analysis of the lightweighting potential for two distinct steel classes: (I) Fe-C-Si-Mn steels used in civil
engineering, typically hot-rolled, and (ii) advanced engineering steels, alloyed with elements like Ni, Cr, and Mo,
and routinely heat-treated. Through a life-cycle assessment (LCA) framework developed within the PAASTK
project, we are proposing that the sustainability of steel lightweighting is not inherent but is a complex function
of production pathways and application contexts. For Fe-C-Si-Mn steels, lightweighting via High-Strength
Low-Alloy (HSLA) grades offers a direct and substantial reduction in embodied carbon, where Mn additions
should be considered for a multiplicity of factors. For engineering higher alloyed steels, a paradox emerges for
some special alloy additions, e.g. Al. The high-performance attributes enabling mass reduction are linked to
energy-intensive production, creating a significant "carbon upfront cost" that we are pleased to discuss here.
Their net sustainability is conditional on operational energy savings repaying this initial debt. The analysis
concludes that a holistic LCA is indispensable, and the transition to Green(er) Steel production is the critical
enabler to resolve this paradox and unlock the full sustainable potential of advanced lightweight steels. The
paper also offers a quick report on a demonstrative application of light steel frame (LSF) structures, resulting
from the assembly of cold formed members made of high yielding/strength steels belonging to the classes
described above. The design concerns a building top addition, which is currently a field of growing interest for
LSF structures, especially in seismic areas.
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Abstract Title: Optimisation of the mechanical properties of Ti-36Nb-2Ta-3Zr-0.30 for Implant Applications

Abstract:

First-generation medical titanium alloys like CP Titanium Grade 4 or Ti-6Al-4V (ELI) are important materials in
medical engineering, especially in the field of dental implantology which can be explained by their physical,
mechanical and chemical properties. A high strength helps to reduce the risk of implant or abutment breakage
and allows smaller implant designs. A low Young’s modulus ( One very promising third-generation titanium
alloy, Ti-36Nb-2Ta-3Zr-0.30 (TNTZ-O possible phases: o and B - equilibrium phases, o" - martensite with low
Young’s modulus, ® - athermal or equilibrium phase with high Young’s modulus), comprises a very low Young’s
modulus at high strength in a cold-worked state. At present, this alloy is exclusively produced by powder
metallurgy, deformation and annealing, limiting the dimensions of semi-finished parts to diameters of a few
millimetres. Hence, only orthodontic wire applications are possible. Previous studies on TNTZ-O showed that
90% cold working leads to a Young’s modulus of approx. 50 GPa and a strength of more than 1000 MPa. The
B-annealed state has a Young’s Modulus of 55 GPa and a strength of 620 MPa. However, in these states,
implant applications of TNTZ-O are not feasible as its Young’s modulus is too low. This can be explained by too
large elastic deformations of the implant during the implant ingrowth phase resulting in overloading and dying of
the newly formed bone cells and poor osseointegration. Furthermore, the 90% cold worked state exhibits
non-linear elastic behaviour and an absence of work-hardening. The underlying mechanisms are still unclear.
Possible deformation phenomena include stress-induced (reversible) a"-martensite formation, giant faults,
dislocations, twins or dislocation channelling with a participation of w-phase. Therefore, in the present study, a
conventional production route (PAM/CWI) including ingot melting (diameter It was discovered that a-phase is
needed to raise the Young’s modulus from he development of the conventional production route described here
has shown very promising results so that future dental implant applications of TNTZ-O-alloy are feasible.
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Abstract Title: Processing of AZ61 alloy using integrated approach of RSM-NSGA-II: CS, Ra and Corrosion
rate for Biomedical applications

Abstract:

In the present work, experimental research was conducted on a Magnesium alloy (AZ61) to determine the
effect of machining variables on output such as cutting speed and roughness. Studies were conducted on a
commercially accessible Spark Erosion Machining. During early tests, it was discovered that Pulse off time,
Pulse on time, Servo Feed and Servo Voltage had a considerable impact on the CS and Ra. In addition, a
statistical model was built utilising the response surface approach to predict the CS and Ra in the SEM process.
Twenty-nine runs were performed using the Box Behnken Design approach, and a statistical model was
developed using the analysis of variance method with a degree of confidence of 95% (p = 0.05). It was found
that among the various variables T on plays a major role (78%) in affecting the CS during machining, followed
by Servo Voltage (8.3%) and T off (7%). However, in case of Ra, it was determined that the impact of Ton and
Toff among the chosen parameters have a greater influence on Ra of AZ61 Mg Alloy. The empirical models
were developed for both CS and Ra. These empirical models were further processed using non-dominated
sorting genetic algorithm-I11. Here, the AZ61 alloys may be considered for biomedical applications after
controlling the corrosion rate. Furthermore, a strong correlation between surface roughness and corrosion rate
was established, indicating a critical roughness threshold beyond which rapid degradation occurs. The
optimized parameter set ensures improved surface integrity, thereby enabling controlled corrosion behavior
suitable for biodegradable implant applications.
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Abstract Title: Interfacial bonding strength evaluation of additively manufactured Al-Si-Mg alloy on a
pre-machined aluminium alloy substrate

Abstract:

Additive manufacturing (AM) of metallic alloys enables the production of components with complex geometric
shapes. However, the component's size limitation and high manufacturing costs impede the use of this
innovative technology in certain industries. This research presents a hybrid technique that integrates additive
and subtractive technologies to provide economic benefits. The overall performance of the hybrid manufactured
product is often influenced by the microstructural integrity of the interface between the substrate and the built
part. The interfacial phenomena can be directly affected by heat transfer, element diffusion, dilution,
solidification dynamics, and phase transformations, which are responsible for the significant changes in the
alloy's microstructure. AlSi10Mg and AISi7Mg powders were additively manufactured on an AA 6061
pre-machined substrate. The microstructural and mechanical integrity of these specimens is assessed
through optical microscope, scanning electron microscopy (SEM), X-ray diffraction (XRD), tensile strength
measurements, and microhardness testing.
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Abstract Title: Microstructure Formation during Additive Manufacturing of the Titanium Alloy Ti-13Nb-13Zr

Abstract:

Biomaterials for implant applications require a well-balanced combination of mechanical, biological, and
corrosion properties to allow their intended use within the human body. Titanium alloys fulfil these requirements
excellently and are therefore often used for medical applications. One of these alloys is Ti-13Nb-13Zr — a
so-called B-rich (a+B)-titanium alloy, standardized as wrought material for use in implant applications, and
widely studied in terms of conventional manufacturing. However, during casting or forging, the feasible
complexity of implant designs is limited. Additive manufacturing, for example the powder bed fusion — laser
beam / metal (PBF-LB/M) process, increases the achievable level of complexity and allows direct fabrication of
parts on the basis of alloy powder. Thus, sophisticated and, possibly, patient-specific implant designs are
realizable, which could improve medical care. Ti-13Nb-13Zr is a good choice for the fabrication of such (dental)
implants, since it can form the soft and ductile a"-martensite (metastable phase with orthorhombic crystal
structure, potentially residual-stress tolerant and, thus, enhancing PBF-LB/M) during quenching from the
B-phase field, which can be decomposed to a lamellar (a+p)-microstructure during subsequent annealing. The
comparably low stiffness of the a"-phase compared to the o'-martensite and the stable a-phase is favorable for
implant applications as it limits the so-called stress shielding effect, which can result in bone resorption and
implant loss during long-term use. The controlled decomposition of the a"-martensite during an annealing
treatment can, thus, lead to a good combination of strength and stiffness, taking the ingrowth phase of the
implant (higher stiffness needed) and long-term use (lower stiffness in order to prevent stress shielding) into
consideration. This annealing treatment can be performed during hot isostatic pressing, which is usually
performed after additive manufacturing in order to reduce residual porosity and, thus, improve mechanical
properties of the final part. However, open questions remain regarding PBF-LB/M-printing of Ti-13Nb-13Zr.
Existing literature often describes the formation of the hexagonal a'-martensite during powder bed fusion,
which, in contrast to the a"-martensite, is less ductile and exhibits a higher stiffness. Since the type of
martensite formed is of high importance regarding production by powder bed fusion, mechanical properties and,
thus, applicability of printed implants, a deeper understanding of microstructure formation during
PBF-LB/M-printing and post-processing is necessary. In order to study microstructure formation, multi-track
laser melting experiments were conducted on conventionally produced Ti-13Nb-13Zr. These experiments,
performed on a conventional PBF-LB/M machine, simulate the 3D-printing process by melting a surface layer of
the alloy analogous to the processing of a powder layer. These experiments allow an easy and fast approach to
study the influence of different process parameters on microstructure, phase composition, and melt pool
formation. Different conditions were studied by varying the laser power, scanning speed, hatch distance, and
position of the laser focus. Microstructure and phase analyses were performed by means of optical and
scanning electron microscopy and X-ray diffraction combined with hardness tests. The results obtained are now
being transferred to PBF-LB/M of Ti-13Nb-13Zr.
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Abstract Title: Mechanical performance and thermal stability of a lightweight Al21Ti21V16Ni21Co21 eutectic
high-entropy alloy

Abstract:

Eutectic high-entropy alloys (HEAs) have displayed excellent mechanical performance, thermal stability and
great potential for industrial-relevant applications. Herein, the thermal stability of a newly designed lightweight
AI21Ti21V16Ni21Co21 eutectic HEA was assessed by thermal exposure at a temperature of 1,373 K for 10 h.



A relatively bulk 10 kg ingot was prepared by vacuum induction melting. The alloy in as-cast state with a density
of 6.19 g/cm3 exhibited an anomalous eutectic dual-phase structure, consisting of Ni2AITi-type L21 and V-rich
body-centred cubic phases. It achieved a compressive yield stress of ~1,417 MPa and an ultimate compressive
stress of ~2,312 MPa. Remarkably, after thermal exposure, the alloy basically retained its initial microstructure
and nearly 100% of its mechanical properties. Comparative analysis of its mechanical performance and
retention capability with those of other eutectic HEAS, refractory HEAs, and conventional superalloys revealed
that the Al21Ti21V16Ni21Co21 alloy offers a significantly broader application temperature range.

Author(s) & Affiliation: Carsten Siemers, Technische Universitat Braunschweig, Institute for Materials
Science; Fabian Haase, Technische Universitat Braunschweig, Institute for Materials Science; Clemens
Jahnke, Institute for Materials Science, Technische Universitdt Braunschweig; Lina Klinge, Institute for
Materials Science, Technische Universitét Braunschweig; Elias Merz, Technische Universitat Braunschweig,
Institute for Materials Science

Abstract Title: Decomposition of Non-equilibrium Phases in Different Titanium Alloys for Mechanical
Properties Optimisation

Abstract:

Two different types of martensites, i.e. the o'- and a"-phases, are known to form in (a+p)-titanium alloys by a
diffusionless transformation of the B-phase. The material properties of a'-martensite include a comparably high
Young’s modulus, high strength and lower ductility so that deformation at room temperature is not possible
whereas the a"-martensite has a low Young’s modulus, low strength at high ductility, meaning that
room-temperature deformation with strong work hardening might be feasible. In addition, in metastable p-alloys,
athermal w-phase as a third non-equilibrium titanium phase can develop during quenching. The presence of
w®-phase in titanium alloys in general leads to an increase in the Young’s modulus, strong hardening and a
pronounced decrease in ductility. Depending on the exact composition of the alloys, in classical (a+f)-alloys
containing comparably low amounts of B-stabilising elements, the o'-martensite can form during quenching. In
contrast to this, in B-rich (a+p)-alloys with higher amounts of B-stabilisers, a martensitic B-to-a"-transformation
can occur. In some B-rich (a+p)-alloys, the a'-phase can form as well. In case the amount of B-stabilising
elements is further increased, in the so-called solute-lean metastable B-alloys, a martensitic transformation is
supressed during quenching but a transformation of the B-phase to athermal w-phase is possible. Independent
of the type of non-equilibrium phase being formed during quenching, neither martensite- nor w-containing
microstructures can be used in safety-critical applications as the fatigue performance is typically reduced
compared to conventional microstructures. On the other hand, the non-equilibrium phases can be used for
microstructural refinement and thus an improvement of the properties is achieved if a decomposition by a
subsequent heat-treatment is performed. In the present paper, microstructure and properties improvement by
non-equilibrium phase decomposition is discussed at different examples, namely, (1) decomposition of
o"-martensite in Ti-6Al-2Sn-4Zr-6Mo, an alloy primarily used as a fan disk material at higher strength levels in
some newer and larger aircraft engines, leading to an increase in fatigue performance of about 15%, (2)
a"-decomposition in Ti-13Nb-13Zr, a second-generation titanium alloy for dental implants, leading to a
nanostructured material with antibacterial properties, improved biocompatibility, well-adjusted Young’s modulus
at high strength and sufficient ductility and (3) the application of an w-to-a-transformation in Ti-15Mo, a
second-generation medical titanium alloy for larger implants, to improve the properties of additively
manufactured parts and develop equiaxed, nano-sized a-precipitates in a B-matrix. The results of the different
investigations show that non-equilibrium phase decomposition can be a powerful tool for microstructure and
properties optimisation in titanium alloys.
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Abstract Title: Mechanical and wear properties of hybrid additive manufactured Al-Si-Mg alloys

Abstract:

This study investigates the mechanical properties and tribological performance of hybrid additive manufactured
aluminum alloys produced by laser powder bed fusion on an AA6061 preform. Two combinations,
AISi10Mg/AAB6061 (S10) and AlISi7Mg/AA6061 (S7), were methodically assessed regarding microstructure,
microhardness, tensile properties, and wear resistance. Microstructural investigation demonstrated a
metallurgically bonded interface including a progressive compositional gradient, facilitating efficient load
transfer across the joint. The microhardness profile revealed a gradient from the additively built region to the
preform substrate, with S10 demonstrating superior hardness (136.6) relative to S7 (121.9), hence validating
the strengthening influence of elevated Si content. Tensile tests revealed that rupture consistently occurred in
the AA 6061 specimen rather than at the interface, indicating enhanced interfacial integrity. Tribological studies
indicated a consistent coefficient of friction of around 0.532 for S10 and approximately 0.552 for S7 after the
running-in regime. The wear rate of S10 (0.0028 mm?3/N-m) was significantly lower than that of S7 (0.0032
mm3/N-m). Three-dimensional profilometry indicated a considerable decrease in surface roughness and wear
depth for S10 (Sa = 125 nm; depth = 654 nm) relative to S7 (Sa = 278 nm; depth = 1153 nm). The enhanced
wear resistance of S10 is due to increased microstructural hardening and less asperity interaction, which
mitigate abrasive and delamination wear mechanisms. The findings indicate that augmenting silicon
concentration in hybrid additively manufactured aluminum alloys markedly improves mechanical performance
and wear resistance while preserving strong interface bonding.



Materials: Corrosion and Environmental Degradation
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Abstract Title: Property based material selection: Technical data sheet information in comparison to measured
physical property distributions of refractory materials.

Abstract:

Comparing refractory products for an optimal material selection, it is often sensible to work with single value
representations of physical properties as given on most technical product datasheets. In reality, uncertainties of
measurement techniques, changing laboratory operators, natural product variation and product geometry
suggest that statistical distributions better than single values represent the behavior of refractory products.
While statistical averages and standard deviations of such distributions are the basis for single value
representations, the complexity of the process for the derivation of these values, especially the necessity for
expert assessment, is often underestimated, This paper discusses challenges and limitations of the single
value-based approach for product comparisons and material selection. Based on real life examples, the
approach is detailed on the concept of refractory materials flexibility vs. resistance to thermal shock. Comparing
several experimental results, a concept is presented of how to represent even complex material properties in a
compact form. In practice, this approach allows the derivation of a single qualitative indication for a complex
wear phenomenon that can guide engineers in selecting materials for areas subjected to intense thermal
cycling.
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Abstract Title: Keynote: On the Development of Zn-based Coating Systems for the Robust Corrosion
Protection of Press Hardening Steels

Abstract:

Ultra-high strength press hardening steels (UHS-PHS) are finding increased use in automotive passenger
safety applications such as roof beams, side impact beams, passenger cage beams and, ore recently, battery
rack protection in electric vehicles (EVs). Currently, these steels frequently use an (Al-Si)-based coating system
which transforms into a series of Fe-Al-Si intermetallics upon austenitization of the steel at 850-900M prior to
direct die quenching to a fully martensitic microstructure. However, this coating system provides only barrier
protection against corrosion of the underlying steel. Zn-based coatings provide significantly potential to provide
robust cathodic and barrier protection against aqueous corrosion, but present several challenges. The first of
these is that of liquid metal embrittlement (LME), where press hardening of Zn-based coatings above the
GHEFe3Zn10 peritectic temperature of ~780M has potential to have significant residual Zn-based liquid being
present during die quenching. Recently, the risk of LME during direct die quenching has been mitigated with the
McDermid group development of a series of prototype Fe-xC-2Mn-ySi-0.003B substrates which can be direct
die quench at 550H - 700M to yield LME immune steels with ultimate tensile strengths (UTS) of 1500 — 2000
MPa. Concurrently with austenization of the prototype PHS, the Zn-based coating transforms from nearly pure
Zn to a coating comprising mixtures of GEFe3Zn10 and Zn-saturated ferrite (i.e. alFe(Zn)), both of which have
significantly different electrochemical properties and, therefore, different potentials to provide robust cathodic
protection to the underlying steel. The present contribution will outline the development cycle for the Zn-coated



UHS-PHS-coating systems, focussing on the microstructural and electrochemical properties of the Zn-based
coating systems employed and how these fit within the overall process map required to provide a direct die
quenching PHS with robust Zn-based cathodic protection.
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Abstract Title: Keynote: Transient Amorphous Layers Control Early-Stage Steel Corrosion in Supercritical
COM Brine

Abstract:

Supercritical CO2 (s-CO2) is moving from concept to infrastructure in carbon capture, transport, and geological
storage. As this transition accelerates, a practical question keeps resurfacing: what actually controls corrosion
in water-bearing s-CO2 environments, and why do alloy “rules of thumb” sometimes fail? In particular, operators
and designers often expect corrosion resistance to improve steadily with increasing chromium, yet field-relevant
s-COM brines can show more complicated, non-monotonic behavior. This work argues that the answer is
frequently decided before the “usual” corrosion products even exist. In the first hours of exposure, steel
surfaces are not covered by well-developed crystalline scales. Instead, they are dominated by ultrathin,
disordered interfacial films, transient amorphous layers (TALs), that form rapidly and evolve continuously.
Rather than treating these layers as short-lived precursors, this work will present a framework that treats TALs
as the active interfacial state that steers the system’s subsequent electrochemical trajectory. Drawing on a
coordinated set of high-pressure corrosion experiments across steels spanning a broad chromium range, this
study will show that TALs appear robustly at early times, but their dominant chemistry and bonding environment
differ systematically with alloy composition and exposure evolution. The key implication is that “chromium
content” is not the whole story: what matters is how chromium—and other alloying elements—partition into the
disordered interfacial layer that is actually in contact with the electrolyte. To connect this evolving interfacial
chemistry to corrosion kinetics, we use atomistic modeling to probe how representative amorphous
environments influence the surface steps that enable cathodic reactions and regulate carbonate/bicarbonate
chemistry. The emerging picture is that TAL chemistry can strengthen or weaken these interfacial pathways in
consistent ways, effectively setting the pace of early corrosion long before protective scales mature. Overall, we
gain a clearer handle on the most critical period of materials performance in CCUS-relevant service: the
moment when the interface is still forming, and the corrosion trajectory is being chosen.
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Abstract Title: Impact of Electrolyte Composition and pH on the Anodically-Induced Cathodic Activation of Zn
Anodes

Abstract:

A major challenge in deploying aqueous Zn-ion batteries is the self corrosion of the Zn anode, largely
influenced by the hydrogen evolution reaction (HER) mechanism. It is possible during battery cycling that the
initial anodic dissolution will increase the subsequent cathodic reaction rates; this process is known as
anodically-induced cathodic activation. While well-studied in other metals like Mg, this effect is relatively
unexplored in Zn. This work examines the cathodic activation of Zn in 0.1 M NaCl (aq) and 1 M Na2S0O4 (aq)
across a pH range of 3 to 11. Our electrochemical testing demonstrates that sulfate environments trigger this
activation universally across all tested pH levels. In contrast, chloride solutions only promote activation under
neutral and alkaline conditions. Compositional and microstructural analyses indicate that this catalytic
enhancement coincides from the precipitation of specific byproducts, namely Zn hydroxides.
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Abstract Title: Comparative Corrosion Behavior of MgO—C Refractories in CrlBOM- and MnO-Containing
Calcium Aluminate Slags

Abstract:

Chromium- and manganese-bearing slags are frequently encountered during ladle furnace refining of alloyed
and stainless steels, where interactions with MgO-C refractories critically affect lining performance and service
life under aggressive high-temperature conditions. Slag composition plays a key role in these interactions, and
this study compares the corrosion behaviors of an MgO—C refractory in contact with slags containing CrilION
and MnO. Corrosion cup tests were conducted at 1625 °C, followed by microstructural and compositional
characterization to study slag—refractory interactions. The results demonstrate that oxidizing slags containing
CrEON and MnO significantly alter slag penetration depth into the refractory with distinct degradation
mechanisms, some of which are discussed in this work. These findings provide insight into the role of transition
metal oxides in slag—refractory interactions and contribute to improved slag and refractory design strategies for
ladle furnace applications.
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Abstract Title: Comprehensive Analysis of Power-Generating Bearings: Integrating Lifecycle Assessment
(LCA) and Techno-Economic Assessment (TEA)

Abstract:

This research paper explores the lifecycle assessment (LCA) and techno-economic assessment (TEA)
perspectives in depth while analysing power-generating bearings. Power-producing bearings are novel parts
whose purpose is to capture mechanical energy wasted in friction and transform it into useful electrical energy.
These cutting-edge bearings offer a viable path towards sustainability and energy economy in a range of
mechanical systems. The research work provides an overview of the basic ideas behind power-generating
bearings, including their construction, working principles, and their uses in a variety of sectors, including
renewable energy, aircraft, and the automobile. Subsequently, the life-cycle assessment (LCA) is used to
appraise the ecological consequences linked to the complete lifespan of these bearings, encompassing the
extraction of raw materials, their production, operational utilisation, and eventual disposal or recycling. This
evaluation offers a comprehensive picture of the sustainability credentials of power-generating bearings and
highlights important environmental hotspots. In addition, the TEA provides an economic viewpoint by evaluating
the expenses and viability of funding related to the creation, manufacturing, and use of these bearings. Cost
analysis, market possibilities, payback times, and economic advantages over traditional bearings are all
included in the TEA. In order to give stakeholders a comprehensive knowledge of the investment and economic
return, it looks at a variety of economic possibilities. This research work gives a comprehensive study that
illustrates the advantages of power-generating bearings for the environment and the economy by merging LCA
and TEA. It also helps identify options for optimisation and development. The knowledge gathered from this
comprehensive evaluation is essential for directing future studies, creations, and applications of economically
viable and environmentally friendly power-generating bearing technologies.
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Abstract Title: Superior Inhibition Investigation of Annnona Muricata and Cassuttid filifurmis Leaves Extract on
Mild Steel in Acid Solution.

Abstract:

Corrosion has been described as a phenomenon which causes a spontaneous destruction of metallic surfaces
as a result of alloys chemical or electrochemical reaction with its environment. The degradation occur homes,
roads factories, vessels, structures and most especially industrial pipelines [1]. Corrosion attack comes as a
result of contaminated industrial effluents water salts or by contact with some material that are soluble in sea
water [1, 2]. Assessment of cost of corrosion is difficult, although NACE (National Association of Corrosion
Engineers) international study estimated the global cost of corrosion in the US as 2.5 million in 2013 [3]. Most of
these Pipeline corrosion in acidic solution has been effectively controlled by the use of organic inhibitor [4, 5].
The inhibitor substances usually contain polar functions with nitrogen, oxygen and Sulphur in a conjugated
system and the inhibiting action is attributed as a first stage to the adsorption of the additives to the metal
interface. Corrosion poses a lot of threat in manufacturing, circulation and water systems. Preventive measures
which have been adopted is the addition of inhibitors [4]. Organic inhibitors are among the most common used
group of corrosion inhibitor. They are most preferred because of their good protective capabilities. However
recent times has shown that demand for sustainable, environmental friendly inhibitors keeps increasing,
moreover the cost of synthesizing or producing these organic inhibitors are also very expensive. Hence The
inhibitive strength of anona muricata (CM) and Cassuttid filifurmis (CF) on mild steel dissolving in 0.5 M H2SO4
and 1 M HCI environment was successfully evaluated employing gravimetric and electrochemical technigques.
The obtained data suggest that the studied extracts were both adsorption type inhibitors as a result, the
inhibitors followed Langmuir adsorption isotherm. Efficiencies of the inhibitors grew with increased
concentration of the extract but reduced as the immersion time increased. From the result it was evident that
the inhibitor were mixed type inhibitor under the acidic condition investigated, this as a result of the polarization
result which influenced the both the cathodic and anodic half processes. The result demonstrated that the
corrosion rate reduced with increase in the inhibitor concentration in 1M HCL & 0.5 M H2S04. the experiments
so far, showed maximum inhibitory efficiency values of 89.2% 94.1%, 94.2%, and 95.1%, which were observed
under 0.5 M H2SO4 and 1 M HCI conditions for CM and CF, the Regression coefficient (R2) was obtained as
0.9987, 0.9994, 0.9877, and 0.9892 from CM and CF in 0.5 M H2SO4 and HCI.
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Abstract Title: High-temperature performance of HYOF-MCrAlY + APS-YSZ TBCs in furnace cycling and
water vapor environments

Abstract:
Thermally-sprayed MCrAlY (M = Ni and/or Co) + yttria stabilized zirconia (YSZ) thermal barrier coatings (TBCs)
are widely used in industrial gas turbines to suit the needs of operating at higher temperatures and burning



conventional and hydrogen containing fuels, where oxidation and water vapor resistance as well as thermal
cycling life are of great importance. As a slow growing Al203 thermally-grown oxide (TGO) layer on the MCrAlY
bond coats favors the oxidation resistance, it may also favor the water vapor resistance because of its higher
stability compared with Cr203 and SiO2 at elevated temperatures. As increasing the Al content in MCrAlY
favors oxidation resistance, it can be anticipated that for a determined Al concentration, reducing the Cr/Al ratio
may favor the oxidation resistance as well. This work investigates the high temperature performance of
thermally sprayed TBCs with high velocity oxy-fuel (HVOF) produced NiCrAlY bond coats and air plasma spray
(APS) produced YSZ topcoat in furnace cycling and water vapor environments.
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Abstract Title: Mechanism-Based Assessment of Rebar Corrosion in Containment Structures for the
Sodium-Cooled Small Modular Reactor

Abstract:

Reinforced concrete containment structures are critical to nuclear safety and durability, and the long-term
integrity of embedded steel reinforcement (rebar) is a major factor influencing service life. The ARC-100
sodium-cooled fast reactor is an emerging small modular reactor (SMR) concept proposed for deployment at
the Point Lepreau site in New Brunswick, Canada, with a target operation date of the early to mid-2030s.
However, because this Sodium-cooled SMR is still in the feasibility assessment phase, durability planning must
rely on evidence-informed assessments and underpinned degradation mechanism of various intended
materials under anticipated exposure conditions. This study provides a mechanism-based review of
degradation pathways relevant to ARC-100 containment concrete, along with an evaluation of the implications
for rebar corrosion, through a review of published data from operating nuclear facilities and from research
studies. The review is organized by specific degradation mechanisms and follows a structured framework that
includes: (i) ARC-100 design-relevant exposure conditions, (ii) concrete deterioration processes that modify
transport properties and pore solution chemistry, and (iii) resulting effects on steel passivity, corrosion initiation,
and localized corrosion susceptibility. Key mechanisms assessed include irradiation-related concrete aging,
sulfate attack associated with below-grade soil environments, chloride ingress, carbonation, freeze—thaw
damage under Canadian climatic conditions, and secondary processes such as leaching and thermal cycling.
For each mechanism, available experimental findings, inspection observations, and monitoring approaches
from existing nuclear reactor facilities are synthesized to understand plausible degradation pathways applicable
to ARC-100-type structures. By combining mechanistic understanding with service-based evidence, this review
provides a structured assessment of the fundamental durability challenges that may govern rebar corrosion in
ARC-100 containment concrete. This study identifies key uncertainties associated with degradation
mechanisms and proposes targeted research and monitoring priorities to support long-term durability
management for ARC-100 and future SMR deployments in Canada.
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Abstract Title: Extending Cathode Weld Life and Reducing Lacy Copper Through Large-Scale Stainless Steel
Sheet Renewal: A 10-Year Operating Review

Abstract:
CCR was experiencing persistent lacy copper and accelerated weld corrosion in its tankhouse, driving frequent
cathode rewelding (every 3-4 years) and elevated repair costs. A contributing factor was the age and condition



of the stainless steel sheets in service, which had been in operation for approximately 20 years. To address
these issues, EPCM executed a phased stainless steel sheet renewal program over a five-year period,
replacing approximately 75,000 sheets while re-using existing copper hanger bars. The program was structured
to minimize disruption to operations while systematically upgrading the sheet population and restoring
consistent plating conditions. Following implementation, CCR observed measurable improvements in both
product quality and maintenance performance. Cathode weld life increased substantially, with welds lasting
more than 10 years. Copper plating quality improved and lacy copper occurrences decreased. Maintenance
outcomes also improved: repair costs were reduced, repair frequency extended to approximately five years,
and overall machine performance increased due to reduced rework and improved stability in cathode handling.
After approximately 10 years of service, lacy copper began to return, indicating the need for continued
monitoring and a deeper evaluation of the remaining contributors beyond sheet condition alone. Targeted
studies were performed to identify the drivers of the recurrence and to develop practical solutions that
dramatically decreased lacy copper. This presentation summarizes the original problem, the planning and
execution of a large-scale sheet replacement strategy, the operational results achieved, and the lessons
learned from long-term performance and recurrence. The case study highlights the value of life-cycle planning
for starter sheets and the importance of coupling capital renewal with follow-up operational diagnostics to
sustain plating quality over time.
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Abstract Title: Influence of Nitrite Concentration on the Stress Corrosion Cracking of Copper

Abstract:

The long-term management of used Canada’s used CANDU fuel will conclude with its placement in a deep
geological repository (DGR), at least 500 m below surface, in the Wabigoon Lake Ojibway Nation-lgnace region
of Ontario. Central to this strategy is the encapsulation of fuel bundles within carbon steel containers coated
with copper. For this container, copper serves as a corrosion barrier, as oxidant availability for species capable
of degrading copper is very limited within the DGR. However, through mining and radiolysis processes, it is
possible that oxidizing species such as nitrites (NO2—) may be present at early stages of the DGR lifetime.
Nitrites are of concern due to their established ability to induce stress corrosion cracking (SCC) in copper under
tensile stress. However, prior research has demonstrated that the nitrite concentrations anticipated within a
DGR are significantly lower than the reported 0.3 M [NO2—] threshold for SCC initiation. Nevertheless, a
comprehensive understanding of the underlying SCC mechanisms and the identification of early-stage
degradation processes (i.e., crack precursors) remain critical. To address these knowledge gaps, this study
employs an electrochemical approach to evaluate the influence of nitrite concentration on SCC susceptibility of
copper. Potentiodynamic polarization testing was conducted on copper specimens in 0.1 M, 0.5 M, and 1.0 M
KNOM solutions to assess the concentration-dependent electrochemical behavior. Results revealed that while
Cuin 0.1 M KNOM exhibited active behaviour, Cu in 0.5 M KNOM and 1.0 M KNOM exhibited two distinct
active-passive transitions. Though a film was formed, due to the high current density, it was not effective at
limiting mass and charge transfer. That said, since film formation can often precede SCC, Cu U-bend samples
were subjected to potentiostatic holds at each transition potential to identify the most critical potential region for
crack initiation and propagation. Characterization of corrosion mechanisms and possible SCC was supported
with long-term U-bend exposure experiments in similar solutions of interest. Post-exposure
characterization was performed using scanning electron microscopy (SEM) and electron backscatter diffraction
(EBSD) to analyze crack morphology and to determine whether SCC followed an intergranular or transgranular



propagation mode. Additionally, X-ray diffraction (XRD) was utilized to characterize oxide composition after
various potentiostatic holds, to aid in assessment of the surface film’s role in SCC. The findings of this study will
provide key insights into nitrite-induced SCC mechanisms in copper and contribute to the ongoing effort to
mitigate long-term degradation risks in DGR environments.
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Abstract Title: Effect of Welding and Cathodic Protection on Near Neutral pH SCC

Abstract:
This work is to study the effect of welding and cathodic protection (CP) on the occurrence of Near Neutral pH
SCC in pipeline steels.
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Abstract Title: Film Forming Amines for Corrosion Protection in PWR Secondary Side: A Review

Abstract:

The structural integrity of the secondary side in pressurized water reactors (PWRs) is frequently compromised
by flow-accelerated corrosion (FAC) and the subsequent transport of corrosion products to steam generators.
While conventional volatile alkalizing agents manage bulk water pH, they do not provide a stable film under high
flow conditions. This review evaluates the effectiveness of Film-Forming Amines (FFAs), such as
octadecylamine (ODA) and N-oleyl-1,3-propanediamine (OLDA), as a supplementary corrosion mitigation
strategy. These amphiphilic structures adsorb onto metal/metal oxide surfaces via electrostatic and
coordination bonding, forming hydrophobic, nanoscale protective films. Literature data indicates that FFAs can
significantly reduce corrosion rates—with some studies reporting inhibition efficiencies exceeding 80%—by
increasing charge transfer resistance and surface hydrophobicity. However, the characterization of these films
varies significantly across literature, ranging from thin organic layers of 2—16 nm to thicker multilayered
structures reaching 95 nm. Furthermore, challenges regarding thermal stability above 220°C, and the
operational risks of improper dosing persist. The review concludes by identifying significant knowledge gaps
that must be addressed to ensure the reliable application of FFAs in PWR secondary side.
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Abstract Title: Influence of Microconstituents on Corrosion of Pipeline Steel in Simulated Supercritical CO2
Aqueous environment with impurity NO2

Abstract:

Within a carbon capture utilization and storage (CCUS) process, pipeline transportation of supercritical CO2
(s-CO2) is recognized for its efficiency and cost-effectiveness. However, corrosion concerns necessitate a
comprehensive understanding for effective integration into reliability and safety assessments. A s-CO2 pipeline
typically consists of at least 90% CO2, with the remaining composition comprising impurities. Among these
impurities, water content is a crucial one, as it can cause in-situ formation of corrosive carbonic acid, posing a
threat to pipeline integrity. Simultaneously, the role of microstructure in the adherence and protectiveness of
corrosion product films is noteworthy. The presence and morphology of iron carbide is often correlated with the



film’s adherence, emphasizing the microstructure’s impact on corrosion performance. While identifiable trends
in performance may exist, the challenge is not yet fully comprehended and anticipated, primarily due to various
variables such as the existence of impurities. The present study aims to investigate the influence of various
monolithic microstructures, including pearlite, martensite, and bainite on corrosion in simulated acidic aqueous
phases expected from water condensation in s-CO2. Corrosion testing is being carried out in bulk surrogates of
the aqueous phase Carbonic acid (25 °C), produced using a commercial (SodaStream™) apparatus (dissolving
pressurized CO2 in water), will serve as the baseline solution on corrosion of steel. The effect of acid gas
impurity (NO2) will be evaluated through the addition of soluble sodium salts. Samples of 1080 (pearlitic) steel
will undergo heat treatment to produce additional monolithic phases of bainite and martensite. Corrosion
susceptibility, as interpreted by the kinetics of the controlling anode and/or cathode process involved, will be
evaluated using potentiodynamic polarization measurement . Surface composition and structure
characterization will be conducted using plan-view imaging using both light optical microscopy (LOM) and
scanning electron microscopy (SEM), and surface composition depth profiling using X-ray photoelectron
spectroscopy (XPS). The paper will present and discuss the results acquired to date.
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Abstract Title: Laser-Directed Energy Deposition of Monel 400 on a Steel Substrate

Abstract:

Laser directed energy deposition (L-DED) is an advanced manufacturing technology utilized for the production,
surface cladding, and repair of metallic components. While a growing list of alloys have been processed in this
context, limited research has addressed its application to Ni-Cu alloys such as Monel 400 (Ni-32Cu). This alloy
is of significant commercial interest in many domains due to its excellent corrosion resistance. As such, it is
frequently applied as a conventionally welded overlay on steel to mitigate its corrosion in marine environments.
This approach generates considerable heat input that necessitates the application of a buffer layer such as
IN625 or ERNi-1 to ensure that dilution of the subsequently applied monel 400 is minimized and corrosion
resistance retained. L-DED offers a promising alternative, as its lower energy input can minimize dilution and
potentially eliminate the need for a buffer layer reducing costs and enhancing productivity. The objective of this
research was to assess the feasibility of this concept by depositing gas atomized Monel 400 powder on HY-80
steel via L-DED. Effective sets of deposition parameters were determined by systematic adjustments to settings
for laser power, scan speed, hatch spacing, and powder feed rate while producing single-track deposits and
single-layer clads. All deposits were analyzed through a combination of laser confocal microscopy, SEM/EDS,
and micro-hardness testing. These results provided valuable insight on to the extent of dissolution, presence of
defects, and size of the heat-affected zone.
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Abstract Title: Wet Air Oxidation Susceptibility of Heat-Resistant UCX (NiCr) Alloy

Abstract:

A vast majority of current generation radiant furnace coil tube alloys rely on the formation of a chromia (Cr203)
scale during service, which involves exposure to reducing (steam cracking) and periodic oxidizing (steam-air
decoking) gas mixtures at high temperatures: up to 840 °C and 950 °C (1100 °C locally) respectively. Formation
of a chromia scale during steam cracking is necessary to control (reduce) undesirable carbon deposition from
the pyrolysis gas mixture and carbon diffusion to the tube metal. Chromia scale protection is compromised by
two factors: (i) formation of other metal oxides associated with alloying additions that promote spalling due



combined scale growth and thermal stresses and (ii) steam-assisted oxidation (volatilization) of chromia scale
to gaseous Cr-VI compounds. The purpose of this study was to determine the extent to which reactive elements
such as Si and rare earths (REs) additions to UCX (48Ni-41Cr) affect the susceptibility to wet oxidation (air+
20% H20 at 950 °C up to 168 h). Gravimetric measurements, coupled with post exposure surface analyses
using electron microscopy, were used for this purpose.

Author(s) & Affiliation: George Jarjoura, Dalhousie University

Abstract Title: An Investigation of Corrosion Behaviors of Thermally Sprayed Aluminum at Elevated
Temperatures Under Thermal Insulations and Autoclave Immersion Conditions

Abstract:

Thermally sprayed aluminum (TSA) protects against internal and external corrosion in many industrial
applications. Even though TSA coating has been the subject of many studies, there remains a need to gain
deeper insight into TSA’s degradation mechanisms, especially under immersion conditions and in
moisture-saturated thermal insulation. This study addresses the corrosion behaviour of TSA in a CUI simulation
setup (per ASTM G189-07) and in immersion in insulation leachates inside an autoclave. The corrosion tests
were conducted for 3 d and 4 d under isothermal wet and cyclic wet conditions. Linear polarization resistance
scans were conducted during both the CUI simulation and the autoclave immersion tests better to understand
the corrosion behaviour of the TSA coating. Following corrosion testing, thorough microstructural examinations
were conducted using confocal laser microscopy, 3D topography, scanning electron microscopy, and energy
dispersive spectroscopy to understand the microstructural and tribological changes resulting from corrosion
testing. TSA coating under the insulation exhibited significant degradation due to flashing moisture and active
iron dissolution at the insulation/metal interface. Unlike immersion conditions, the wear of TSA due to flashing
moisture under thermal insulation created the crevices that caused the active corrosion of the steel substrate

Author(s) & Affiliation: Afshin Sadri, Hatch Ltd.; Wai Lai (Winnie) Ying, HATCH LTD.

Abstract Title: Advanced Interpretation of Furnace Lining Deterioration using Integrated AU-E and Thermal
Analysis

Abstract:

The inspection and condition monitoring of smelting furnaces present significant challenges due to high
operating temperatures, limited accessibility, and complex refractory and cooling system architectures. This
paper presents an integrated refractory corrosion sensing and characterization approach that combines
Acousto Ultrasonic-Echo (AU-E) measurements with thermal analysis to improve the detection, interpretation,
and quantification of furnace degradation. AU-E provides sensitivity to material changes such as chemical
degradation, cracking, thickness loss, and loss of mechanical integrity by analyzing broadband elastic wave
propagation through multi-layer furnace structures. Thermal analysis leverages available furnace data,
including lining thermocouples, cooling-system measurements (e.g., water temperature/flow, heat flux), and
process data (e.g., bath level, temperature, and composition). Thermal interpretation includes both (i)
trend-based characterization of normal and abnormal operating periods and (ii) physics-based modeling
(including finite element and inverse heat-conduction approaches) to estimate wear and protective buildup
evolution from boundary measurements. Individually, each technique offers partial insight into furnace
conditions. Thermal data may reveal altered heat transfer without uniquely identifying the location and
mechanism of subsurface damage, while AU-E can detect internal deterioration without directly linking it to
operational thermal behavior. Their integration enables cross-correlation of structural integrity with thermal



response, enhances defect discrimination, and reduces uncertainty in condition assessment. Based on field
implementations and case studies, the combined AU-E and thermal framework enables earlier identification of
corrosion-related damage and thickness loss, improved localization of critical degradation zones, and more
accurate evaluation of furnace lining conditions supporting advanced asset integrity management (AIM)
decision-making in pyrometallurgical operations.
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Abstract Title: MachineBLearninglDriven Discovery of REEBMAlternative Alloys for PVD Cathodes with
Enhanced Corrosion and Degradation Resistance

Abstract:

The increasing demand for high-performance protective coatings in the aerospace and defense
sectors—necessary to safeguard against corrosion and degradation—has led to a heightened reliance on
essential minerals such as tungsten, titanium, chromium, and rare-earth elements (REEs). These minerals are
critical for producing physical vapor deposition (PVD) cathode targets. PVD processes involve sophisticated
techniques that utilize high-purity cathode targets. These targets are vaporized in a vacuum environment and
deposited onto various substrates to create dense and durable coatings. Many metallic and ceramic
components found in these targets, including tungsten, titanium, chromium, and rare-earth elements, are
classified as critical minerals. Their importance arises from both their economic value and their vulnerability to
supply chain disruptions, which pose risks to industries reliant on these materials. Additionally, the extraction of
these minerals often incurs significant environmental costs and faces growing challenges related to supply
shortages. As supply chains for REEs encounter increasing geopolitical and environmental constraints, there is
an urgent need to identify viable alloy alternatives that can reduce or eliminate dependence on REEs without
compromising coating performance. This research presents a machine-learning-driven framework for
discovering REE-alternative alloys and validating their usage as cathode materials in PVD processes. The
study employs data-driven alloy design tools to explore extensive compositional spaces and identify REE-lean
or REE-free chemistries with desirable thermodynamic stability and mechanical properties. Machine learning
models are utilized to predict composition-property relationships, optimize multi-element alloy systems, and
screen candidates for manufacturability and compatibility with PVD processes. Selected
machine-learning-designed alloys can be fabricated into cathode targets and tested for their ability to produce
dense, adherent metalloceramic coatings with high hardness, controlled microstructure, and robust corrosion
and erosion resistance. By integrating predictive modeling with experimental validation, this work establishes a
pathway toward REE-independent cathode targets for next-generation PVD coatings, supporting long-term
material resilience and sustainable innovation in high-performance engineering applications.
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Abstract Title: The Hidden Role of Grain Boundaries in Molten Salt Dealloying

Abstract:
Corrosion of Ni- and Fe-based alloys in molten halide salts at temperatures between 550 °C and 800 °C poses



a critical challenge for next-generation nuclear power systems that employ molten salts as heat-transfer media
or fuels. In such environments, corrosion is generally governed by selective dissolution of the more reactive
alloying elements (dealloying) at intermediate to high homologous temperatures. However, the coupled effects
of high-temperature microstructural evolution, material property changes and corrosion remain poorly
understood, particularly for alloys rich in more noble elements, limiting their industrial application. Notably,
molten salt corrosion observed in these alloys at intermediate homologous temperatures is not adequately
explained by conventional dealloying theory. In this work, advanced three-dimensional electron microscopy
techniques are used to directly visualize the chemical and microstructural evolution of Ni—Cr alloys following
corrosion in molten fluoride salts. Three-dimensional reconstruction of the dealloyed region reveals the critical
role of grain boundaries in governing bulk dealloying and subsequent recrystallization via a diffusion-induced
recrystallization (DIR) mechanism. Furthermore, grain boundaries are shown to promote molten salt infiltration,
leading to the formation of morphological features similar to discontinuous precipitation (DP). This multi-modal
analysis demonstrates that the development of porosity and tunnel-like features along and across grain
boundaries directly influences recrystallization within the corroded volume. Chromium dissolution during
dealloying establishes a compositional gradient at the reaction front, which provides a thermodynamic driving
force that, together with enhanced diffusion kinetics and grain boundary migration, enables DIR.
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Abstract Title: Fabrication and Performance Synergies of a Novel Superhydrophobic Ni-P/PDMS-SiO2
Organic-Inorganic Hybrid Composite Coating for Pipeline Erosion-Corrosion Mitigation

Abstract:

To meet the demanding requirements for corrosion and wear resistance of X65 pipeline steel in aggressive
environments, a Ni-P/PDMS-SiO2 (PDMS: polydimethylsiloxane) superhydrophobic composite coating with a
"hard-support/soft-cover" architecture was designed and fabricated. The results demonstrate that the dense,
amorphous high-phosphorus Ni-P underlayer provides a rigid foundation for the soft PDMS-SiO2 topcoat.
Under dry friction conditions against a ZrO2 ceramic counterpart, the system exhibited remarkable mechanical
robustness, maintaining a stable coefficient of friction of approximately 0.58 and effectively preventing severe
deformation or delamination of the polymer matrix. Electrochemical evaluations revealed a superior synergistic
protection mechanism: the "air plastron” trapped by the superhydrophobic surface combined with the physical
barrier of the Ni-P layer resulted in an extraordinary initial polarization resistance of 3.5 x 1010 QEcm?2. Even
after 14 days of continuous immersion in 3.5 wt.% NaCl solution, the impedance modulus remained as high as
1.4 x 1010 QEcm2. This dual-layer coating strategy offers a highly promising solution for the long-term
protection of marine oil and gas facilities against both chemical degradation and mechanical abrasion.
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Abstract Title: Cycle-Dependent Evolution of Critical Heat Flux in Pool Boiling driven by Oxidation-Induced
Surface Degradation on Copper and Nickel Boiling Surfaces

Abstract:

Nucleate boiling remains a critical mechanism for high-performance thermal management in advanced energy
systems. This study investigates the evolution of pool boiling heat transfer performance across three distinct
surfaces: a ground copper substrate as a baseline, ground copper electroplated with nickel (ED-Ni) matrix, and



ground copper electroplated with biphilic ED-Ni-PTFE composite. Utilizing synchronized optical surface vapor
phase recordings and embedded micro-thermocouples, we established a direct relationship between boiling
regime transitions and macroscopic thermal transients across multiple boiling cycles. The results reveal a clear
performance hierarchy: the biphilic electroplated Ni-PTFE (ED-Ni-PTFE) surface on copper substrate
demonstrated the best boiling performance , reaching a heat flux of 100 W/cm? at a wall superheat of only 6.8
°C, representing a 73% wall superheat reduction compared to unplated copper substrate and a 60% reduction
relative to the pure electroplated nickel (ED-Ni) on copper substrate. While the Ni-PTFE provides the highest
efficiency, the results show that the ED-Ni matrix inherently provides a more favorable vapor bubble nucleation
environment than unplated copper, despite copper's superior bulk thermal conductivity. Systematic analysis via
scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS) indicates that the
surfaces undergo significant degradation (in-situ conditioning) during the boiling cycles. Specifically, the
formation of a nanostructured oxide layer, which was confirmed by a measurable rise in the oxygen-to-metal
X-ray intensity, resulted in an increase of the density of active nucleation sites and promotes liquid rewetting.
This morphological and chemical evolution of the degradation layer likely accounts for the stabilization of the
critical heat flux (CHF) observed in subsequent boiling cycles.
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Abstract Title: Achieving Lower Cost of Ownership in Highly Corrosive Services with Nonmetallic Total Piping
and Tank Systems

Abstract:

Cost of ownership can be reduced for piping systems in highly corrosive leaching, electrorefining,
electrowinning, chemical waste, reclaim, and wastewater streams by applying an unbiased comparison across
modern piping systems available today. Most manufacturers focus on one material type, and most engineers
focus just on thermoplastics or metallics. Lined steel has been selected for the worst streams, but the metallic
exterior piping is still a corrosion and maintenance issue for those who do not know how to compare
manufacturing quality across brands. Broadening the scope of piping brands and material selection uncovers
alternatives to match specific applications. An unbiased comparison will be shared from Andronaco Industries,
a company who manufactures piping and tank total systems in many different material types. All piping system
material types compared will be fully commercialized except for a discussion related to gaps in performance or
cost where alternative liners or added structural integrity or higher or lower temperature performance is
required. Also discussed will be how standards do not cover newer nonmetallic systems well, and work is
underway to improve that. Pictures, use cases, and outcomes of actual pipe in continuous highly corrosive
service will be shared in addition to a salt fog study which compares various material types. A case study of
polymer-lined engineered structural composite will demonstrate how material change can lead to over 10 years
of near zero maintenance compared to regular replacement of pipe. There will be learning opportunities for
every technical person (engineer or mechanic) who is looking for new solutions to real problems across highly
corrosive services in mining and is open to considering nonmetallic materials and systems to increase uptime
and lower cost of ownership at the mining facility.
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Abstract Title: Using Nanoelectrodes in Scanning Electrochemical Microscopy for Localized Corrosion Studies
of Cu Materials

Abstract:

Scanning electrochemical microscopy (SECM) provides spatially resolved insights into localized
electrochemical activity on corroding materials, making it a promising technique for identifying corrosion sites
associated with microstructural heterogeneity. Reducing probe size, in principle, can enable investigation of
submicron features such as grain boundaries, inclusions, and heterogeneities within surface oxide films. In this
work, feedback (FB) mode SECM was applied to investigate the localized electrochemical behaviour of
cold-sprayed (CS) Cu coatings intended for use as a corrosion barrier in nuclear waste containers. These
coatings exhibit a complex microstructure characterized by deformed grains, pores, and oxide inclusions at
particle-particle boundaries that act as preferential corrosion initiation sites in aggressive environments. Macro
electrochemical measurements confirmed that CS Cu coatings exhibit higher corrosion activity than wrought
oxygen-free Cu, with localized damage observed near oxide inclusions at particle boundaries. To probe these
submicron features electrochemically, SECM measurements were performed in diluted chloride solutions using
ultramicroelectrodes (UMEs) and nanoelectrodes (NEs) with different redox mediators (RMs). While stable and
reproducible FB responses were obtained employing UMEs, nanoelectrode-based SECM mapping was limited
by rapid probe fouling and current drift, even under conditions designed to minimize Cu oxidation, such that
prolonged nanoscale SECM imaging resulted in irreversible degradation of NE performance. These results
demonstrate that, for actively corroding Cu surfaces, probe stability rather than instrumental resolution is the
primary factor limiting the practical application of nanoscale SECM, underscoring probe stability as the key
challenge for achieving reliable, localized nanoscale corrosion analysis. This work, therefore, defines both the
capabilities and the current practical limits of FB mode SECM for studying localized electrochemical activity in
CS Cu coatings.
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Abstract Title: Corrosivity of Crude Vegetable Oils at Elevated Temperatures: Implications for Industrial Biofuel
Processing

Abstract:

As the energy sector transitions from fossil-based to renewable, biomass-derived feedstocks, crude vegetable
oils (CVOs) are increasingly employed as precursors for high-quality drop-in fuels such as sustainable aviation
fuel (SAF) and renewable diesel. Although previous studies have shown that the corrosivity of model CVOs in
refinery environments correlates strongly with their free fatty acid (FFA) content, the long-term corrosivity of
real, industrial-grade CVOs under storage and processing conditions remains poorly constrained. Addressing
this gap is essential for ensuring safe integration of CVOs into existing refinery infrastructure. In this study, two
representative industrial-grade CVOs, degummed canola and soybean oil, were subjected to steel immersion
corrosion tests at refinery-relevant temperatures (200, 300, and 400 °F) for exposure durations of 1, 10, and 25
days. Corrosion rates of two commonly used refinery construction materials, carbon steel (CS A36) and
stainless steel (SS 304L), were periodically monitored to assess material performance as a function of
temperature and time. Across all test durations, both CVOs cause no measurable corrosion of SS 304L at
200-400 °F. In contrast, CS A36 exhibited no detectable corrosion at 200 and 300 °F but experienced a
remarkable increase in corrosion rate at 400 °F, reaching 0.125 mm/yr in canola oil and 0.054 mm/yr in
soybean oil, transitioning from negligible attack to unacceptable uniform corrosion accompanied by pitting.
These findings suggest that stainless steel is preferred for heating elements and high-temperature handling of



CVOs, while carbon steel remains appropriate for low-temperature storage and transfer systems. Additional
investigation at intermediate temperatures, particularly around 350 °F, is recommended to more precisely
define safe operating limits for refinery materials in biofuel processing applications.
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Abstract Title: Austenitic and Duplex Steel Corrosion in Black Liquor at 150 °C: Liquid and Vapor Phase
Exposure

Abstract:

Austenitic and duplex steels used in kraft pulp mill evaporators are exposed to aggressive black liquor
environments that can cause severe corrosion and limit equipment lifetime. This work investigates the corrosion
behavior of four common steels, including A516, 304L, 316L, and duplex 2205, in kraft black liquor under
simulated evaporator conditions. Immersion exposure tests will be conducted at 150 °C for 120 hours in both
the bulk black liquor phase and the overlying vapor phase to compare phase-dependent corrosion
mechanisms. Corrosion rates will be estimated from normalized weight loss measurements, allowing direct
comparison of material performance in each environment. Optical microscopy (OM) and scanning electron
microscopy coupled with energy-dispersive X-ray spectroscopy (SEM/EDS) will be used to characterize surface
morphology, attack morphology (e.g. uniform versus localized), and corrosion product layers on the exposed
steels. In parallel, changes in black liquor chemistry before and after exposure will be evaluated by
Fourier-transform infrared spectroscopy (FTIR), total acid number (TAN) measurements, and gas
chromatography-mass spectrometry (GC-MS) to monitor the formation of degradation products and to identify
organic species that may contribute to corrosion under evaporator-like conditions. By correlating steel
composition, corrosion rate, and microstructural features with the evolving chemistry of the black liquor, this
study aims to clarify the dominant corrosion mechanisms in both liquid and vapor phases and to provide
guidance for material selection and process control in kraft recovery boiler evaporators.
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Western University; Zhigiang Wang, Western University; Daisy Rabbitt, the University of Birmingham; Sophie
Cox, University of Birmingham; Yolanda Hedberg, Western University

Abstract Title: Metal Release and Surface Chemistry of Additively Manufactured Ti—Cu Alloys

Abstract:

Additive manufacturing (AM) offers a unique control over microstructure, mechanical and chemical
characteristics, providing new opportunities to tailor both bulk and surface properties for biomedical applications
compared to conventional manufacturing methods. Additively manufactured titanium—copper (Ti—Cu) alloys are
of particular interest for antibacterial metallic implants, as controlled Cu ion release can restrict bacterial activity
while maintaining the favorable mechanical and corrosion properties of Ti-based materials. However, the
electrochemical potential difference between the matrix and formed intermetallic compounds (e.g., Ti2Cu),
which usually segregate at grain boundaries, can promote micro-galvanic effects. These potential differences
can influence the corrosion behavior, surface chemistry, and metal release, especially under physiologically
relevant conditions. Understanding how alloy composition and solution chemistry affect these processes over
time is therefore essential. In this study, metal release and surface chemical characteristics of additively
manufactured Ti—Cu alloys containing 3 and 11.5 wt.% Cu were investigated during prolonged immersion for up
to 14 days in simulated body environments. Two test solutions were employed: phosphate-buffered saline



(PBS) and PBS containing bovine serum albumin (BSA) and hydrogen peroxide (HEOM), representing
chemical complexity and enabling assessment of time-dependent surface interactions with proteins and
oxidative species. Metal release was quantified using inductively coupled plasma mass spectrometry (ICP-MS)
to evaluate Ti and Cu dissolution behavior over time. Surface changes associated with time-dependent
immersion and solution chemistry were characterized using X-ray photoelectron spectroscopy (XPS), Auger
electron spectroscopy (AES), and scanning electron microscopy (SEM). The effect of alloy composition,
immersion duration, and test environment on the metal release behavior and surface chemical composition is
discussed. This research provides insights that will help develop and optimize AM methods for new biomedical
alloys that cannot be fabricated by conventional methods.
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Abstract Title: Corrosion Performance of High-Entropy Alloys for Concentrated Solar Power Thermal Storage

Abstract:

Molten salt energy storage (MSES) systems used in concentrated solar power (CSP) plants operate under
aggressive thermal and chemical conditions that promote rapid corrosion of conventional structural alloys.
Carbon and alloyed steels commonly employed in storage tanks and piping exhibit limited resistance to
high-temperature molten salt environments, leading to reduced service life and increased maintenance
demands. Improving corrosion resistance under these conditions is therefore essential for the long-term
reliability of CSP infrastructure. High-entropy alloys (HEA), composed of multiple principal elements in
near-equiatomic ratios, are well known for their exceptional mechanical performance and phase stability;
however, their corrosion behavior — particularly in aggressive molten salt environments — remains insufficiently
understood. Their complex chemistry and potential to form stable, protective oxide film make them promising
corrosion-resistant candidates for erecting CSP infrastructure, motivating further investigation. This work
focuses on the corrosion performance of additively manufactured HEAs under simulated CSP operating
conditions, with emphasis on linking alloy chemistry and manufacturing-induced microstructural features to
corrosion mechanisms. HEAs are fabricated using powder bed fusion techniques, enabling assessment of
printability, defect formation, and elemental segregation. To assess corrosion performance, advanced scanning
probe electrochemical microscopy techniques were adopted to probe localized electrochemical activities and
understand pitting corrosion susceptibility observed from conventional electrochemical techniques commonly
used to determine bulk corrosion resistant properties. To complete this novel corrosion microscopy approach,
advanced electron microscopy were used to assess pre- and post-exposure conditions of HEA and better
understand results from advanced electrochemical techniques. Finally, calculation of phase diagram
(CALPHAD) was employed to link kinetic properties with thermodynamics of degradation.
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Abstract Title: High recovery and selectivity of Zn bioleaching from steel iron scrap dust in the presence of
activated carbon

Abstract:

Zinc (Zn) is effectively used as a corrosion inhibitor for iron (Fe) steel products. In Uzbekistan, 60,000 tons of
Zn coating tape on water pipes are discharged annually to replace Cu pipes. It is desirable to introduce
high-purity iron scrap into the steel recycling process after the effective removal of Zn. The above Fe scrap dust



supplied from Uzbekistan was characterized as a mixture of ZnO, ZnFe204, and Fe304. In the present work,
the iron-oxidizing acidophile, Acidimicrobium ferrooxidans ICP, was inoculated into the bioleaching leachate of
Fe scrap dust under the strongly acidic conditions at ambient temperature. After optimizing the initial pH and
the pulp density of the dust, the leaching recovery of Zn was only 50%. However, the addition of activated
carbon significantly improved the leaching recovery of Zn to more than 90% as well as a high selectivity of Zn
over Fe. Activated carbon contributed to enhance the electron shuttle between ICP and Fe304 , which
contributes to the equilibrium shift in acid dissolution of ZnFe204.



Materials: Factory of the Future
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Abstract Title: Keynote: Breaking Rules and Scaling Law to Optimize Solid-State Additive Manufacturing of
Grain-Boundary Decorated Multicomponent Alloys

Abstract:

Nanocrystalline (NC) materials are considered the next frontier for lightweighting from a metallurgical
standpoint, because reducing crystal size to the nanoscale increases material strength and, in turn, potentially
reduces material thickness and weight requirements for structural components. However, NC materials coarsen
even at low homologous temperatures, leading to a loss of mechanical and functional properties and limiting
their suitability for structural applications. Using a mechanical alloying process to develop NC-microparticles
(MPs), we establish a thermodynamic strategy that addresses this thermal instability by doping a host NC
multicomponent alloy solvent with a solute that prefers to decorate grain boundaries (GBs) rather than remain in
the grain interior—a process that effectively offsets the excess energy at GBs that drives coarsening. The
careful selection of this solute involves breaking an age-long, well-established rule in the field of metallurgy. To
enhance splatting, flattening, and bonding of NCMPs during solid-state cold-spray additive manufacturing,
another scaling law is intentionally broken. This is followed by heat treatment of the consolidated parts to
develop bulk-stable, GB-decorated multicomponent alloys beyond the electrodeposition thickness limit to which
the field is accustomed. This approach ensures that the stable nanocrystalline structure of NC multicomponent
alloys is retained after consolidation. Taken together, this work represents a significant advance in tailoring NC
multicomponent alloys for structural applications.
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Abstract Title: Keynote: Powering Research in Materials Science: Hydro-Québec’s Path to Future Innovation

Abstract:

In the context of climate change, energy transition, and aging infrastructure, Hydro-Québec faces increasing
challenges related to the durability and performance of its critical assets. Many of these challenges are closely
linked to the behavior of materials under complex operating conditions, emphasizing the need to modernize
materials science research and development to support more effective decisionlmaking and longliterm asset
management. Current R&D practices in materials science at the Institut de recherche d’Hydro-Québec (IREQ)
remain limited by fragmented data management, predominantly intuitive test strategies, and insufficient
integration between experimental work, numerical modeling, and advanced data analytics. These limitations
reduce the efficiency and impact of materials research at a time when demands on infrastructure and innovation
are steadily increasing. The strategic project Laboratoires du futur en science des matériaux (Lab iMat) was
recently initiated at IREQ with the objective to address these challenging issues. This presentation outlines the
vision and objectives of the project Lab iMat, and discusses how the convergence of experimental, digital, and
datalcentric approaches can transform materials science workflows at IREQ by redefining materials science
laboratories through the integration of three key pillars: (i) materials computational modeling and artificial



intelligence, (ii) efficient and standardized data management, and (iii) advanced laboratory technologies. By
coupling experimental approaches with numerical simulations, and artificial intelligence, Lab iMat aims to better
target experimentation, improve data accessibility and reuse, and accelerate knowledge generation.
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Abstract Title: Machine-Learning-Based Prediction and Optimization of Nugget Characteristics in
High-Stacking-Ratio Resistance Spot Welds

Abstract:

Resistance spot welding (RSW) of dissimilar multi-sheet automotive steels is challenging to control due to
narrow process windows, complex thermo-electrical heat flow, and pronounced material property mismatches
at sheet interfaces. These challenges are more severe in three-sheet dissimilar joints, particularly in
high-stacking-ratio (HSR) configurations, in which a thin sheet is welded to two thicker sheets. Differences in
electrical resistance and thermal conductivity between the sheets make it hard to generate and distribute heat
evenly. As a result, achieving stable nugget formation and sufficient penetration into the thin sheet becomes
increasingly difficult. Weld quality in such joints depends strongly on welding parameters and their interactions,
which are not well captured by conventional statistical models that assume mainly linear relationships. The aim
of this work is to develop and evaluate machine learning (ML) regression models to predict nugget width and
penetration in three-sheet dissimilar HSR RSW joints, and to demonstrate how these models can support
welding parameter selection for automotive applications. Six supervised regression models were studied: ridge
regression, lasso regression, decision tree, random forest, support vector regression, and gradient boosting.
The models were trained using experimental data from welding trials conducted using a Box—Behnken design
(BBD) and Latin hypercube sampling (LHS). Key process parameters, including welding current, electrode
force, weld time, cool time, number of pulses, and hold time, were systematically varied. Model performance
was evaluated using the coefficient of determination (R2) and standard error metrics. SHAP analysis was used
to identify the relative importance of individual welding parameters and their interactions in nugget formation.
An inverse modeling approach was then applied to the best-performing model to determine parameter
combinations that achieve target nugget dimensions. Among the evaluated models, the gradient-boosting
regressor demonstrated the highest predictive accuracy, achieving R2 values of 0.94 for nugget width and 0.90
for nugget penetration. Welding current was the most influential parameter, followed by the combined effects of
electrode force and weld time. The average prediction error was 1.07% for nugget width and 13.34% for nugget
penetration, with the higher penetration error attributed to the increased sensitivity of thin sheet melting
behavior and interface asymmetry. In comparison, traditional regression models developed in Minitab exhibited
substantially larger errors. These results demonstrate that ML-based models, particularly gradient-boosting
models, can accurately predict weld quality in dissimilar three-sheet RSW joints with a limited number of
experiments. The proposed approach can reduce trial-and-error testing and help improve parameter selection
in automotive RSW. It also provides a foundation for future work on real-time process monitoring and control
and can be extended to other multi-sheet and dissimilar material welding applications.
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Abstract Title: Effect of Printing & Processing parameters on structural integrity of Binder Jet Co—Cr—Mo Alloy
Parts

Abstract:

Binder jet additive manufacturing (BJ-AM) offers a scalable approach for producing Co—Cr—Mo components
with complex geometries; however, the combined effects of printing parameters, sintering conditions, and
post-processing heat treatments on mechanical and electrochemical performance remain insufficiently
understood. In this study, ASTM F75 Co—Cr—Mo alloy was fabricated via BJ-AM while systematically varying
printing parameters, including powder particle size distribution, binder saturation, and recoat speed. The printed
parts were subsequently sintered at elevated temperatures under different atmospheres (vacuum, NE-5%HM,
and Ar-5%HM) to evaluate their influence on densification behavior and microstructural evolution. Following
sintering, two material conditions were investigated: the as-sintered state and a post-processed condition
involving solutionizing and ageing heat treatments. Densification was quantified using Archimedes
measurements, and microstructural characterization was performed using scanning electron microscopy,
electron backscatter diffraction, and X-ray diffraction texture analysis to assess pore morphology, grain
structure, crystallographic texture, and phase constitution, with particular emphasis on the FCC y-Co to HCP
e-Co transformation and the formation of secondary phases such as c-phase and carbides. Mechanical
performance was evaluated through microhardness measurements and room-temperature tensile testing
conducted in accordance with ASTM standards. Functional surface performance was assessed

through electrochemical polarization measurements, and tribocorrosion experiments performed on both the
as-sintered and solutionized + aged conditions in 1%NaCl solution. The evolution of wear coefficient, coefficient
of friction, corrosion current density, and material degradation under combined mechanical and electrochemical
loading was correlated with processing history, phase balance, and microstructural features. The results
demonstrate that printing parameters, sintering atmosphere and temperature, and post-processing heat
treatment collectively govern densification, phase stability, and defect populations, which in turn control tensile
behavior, wear resistance, and corrosion response. While solutionizing and ageing enhance hardness and wear
resistance, their influence on corrosion and tribocorrosion behavior is strongly dependent on the resulting
microstructure and secondary phase distribution. This work establishes an integrated
process—microstructure—property—performance framework for BJ-AM Co—Cr—Mo alloys and provides practical
guidance for optimizing their mechanical integrity and surface durability for biomedical applications.
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Abstract Title: MAPLE-Net: A Material-Agnostic Framework for Accelerated Qualification of Advanced Alloy in
Additive Manufacturing

Abstract:

The qualification of structural components for high-performance applications requires integrated design
strategies that couple fundamental alloy chemistry with manufacturability and performance under complex
thermal cycles. This work presents MAPLE-Net (Material-Agnostic Porosity Learning Engine), a
physics-informed machine learning framework for the systematic prediction of porosity across diverse alloy
systems in Laser Powder Bed Fusion (LPBF). MAPLE-Net combines advanced graph-based learning
architectures with physically meaningful elemental descriptors to encode candidate alloy-process combinations
while explicitly enforcing machine-specific process constraints. The framework enables a material-agnostic
approach to qualification, reducing the reliance on alloy-specific trial-and-error campaigns and extensive
post-build characterization. Building on a foundational dataset of over 3,000 builds across 50 distinct metal
alloys, MAPLE-Net represents a machine-learning-enhanced computational platform where models trained on



composition-process relationships augment descriptor-based screening to predict relative density across
unseen chemistries. The architecture is uniquely positioned to extend predictions to High-Entropy Alloys
(HEAs), Complex Concentrated Alloys (CCAs), and Multi-Principal Element Alloys (MPEAs), with modular
potential for transfer learning to predict mechanical properties such as hardness. Selected alloy candidates are
validated through a tight modeling-experiment loop involving advanced density characterization techniques to
calibrate performance in challenging low-density regimes. The results demonstrate the effectiveness of a
chemistry-first, data-augmented approach for accelerating the discovery and qualification of advanced
structural materials for aerospace, nuclear, and energy sectors.
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Abstract Title: A Holistic Study of Laser Powder Bed Fusion Processing of Monel 400

Abstract:

Laser powder bed fusion (LPBF) of Monel 400 is gaining interest; however, research remains scarce. This work
provides an overview of the entire process of investigating LPBF of Monel 400. A design of experiments
approach was employed to define the process parameter window wherein the as-printed product maintained a
density 299.5%. The microstructure of the as-built Monel 400 was found to be devoid of critical defects
(extensive porosity, cracks) and single phase but was segregated at the nanometric level into Ni-rich dendrites
and Cu-rich inter-dendritic regions. It was determined that the extent of nano-segregation could be modified
through post-build solution heat treatments that this influenced critical traits such as tensile properties and
impact toughness. The tensile strength of as-built specimen was comparable to wrought cold worked and
stress-relieved Monel 400, while the solutioned products were comparable to the alloy in a hot worked state.
Notably, all conditions, including as-built, exhibited excellent tensile ductility to fracture and heat treated LPBF
specimen were found to be equivalent to the wrought counterpart in terms of impact toughness.
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Abstract Title: Comparative study of CuSi3 and Cu filler wires on the microstructural evolution of laser-brazed
steel

Abstract:

Laser brazing is a critical process for joining Class-A automotive components, typically utilizing Cu-based filler
wires, while the fundamental relationship between filler wire chemistry and the resulting joint microstructure
remains insufficiently understood. This study investigated the influence of Si content on the microstructural
evolution by comparing the joint microstructure with CuSi3 and Cu wires. Results revealed that Si modified both
the interfacial reaction layer and braze metal. For both filler wires, the interfacial reaction layer was composed
of Fe(Si) solid solution as a matrix, and the braze metal was composed of Cu matrix with dispersed Fe-rich
phases/precipitates. Differently, the joint interface with CuSi3 wire was thinner, with some Cu-rich phases
formed in the Fe(Si) matrix, and showed reduced Cu penetration into the steel base metal, indicating that Si
inhibited the intermixing between Cu and Fe. Furthermore, the higher Si concentration within CuSi3 braze metal
promoted the formation of secondary precipitates within the Fe-rich phases. These findings demonstrated that
Si content is a critical factor for controlling interfacial reaction and braze metal precipitation morphology,
providing a basis for optimizing wire selection in high-performance automotive joints.
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Abstract Title: Processing Window Optimization of LPBF-HT9 Steel

Abstract:

HT9 ferritic—martensitic steel is a critical structural material for advanced nuclear systems and high-temperature
applications due to its excellent swelling resistance, irradiation tolerance, and thermal stability. However,
achieving near-full density during Laser Powder Bed Fusion (LPBF) remains challenging because densification
is highly sensitive to processing parameters. In this study, a systematic process parameter optimization was
conducted to investigate the influence of heat input on porosity formation in LPBF-fabricated HT9 steel. A
parametric matrix consisting of laser powers ranging from 250 to 300 W and scan speeds between 750 and 900
mm/s was manufactured on a single build plate using a stripe scanning strategy. Volumetric heat input was
calculated to correlate processing conditions with densification behavior. Porosity was quantitatively evaluated
through metallographic image analysis using optical microscopy. The results demonstrate a clear U-shaped
relationship between heat input and porosity content. At low heat input ( ~85 J/mm3) promoted gas-induced
spherical pores. An optimal heat input range of approximately 78—83 J/mms3 resulted in relative densities above
99.6% with minimal and uniformly distributed porosity. This study establishes a robust processing window for
LPBF-HT9 and provides practical guidelines for producing high-density components suitable for demanding
nuclear and high-temperature structural applications.
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Abstract Title: Digital Twins as Scientific Instruments for Closed-Loop Research

Abstract:

This work presents a research-centric perspective on digital twinning of physical processes as it applies to
efforts in closed-loop research with self-driving laboratories, as informed by efforts at Natural Resources
Canada. Efforts at CanmetMATERIALs are exploring how multi-physics simulations can be coupled with
automated experimentation within modular, traceable workflows that iteratively update models to guide
experimental decisions in optimization and exploration activities. Emerging Al-enabled approaches, such as
surrogate modeling, and generative methods, are being examined as supporting tools rather than replacements
for physics-based models. In this work we focus on the overview and implementation of a proposed
architecture, demonstrated using a simulation-driven case study on the generative design of 3D printed CO2
capture structures. This case study illustrates how digital twins can be integrated into the structured workflows
to support the exploration of complex process-structure-property relationships.
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Abstract Title: High value powder treatment



Abstract:

The race to electrify, miniaturize technologies and decarbonize industrial processes is fuelling growing demand
for high value-added materials. At the heart of this transformation is powder engineering. Powder engineering
involves all operations that transform metallic, mineral or chemical materials into fine particles smaller than 100
um, up to nano powders. This field has become a strategic area in the mining and metallurgy industries, helping
extract as much value as possible from critical resources, while meeting the highest standards of performance,
purity, traceability and sustainability. Designing these powders requires precise control over their size, particle
size distribution, shape and reactivity, all while complying with the health and safety standards specific to each
powder and managing the technological risks of new approaches. This complexity represents a major technical
and economic challenge. Each powder production technology comes with specific constraints, such as inerting
atmospheres, dust explosion risks, real-time particle size control, cross-contamination management, material
handling techniques and selection of compatible engineering materials. A rigorous, multidisciplinary
engineering design approach becomes essential . The example of titanium powder design solution is discussed
in this paper. Titanium is used in the aerospace industry, for 3D printing to produce very complex parts. The
titanium powder for the 3D printing is an atomized combustible powder that can be explosive.. In fact, the
titanium powder properties change with each production step. The feed material is a stable titanium wire, but
the atomized powder (0-250um) is combustible. The 3D printers have specific criteria of powder size, oxygen
content, particle shape and contaminants. To meet printer requirements, the bulk atomized powder needs to be
sieved and homogenized. One potential major problem is the reactivity of the small titanium powder. The
smaller is the powder, more reactive it is. A dust cloud of fine titanium powder needs only a static spark to ignite
and generate a deflagration. Sieving and homogenizing operation are generating a perpetual dust cloud due to
the constant movement of the powder. To mitigate the risk of explosion, an inerting system has been designed
by the author to monitor the environment in the equipment and shut it off if the safe operating conditions are
lost. Also, an interactive ventilation has been developed to detect the presence of a dust cloud to stop the
ventilation and send a shut off signal to the electrical equipment of the powder treatment area while the dust
cloud is settling down. As the demand for strategic materials grows, producing high-value-added powders
requires strict control over every manufacturing parameter. This makes powder engineering a key skill that
supports innovation, optimizes industrial performance, fosters growth and addresses the new challenges of
sustainable transformation.
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Abstract Title: Keynote: The Influence of Defect Removal Geometry and Contour Strategies on LDED Repair
Quality and Misalignment Sensitivity

Abstract:

Laser Directed Energy Deposition (LDED) is increasingly utilized for the remanufacturing of high-value
components, offering advantages over traditional welding such as lower heat input and the ability to restore
complex geometries. Despite these capabilities, the interaction between toolpath strategies, defect removal
geometry, and setup accuracy requires further investigation to ensure consistent part quality. This study
investigates the influence of groove geometry and deposition strategy on repair outcomes, specifically
examining groove angle, contour pass implementation, and contour pass modification type. Additionally, the
sensitivity of the repair process to part misalignment relative to groove angle is evaluated to examine process
tolerance for setup deviations. These variables are analyzed to determine their combined effect on interfacial
bonding efficacy and thermal-mechanical impact on the substrate. The objective is to identify a repair
processing window through selection of defect removal geometry and contour passes that optimizes for



bonding strength. The findings provide guidelines for tailoring toolpaths to specific geometric constraints and
alignment conditions in LDED repair applications.
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Abstract Title: Microstructure Evolution Modeling Framework of Additive Manufacturing

Abstract:

Additive manufacturing (AM) of metals involves a wide range of processing conditions that result in significantly
different thermal gradients and solidification behaviors across technologies such as directed energy deposition
(DED), wire arc additive manufacturing (WAAM), and laser powder bed fusion (LPBF). These variations
strongly influence microstructure evolution and crystallographic texture, which ultimately determine the
mechanical performance of fabricated components. In this study, a two-dimensional cellular automaton (CA)
framework is developed to model microstructure evolution during directional solidification under MAM-relevant
thermal conditions. The model incorporates a prescribed thermal field, stochastic nucleation based on local
undercooling, and anisotropic growth kinetics. Texture development is quantified using the probability-density
distribution of crystal angle relative to the build direction. Simulations performed at a constant interface velocity
and varying thermal gradients demonstrate a clear transition from equiaxed grain structures at low thermal
gradient to strongly columnar morphologies at high thermal gradient. These regimes correspond to different
MAM processes, ranging from DED/WAAM to LPBF. The corresponding orientation distributions show
increasing crystallographic alignment with the build direction, indicating progressive texture strengthening.
These results demonstrate that the proposed framework provides a unified and computationally efficient tool for
investigating microstructure and texture evolution across a range of MAM processes.
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Abstract Title: Failure Characteristics of an Additively Manufactured Near-$3 Titanium Alloy Across Processing
Conditions

Abstract:

Laser powder bed fusion (LPBF) enables the fabrication of B-titanium alloys with highly controlled
microstructures and exceptional specific strength. Among them, Ti-5Al-5Mo-5V-3-Cr (Ti5553), a high-strength
near-B alloy known for its excellent fatigue resistance and deep hardenability, exhibits significant improvements
in mechanical performance when precipitation-hardening heat treatments promote a-phase formation within the
B matrix. Despite these advantages, the alloy’s response under extreme loading conditions remains
insufficiently understood. This study examines the high strain-rate deformation and failure mechanisms of
as-built and heat-treated LPBF-Ti5553 using split Hopkinson pressure bar testing. The as-built alloy,
characterized by columnar prior-p grains elongated along the building direction, exhibited pronounced
strain-rate sensitivity. Localized shear instability led to the formation of adiabatic shear bands, ultimately
promoting catastrophic fracture. In comparison with the as-built condition, heat-treated samples, solutionized at
800 °C for 3 h and aged at 600 °C for 4 h to promote a-phase precipitation, exhibited higher flow stress but



reduced strain to failure, reflecting the strengthening effect and diminished ductility associated with fine a
precipitates within the B matrix. The maximum ultimate compressive strength, reaching 1550 MPa, was
achieved in heat-treated samples tested at a strain rate of 1000 sl'. Post-impact OM, scanning electron
microscopy, and electron backscatter diffraction analyses revealed a ductile—brittle mixed-mode failure in the
as-built alloy, whereas the heat-treated condition failed predominantly by brittle fracture. These findings
underscore the critical influence of microstructural state on dynamic strength, failure resistance, and energy
absorption capacity of LPBF-Ti5553, offering valuable insights for the design of impact-critical aerospace and
defense components.
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Abstract Title: Engineering Nickel-Aluminum Bronze through Additive Manufacturing: Role of Process
Parameters

Abstract:

Nickel-aluminum bronze (NAB) alloys are extensively used in marine engineering owing to their excellent
resistance to corrosion, erosion, and cavitation in seawater environments. However, conventionally cast NAB
alloys often exhibit coarse and heterogeneous microstructures, phase-selective corrosion, and limited control
over phase distribution, which restrict their long-term performance in demanding applications. Additive
manufacturing (AM), particularly laser powder bed fusion (LPBF), offers a unique opportunity to tailor the
complex multiphase structure of NAB alloys through precise control of process parameters. In this study,
nickel-aluminum bronze alloy (NAB C95800 / CuAI9Ni5Fe4) was fabricated using LPBF, and the effects of
processing parameters on microstructural evolution, phase transformation, and corrosion behavior were
systematically investigated. The rapid and non-equilibrium thermal cycles inherent in LPBF significantly
influenced solidification and subsequent phase transformations, resulting in distinct microstructural
architectures comprising a, p’, and k phases with varying morphology, size, and distribution. Systematic
variation of LPBF parameters enabled controlled modification of cooling rates and thermal gradients, directly
governing phase stability and transformation pathways. Moreover, electrochemical corrosion testing revealed a
strong correlation between corrosion behavior and microstructural features dictated by process conditions.
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Abstract Title: Keynote: Practical Considerations of Machine Learning for Defect Detection in Industrial Laser
Cladding Processes

Abstract:

Apollo-Clad Laser Cladding, an Edmonton-based division of Apollo Machine & Welding Ltd., applies wear and
corrosion resistant coatings to downhole tool components using high-power laser cladding processes. Building
on the successful completion of a multi-partner Industrial Research Assistance Program (IRAP) project
involving Canadian and German institutions, Apollo is advancing the integration of machine-learning (ML)
based coating defect detection models into active production environments. The project focuses on deploying
trained ML models as an operator-assist recommendation engine, providing near real-time feedback during
laser cladding operations. The intent is to identify process instabilities and defect precursors that are



traditionally only observable during post-process inspection or via destructive metallurgical evaluation, which is
not feasible for production components. The ML framework utilizes spatiotemporal thermal history data
acquired in situ and correlates these signals with metallurgically validated outcomes, including defect
classification and coating quality metrics. This approach has demonstrated strong performance for
nickel-tungsten carbide abrasion-resistant coating systems. This work examines the practical challenges
associated with integrating ML decision-support tools into high-mix, low-volume production laser cladding
operations, including data latency, operator interaction, and process variability. The implications of scaling the
methodology to approximately 35 active production alloy systems and 11 production laser cladding cells are
also discussed, with emphasis on model generalization, data requirements, and deployment robustness. The
successful implementation of ML-enabled laser cladding operations establishes a foundational capability for the
adoption of more complex metal additive manufacturing processes, supporting a key strategic growth area for
both Apollo’s business and the broader Canadian advanced manufacturing sector.
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Abstract Title: Fracture Behaviour of LPBF 316L Stainless Steel

Abstract:

316L stainless steel has emerged as the material of choice in aerospace and marine engineering applications
due to its exceptional corrosion resistance and weldability. In these applications, intricate and near-net-shaped
geometries are often required. While Laser Powder Bed Fusion (LPBF) enables the fabrication of these
complex forms, the process introduces unique microstructural heterogeneities and defects that complicate
fracture predictability. This study investigates the fracture behaviour of LPBF-fabricated 316L by integrating
multiscale microstructural characterization with mechanical performance testing. Melt pool morphology, grain
orientation, phase distribution, and defects, specifically porosity and lack of fusion, were analyzed and
correlated with tensile properties. The findings reveal that microstructural heterogeneity, particularly the
distribution of melt pool boundaries and localized defects, acts as the primary driver for crack initiation and
propagation. Specifically, the results indicate that the morphology and distribution of porosity and
microstructure dictate the mechanical response under the varying loading scenarios. These insights establish a
clearer link between additive manufacturing parameters and structural integrity, providing a foundation for more
robust qualification strategies for 316L in demanding environments.
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Abstract Title: Enabling Digital Transformation in Brownfield Process Plants

Abstract:

Modern metallurgical and materials processing facilities increasingly rely on digital technologies to improve
operational efficiency, process stability, energy performance, and asset lifecycle management. However, a
fundamental barrier to digital transformation in many brownfield operations is the presence of aging control
systems that cannot be replaced or modernized without extended plant outages, production losses, and
elevated operational risk. This novel solution is an approach to control system modernization that enables
continuous plant operation during digital transformation initiatives. The approach is based on TEMPUS
technology, which allows legacy and new control systems to operate in parallel and in real time, maintaining full



process visibility and control continuity throughout the transition. By decoupling modernization activities from
production shutdowns, this methodology supports incremental adoption of advanced digital tools while
preserving metallurgical process stability. This presentation discusses how zero-interruption modernization
enables key Factory of the Future objectives, including improved operational resilience, reduced startup and
shutdown events, lower outage-related energy use and emissions, and safer execution of modernization
programs. Examples from industrial applications are used to illustrate how continuous operation during control
system replacement protects production value, supports long-term asset sustainability, and accelerates the
deployment of modern analytics, optimization, and automation capabilities. By reframing control system
modernization as an enabler of continuous improvement rather than a discrete outage-driven project, this
approach provides a practical pathway for materials and metallurgical facilities seeking to advance digitalization
while maintaining uninterrupted operations.



Materials: Manufacturing for Extreme Conditions
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Abstract Title: Sub-Ambient Dynamic Compression Response of Laser Powder Bed Fused Ti-5553 Alloy

Abstract:

Additive manufacturing has enabled the fabrication of metallic components with complex geometries and
enhanced design flexibility, expanding the applicability of advanced structural alloys. In this context, the
production of metastable B-titanium alloys via laser powder bed fusion (LPBF) has attracted growing interest
due to their high specific strength, excellent toughness, and superior fatigue resistance. Among these alloys,
Ti-5Al-5Mo-5V-3Cr (Ti5553) has emerged as a promising candidate for critical aerospace components,
including landing gear systems, which are routinely subjected to high strain-rate loading conditions. In
cold-climate regions, such as Canada, landing gear structures may additionally experience dynamic loading at
reduced temperatures, making the understanding of sub-ambient high-rate deformation behavior particularly
important. In this study, the dynamic compressive response of LPBF-Ti5553 was investigated under high
strain-rate impact loading at room and sub-ambient temperatures. The results indicate that reducing the testing
temperature leads to a measurable increase in compressive strength, while the overall deformation capability
remains largely unchanged. This combination of enhanced strength retention and stable ductility under
sub-ambient dynamic conditions highlights the alloy’s suitability for impact-critical applications operating in cold
environments. Microstructural examinations revealed that plastic deformation at sub-ambient temperatures is
primarily accommodated through dislocation-mediated slip during high strain-rate loading. These findings
provide insight into the low-temperature dynamic performance of additively manufactured Ti-5553 and support
its potential use in aerospace components subjected to impact loading in cold service conditions.
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Abstract Title: From Incipient Shear Localization to Fully Developed Adiabatic Shear Bands in Shock loaded
Additively Manufactured Ti5553

Abstract:

Laser powder bed fused (LPBF) near-beta Ti-5Al-5Mo-5V-3Cr (Ti-5553) titanium alloy offers an attractive
combination of high strength and heat-treatability. However, capturing the evolution of deformation stability
under coupled high strain-rate and thermal loading remains a central challenge for additively manufactured
metastable Ti-5553 alloy. Given the critical role of adiabatic shear band (ASB) formation in governing plastic
instability and failure under impact loading, this study focuses on identifying temperature-dependent
deformation pathways and the onset of localization under near-adiabatic conditions. High-temperature dynamic
compression experiments revealed that localized shear progressively dominates the deformation response with
increasing temperature, accompanied by enhanced recovery activity and pronounced grain shape evolution



outside the shear zones. Under the most extreme combination of high strain rate and elevated temperature,
well-defined adiabatic shear bands formed and were characterized by fully recrystallized ultrafine equiaxed
microstructures, indicating severe localized strain and temperature rise. In contrast, regions remote from the
shear bands exhibited extensive grain pancaking together with partial recrystallization, reflecting bulk thermal
softening rather than localized instability. Micro-texture analysis further revealed the rotation of  grains away
from the LPBF-inherited l100M texture toward alternative preferred orientations under dynamic loading.
Together, these observations provide a framework for understanding how thermal conditions govern
deformation localization in LPBF-made Ti-5553 and offer experimentally grounded insight into the mechanisms
controlling impact-induced failure in additively manufactured B-titanium alloys.
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Abstract Title: Dynamic Resistance Curve Analysis in Resistance Spot Welding of Multi-Sheet, High-Ratio
Automotive Steels

Abstract:

Dynamic resistance analysis serves as a powerful tool for interpreting heat generation, current flow, and the
evolution of nugget formation at the sheet/sheet interface during resistance spot welding (RSW). In
conventional two-sheet stack-ups, the characteristic regions of the dynamic resistance curve and their
corresponding physical events are well understood. However, this interpretation becomes less straightforward
in multi-sheet, high stacking ratio configurations due to the presence of additional resistive interfaces. Even in
complex multi-sheet RSW stack-ups, tracking of key features such as how the B-peak time and associated
resistance drop rate shift with increasing thickness ratio can reveal systematic trends in nugget initiation and
growth. By understanding these trends, welding schedules can be tailored to trigger earlier and more uniform
nugget formation across all interfaces, thereby improving joint strength in high stack-up ratio configurations.
This study focuses on developing practical RSW strategies for high-thickness-ratio, multi-sheet automotive
joints made from 3G-980, DP-980, and CR4 steels, configured in six two- and three-sheet stack-ups, covering
thickness ratios from 2 to 6.3. Central-composite design experimental weld schedules based on AWS D8.1
were executed on a robotic MFDC welder while recording dynamic resistance; the signals were FFT-smoothed
and differentiated to extract B-peak timing and post-peak resistance-drop rates as quantitative indicators of
nugget initiation and growth. Experimental analysis in this study also included half-sectioned RSW coupled with
infrared imaging and simufact simulations of all three grades of steel investigated. Simufact and half-section
experimental results revealed that in dissimilar stackups, the nugget front can advance and retreat dynamically
during multi-pulse welding, with inter-sheet interactions reducing the effective resistance throughout the weld
cycle. The pace of nugget growth, as indicated by the post-B peak slope of the dynamic resistance curve, was
greatest at low electrode forces and high currents. Similar stackups showed the most aggressive resistance
drops and more predictable heat generation at optimal conditions, while dissimilar or multi-thickness
configurations exhibited more modest resistance changes and delayed nugget formation, reflecting complex
heat flow paths and the influence of coatings or mismatched resistivities. Multi-pulse strategies with interpulse
cooling were found to balance rapid nugget growth with process stability, enabling more robust welds in these
challenging stackups. Ultimately, a robust optimization approach, centered on early B peak occurrence and
steep post-P resistance drops, but constrained by expulsion risk, enabled the proposal of practical welding
schedules across a range of advanced automotive stackups.
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Abstract Title: Corrosion and Indentation Properties of a Cold-Sprayed Titanium Coating Produced using
Angular Powder Feedstock

Abstract:

Cold spray additive manufacturing has gained increasing attention as a viable method for repairing titanium (Ti)
components operating in aggressive environments. Despite its growing use, the electrochemical behavior of
cold-sprayed commercially pure (CP)-Ti under the combined influence of acidic and chloride-containing media
remains insufficiently understood. In this study, the corrosion and mechanical performance of additively
manufactured angular Ti produced by cold spray were evaluated. Crevice corrosion testing was performed
according to ASTM G48-11, while electrochemical behavior was characterized using potentiodynamic
polarization and electrochemical impedance spectroscopy (EIS) in 60 g/L sulfuric acid (H2S04), 20 g/L sodium
chloride (NaCl), and mixed solutions. The crevice corrosion results demonstrated that the additively
manufactured CP-Ti was not susceptible to crevice corrosion under the tested conditions. Polarization curves
and EIS spectra, however, revealed notable differences between the additively manufactured material and the
bulk rolled plate. A synergistic effect between acidic and chloride environments was observed. The additively
manufactured Ti exhibited lower charge-transfer resistance compared with that of the bulk-rolled Ti plate in
20g/L NaCl and mixed solution. This behavior is attributed to microstructural heterogeneities, including splat
boundaries and interparticle interfaces. The micro and nanomechanical properties of the additively
manufactured Ti were investigated using Vickers microindentation and Berkovich nanoindentation. These
findings are consistent with the presence of heterogeneous deformation zones governed by splat morphology,
bonding quality, and grain refinement induced by high-strain-rate impacts during deposition. Overall, this work
provides new insights into the relationship between microstructural features, electrochemical response, and
indentation-based mechanical behavior in additively manufactured CP-Ti.
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Abstract Title: Oxidation behavior of additively manufactured Cu—Ag alloy

Abstract:

In this study, the oxidation behavior of Cu and Cu—Ag samples manufactured by laser powder bed fusion
(LPBF) was systematically investigated at temperatures up to 800 °C. Oxidation kinetics were quantified using
thermogravimetric analysis (TGA). At lower temperatures (300 - 600 °C), Cu—Ag initially exhibited a higher
oxidation rate than pure Cu; however, its oxidation rate decreased noticeably with time, resulting in a lower
overall mass gain. In contrast, at higher temperatures (700 - 800 °C), Cu—Ag showed superior oxidation
resistance from the early stages of exposure. Microstructural characterization using scanning electron
microscopy (SEM) and energy-dispersive spectroscopy (EDS) revealed that the oxide scale formed on Cu—Ag
was thinner and more compact compared to that on pure Cu. Overall, these results demonstrate that Ag
addition modifies oxidation kinetics and oxide scale development in LPBF-made Cu, providing an effective
approach to enhance high-temperature oxidation resistance.
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Abstract Title: Material Selection and Manufacturing-Driven Factors for Wet Hydrogen Chloride Environments

Abstract:

Wet hydrogen chloride (HCI) environments present one of the most aggressive corrosion environments in the
mineral processing industry, particularly when combined with elevated temperatures, organic contaminants,
and thermal cycling. The degradation mechanisms in wet HCI governed by its strong reducing nature and high
permeability through most liner materials significantly restrict the range of viable materials of construction. This
case study examines the premature failure of a carbon steel column lined with PFA (perfluoroalkoxy) lining
operating at 125 °C in a wet HCI vapor stream. The failure analysis demonstrates that although PFA is
chemically resistant to HCI, the thickness of powder spray-applied lining is insufficient, which accelerated HCI
permeation leading to under-liner corrosion, blistering, and catastrophic coating failure. These
manufacturing-driven vulnerabilities underscore the need to evaluate not only the material but also the method
by which it is applied This study evaluates several alternative systems, including glass lining, PTFE
(Polytetrafluoroethylene)/PFA loose linings, rotationally molded PFA, and FRPEbased composite construction.
Each option demonstrates that long-term performance in wet HCI is governed as much by manufacturing
method as by inherent material properties. Glass lining offers very low permeation and excellent chemical
resistance but requires extensive vessel redesign to eliminate stress concentrators, accommodate swaged
nozzles, and manage the thermal expansion mismatch between glass and steel. Inadequate design
modification or improper firing can result in cracking, delamination, and costly repairs. Fluoropolymer linings,
particularly loose PFA or PTFE systems, provide strong chemical resistance but are highly sensitive to
manufacturing quality. Welded sheet linings introduce stress risers and potential leak paths, particularly at
nozzles; paste-extruded PTFE offers low permeability but is limited to specific diameters; and rotationally
molded PFA provides seamless construction but cannot reliably coat complex internals such as packing
supports. Fibre reinforced polymer (FRP) construction with an internal PFA or PTFE liner emerges as a
promising alternative, offering structural robustness, reduced risk of catastrophic failure, and improved
manufacturability. However, this approach requires careful attention to venting, thermal cycling, and bonding
limitations, particularly under vacuum conditions. Permeation resistance is strongly influenced by liner type,
thickness, crystallinity, void content, and processing conditions, all of which vary significantly between
manufacturers and fabrication methods. Overall, reliable operation in wet HCI environments requires a holistic
approach that integrates materials science with detailed manufacturing engineering. Material selection must be
paired with rigorous evaluation of fabrication processes, quality control practices, and design improvements.
Failure to address these manufacturing-driven factors can negate the inherent corrosion resistance of even the
most chemically robust materials.
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Abstract Title: Reactive Spark Plasma Sintering of B4C—NiAl Rebinder Cermets

Abstract:

Reactive spark plasma sintering (RSPS) provides a route to toughen boron carbide (B4C) for lightweight armor
applications by forming a ductile intermetallic binder in situ without promoting deleterious ceramic—metal
reaction products. This paper investigates B4C—NiAl “rebinder” cermets processed by RSPS, in which
elemental Ni and Al react exothermically during the early stage of the SPS cycle to synthesize NiAl (observed at
approximately 505 °C in the presence of B4C), followed by high-temperature consolidation to near-full density.
Cermets containing ~10 vol% NiAl are fabricated to quantify the



composition—processing—microstructure—property relationships and to identify an optimal binder fraction that
maximizes specific fracture toughness while preserving the intrinsic hardness advantage of B4C.
Microstructures and phase distributions are characterized by SEM (including compositional contrast and EDS
mapping) to evaluate NiAl connectivity, porosity, grain-boundary wetting, and interface integrity, and XRD is
used to confirm phase constitution and verify the absence of unintended reaction products. Mechanical
response is assessed via Vickers hardness and indentation fracture toughness, supported by density
measurements for specific-property comparisons. Preliminary proof-of-concept RSPS trials have already
demonstrated a dense B4C—-NiAl microstructure with a chemically clean interface, along with hardness of 28.3
+ 0.7 GPa (HV1) and indentation fracture toughness in the range 3.5-6.4 MPa-m1/2 (average ~ 5.0 MPa-m1/2)
at an effective NiAl content of 11.3 vol%, indicating substantial toughening with minimal hardness penalty.
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Abstract Title: Characterization of Inconel 686 laser clad overlay

Abstract:

Materials with good high-temperature strength and corrosion resistance, such as nickel (Ni) superalloys, are
traditionally applied to the surfaces of critical mining equipment using arc welding technology (i.e., weld overlay)
which is a common method for repairing and extending the longevity of mineral processing infrastructure. Laser
cladding is an alternative method of overlay, which has a lower heat input than traditional arc techniques,
thereby reducing distortion and dilution. The objective of the current study is to characterize the microstructure
& hardness of laser clad Inconel 686 layer. A parameter set was selected from prior optimization work and a
single-layer multi-track clad was produced at a standard 50% overlap. The resultant clad layer exhibited dilution
levels of 15.44% + 0.11%. Hardness mapping showed variation in hardness between the clad layer and
substrate, with the heat-affected zone showing increased hardness compared to the bulk of the substrate.
Analysis of the microstructure showed intertrack lack of fusion defects as well as evidence of micro segregation
of molybdenum-enriched particles. The combination of results shows the need for further identification of
process-microstructure-property relationships.

Author(s) & Affiliation: Oluwaseyi Adeniyan, Canmic Consulting Inc.
Abstract Title: Microstructural Evolution of AA7055 Aluminium Alloy

Abstract:

The material investigated in this project is AA7055 Aluminium alloy at T7751 tempered condition. It was solution
heat treated to obtain two additional temper conditions; T6 and T4. To produce the T4 temper, the as-received
aluminium alloy was subjected to single-step heat treatment at 4500C for 1.5h and quenched in water. Other
sets of as-received samples were subjected to two-step heat treatment which involves heat treating at 4500C
allowed to homogenize for 1.5hrs and quenched in water. The as-quenched specimens were age-hardened for
8hours at 1000C and for 24hrs at 1200C. Upon impacting these alloys, maximum strength obtained for the
T7751, T6, T4 tempered alloy are 822MPa, 748MPa and 640MPa respectively. Similarly, Compressive tests
were carried out at a slow strain rate and the maximum strength obtained for T7751, T6, T4 are 1392MPa,
957MPa and 525MPa respectively. As a result of the dynamic impact test and slow strain rate deformation
carried out on the aluminium alloys, adiabatic shear bands are seen mostly along the circumference of these
alloys as detailed in the results section. This can be due to the high deformation resistance of these alloys, heat
generated at the point of impact as well as dislocation of second phase particles distributed within the crystal



structure are observed with the Scanning Electron Microscope.

Author(s) & Affiliation: Ehsan Gerashi, Memorial University of Newfoundland; Xili Duan, Memorial University
of Newfoundland; Murray Pearson, Hatch Ltd.; Sima Alidokht, Memorial University of Newfoundland; Richard
Chromik, McGill University

Abstract Title: Hybrid additive manufacturing of Alloy 625—CuNi bimetallic structure

Abstract:

Hybrid Additive Manufacturing (HAM) has recently gained significant attention as a method for producing
multilayer and bimetallic structures. Alloy 625—CuNi bimetallic systems, in particular, are increasingly
investigated for applications requiring excellent thermal conductivity, and tailored mechanical performance,
such as in heat exchangers. In this study, a bimetallic Alloy 625 - CuNi structure was successfully fabricated
using HAM combining Wire Arc Additive Manufacturing (WAAM) and Cold Spray (CS), leveraging the
advantages of both processes. Various WAAM deposition routes were explored, and the molten pool behavior
during fabrication was captured using a high-speed camera to better understand process stability and interlayer
bonding. WAAM enabled rapid deposition with strong metallurgical bonding, while CS contributed refined
microstructural features and reduced heat input in selected regions. The resulting multilayer architecture was
systematically characterized using optical microscopy (OM), scanning electron microscopy (SEM), and X-ray
diffraction (XRD) to evaluate microstructural evolution, phase constitution, and interlayer integrity. Microscale
mechanical properties were assessed through nanoindentation to quantify hardness and modulus variations
across individual layers.
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Abstract Title: Design of Thermomechanical Processing Routes for Nanostructured Titanium Alloys for
Osteosynthesis Implants

Abstract:

Bone fractures and degenerative skeletal conditions drive a growing demand for implants that combine high
mechanical strength, long-term biocompatibility, and optimal biomechanical performance. Conventional titanium
alloys, such as CP-Titanium Grade 4 and Ti-6Al-4V ELI (Ti64), are widely used in clinical practice but are
limited by their high elastic modulus and biological functionality. In contrast, nanostructured B-type titanium
alloys, such as Ti-13Nb-13Zr (TNZ), offer reduced stiffness, enhanced osseointegration, and promising
antibacterial properties. However, the production of bulk nanostructured B-type titanium alloys has so far been
restricted to laboratory-scale severe plastic deformation processes with limited industrial applicability. This
study introduces a novel thermomechanical processing route based on Continuous Multidirectional Swaging
(CMDS) for the continuous fabrication of flat, nanostructured titanium semi-finished products for osteosynthesis
applications. The CMDS process was specifically designed to enable simultaneous macroscopic shaping and
microstructural refinement, supported by dedicated tool development and numerical simulations to ensure
homogeneous deformation and controlled strain distribution throughout the semi-finished product. CMDS
processing of TNZ, followed by tailored heat treatment, resulted in a homogeneous nanostructure with grain
sizes below 100 nm and tuneable mechanical properties suitable for load-bearing implant applications. In
contrast, Ti64 exhibited a significantly reduced nanostructuring capability under comparable processing
conditions, highlighting fundamental differences in the deformation and recovery behaviour of o+ and pB-type
titanium alloys. The presented results demonstrate that CMDS effectively overcomes key scalability limitations



associated with conventional severe plastic deformation techniques and underlines the superior suitability of
B-type titanium alloys for industrial-scale nanostructuring. Overall, this work establishes CMDS as a promising
manufacturing route for advanced, nanostructured titanium semi-finished products for next generation
osteosynthesis implants.
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Abstract Title: In-Situ Thermal Imaging for Assessing Part Quality in Laser Powder Bed Fusion 316L Stainless
Steel

Abstract:

In Laser Powder Bed Fusion (LPBF), thermal conditions vary across a build due to geometry-dependent heat
flow and scan parameters. These spatial variations can lead to defects that are difficult to capture with
conventional ex-situ inspection, particularly subsurface features that influence microstructure and mechanical
performance. In this work, in-situ thermal imaging is used to extract fundamental thermal features throughout
the build. These features are compiled into a voxel-based representation of the part to evaluate how local
thermal history affects the final material response. Thermal signatures produced under different laser
processing conditions are analyzed, and empirical correlations are developed between these thermal features
and key properties of LPBF-processed 316L stainless steel, including yield strength, elongation, and porosity.
The results demonstrate clear links between in-situ thermal measurements and final part quality, providing a
basis for improved process monitoring and enabling future in-situ part qualification strategies in LPBF.
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Abstract Title: Vacuum Purification of Iron Meteorites

Abstract:

The depletion of critical minerals has prompted interest in alternative metal sources such as electronic waste,
asteroids, and seabed nodules. These secondary resources offer processing advantages by minimizing
non-metallic separation and reducing environmental impact. Vacuum processing presents a sustainable,
energy-efficient method applicable both on Earth and in space. This study aims to investigate the
thermodynamic behavior of metal processing under extremely low-pressure conditions to support future global,
cost-effective metals recovery strategies.
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Abstract Title: Effect of Grain-Boundary Decoration on Irradiation Damage Response of Nanocrystalline
High-Entropy Alloys

Abstract:
Nanocrystalline (NC) materials and high-entropy alloys (HEAs) have individually been sought for nuclear
applications due to their exceptional mechanical and functional properties. Combinatorially, they (NC-HEAS)



can provide vastly superior mechanical strength and heightened radiation tolerance than micro- and
nano-crystalline traditional alloys. However, NC materials constitute a large high-energy grain boundary (GB)
area that is prone to grain growth at low homologous temperatures. Such coarsening negates the benefits of
utilizing their high density of defect sinks and mechanical properties in nuclear applications. As a result, both
kinetic GB pinning and/or thermodynamic GB stabilization approaches are well-known adopted strategies to
stabilize nanograin coarsening. Developing a novel NC-HEAs via mechanical alloying and subsequent heat
treatment that drives solute/constituent HEA elements to GB to reduce the excess energy there, the effect of
prior thermodynamic GB-decoration on the irradiation response of NC-AlICoCrFe-Zr in comparison with the
as-milled counterpart is evaluated. Using Intermediate Voltage Electron Microscopy (IVEM)-Tandem facility at
Argonne National Laboratory, a linear ion accelerator with a 911 Danfysik ion source coupled with a Hitachi
9000 TEM was used for simultaneous ion irradiation (up to 15dpa) and in-situ electron imaging, at room
temperature. X-ray scattering experiments were performed at the 28-ID-2 X-ray Powder Diffraction (XPD)
beamline of the National Synchrotron Light Source-Il, Brookhaven National Laboratory, for post-irradiation
examination of structural evolutions in irradiated doped/undoped NC-HEA samples. Using atom probe
tomography for 3D evaluation of radiation-induced segregation at the atomic scale, this talk will focus on the
observed suppressed grain growth rate and defect density/formation in NC-AlCoCrFe-Zr compared to those
traditionally seen in literature for NC materials; GB segregation further suppresses irradiation damage
compared to as-milled samples. Catalogued together, this work provides a pathway for accessing the
technological benefits of GB-decorated NC-HEAs as a new concept for improving the radiation tolerance of
materials for nuclear applications.
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Abstract Title: Effect of Mo Content on Core—Rim Structure Formation and Interfacial/Mechanical Properties of
TiC/Fe Composites

Abstract:

Steels are extensively used across diverse industrial fields, and various strengthening techniques have been
applied to meet increasingly stringent property requirements driven by advances in industrial technology.
However, approaches that rely solely on strengthening conventional steels materials materials have inherent
technical limitations. To respond to these evolving industrial demands, the development of high-performance
materials that surpass the limitations of monolithic materials is essential. Steel-based metal matrix composites
reinforced with TiC ceramic particles are high-performance materials that exhibit high specific strength,
excellent strength, superior wear resistance, and various other outstanding properties, and can effectively
overcome the performance limitations of conventional steels materials under extreme conditions such as high
loads and severe wear. TiC/Fe metal matrix composites are generally known to possess good wettability and
thermal stability; however, depending on the processing temperature and the surface condition of the
reinforcement, interfacial defects may form and the particles may become non-uniformly dispersed. The
interfacial state and particle dispersion are important factors that directly affect the mechanical properties, and
their precise control is therefore crucial. Meanwhile, when TiC/Fe metal matrix composites are fabricated under
liquid-state conditions, TiC particles partially dissolve into the steel matrix during processing and subsequently
re-precipitate, giving rise to Ostwald ripening. In this process, undissolved TiC particles act as cores, around
which a (Ti,M)Cx rim phase forms, ultimately leading to the development of a core—rim structure. At this stage,
elements in the metallic matrix with a high affinity for TiC substitute for M in the rim region and become enriched



there; this is a thermodynamically spontaneous phenomenon that occurs to minimize the free energy. If
appropriately exploited, this behavior can be used to improve interfacial characteristics and enhance particle
dispersion. However, most previous studies on this phenomenon have focused on elucidating the mechanisms
through theoretical calculations or thermodynamic analyses, and systematic investigations that fabricate actual
composites via liquid processing and examine how microstructural changes associated with Ostwald ripening
and core—rim formation influence mechanical properties remain insufficient. Therefore, in this study, the Mo
content was systematically varied, and the Ostwald ripening phenomenon was actively utilized to fabricate
TiC/Fe metal matrix composites, followed by evaluation of the resulting microstructural evolution and
mechanical properties. On this basis, the correlations between the core—rim structural characteristics and the
mechanical properties as a function of Mo content in TiC/Fe metal matrix composites were investigated.
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Abstract Title: In-situ X-ray Diffraction Quantification of Stacking-Fault Energy Evolution during Deep
Cryogenic Treatment of High-Manganese Steels

Abstract:

Deep cryogenic treatment (DCT) has emerged as a promising approach to enhance the performance of
high-manganese austenitic steels used in oil-sands mining, yet the fundamental mechanism by which DCT
alters stacking-fault structures and stacking-fault energy (SFE) remains insufficiently resolved. In this work, we
employ in-situ X-ray diffraction (XRD) to quantitatively track the evolution of stacking faults, microstrain, and
lattice parameter during cryogenic exposure, and integrate these findings with strain-controlled compression
testing to directly correlate the XRD-derived SFE changes with deformation mechanisms, particularly twinning
activation. Using the Reed—Schramm methodology for SFE determination from diffraction line broadening and
peak shifts, in-situ XRD measurements captured the dynamic evolution of the austenitic lattice throughout the
DCT cycle. A progressive lattice contraction was observed as the temperature decreased to —180 °C,
accompanied by a significant reduction in microstrain and dislocation density. These changes were reflected in
both peak broadening and systematic shifts in the {111} and {200} reflections, allowing precise calculation of
stacking- fault probability (SFP) and the corresponding SFE at each stage of the cryogenic cycle. The results
show a clear post-DCT reduction in effective SFE, indicating a lattice state more susceptible to Shockley partial
separation and fault-mediated deformation. To validate the mechanical implications of the XRD findings,
compression tests were performed on DCT-treated and as-received specimens. The DCT material exhibited a
distinct acceleration in twinning kinetics, initiating mechanical twinning at lower strains and sustaining a higher
rate of twin propagation throughout deformation. This behavior is consistent with the lower SFE measured by
in-situ XRD, which reduces the critical stress required for twin nucleation. The enhanced twin activity also
resulted in a more pronounced Stage Il hardening regime, confirming that the lattice conditioning observed
during DCT has direct consequences for subsequent plasticity. By combining real-time XRD analysis with
mechanical testing, this study provides a comprehensive understanding of how DCT modifies the stacking-fault
landscape and, in turn, controls the activation and evolution of twinning in high-Mn steels. The integrated
approach highlights the value of in-situ XRD as a quantitative tool for assessing SFE evolution, while the
mechanical tests affirm the functional impact of these microstructural changes. These insights offer an
experimentally grounded pathway for tailoring cryogenic processing conditions to engineer high- Mn steels with
improved strain-hardening capacity and enhanced durability in extreme mining environments.
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Abstract Title: Influence Of Deep Cryogenic Treatment On Residual Stress Development And Abrasive Wear
Performance In WC—NiFe Overlays

Abstract:

Ground-engaging components in mining machinery are subjected to severe abrasive forces, leading to
performance losses, increased maintenance costs, and unplanned downtime. Composite overlays
incorporating tungsten carbide (WC) particles within Ni-Fe matrices are widely used to improve wear
resistance; however, further improvement of material efficiency remains a top industrial challenge. Although
deep cryogenic treatment (DCT) has been explored for steels and tool alloys, its application to WC—NiFe
composite overlays and the associated microstructural mechanisms remain largely unexplored. This study
investigated the effects of DCT on the microstructure and wear performance of a WC-reinforced Ni-Fe
composite overlay deposited on a martensitic steel substrate used in mining operations. A combination of G65
abrasive wear testing, scanning electron microscopy (SEM), and in-situ X-ray diffraction (XRD) was used to
examine changes in performance, microstructure, and residual stress state post- treatment. Applying a DCT to
the material noted a reduction in material loss during G65 testing compared to the as-received condition,
indicating a change in the tribological response of the system. SEM imaging revealed reduced crack thickness
between WC particles after DCT, implying microstructural constraint or partial crack closure. Residual stress
analysis supported this trend, with XRD measurements indicating the development of compressive stresses
during treatment. To further understand and explore the underlying mechanisms, a thermo-mechanical finite
element model was developed in ABAQUS using temperature-dependent material properties obtained from
Thermo-Calc. The simulations provided insight into the magnitude and spatial distribution of residual stress
fields generated during DCT, while experimental XRD data validate stress evolution predicted by the simulation.
Although DCT appeared to modify crack morphology through compressive stress development, the associated
changes in wear behaviour indicated complex interactions between microstructure, stress state, and abrasive
performance. These findings highlight the direct relationship between the underlying mechanisms correlated to
DCT and wear behaviour. The combined modelling and experimental approach established a framework for
understanding stress evolution in multi-phase composites subjected to DCT, enabling rational design of overlay
systems for extended service life in high-stress, abrasive environments such as mining operations.
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Abstract Title: Optimizing Hardness—Toughness Balance in D2 Tool Steel through Multicycle Heat Treatment
Strategies

Abstract:

Coldmwork tool steels are widely employed in dies, cutting tools, and wearBlintensive applications where
achieving an optimal balance between hardness and toughness is critical. This balance remains a challenge,
particularly when cryogenic treatments are employed to minimize retained austenite and enhance dimensional
stability. The present study addresses this challenge through a systematic investigation of the
hardness—toughness relationship in AISI D2 tool steel, a highlicarbon, highllchromium alloy selected for its
industrial relevance and strong secondary hardening response. The research investigates the combined effects
of conventional quench-and-temper processing, deep cryogenic treatment (DCT), and cyclic deep cryogenic



treatment (CDCT) response of D2 steel. Each treatment condition was further paired with single, double, and
staged tempering cycles. The mechanical performance was evaluated using Rockwell hardness, KIC fracture
toughness, and reciprocating tribometry for wear evaluation. The structure-property relationships were
established through phase quantification by XMray diffraction, microstructural characterization using SEM/EDS
and EBSD, and post-test wear track analysis to identify dominant wear mechanisms. Although the mechanical
behavior of cold-work tool steels such as D2 and high-carbon, high-vanadium grades has been studied
extensively in relation to cryogenic processing, no systematic investigation has yet clarified the
hardness-toughness trade-off required for optimized performance. This study is designed to provide
evidencelbased guidelines for heat treatment of D2 steel, with the aim of elucidating the influence of cryogenic
processing on secondary hardening behavior. It also identifies tempering strategies that recover toughness
while maintaining high hardness and offering practical insights for industrial die and tooling applications where
both wear resistance and impact tolerance are critical.
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Abstract Title: Optimizing Melt Pool Geometry in Inconel 52M Laser Cladding for Enhanced Corrosion
Resistance in Extreme Environments

Abstract:

Inconel 52M is increasingly utilized in the nuclear and energy sectors for components requiring superior
resistance to stress corrosion cracking and extreme environmental degradation. Laser cladding with Inconel
52M wire offers a cost-effective solution for coating low alloy steels; however, achieving optimal corrosion
performance remains a challenge due to the sensitivity of the process to deposition parameters. This study
investigates the critical influence of processing parameters (specifically travel speed, wire feed speed, and laser
power) on the deposition mode and resulting melt pool geometry, and their subsequent impact on
microstructural morphology and corrosion resistance. Experimental results demonstrate that the geometry of
the melt pool is a governing factor in the corrosion performance of the clad. Contrary to the conventional
understanding that substrate dilution is the primary driver of reduced corrosion resistance, this work establishes
that the formation and growth of coarse Al- and Ti-oxides are the dominant deleterious factors. High-speed
imaging and microstructural analysis revealed that a larger melt pool size promotes the coalescence of these
coarse oxides, which disrupt the passive film and serve as initiation sites for pitting corrosion. Conversely,
processing parameters optimized to maintain a small melt pool restrict oxide growth, resulting in a dispersion of
micro- and nano-sized secondary phases. This morphology facilitates the formation of a stable, compact
passive oxide film, significantly enhancing corrosion resistance. These findings provide a pathway for
manufacturing high-performance coatings tailored for extreme conditions by strictly controlling melt pool
dynamics.
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Abstract Title: Laser Powder Bed Fusion Alloy Prototyping of Ni-Enhanced SS316 for Extreme Environment
Applications

Abstract:

The development of advanced alloys capable of operating in extreme environments is critical for nuclear and
energy systems. Alloy prototyping via additive manufacturing techniques provides a fast and flexible pathway to
design and evaluate new material compositions without relying on traditional processing. In this study, alloy



prototyping of stainless steel 316 (SS316) through controlled nickel addition was explored to enhance its
performance and manufacturability for high-demand applications. As a preliminary step, porosity analysis of
3D-printed SS316 under various laser powder bed fusion (LPBF) conditions was performed to select suitable
baseline printing parameters. Using the optimized powder, multiple sample sets under varying printing
parameters were fabricated. A combination of macrostructure evaluation and chemical/microstructural
characterization techniques was used to investigate homogeneity, Ni distribution, porosity, and molten-region
stability across the different sets. These multi-scale evaluations provide insight into how different factors, such
as printing parameter selection, collectively control compositional/microstructural homogeneity under LPBF’s
rapid solidification conditions. The findings establish a clear framework for optimizing LPBF alloy prototyping
procedures of compositionally enhanced advanced materials, highlighting the cost-effectiveness, compositional
flexibility, and accelerated development cycle that alloy prototyping brings to alloy design for
extreme-environment applications.
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Abstract Title: High-Temperature Wetting and Interfacial Stability of FeSi Alloys on SiC: Implications for
Smelting and Energy Storage Applications

Abstract:

The transition to renewable energy sources, such as solar and wind, necessitates robust energy storage
solutions to stabilize grid intermittency. Within the European Union-funded project SUNSON, we are exploring
Latent Heat Thermal Energy Storage (LHTES) utilizing high-temperature Phase Change Materials (PCMs)
capable of operating above 1000°C. Ferrosilicon alloys are good candidates for these applications due to their
high volumetric energy storage capacity, capable of exceeding 1 MWh/m3. However, the deployment of
FeSi-based PCMs is limited by the lack of suitable containment materials capable of withstanding the molten
alloy's aggressive reactivity at elevated temperatures. Silicon carbide is a primary candidate for the containment
of such alloys. This study provides a investigation into the compatibility of FeSi alloys with SiC by analyzing the
wetting kinetics and interfacial phenomena across the entire binary system. The experimental matrix spanned
from pure iron to pure silicon in 10 wt.% increments (Fe, FeSi10, FeSi20... up to Si). Using the sessile drop
technique under an inert argon atmosphere, wetting behavior was recorded at temperatures between 1500°C
and 1700°C. The results demonstrate that both contact angle and interfacial reactivity are dependent on the
silicon concentration. Alloys with silicon content below 30 wt.% exhibited reactive wetting behavior. In this
iron-rich regime, the melt penetrated the substrate, driven by the thermodynamic dissolution of the SiC
substrate. Alloys exceeding the 40% Si threshold exhibited stable, non-reactive wetting. Post-experiment SEM
with EDS analysis of the interface confirmed the presence of dissolution and reaction zones in the low-silicon
samples, whereas high-silicon samples maintained a chemically stable interface. These findings map a precise
stability window for FeSi/SiC interactions. The results indicate that while SiC is an excellent containment
candidate for high-grade ferrosilicon PCMs (>40% Si), protective measures or alternative refractories are
required for low-silicon grades to prevent vessel corrosion. This work provides essential insights for both the
operation of industrial silicon furnaces and the design of durable containment for high-temperature thermal
batteries.
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Abstract Title: In-service evaluation of alumina-forming alloy tubes extracted from ethylene cracking coils

Abstract:

In high-temperature petrochemical processes such as ethylene cracking, furnace coil materials operate under
extreme thermal and chemical stresses, leading to oxidation, carburization, and mechanical degradation.
Developing advanced alloys with superior surface oxide stability and microstructural resilience is essential for
ensuring reliability and extending component life. Paralloy Group specializes in centrifugal casting of high-nickel
and high-chromium refractory steel tubes designed for severe high-temperature and corrosive environments.
Among these, the proprietary Alumina Forming Austenitic (AFA) alloy has been engineered to enhance
oxidation resistance through the formation of a stable, adherent alumina (AIlBOM) protective layer. This study
investigates the performance of AFA alloy tubes extracted from an ethylene cracking furnace after extended
service at temperatures exceeding 1000 °C. A comprehensive, multi-technique evaluation was conducted to
assess mechanical integrity, microstructural evolution, and surface degradation across different coil sections.
Results confirm that the alumina layer remained continuous, and adherent throughout service, providing
excellent resistance to oxidation and carburization. Minimal spallation occurred even in the most thermally
exposed regions, validating the protective stability of the AIBOM layer. Microstructural observations revealed a
stable austenitic matrix with limited carbide coarsening, indicating robust metallurgical stability under prolonged
exposure. Mechanical tests showed the tube retained a significant portion of its initial tensile and creep
strength, with variations correlated to local operating conditions. Overall, these findings demonstrate the
high-temperature durability of proprietary AFA alloy and highlight the effectiveness of alumina-forming alloys for
next-generation furnace applications. This work offers critical insights for lifecycle assessment, maintenance
strategies, and alloy optimization, emphasizing the importance of location-specific evaluation in post-service
characterization.
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Abstract Title: The Suitability of Ogun Phosphate Rock for Biomedical Applications

Abstract:

Abstract The study characterized Ogun phosphate rocks to determine its usefulness for bioactive glass
production in bone tissue engineering. The need for materials suitable for implant with outstanding
biocompatibility, efficient mechanical properties, high porosity, excellent wear and corrosion resistance, without
eliciting negative host reaction has been a major concern. Sedimentary phosphate rock occurs as vesicular and
nodular form in Ebiti village of Dahomey Basin of Ogun State Nigeria. The phosphate rocks were collected,
sorted, washed, oven-dried and characterized using X-ray fluorescence, X-ray diffraction, scanning electron
microscope equipped with energy dispersive X-ray spectroscopy and Fourier transform infrared spectroscopy.
The analyses revealed that the major oxides in Ebiti phosphate rock are calcium oxide (CaO) of 56.58 %,
phosphate pentoxide (PEOM) of 24.15%, hydroxyapatite (Call(PON)M.Ca(OH)M) of 79.4% and quartz (SiO2)
of 7.8%, with no significant heavy metals and radioactive elements. The study concluded that Ebiti phosphate
rocks in Ogun State Nigeria are suitable for bioactive glass production for bone tissue engineering applications.
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Abstract Title: Sustainable Cu/SiC Functionally Graded Composites Produced from Recycled Copper Waste
for Advanced High-performance Electrical Applications

Abstract:

Currently, the growing importance of sustainable manufacturing and efficient resource utilization has increased
interest in recycling industrial metal waste, particularly copper, which is essential for electrical and electronic
applications due to its excellent electrical and thermal conductivity properties. However, recycled copper,
similar to commercial copper, exhibits low hardness, poor wear resistance, and limited mechanical strength,
which restricts its use under demanding service conditions. To overcome these limitations, reinforcing copper
with hard ceramic particles such as SiC is an effective approach to improve mechanical performance. However,
in conventional metal matrix composites (MMCs), enhancements in properties are typically accompanied by a
reduction in electrical conductivity, thereby limiting their applicability in electrical systems. Functionally graded
composites (FGCs) offer a promising approach to addressing this challenge. By gradually varying the
reinforcement content across the bulk material, FGCs achieve a graded structure in which the outer layers
provide enhanced hardness and wear resistance, while the copper-rich core preserves high conductivity. This
graded architecture enables a property combination that is unattainable in uniformly reinforced MMCs. In this
study, Cu/SiC composite powders were produced from recycled industrial copper scrap refined via electrolytic
processing and reinforced with varying SiC contents (5-20 vol%) using high-energy ball milling (HEBM) for 6 h.
The composite powders were subsequently consolidated into graded structures using the field-assisted
sintering technique (FAST/SPS). The designed FGC architecture consisted of a pure copper core surrounded
by symmetric layers containing 5, 10, 15, and 20 vol% SiC, each with a thickness of 0.5 mm, resulting in a
sintered disc with a diameter of 40 mm and a total thickness of 5 mm. For comparison, uniformly reinforced
MMC samples with corresponding SiC contents were also fabricated. The microstructural evolution and phase
composition of the composite powders and consolidated samples were examined using light microscopy (LM),
scanning electron microscopy (SEM), and X-ray diffraction (XRD). Particle size distribution was determined by
laser diffraction, while microhardness measurements were performed to assess the effects of milling time and
reinforcement content. After 6 h of milling, a homogeneous distribution of SiC particles and a near-spherical
powder morphology were achieved. Increasing SiC content and milling time resulted in particle refinement and
a pronounced increase in hardness, with microhardness values rising from approximately 85 HV for
unreinforced copper to about 300 HV at 20 vol% SiC. The Functional properties of the consolidated MMC and
FGC samples were evaluated through microhardness, density, and electrical conductivity measurements. The
FGC samples retained high conductivity (90-100% IACS) in the copper-rich core, while the outer layers
achieved enhanced surface hardness of 200 HV. In contrast, the MMCs exhibited increased hardness
accompanied by a reduction in electrical conductivity with increasing SiC content. Overall, the developed FGCs
produced from recycled copper powder can successfully combine sustainability with high functional
performance, demonstrating strong potential for industrial applications in electrical contacts that require both
high wear resistance and high conductivity.
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Abstract Title: Influence of Volumetric Fraction on The Tensile Behavior of Additively Manufactured Dissimilar
Metallic Architectures

Abstract:

Additive manufacturing offers unique opportunities to produce multi-material metallic components with spatially
tailored proper-ties, yet the mechanical response of architecturally distinct metal interfaces remains
underexplored. In this study, the influence of volume fraction of the two additively manufactured dissimilar
metals adjoined together on the tensile behavior is studied. Stain-less steel 316L (SS) and Inconel 718 (IN)
were combined within a single build using laser direct energy deposition, with an interface oriented
perpendicular to the applied loading direction. To isolate the effect of material proportion, samples were
prepared with var-ying SS316/IN718 volumetric percentages: 100/0, 70/30, 50/50, 30/70, and 0/100.
Mechanical evaluation combined uniaxial ten-sile tests, digital image correlation for full-field strain analysis, and
fractographic examination whenever required. Across all hybrid configurations, failure consistently initiated and
propagated within the SS portion, irrespective of the IN content. Furthermore, the overall tensile response,
including yield strength, ultimate ten-sile strength, and ductility, was similar to that of monolithic SS ra-ther than
IN, even at higher IN volume fractions. These findings indicate that, when the interface is oriented perpendicular
to the loading direction, the overall tensile response is dictated by the softer constituent. The limited
load-sharing contribution of IN un-der these conditions highlights the critical role of interface orien-tation and
load path in multi-material systems. Collectively, these results provide guidance for the rational design of
additively man-ufactured dissimilar metal structures and reinforce the need for strategic architectural design to
achieve desired mechanical out-comes.
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Abstract Title: Keynote: Materials Manufacturing for Extreme Conditions in Metallurgical Processing Industry

Abstract:

The development of more energy intensive metallurgical processes, with more extreme operating conditions,
since the early 1990’s has driven the selection and application of unconventional materials and continues to
support the commercialization and use of new hybrid materials and additive manufacturing processes. This
presentation describes some of the unusual service conditions in metallurgical applications such as pressurized
reactors with highly acidic environments (pH < 0) and elevated temperatures (T > 150°C), regeneration of HCI
from ferric/ferrous chloride solutions by pyrohydrolysis, the development of erosion resistant valves, coatings
and pressure-letdown systems for high pressure/temperature applications, supersonic diffusers for high
pressure venting applications, re-design of gas cyclones for removal of entrained solids/slurry droplets from
flashed steam, and corrosion-resistant spargers for oxygen injection applications. Each of these applications
involved testing of an alloy or non-metallic material that had not been previously used in such application, or the
use of multiple materials in concert, or the development of a new material not commercially available at the
time. The presentation concludes with a discussion of evolving use of cold gas dynamic spray and wire-arc
additive manufacturing processes for industrial-scale production of protective coatings and components for
each of these novel applications.
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Abstract Title: Phase Transformation Kinetics of High-Temperature NiTiHf Shape Memory Alloys Fabricated
by PBF-LB

Abstract:

Laser powder bed fusion (PBF-LB) has emerged as a promising route for fabricating high-temperature NiTi-Hf
shape memory alloys (HT-SMAs); however, the influence of build orientation on phase transformation kinetics
remains insufficiently understood. In this study, NiTi-20 at.% Hf specimens were fabricated using PBF-LB in
horizontal, vertical, and 45° build directions while maintaining an identical island scan strategy to isolate
orientation-induced effects. Phase transformation behavior was systematically investigated using in situ
high-temperature X-ray diffraction (HT-XRD) during continuous heating across the martensite-to-austenite
transformation regime, enabling direct tracking of phase fraction evolution, diffraction peak shifts, and peak
broadening. Complementary differential scanning calorimetry (DSC) was employed to quantify transformation
temperatures and thermal hysteresis. The in situ HT-XRD results reveal a reversible B19/B19’«<B2
transformation with distinct orientation-dependent transformation kinetics, reflecting differences in
microstructural anisotropy, residual stress state, and crystallographic texture induced by the build direction.
DSC measurements corroborate the diffraction-based findings and provide consistent transformation
temperature trends. By correlating build orientation with real-time phase evolution and thermal metrics, this
work establishes a kinetics-based framework for understanding phase transformation behavior in additively
manufactured NiTi-Hf alloys. The findings provide critical insight into processing-microstructure-transformation
relationships and offer guidance for tailoring functional performance in PBF-LB fabricated high-temperature
SMA components.
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Abstract Title: Micromechanical and Corrosion Behavior of Cold-Sprayed Cantor Alloy—Cu Mixed -metal
Coatings

Abstract:

This study investigates the micromechanical and microgalvanic dissolution behavior of cold-sprayed Cantor
alloy—Cu mixed-metal coatings. Coatings with Cu contents of 20 and 63 vol.% were successfully deposited on
the stainless-steel substrate using a process gas temperature of 800 °C and a gas pressure of 4.9 MPa.
Electron channeling contrast imaging, combined with high-resolution scanning electron microscopy, revealed
linear features in the coating microstructure that resemble deformation (mechanical) twins. Nanoindentation
results represents the local mechanical properties of different microstructural regions in the Cantor alloy and
mixed-metal coatings. Scanning kelvin probe force microscopy demonstrated that changes in Cu loading exert
limited influence on the formation mode and electrochemical characteristics of Cantor alloy—Cu micro-galvanic
couples. Electrochemical measurements showed that, as Cu ratio in mixed-metal coatings changed, the total
Cu dissolution rate was governed mainly by the number of micro-galvanic cells. Overall, these findings provide
mechanistic insight into mechanical and corrosion behavior of mixed-metal coatings. This knowledge can be
leveraged to design environmentally friendly and highly effective anti-biofouling coatings for marine applications
by adjusting the Cu content.
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Abstract Title: Integrating Hydrogen Depolarized Anodes for Energy-Efficient Manganese Electrowinning and
Geothermal Brine Resource Recovery

Abstract:

The electrowinning industry continues to struggle with anode selection — while lead alloy anodes are
inexpensive, they have high oxygen evolution overpotentials and toxic Pb corrosion products leading to high
energy costs and product contamination. The higher performance alternative, DSA electrodes, are far more
expensive or simply cannot be used due to solution chemistry/impurities. Hydrogen Depolarized Anodes
(HDAs) are an alternative to oxygen-evolving anodes that are currently being adopted for salt splitting
electrolysis applications, and were previously developed for zinc electrowinning, but not brought to market.
Now, with the increasing cost of electricity and noble metals, along with the push to reshore North American
critical mineral extraction/refinement, there are new opportunities for the implementation of HDAs. For metals
with highly negative reduction potentials—such as Manganese—conventional electrowinning is also plagued by
high energy consumption and efficiency losses due to hydrogen evolution. We propose that HDAs offer a
solution to many of these problems, re-utilizing parasitic hydrogen as a fuel and proton source at the anode,
reducing cell potential, and avoiding anodic oxidation byproducts. Furthermore, efficient extraction of
Manganese offers a new revenue stream and thus reduces energy generation cost at geothermal power
generation facilities. Our presentation focuses on the application of HDAs to manganese electrowinning, a
process where current efficiencies often fall below 60% and Mn oxidation to manganese dioxide (MnO2) and
permanganate (MnO4-) at the anode creates operational issues. We will present lab-scale experimental results
demonstrating the successful re-utilization of cathodic hydrogen and complete elimination of anodic oxide
formation. The discussion includes a high level energy and cost analysis comparison to conventional
oxygen-evolving anodes and outlines plans for pilot scale-up and integration into geothermal brine
treatment/resource recovery in California’s Salton Sea. Finally, we will explore the broader applicability of
HDA-driven electrolyzers in both hydrometallurgical and electrometallurgical processes. These results and
proposed pathways validate HDAs not merely as an auxiliary efficiency booster, but as a critical unit operation
for enabling low-carbon, cost-competitive refining of strategic metals from unconventional feedstocks.
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Abstract Title: Starting Particle Size Matters: High-Entropy Alloy Catalysts Developed by Mechanical Alloying
Process

Abstract:

The world faces numerous societal issues, including the global warming crisis driven by increased energy
consumption and associated greenhouse gas emissions from human activities. A new generation of advanced
materials with superior multifunctional properties, such as multicomponent alloy systems (otherwise known as
high-entropy alloys—HEAS), is required for lightweight structural applications and clean energy production to
meet environmental quality demands. HEA-based catalysts, which offer alternatives to rare/expensive catalysts



(e.g., Pt, Pd, Ru, and Ir) for electrochemical/thermal gas-phase reactions, require particle-size tuning to enable
direct manipulation of surfaces and interfaces and to create more potential active sites on the

catalyst surface. Among the various HEA synthesis methods, mechanical alloying via ball milling

has emerged as a scalable and environmentally friendly approach for producing nanocrystalline

solid-solution alloy microparticles in solid state. Microparticle HEAs produced via ball milling are now actively
used for azo dye degradation and have further potential for electrocatalytic reactions, owing to unique electronic
structures that facilitate faster reaction kinetics. It is, however, unclear how elemental composition and the
starting particle size of the constituent affect the mechanical alloying process. Although ball milling is often
reported to provide limited control over powder microstructure and morphology, careful optimization of key
parameters—such as process control agent (PCA) type and concentration, milling speed and duration,
ball-to-powder ratio (BPR), and milling media—can, to some extent, govern the microstructural evolution, phase
formation, and morphology of alloy particles. Despite significant progress in parameter optimization, relatively
little attention has been given to the effect of the initial precursor particle size on the alloying process. This
oversight may stem from the common assumption that “...the powder particle size is not very critical, except that
it should be smaller than the grinding ball size”. We challenge this line of thought: the initial particle size is
expected to influence the diffusion rate and onset of alloying, as the surface-to-volume ratio strongly—and thus
the available contact area for diffusion—is inherently size-dependent. To investigate particle size effects on
alloying onset, powder morphology, and microstructure, three HEAs were studied across four distinct
particle-size ranges. We found that, for all mechanically-alloyed HEAs, smaller particle sizes promote
solid-solution formation at significantly shorter milling times. Additionally, these results provide new insight into
how elemental composition governs solid-solution formation: onset of alloying is not solely controlled by the
“melting temperature” of the HEA. The performance of the selected HEAs on azo dye degradation will also be
discussed. This study demonstrates that selecting an appropriate initial particle size and elemental composition
can significantly accelerate the onset of alloying, thereby optimizing the synthesis route and making ball milling
a more efficient method for producing HEA-catalysts, substantially reducing synthesis times

compared to other methods.
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Abstract Title: Sustainable Synthesis of High-Voltage Lithium Manganese Oxide and Lithium Nickel
Manganese Oxide Spinel Cathodes

Abstract:

The growing demand for efficient energy storage in electric vehicles and grid-level systems has intensified
research into high-performance, sustainable, and cost-efficient Lithium-ion Battery (LiB) cathodes. Among
these, lithium nickel manganese oxide (LiNi0.5Mn1.504; LNMO) spinels are particularly promising due to their
high operating voltage (~4.7 V), favorable theoretical capacity (~147 mAh gll"). However, conventional
manganese production routes (submerged arc furnace and electrolytic manganese metal processing) are
energy-intensive and carry a substantial CO2 footprint, motivating the search for greener precursor pathways.
This study reports the synthesis and characterization of LMO and LNMO cathode materials derived from a
manganese oxide precursor produced by Calix Flash Calcination (CFC), a proprietary technology in which
MnCOM is rapidly calcined at high heating rates to yield a hierarchically porous, nanocrystalline MnxQy
intermediate. CFC-derived cathodes were benchmarked against equivalent materials prepared from
commercial Mn304 (COM) using identical incipient wet-synthesis, ball-milling, and calcination protocols.
Comparative analysis revealed that the ten-fold BET surface area advantage of the CFC precursor (87.4 vs. 8.8



m2 g-1) propagates through synthesis to yield spinel products with four- to six-fold higher surface areas, smaller
crystallites, and narrower size distributions. Powder X-ray diffraction confirmed the formation of single-phase
cubic spinel in all samples, while scanning electron microscopy revealed distinct morphological differences
driven by precursor selection. Electrochemical testing showed that CFC-derived LMO delivers 120.3 mAh g’
at 1C, a 44% improvement over COM-LMO (83.6 mAh gll') and exceeding a commercial LMO reference (111.8
mAh gll"), while CFC-derived LNMO delivers 135.7 mAh gll' at 1C, outperforming COM-LNMO and two
commercial LNMO benchmarks. Both CFC materials exhibit superior rate capability up to 20C and
near-complete capacity recovery after high-rate stress cycling.
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Abstract Title: Graphitized Recovered Carbon Black and N660 Virgin Carbon Black as Additives for Lithium
Titanate Oxide Anodes

Abstract:

Graphite is a critical mineral that plays a pivotal role in advancing sustainable innovations in the automotive
sector and the adaptation of vehicle electrification. Graphite can be sourced naturally through mining or
manufactured synthetically from carbon-rich precursors. Carbon black (CB) is particularly viable for graphite
production. In this study, recovered carbon black from end-of-life mining tires and virgin (petrochemical) N660
carbon black were partially graphitized via thermal treatment. Following graphitization, both materials were
used as additives in lithium titanate oxide (LTO) anodes for battery cells. To assess the effectiveness of these
additives, a series of electrochemical tests was carried out on Li-ion coin cells. The charge stability, rate and
capacity were evaluated, and the results revealed that both CBs could be used as additives in commercial
lithium-ion batteries.
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Abstract Title: Sustainable green PEC device: Pt free and earth-abundant metals based thin films for water
splitting technology

Abstract:

The ongoing energy crisis and escalating environmental pollution have posed significant threats to humanity
over the past several decades. Within this context, delafossite CuFeO2 (CFO) has emerged as a promising
photocathode material for photoelectrochemical (PEC) water splitting, facilitating the generation of hydrogen
gas as a fuel energy source. Despite its potential, CFO faces considerable challenges, including poor
separation of photo-generated electron-hole pairs and inefficient charge collection. Additionally, synthesizing
phase-pure thin films with controlled morphology and high electronic quality remains difficult. Moreover, the
efficiency of these materials is often reliant on precious and rare earth metals, which are both costly and limited
in availability. This study aims to overcome these issues by developing high-purity, low-cost transition metal
delafossite thin films while enhancing their hydrogen PEC efficiency. Our approach involves optimizing the
structure-property-performance relationship of the materials and addressing intrinsic limitations such as high
charge carrier recombination rates and poor solar conversion efficiency. Utilizing an optimized magnetron
co-sputtering technique, we successfully fabricated various delafossite CFO thin films from pure Cu and Fe
metal targets (99.99% purity). PEC experiments were conducted under illumination in a 1M NaOH electrolyte to



evaluate water splitting efficiency. We discovered that the synthesis parameters, specifically film thickness
(ranging from 50 to 300 nm) and the number of layers (from 1 to 6), significantly influenced water splitting
activity. Notably, the photocurrent density of a single-layer CFO film (50 nm thick) increased dramatically from
300 pA/em2 to 500 pA/cm2 for a two-layer configuration, and further to 720 pA/cm2 for a six-layer configuration
at an applied potential of 0.4 VRHE with reduced charge transfer resistance, as evidenced by electrochemical
impedance spectroscopy (EIS) data. Furthermore, the multilayer CFO photoelectrodes exhibited superior PEC
activity and operational stability compared to their single-layer counterparts. Atomic Force Microscopy (AFM)
analysis revealed that the roughness of thin films increases as a function of both thickness and number of
layers. X-ray Diffraction (XRD), X-ray Photoelectron Spectroscopy (XPS), and Scanning Electron Microscopy
with Energy Dispersive X-ray Spectroscopy (SEM-EDAX) confirmed the presence and homogeneous
distribution of constituent elements within the CFO delafossite structure. Interestingly, the multilayered CFO
photoelectrodes exhibited superior PEC activity and operational stability compared to their single-layered
counterparts. This enhancement is attributed to improved light absorption, low energy gap, optimal surface
roughness, and lower charge carrier recombination. This optimized co-sputtering process for Pt-free CuFeO2
not only enhances our understanding of these materials but also paves the way for designing efficient and
stable CFO thin films for PEC tandem cell applications.
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Abstract Title: From Lignocellulosic Biomass to Graphite: Electrochemical Performance in Lithium-lon
Batteries

Abstract:

Graphite remains the dominant anode material in commercial lithium-ion batteries due to its low cost, structural
stability, and established intercalation chemistry. However, due to the current exponential growth of the EV and
energy storage sectors, graphite consumption is projected to outpace production by 2030. In this study,
graphite derived from lignocellulosic-based carbon precursors was evaluated electrochemically, focusing on
purity, structural order, crystallinity, and electrical conductivity. The resulting graphite powders were fabricated
into anodes and tested in lithium-ion batteries to characterize their cyclability, rate capability, and lifespan,
thereby elucidating lithium storage behaviour and kinetic limitations. These findings highlight the critical role of
graphite structural characteristics in electrochemical performance and demonstrate that non-conventional
graphite sources from sustainable biomass feedstocks can achieve competitive anode behaviour when properly
engineered.

Author(s) & Affiliation: Ata Kamyabi, Apollo Machine & Welding; Gentry Wood, Apollo-Clad Laser Cladding;
Doug Hamre, Apollo Clad Laser Cladding

Abstract Title: Sliding Wear Performance of Laser Deposited Cobalt-Based Weld Overlays Subjected to
Aqueous Hydrofluoric Acid Corrosion

Abstract:

The tribological challenge of balancing sliding wear and corrosion resistance is of particular interest in the
plastics industry during the extrusion of fluorine containing resins or plastics. Highly corrosive environments
containing hydrofluoric acid can limit the selection of corrosion resistant alloys that are also appropriate for
metal-on-metal sliding wear. It is well known that austenitic Ni-based alloys that are resistant to hydrofluoric
acid are prone to galling. In-depth research on Co-based alloys in recent years has shown that these alloys are



a good candidate for such applications. The sliding wear behaviour of two laser deposited Co-based weld
overlays, commercially available Stellite 21 (Co-27Cr-5Mo-3Ni-0.3C) and a custom alloy, Apollo-Clad 4024
(Co-31Ni-18Cr-15Mo-1.6Nb-0.4W) are evaluated by self-mated pin-on-disk testing. Stellite 21 is designed to
resist metal-on-metal sliding wear, and Apollo-Clad 4024 has significant Ni and Mo additions for improved
corrosion resistance in the presence of hydrofluoric acid . The overlays are evaluated in the as-deposited
condition, a mechanically treated condition, a chemically treated condition, and a combination of mechanically
and chemically treated condition. The mechanical treatment elicits a strain induced martensitic transformation
from metastable FCC to HCP in the near surface region. The chemical treatment consists of emersion in
hydrofluoric acid for 50 hours to deposit in-service corrosion products on the wear test coupon surfaces prior to
testing. For the combined treatment, the mechanical treatment is performed prior to the chemical treatment.
Wear test results are evaluated to understand the role of corrosion products and near surface crystallographic
structure on resulting tribological properties of the laser deposited cobalt-based overlays.
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Abstract Title: Activation Of Recovered Carbon Black Via CO2 And KOH For Use As An Additive In LTO
Battery Systems

Abstract:

Pyrolysis used to recycle End-of-life (EOL) mining tires generates a by-product called recovered carbon black
(rCB), a valuable material with applications in paints, adsorbents, and batteries. However, rCB obtained from
the pyrolysis of mining tires typically exhibits a low surface area ( < 1 00m2/g), thus requiring additional
treatments to enhance its functionality. In this study, rCB obtained from EOL mining tires was activated using
CO2 and KOH treatments. The effects of activation temperature, activation time, and KOH:rCB ratio on the
structure of resulting activated carbon (AC) were systematically investigated. A maximum BET surface areas
(SBET) of 994m2/g and 803m2/g were achieved for KOH-AC and CO2-AC, respectively. Li-ion half-cells were
fabricated with both ACs added to commercial lithium titanate (LTO) anodes. Industry standard cells with
Super-P carbon had a discharge capacity of 123 mAh/g, while the new LTO anodes achieved discharge
capacities of 163 and 164 mAh/g for CO2-AC and KOH-AC, respectively. This improvement was attributed to
the higher surface area of ACs, which also enhanced the ionic conductivity of electrodes. Furthermore, the
irreversible capacity loss after the first discharge cycle was < 1 0%. This study demonstrates the successful
activation and effective use of mining tire-derived rCB as a conductive additive in LTO-based electrochemical
systems.
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Abstract Title: Niobium and Tantalum Nitride based Coatings for Improved Corrosion Resistance and
Conductivity of Titanium-based Bipolar Plates for PEMFCs

Abstract:
Titanium (Ti) is considered as one of the potential base materials for bipolar plates (BPPs) used in proton
exchange membrane fuel cells (PEMFCs) due to its resistance to corrosion and relatively low weight. However,



its surface undergoes rapid passivation, forming a stable oxide layer that results in high interfacial contact
resistance (ICR) with the adjacent components, ultimately degrading cell performance and efficiency. In this
study, nitride-based coatings were deposited on the Ti-based substrates using magnetron sputtering to
suppress passivation and improve the conductivity. The role of the interlayer in enhancing the adhesion of the
top coatings to the substrate was also investigated. Under accelerated PEMFC operating conditions,
nitride-based coatings were able to reduce the corrosion current density and ICR to values lower than the U.S.
Department of Energy (DOE) targets determined for 2025. Chronoamperometry test at 0.2 V vs. Hg/Hg2S04
(cathodic operating potential) was conducted to evaluate the durability of the coated samples. The different
performance of the coatings was attributed to their different electronic structures. These findings underscore the
critical role of nitride chemistry and electronic structure in governing corrosion and interfacial properties.
Overall, the findings established Ta nitride coating as an effective coating for surpassing the performance,
durability, and conductivity of Ti-based BPPs for next generation of PEMFCs.



Pyrometallurgy: Hydrogen uses in Process Metallurgy
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Abstract Title: Mind the Gap: Bridging the Divide Between Ironmaking and Green Hydrogen Economic
Realities

Abstract:

Despite periods of enthusiasm and numerous announcements of large-scale projects, electrolytic hydrogen has
not yet been widely deployed in commercial-scale industrial applications. Hydrogen is still considered an
important mitigation tool, given its potential to decarbonize heavy transport, chemical feedstocks, and
hard-to-abate industries. Metallurgical processes are among the most difficult to decarbonize sources of
greenhouse gas emissions: high temperature requirements can make electrification impractical or impossible,
carbon-based reducing agents are frequently required, and novel process technologies can take decades to
commercialize. In this context, hydrogen is distinct in its ability to replace both carbon-based fuels and
reductants, especially for processes with commercial precedents or analogues. Iron ore is readily reduced to
iron using hydrogen, and the principal ironmaking processes have used hydrogen produced from natural gas as
a complementary reductant for over 60 years. Despite this experience, barriers to hydrogen adoption remain,
including hydrogen plant costs, clean power costs, firm power availability, and lack of electrical infrastructure,
among other often overlooked factors. To put these challenges in context, the breakeven cost for hydrogen
ironmaking is estimated for representative blast furnace and direct reduced ironmaking process configurations.
The technoeconomics of these configurations are compared to hydrogen production costs at the scale required
for ironmaking in a North American context. The gap between profitable ironmaking and hydrogen costs is
discussed to illustrate factors that could enable competitive hydrogen-based ironmaking in future. Additional
commentary on hydrogen’s decarbonization potential is also provided for other applications in metals and
mineral processing.
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Abstract Title: SiO formation and condensation with hydrogen in carbon free conditions

Abstract:

In this research, we are studying the effect of H2 on SiO gas formation and condensation reaction. The reaction
is carried out in a carbon free atmosphere with 0.25 I/min gas flow of H2 for different time intervals. A reference
was taken by using Ar at similar experimental conditions. The reaction products are analysed using Scanning
Electron Microscopy, EPMA and LECO. The type of gas affects the condensed Si and SiO2 material distribution
within the furnace rather than significant changes in the product composition, even though some subtle
changes in the distribution of Si-SiO2 condensates and their structure can be observed. The presence of H2
accelerates both the formation and condensation reactions. H2 formed finer, well dispersed condensates with
low wall fouling while Ar formed coarse condensates and higher wall deposition.
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Abstract Title: Melting Behavior of Hydrogen-Reduced and Carbonaceous Direct Reduced Iron: Slag
Interactions and Implications for Hydrogen Metallurgy

Abstract:

The transition to hydrogen-based direct reduction of iron (DRI) represents a key pathway toward decarbonizing
the steel industry. While the upstream reduction process has received significant attention, the downstream
melting behavior of hydrogen-reduced DRI (H-DRI) remains less understood. This study explores the melting
characteristics of H-DRI compared to conventional carbon-containing DRI, with a focus on slag reactions and
operational implications in electric melting furnaces. Initial laboratory-scale melting trials were conducted using
DRI samples with varying carbon contents, including H-DRI produced via hydrogen reduction. Observations
revealed marked differences in slag behavior: carbonaceous DRI samples exhibited vigorous slag foaming,
while H-DRI showed minimal gas evolution and no foaming. These differences suggest that carbon content
plays a critical role in driving in-situ reduction reactions and gas generation during melting, which in turn
influence slag dynamics. Additionally, energy measurements indicated a notable difference in melting
requirements between H-DRI and carbonaceous DRI, further emphasizing the role of carbon in pellet
heating. Complementary thermogravimetric analysis (TGA) with FTIR confirmed that carbon-containing DRI
undergoes staged reduction of residual iron oxides, releasing CO and COM. In contrast, H-DRI showed
negligible mass loss and gas evolution, indicating a fundamentally different reaction and melting pathway.
These findings have important implications for slag design, energy efficiency, and furnace operation in
hydrogen metallurgy. As interest moves toward large-scale adoption of H-DRI, understanding its melting
behavior is essential for optimizing process conditions, minimizing refractory wear, and ensuring stable
slag-metal interactions. This work contributes to the broader effort of adapting steelmaking practices to
accommodate hydrogen-based feedstocks and supports the development of low-carbon metallurgical
technologies.
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Abstract Title: Design and installation of an experimental Fluidised Bed Reactor for batch and continuous
high- Pressure H 2 -based Ironmaking

Abstract:

The global demand for decarbonized steel production requires a shift away from blast furnaces toward
hydrogen-based direct reduction. Fluidized Bed Reactors (FBR) offer the advantage of using iron ore fines
directly, and industrial processes such as Circored are already available. However, to meet industrial
production rates, atmospheric operated reactors, or only slightly pressurized ones, require excessively large
cross-sectional areas, leading to high capital expenditures. A high pressure FBR presents a solution to this
bottleneck. By operating at elevated pressures, the gas density increases, allowing for a significantly higher
mass flow of the gaseous reducing agent while operating in the circulating or bubbling fluidized bed regimes at
reasonable cross-sections. This allows for a dramatic reduction in reactor footprint while maintaining high
metallization rates. The current work, in the scope of EU- Horizon ZEROSTEEL project, presents the
mechanical design and commissioning strategy of a novel pressurized FBR. The reactor designed for operation
at temperatures and pressures up to 850 °C/15 barg, utilizing a 50 mm inner diameter bed. In addition, the unit
is capable of operating with Hydrogen (H 2 ), Argon (Ar), and steam via an integrated generator, allowing for
precise control over inlet gas composition and reductant gas oxygen potential (H 2 /H 2 O ratio), which in turn
influences reduction kinetics. The partial pressure of oxygen, p O2 , of the outlet gas can be measured to



understand the ongoing reduction process in the FBR. Process simulations demonstrate the impact of
pressurization on throughput: while the designed reactor is limited to simulations indicate that operating at 10
bar and 700 °C allows for a continuous reduction rate of 7 kg/h within the same geometry. Batch experiments at
a capacity of 0.5 kg / batch can also be realized in the same unit. The plant operation chain is presented in
terms of the solid path (high-pressure solids feeding system, pressurized FBR, overflow collection chamber as
well as the setting for continuous probe sampling) and the FBR off-gas path (high temperature filtration unit, a
post combustion-chamber, cooler and pressure control methodology). Preliminary commissioning results with
use of two Brazilian concentrates of varying impurity levels are discussed from the point of metallization and
undesired particle sintering tendency. The reactor is currently under construction, with commissioning
scheduled for February 2026.
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Abstract Title: Effect of reducing atmosphere on direct reduction and electric arc furnace melting of high-grade
iron ores pellets

Abstract:

In the present work, we reduced high-grade iron ore pellets (Provided by VALE, Brazil) by employing different
reducing atmospheres, namely pure hydrogen and MIDREX. The reduced pellets were then melted in electric
arc furnace laboratory equipment. The pellets’ microstructure was characterized through SEM and XRD before
and after each reduction experiment in TGA. During melting, optical emission spectroscopy analyses allowed to
precisely measure the melt elements and evaluate the hydrogen content in the pellets. Both slag and steel
composition and microstructure were revealed by SEM observations after the melting operations.
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Abstract Title: Laboratory-scale study of a pellet-based H2 reduction and electric smelting process for New
Zealand titanomagnetite ironsand

Abstract:

Hydrogen direct reduced (H2DRI) production and subsequent melting in an electric smelting furnace (ESF) is a
promising low-emission ironmaking pathway for low- to mid-grade ores. This study applies a laboratory-scale
shaft furnace H2DRI + ESF process to New Zealand’s titanomagnetite (TTM) ironsand. TTM ironsand was first
pelletised to produce a suitable shaft furnace feedstock. A laboratory-scale shaft furnace was then
commissioned, reducing a moving pellet bed by up to 96% reduction degree under counter-current H2 flow.
Subsequent DC-arc smelting trials were conducted on the carbon-free HEDRI pellets blended with unreduced
ironsand, carburiser, and fluxes. The influence of carbon charge and reduction degree of H2DRI was examined,
with key focus on carburisation and vanadium partitioning behaviours. ‘Green’ pig iron ingots were produced
and separated from high-titania slags, with up to 92% vanadium recovered in the metal phase. Collectively, the
findings show the potential of an H2DRI + ESF process for future industrial-scale ironmaking from TTM
ironsand ores.
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Abstract Title: Valorization of Steelmkaing Slags by Hydrogen Direct Reduction and Magnetic Separation

Abstract:

Basic oxygen furnace slag (BOFS) continues to be an enormous waste product of the steel industry with very
low recycling rates and low value recycling methods. Due to the potential contained value, particularly iron
oxide and calcium silicate minerals, there is interest in developing high value-added recycling methods that
extract these components. The proposed method of H2 direct reduction and magnetic separation expands on
previous research on BOFS valorization through the formation and extraction of metallic iron and
calcium-silicate minerals. The tests to-date show that a maximum degree of reduction and metallization of 95%
at temperatures > 1000°C can be achieved. Kinetic modelling of reduction rate and dependency on H2
concentration and temperature is provided. The proposed single-stage magnetic separation produces a
magnetic concentrate with Fe recovery and grade of 72% and 66% respectively with a 250-gauss field strength.
The method also effectively separates contaminants from the magnetic concentrate such as sulphur,
phosphorus, and vanadium. The non-magnetic tailings have a hydraulic dicalcium-silicate and total hydraulically
active mineral content of 47% and 67% respectively and therefore has potential for use as a valuable
supplementary cementitious material. An additional 600-gauss magnetic separation step can reduce the
metallic iron content of the tailings from 8% to 0.6%. As compared to previous studies, the proposed method is
relatively less energy and resource intensive, as it utilizes larger particle size, lower H2 concentration, and
reduction time.
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Abstract Title: Bridging the Carbon Gap: Carburization of Hydrogen-Based Direct Reduced Iron in CO
Atmospheres

Abstract:

The transition towards hydrogen-based direct reduction ironmaking represents a major step for carbon-neutral
steelmaking. However, the absence of carbon in hydrogen-based direct reduced iron (H2-DRI) limits its
utilization in subsequent steelmaking operations. Controlled carburization, achieved by injecting carburizing
gases into the cooling zone of the direct reduction shaft furnace, provides a viable option for reintroducing
carbon into H2-DRI and bridging the carbon gap for its utilization in steelmaking. In this study, the carburization
behavior of H2-DRI was systematically investigated under CO-rich gas atmospheres. The experiments were
designed to simulate the post-reduction stage of a direct reduction process, wherein the reduced pellets are
exposed to carbon-bearing gases. Single-pellet experiments were conducted using a thermogravimetric
analyzer (TGA) and blast furnace (BF) grade iron ore pellets under controlled gas atmospheres. Each test
began with pure hydrogen reduction of the pellets, achieving an average reduction degree of 93%. Following
this, isothermal carburization was carried out in CO-based atmospheres at temperatures ranging from 600 °C to
800 °C. Three carburizing atmospheres were examined: (i) 100% CO, (ii) CO + 10% H2, and (iii) CO + 10%
CO2 mixtures. The real-time mass change of the pellet during carburization was recorded to evaluate carbon
uptake and compare carburization rates across different gas compositions and temperatures. The results show
a strong dependence of carburization rate on both gas composition and temperature. In pure CO atmosphere,
carbon deposition proceeds primarily via the Boudouard reaction (2CO B CO2 + C), with carburization rates
decreasing as the temperature increases. The introduction of H2 enhanced carburization rates across the



temperature range. This enhancement can be explained through the coupling of the Boudouard reaction and
the reverse water-gas shift reaction (CO2 + H2 B CO + H20). H2 reacts with CO2, effectively reducing CO2
partial pressure and generating additional CO, thereby shifting the Boudouard equilibrium forward and
increasing the driving force for carbon deposition. Conversely, the addition of CO2 suppressed the
carburization rate, as the elevated CO2 partial pressure shifts the Boudouard equilibrium backward, lowering
the carbon activity at the gas—solid interface. The hierarchy of carburization rates, with the highest in the CO +
H2 mixture, intermediate in pure CO, and lowest in the CO + CO2 mixture, was consistent across all studied
temperatures. A maximum mass gain rate of 22.0 mg/min was achieved in the case of CO + 10% H2 at 600
HC, while the lowest rate of 3.2 mg/min was achieved using CO + 10% CO2 at the same temperature. These
findings underline the crucial role of carburizing gas atmospheres and temperature affecting both carbon
activity and the kinetics of carburization. From a process metallurgy perspective, such insights provide valuable
guidance for tailoring shaft-furnace gas atmospheres to reintroduce carbon into H2-DRI without compromising
the low-carbon objectives of hydrogen steelmaking.
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Abstract Title: Sustainable Manganese Production: Pilot-Scale Hydrogen Prereduction of Mn Ore in a Plasma
Rotary Kiln

Abstract:

The HAIMan project (Hydrogen, Aluminum and Manganese) is a Horizon Europe-funded initiative aimed at
revolutionizing the metallurgical industry by developing a carbon-free, zero-waste route for manganese and
ferromanganese alloy production. Traditional methods rely on carbothermic reduction in submerged arc
furnaces, which are energy-intensive and contribute significantly to global CO2 emissions. The HAIMan process
replaces fossil carbon with hydrogen for the initial prereduction of manganese ores to MnO and subsequently
uses secondary aluminum (such as scrap or dross) as a reductant for final smelting. This integrated approach
not only targets a large reduction in CO2 emissions but also valorizes industrial byproducts, creating a
sustainable circular economy within the ferroalloy sector. This study presents the results of three pilot-scale
hydrogen prereduction campaigns conducted at SINTEF’s facilities in Trondheim, Norway, using Nchwaning
manganese ore. Utilizing a 300 kW graphite plasma rotary furnace, approximately 1.5 tonnes of ore were
processed to produce feedstock for subsequent aluminothermic smelting at MINTEK. The results demonstrate
that the degree of reduction is primarily driven by residence time at reaction temperature rather than the total
quantity of hydrogen supplied with a highest achieved reduction yielding a 20% weight loss. Analysis via XRD
and EPMA confirmed the successful conversion of higher manganese oxides to MnO and the partial formation
of metallic iron. It was determined that 163% of the stoichiometric hydrogen requirement (~1.6x the theoretical
amount) was sulfficient for effective prereduction under these pilot conditions. These findings validate the
scalability of the HAIMan prereduction stage and provide critical operational parameters for future
industrial-scale fossil-free manganese production.
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Abstract Title: Influence of gas composition on the wettability of blast furnace slag and cokes



Abstract:

The physical properties of molten slag in blast furnaces significantly impact the dripping of molten iron and slag,
as well as gas permeability, which directly affects the operational efficiency of the entire process. To
quantitatively estimate the dripping of molten slag through the coke bed, understanding thermophysical
properties—including viscosity and interfacial behavior—is crucial. Furthermore, efforts toward carbon neutrality
are expected to cause significant changes in the gas conditions of the blast furnace process. Therefore, this
study aims to experimentally clarify the influence of gas composition, particularly H2 addition, on the wettability
between molten slag and coke. To achieve this, the wetting behavior between a synthetic
Ca0-Si02-Al203-MgO-FeO quinary slag and a coke substrate was observed at 1550°C under various gaseous
conditions. In addition to the inert gases used in previous studies, a CO-N2 gas mixture was employed to
simulate actual blast furnace conditions. Additionally, the partial pressure of H2 was varied from 0 to 0.3 by
substituting it for CO. Contrary to previous research conducted under inert gas conditions, the contact angle
between the slag and coke did not show any notable change over time, which can be attributed to the presence
of CO gas. However, when H2 was added, the wettability of the slag on the coke improved significantly. It was
found that dynamic changes in the contact angle were always accompanied by slag penetration into the coke
substrate. Detailed interface analysis suggests that this wetting behavior is closely related to the formation of
SiC both on the surface and within the substrate. These findings are expected to be valuable for understanding
and predicting phenomena in low-CO2 emission blast furnaces.
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Abstract Title: Volume Change of Iron Ore Pellets in a Multi-Pellet Configuration during Reduction Using Pure
Hydrogen

Abstract:

Hydrogen-based direct reduction is one of the most promising routes to decarbonize iron and steel production,
a sector responsible for roughly 7-9% of global anthropogenic COM emissions. Conventional direct reduction
already offers lower emissions than blast furnace ironmaking, but it still relies on fossil fuels such as natural
gas, which limits its decarbonization potential. Replacing carbon-containing reductants with hydrogen can
dramatically reduce COM emissions, since water vapor becomes the main product gas. However, in general,
during gas-based direct reduction, iron ore pellets can undergo volume changes, swelling, cracking, and even
disintegration, regardless of the specific reducing gas used. Despite decades of investigations, there is still
limited contradictory data and a lack of detailed three-dimensional characterization of how pellets deform,
crack, and rearrange internally during reduction, particularly in multi-pellet beds and hydrogen-rich
atmospheres. This knowledge gap motivates a closer study of pellet behavior under hydrogen-based direct
reduction conditions. This work investigates the volume change and structural evolution of industrial iron ore
pellets during reduction by hydrogen in a multi-pellet bed configuration. Experiments are carried out in a
custom-designed furnace at 800°C under 100% hydrogen. In contrast to previous studies that rely primarily on
thermogravimetric analysis to monitor mass loss, this study uses mass spectrometry to directly follow hydrogen
consumption and water vapour formation throughout the reduction process, which provides a more accurate
measure of the reduction degree of the pellets. The evolution of pellet volume, porosity, and crack networks is
examined with a combination of X-ray Computed Tomography (XCT), Scanning Electron Microscopy (SEM),
Electron Backscatter Diffraction (EBSD), and Compressive Strength Testing (CCS). XCT provides
three-dimensional, non-destructive images of the pellets at different reduction stages, allowing quantitative
analysis of overall swelling, internal pore connectivity, crack formation, and structural rearrangements inside
individual pellets. SEM observations and EBSD phase mapping complement these data by revealing local
microstructural features, such as pore coalescence, iron growth morphology, interfaces between remaining



oxides and newly formed metallic iron, and the evolution of phases at different reduction stages, which relate to
volume changes. Additionally, compressive strength is measured on pellets before reduction and at
intermediate stages to quantify mechanical degradation and better correlate pore/crack formation with loss of
structural integrity.
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Abstract Title: Plasma torch produced hydrogen plasma as a reduction agent and heating source in
pyrometallurgy

Abstract:

In order to reduce the use of fossil fuels in pyrometallurgy, different approaches are required. One potential
alternative is hydrogen, which can be used in industrial burners instead of fossil fuels such as natural gas.
When it reacts with oxygen, it produces water vapour instead of CO or COM. Another decarbonisation approach
involves using electric energy; however, traditional furnaces may not be compatible with existing systems.
Plasma torches can offer a way to deliver electric heat similar to that of gas burners. Thermal plasma
technology exists for quite some time but are gaining renown as a possible solution in decarbonisation. Plasma
is known as the 4th state of matter, which is defined as ionized gas with the same amount of positive and
negative charges. To ionize a gas, different techniques can be applied. For example, Radiofrequency
(RF)-Plasma through induction, transferred and non-transferred electric arc plasma or microwave coupled
plasma, which is used in these investigations. The aim of this study is to investigate the feasibility of producing
hydrogen plasma using microwaves and to combine hydrogen combustion with a plasma torch thereby
providing heat as the sum of chemical and electrical energy. Combined with controlled addition of air or oxygen
into the reaction chamber, neutral, oxidative or reductive atmospheres can be achieved. The reductive
behaviour of hydrogen speciation will play a key role in these investigations. With different levels of ionisation, a
different speciation of the hydrogen will take place inside of the plasma. For example, H2, H2+, H, H+ could
occur, depending on temperature and other parameters like gas composition, pressure or density. Equipment
used in the test setup is a 10-kW microwave torch with a free mixable input gas mixture between 0 to 100% H2
in N2 to reduce a granulated black copper furnace slag, which contains high amount of cuprous oxide. To cool
the plasma leading quartz tube, a controlled air stream is applied on the outside. Additional heating, to ensure a
molten slag phase for interaction, is delivered through positioning of the crucible inside a resistance heated
furnace. With entering the reaction chamber, both flow streams are combined, leading to a partial combustion of
existing hydrogen. This hot gas provides a reductive atmosphere and supplies heat to the slag, which leads to a
reduction and the production of a molten metallic copper and secondary slag phase. Focus of the studies is to
test melting and reductive behaviour whilst varying parameters like hydrogen content in the gas mixture, radial
and axial gas flow and atmospheric conditions resulting from overall gas input including combustion air. Key
benchmark is the production of a metallic, copper rich, phase. Furthermore, measurements of the speciation of
the plasma contents with regard to the position to the gas ionisation area and the slag phase are made with
OES. as well as parameters like power input, gas flows and gas mixtures.
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Abstract Title: Using Thermodynamics and Microstructure to Mitigate Overfitting in Pellet Reduction Models

Abstract:

The urgent need for the reduction of greenhouse gas emission in steel metallurgy in the face of climate change
causes a paradigm shift, eventually leading to a transformation of well-established industry processes.
Hydrogen-based direct reduction, for example, is a promising pathway but requires knowledge about the
interdependencies of all process parameters, something that physically consistent process modeling with high
extrapolative power can offer. Existing models, however, remain insufficient: shrinking core models neglect
microstructural evolution, other models employ thermodynamically inconsistent formulations, and most pellet
models rely on numerous empirical fitting parameters, increasing the risk of overfitting and limiting predictive
power [Salucci et al., Am. Chem. Soc. 60 (2024), Bliylkuslu et al., steel research int. 2500263 (2025)]. We
present our one-dimensional micro-reaction model with explicit time stepping, designed to overcome these
limitations. The model explicitly captures nucleation and growth phenomena during the reduction of industrial
iron-ore pellets, enabling a mechanistic description of microstructural evolution. By coupling reaction kinetics
with mass transport and by resolving local porosity changes and conversion profiles, the model predicts how
pellet morphology, gas composition, and pellet size interact to determine reduction behavior. Thermodynamic
consistency is ensured through integrated ChemApp calculations, which rigorously predict phase equilibria and
driving forces for reduction under varying gas atmospheres. The model accounts for gas-gas reactions as well
as diffusion, providing a detailed understanding of the system's dynamic behavior. To further enhance
extrapolative robustness, our formulation minimizes the number of empirical parameters, rather than relying on
extensive kinetic fitting [BlyUkuslu et al., steel research int. 2500263 (2025)]. Our approach enables the
integration and optimization of specific input parameters, such as kinetic parameters, properties of the iron
oxide pellets, and gas input streams, and hence supports hydrogen’s integration into the industrial landscape
for reducing the carbon footprint of the steel industry.
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Abstract Title: Evaluating X-ray Computed Tomography (XCT) as a Quantitative Tool for Pore and Crack
Analysis in Hydrogen-Reduced Iron Ore Pellets

Abstract:

Hydrogen-based direct reduction (HE-DR) of iron ore pellets is a promising route toward low-emission
ironmaking. The reduction performance of HB-DR pellets is strongly influenced by the evolution of their internal
pore and crack networks, which control gas transport, access to reaction sites, and mechanical integrity during
reduction. X-ray computed tomography (XCT) offers three-dimensional characterization of these networks, yet
its quantitative limits across relevant microstructural length scales remain insufficiently defined. In this work, we
evaluate the ability of XCT to quantify porosity and cracking in industrial hematite pellets reduced in pure H2 at
800 and 1000 °C, representing two distinct reduced microstructures. Whole-pellet XCT was combined with
deep-learning-based segmentation to quantify porosity, crack fraction, and pore size distributions. In addition, a
high-resolution XCT scan was performed on the 800 °C pellet to assess the resolution limits of pellet-scale
imaging. Overall, this study delineates the range of pore/crack sizes and fractions that can be quantified with
confidence by typical laboratory XCT configurations in hydrogen-reduced iron ore pellets. It also clarifies the
conditions under which whole-pellet XCT alone is sufficient and when complementary high-resolution XCT or
SEM is required.
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Abstract Title: Recovery of a Copper-rich Alloy through Hydrogen Reduction of a Combined Converter-Anode
Furnace Slag from Secondary Production

Abstract:

Recovery of a Copper-rich Alloy through Hydrogen Reduction of a Combined Converter-Anode Furnace Slag
from Secondary Copper Production Felkl, L.1; Stelter, M.1 & Charitos, A.1 1 Institute of Nonferrous Metallurgy
and Purest Materials, TU Bergakademie Freiberg, Leipziger StraBe 34, 09599 Freiberg In secondary copper
production within the black copper smelting route, slags produced from the converter and the anode furnace
contain high amounts of copper and other valuable elements (16.3 — 41.7 wt.% Cu20) as well as volatiles like
zinc (3.9 — 7.0 wt.% Zn), tin (up to 15wt.% Sn) and lead (1.8 — 7.5 wt.% Pb). Besides this aspect, the
composition of the slags differ from typical fayalitic ones. The slag from the converter is quite similar to these
used in primary production (Cu20-FeO-SiO2-Fe203) while in the anode furnace a Cu20-Si02-Ca0-Fe203
slag is produced. Both slags are promising for the direct recovery of a copper-rich alloy, at black copper quality
(> 80 wt.-% Cu), as well as a high volatilization yield of lead and zinc, as shown in previous studies. This could
be advantageous in comparison to the practice of internal slag recycling which leads to impurity accumulation
and capacity decrease. The secondary slag resulting from the reduction of the anode furnace slag shows high
viscosity at 1300°C. This hinders further reduction as gas movement in the highly viscous melt is impeded.
Trials have shown that the phase separation is to be more difficult. To compensate with regard to the above,
the co-reduction of the converter slag together with the anode furnace slag is studied using industrial slag
samples. The intent is to use the converter slag as iron oxide source for the anode furnace and the anode
furnace slag as calcia source as flux in the reduction process. The achieved secondary slag from this combined
reduction is located in the classical ferro-calcium-silicate (FeO-Ca0-SiO2) system but with elevated content of
AI208. For the reduction a hydrogen-argon stream with pH2 = 0.33 atm at 500 ml/min is used to achieve a
good mixing within the molten phase while maintaining a high hydrogen utilisation and to prevent secondary
reactions. The dependence of the reduction grade from the hydrogen input is modelled in an open system
approach in the thermodynamical modelling program FactSage™ and used to predict the experimental
outcome. The usage of hydrogen, injected by a submerged alumina lance, for the combined reduction of both
slags is recommended for higher selectivity when compared to carbon-based reducing agents. Keywords: slag
reduction, copper, hydrogen, open system modelling, slag treatment
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Abstract Title: Keynote: Development of the ZESTY Ironmaking Process

Abstract:

A novel H2 based single stage reduction ironmaking technology named ZESTY (Zero Emissions Steel
TechnologY) has been developed by carrying out pilot plant testing at a facility in Bacchus Marsh near
Melbourne. The process uses counter current flow of hydrogen and iron ore fines (less than 500 micron) in an
electrically heated tubular reactor; residence time of particles are estimated to be 40 to 80s in the reactor
depends on the particle size and gas flowrate. Initial pilot plant trials in 2023 established the general
characteristics of the reactor and in 2024, an extensive testing campaign in a fully electric pilot reactor for a
range of Australian-sourced hematite/goethite and magnetite. Characterization of the products demonstrated
that hematite goethite ores can achieve metallization levels above 95% operating below 1050 °C, the best
results being achieved for particles less than 200 micron with highly porous structures. Particle size,
mineralogy, ratio of hydrogen to reducible oxide, porosity and reactor temperature play a crucial role in



determining the level of metallization achieved. A thermogravimetric technique using flow through fine samples
on a wire mesh to study the kinetics of the process has been established to study the kientics of the process. A
multi-zone thermodynamics and kinetic model have been developed to provide a basis by which to understand
how key parameters affect reactor performance. Further fundamental work is underway to inform the
development of a 30,000 tpa demonstration plant.
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Abstract Title: Keynote: Multi-Scale Numerical Approach for Reduction of Iron Ore under Hydrogen Enriched
Operation of Blast Furnace

Abstract:

Research and development activities to realize carbon-neutral iron- and steelmaking processes have been
underway worldwide. It is considered that the use of hydrogen in steelmaking is a promising method, and
various projects to industrialize hydrogen direct-reduction shaft furnaces have been carried out. However, due
to the vast scale of the steelmaking industry, abruptly switching iron- and steelmaking processes to
hydrogen-based processes is difficult. Therefore, it is essential to design pathways during the transition period.
Reducing carbon dioxide emissions from ironmaking processes is indispensable, even on these pathways. For
example, the GREINS (GREen INnovation in Steelmaking) project in Japan is taking a multi-track research
approach that includes the hydrogen direct-reduction shaft furnace, hydrogen-enriched blast-furnace operation,
and so on. It is known that the hydrogen reduction of iron ore proceeds faster than the carbon monoxide
reduction and is an endothermic reaction. Therefore, the inner state of the blast furnace will change when
hydrogen is used. Even under such conditions, the stable operation of the blast furnace must be achieved. To
design and optimize the hydrogen-ironmaking process, the characteristics of hydrogen reduction and the
in-furnace state must be quantitatively understood. For this purpose, a novel multi-scale numerical approach for
iron ore reduction in a blast furnace under hydrogen-rich conditions was conducted. This approach includes
three different scales, namely particle scale, furnace scale, and layer scale. In this presentation, the details of
this approach, as well as the current state of Japanese research and development toward carbon-neutral
steelmaking, will be introduced.
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Abstract Title: Hydrogen-Based Pre-reduction of High and Low Grade Siliceous European Manganese Ores
for Low-Carbon Ferroalloy Production

Abstract:

The transition from carbon-based reductants to hydrogen represents a paradigm shift for decarbonization in the
ferroalloy industry. Processes such as HAIMan (Hydrogen and Aluminum use for Manganese and its alloys
production) enable the replacement of solid carbon with hydrogen, offering a viable route to significantly reduce
the environmental footprint of manganese and ferromanganese production. Having progressed from laboratory
to pilot scale, the HAIMan concept demonstrates the potential to cut CO2 emissions by up to 1.5 tonnes per
tonne of ferromanganese produced, positioning hydrogen-based metallurgy as a key enabler of sustainable
ferroalloy manufacturing. In this study, the thermochemical behavior and hydrogen reduction kinetics of a
high-grade and a low-grade European manganese ore was investigated under controlled laboratory conditions.
To obtain reliable kinetic data, the ores were first calcined at 900°C to remove carbonates and hydroxides and



to stabilize their microstructure followed by isothermal hydrogen reduction in a vertical thermogravimetric
furnace at 600°C, 700°C, and 800°C. Mass loss and reduction rates were quantified using thermogravimetric
analysis, while wet chemical analysis, XRD and porosity measurements were used to assess compositional
and mineralogical evolution. The results indicate that hydrogen reduction kinetics of manganese and iron
oxides are strongly temperature-dependent, with higher temperatures accelerating reduction and phase
transformation. Sintering and densification effects were observed above 700°C, reflected by reductions in
porosity (%). These results show that controlled thermal pre-treatment and temperature optimization are key to
enabling efficient hydrogen reduction and advancing climate-neutral ferromanganese production.
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Abstract Title: Temperature Influence on the Hydrogen Reduction and carburization Behavior of Iron Ore
Pellets

Abstract:

The iron and steel industry accounts for nearly 7% of global COM emissions, prompting growing interest in
sustainable ironmaking technologies aimed at reducing greenhouse-gas emissions. Hydrogen-based reduction
has emerged as a promising alternative to conventional carbon-based processes, as it produces water vapor
instead of COM. However, for efficient electric arc furnace (EAF) operation, the reduced iron must contain a
controlled amount of carbon to promote slag foaming, improve arc stability, and lower the melting temperature
of iron. In this study, hydrogen reduction and carburization of iron ore pellets was carried out in a
thermogravimetric furnace under a fixed hydrogen flow rate at various temperatures, followed by carburization
using 10% CHME and 90% H2. Phase evolution, microstructural features, carbon content, and chemical
composition were analyzed using XRD, SEM-EDS, LECO carbon analysis, and XRF, respectively. The results
indicate that complete reduction corresponds to approximately 14% mass loss during hydrogen reduction. The
reduction rate increased significantly with temperature, demonstrating the strong temperature dependence of
hydrogen-reduction kinetics. During the carburization stage, cementite (FelC) formation was more pronounced
at 900 °C, whereas lower carburization levels were observed at 700 °C, confirming the temperature
dependence of carbon uptake. Carbon in the reduced pellets was present in two forms: graphite and cementite.
The combined hydrogen reduction and controlled carburization approach demonstrates a viable pathway
toward low-carbon and green steel production.
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Abstract Title: Hydrogen-based Reduction of Electric Arc Furnace Dust

Abstract:

Global production of electric arc furnace (EAF) dust, estimated at approximately 8 million tonnes annually, is
expected to increase as EAF steelmaking gains prominence in response to global decarbonization efforts.
Although classified as hazardous due to its heavy-metal content, EAF dust represents a valuable secondary
resource for zinc and iron recovery. This study investigates the hydrogen-based reduction of EAF dust as a
more sustainable alternative to conventional carbon-based processes. Thermodynamic calculations performed
using FactSage 8.0 (Equilib and Reaction modules) reveal three distinct stability and selectivity regions for iron
and zinc oxides as functions of temperature and Hll/HBO partial pressure. These domains define the
thermodynamically feasible reduction pathways and provide a basis for selective zinc reduction using hydrogen.
The as-received dust was characterized mineralogically by X-ray diffraction (XRD) and chemically by



inductively coupled plasma-optical emission spectroscopy (ICP-OES). Isothermal reduction experiments were
conducted at 1000°C using a pure hydrogen flow rate of 2 SLPM and varying reduction times, with partially
reduced samples analyzed for zinc and iron contents. Near-complete reduction was achieved within 10
minutes, exhibiting a two-stage reduction profile characterized by rapid initial mass loss during the first 5
minutes, followed by a gradual plateau. Zinc removal increased with reduction time, reaching 98% after 20
minutes. These results demonstrate the viability of hydrogen-based reduction for selective zinc recovery from
EAF dust and provide valuable insights into the thermodynamic feasibility and kinetic mechanisms governing
the process.
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Abstract Title: Temperature-Dependent Hydrogen Reduction Behavior of Saprolitic Nickel Ore in 75%
Hydrogen-25% Argon Atmosphere

Abstract:

This study examines the hydrogen reduction behavior of saprolitic nickel ore using a gas-permeating fixed-bed
reactor operated under a 75% HB-25% Ar atmosphere at temperatures ranging from 500 to 900 °C for a
duration of 2 hours. The reduction progress was evaluated by monitoring mass loss before and after hydrogen
reduction process. Comprehensive characterization was conducted on the initial and final samples using X-ray
fluorescence (XRF) analysis, Fe?l/Fe_total measurements, X-ray diffraction (XRD), and scanning electron
microscopy (SEM) to elucidate chemical, microstructural, and phase evolution throughout the reduction
process. The results show that mass loss increases systematically with increasing temperature, indicating
enhanced reduction reactions at elevated temperatures. Phase analysis reveals a clear transformation
sequence, with the original ore—initially dominated by goethite and hydrous magnesium silicate
phases—progressively decomposing and recrystallizing into higher-temperature phases such as forsterite,
enstatite, fayalite, and discrete metallic phases. These findings improve understanding of
temperature-dependent reduction mechanisms in saprolitic ores and provide useful insights for the
development of cleaner, hydrogen-based nickel processing routes aimed at reducing carbon emissions in nickel
production.
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Abstract Title: Waste heat recovery, hydrogen recovery, and CO2 capture in the manganese metallurgical
industry

Abstract:

The purpose of the present work is to analyze and investigate various solutions for heat and hydrogen recovery
and reuse, as well as for carbon capture in the manganese (Mn) metallurgical industry. The calciner and the
pre-reduction reductor (PRR) are among the most important systems within the production of Mn and Mn alloys
from Mn ores and Mn-containing waste. The top gas released from PRR is made up of steam and hydrogen at
7500C, while the calciner off-gas stream, which is composed of nitrogen, steam, and carbon dioxide (CO2), is



at a temperature level of 3000C. Regarding the PRR top gas, two different scenarios are examined. In Scenario
1, a portion of the PRR top gas stream feeds the calciner, while in Scenario 2, methane is used in the calciner.
First, waste heat recovery solutions are examined. More specifically, the top gas stream can feed water-stream
Rankine cycles for power generation, and hydrogen heat exchangers to preheat the incoming hydrogen stream
to the PRR. Two cases of top gas heat recovery are investigated in each Scenario. In Case 1, the top gas
stream first passes through the hydrogen heat exchanger and then through the water-steam Rankine cycle,
whereas in Case 2, the opposite sequence is applied, the top gas first feeds the Rankine cycle and then the
heat exchanger. For each configuration analyzed, the top gas stream must exit the hydrogen heat exchanger or
the Rankine cycle at a temperature above the dew point. If the top gas stream has already passed through both
the hydrogen heat exchanger and the Rankine cycle, and its temperature remains significantly higher than the
dew point, a bottoming power cycle can be integrated. After implementing all the aforementioned cycles and
heat exchangers, the top gas stream can enter a cooler to be cooled down below 1000C. A flash tank is
integrated to separate the liquified water amount from the gaseous stream, which includes hydrogen and small
amounts of steam. Thus, the hydrogen amount contained in the top gas stream is recovered. On the other
hand, the off-gas stream leaving the calciner can drive ORC systems. The ORC modules are studied
parametrically, examining various working media. Furthermore, two configurations capable of utilizing heat
sources at different temperature levels are analyzed: the dual-evaporator and the dual-source Rankine cycle. In
these systems, both heat sources are exploited through a single power-to-heat unit, rather than separately as
previously described. All the examined layouts are compared in terms of their net electricity production rate.
Moreover, a carbon capture unit based on monoethanolamine (MEA) is investigated to capture the CO2
amount contained in the calciner off-gas. Finally, it is highlighted that the utilized software tool is Aspen Plus.
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Abstract Title: Copper extraction from a seafloor massive sulfide ore via a hydrogen-based direct reduction
process

Abstract:

Copper is an important metal in modern society and its contribution to sustainable development and the use of
renewable energy is of great importance. As copper demand continues to increase while onshore resources are
gradually declining, there is growing interest in offshore copper ores. Among the offshore resources, seafloor
massive sulfides (SMS) deposits, which are found at water depths of 3000 m can be considered as a unique
copper source. In the present study, an SMS sample from the Norwegian extended continental shelf was
studied in laboratory scale and processed using a pyrometallurgical route to extract copper. It was found that
the SMS sample consists mostly of chalcopyrite and contains ca. 17% Cu. The sample was first oxidatively
roasted and then reduced using hydrogen gas at elevated temperatures. It was found that particle reduction of
the oxide ore was possible, resulting in the formation of copper metal adjacent to unreduced iron oxide.
Subsequent flux-smelting of the material at high temperatures yielded metallic copper that was well-separated
from the non-metallic components of the reduced ore. The produced copper metal was found rich in copper, i.e.
98%, and contained minor amounts of impurities such as Fe, S. These results demonstrate the technical
feasibility of hydrogen/based direct reduction combined with flux smelting as a promising low/carbon route for
copper extraction from SMS ore.
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Abstract Title: Keynote: Green Ironmaking under High Hydrogen Pressure: Reduction Kinetics and
Microstructure Evolution during Hydrogen-Based Direct Reduction

Abstract:

Fossil-free iron production is essential to mitigate the substantial CO2 emissions of the steel industry, which
accounts for approximately 8% of global emissions and remains a major contributor to climate change. Among
emerging solutions, hydrogen-based direct reduction of iron ores has attracted significant attention as a
promising pathway toward the decarbonization of ironmaking. In this talk, | will present our recent investigations
into the direct reduction of iron ores under elevated hydrogen pressures of up to 100 bar at 700 °C. The
reduction kinetics and associated microstructure evolution were systematically studied using in-situ synchrotron
high-energy X-ray diffraction, enabling time-resolved tracking of phase transformations during reduction. By
applying kinetic models, the rate-limiting steps of the individual reduction reactions were identified and further
elucidated through complementary analyses using scanning electron microscopy and X-ray nano-tomography.
Our results demonstrate that increasing hydrogen pressure significantly accelerates reduction kinetics across
all reaction steps and lowers the onset temperatures of phase transformations. Despite these enhancements,
the reduction of wistite to metallic iron remains the rate-limiting step, governed by a localized
phase-boundary-controlled mechanism. The influence of hydrogen pressure on reduction behavior is discussed
in terms of both thermodynamic driving forces and microstructural kinetics. Overall, this work provides new
insights into the role of hydrogen pressure in controlling reduction kinetics and microstructure evolution during
hydrogen-based direct reduction, offering fundamental guidance for process design, optimization, and the
development of next-generation green ironmaking technologies.
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Abstract Title: Seeding Approach for Resource-Efficient FeNi Growth and Nickel Extraction from Ultramafic Ni
Concentrates

Abstract:

The depletion of high-grade sulfide deposits has shifted attention to abundant but underutilized ultramafic ores;
however, their high MgO content hinders flotation, increases leaching reagent consumption, and elevates
smelting liquidus temperatures. This study investigates a low-temperature upgrading approach in which
ultramafic concentrates are blended with Fe powder and heated to 920 °C. During treatment, Fe reacts with
sulfur-bearing minerals to form nonmagnetic FeS, thereby mitigating SO2 emissions, while excess Fe alloys
with Ni to produce magnetic FeNi, enabling magnetic separation. Under an Fe-to-concentrate ratio of 0.25 and
two-stage treatment (920-750 °C), FeNi particles with a Dv80 of ~92 um were obtained. A 10 vol.% H2
atmosphere promoted FeNi growth by lowering Fe oxidation potential. To reduce Fe powder consumption,
recycled FeNi middlings were introduced as a substitute Fe source. The middlings also acted as pre-existing
metallic nuclei, thereby enhancing FeNi particle growth during treatment. Partial Fe substitution (50 wt.%)
increased Dv80 to 136 um, whereas full substitution (100 wt.%) yielded 112 um due to excessive nucleation
density. Ni extraction decreased from 92 wt.% (no Fe substitution) to 88 wt.% (full substitution) because pure
Fe powder is more chemically active. Overall, controlled seeding offers a resource-efficient route for upgrading
ultramafic concentrates.
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Abstract Title: Keynote: The Use of Hydrogen in High Temperature Pyrometallurgical Processes

Abstract:

The increased emphasis on climate change coupled with the 2050 emission reduction targets that most
countries have committed to, means that operators of high temperature thermo-processing equipment are
looking for solutions to substantially reduce their CO2 emissions. One potential method is the use renewable
green hydrogen. Green hydrogen is and will remain an expensive fuel in the foreseeable future, so it makes
sense to optimize its use in industrial process. One obvious route is the use of hydrogen fired oxyfuel
combustion systems for high temperature industrial process that, for technical reasons, cannot be converted to
direct electrical heating. Linde has been investigating the use of hydrogen fired oxyfuel burner systems at their
combustion technology centres in Stockholm (Sweden), Tonawanda (New York State, USA) and
Unterschleissheim (close to Munich, Germany) since 2018, with the goal of ensuring that all Linde oxyfuel
burners are Hydrogen Ready. Linde has been implementing oxyfuel solutions across a broad range of
industries for more than 40 years. In this paper Linde will present data and findings of the comparative tests
performed with several commercially available Linde burners as well as results from full hydrogen combustion
scale trials in a steel reheating furnace, aluminium remelter and a glass melter. The data presented will be for
hydrogen, natural gas as well as selected blends of hydrogen in natural gas. Parameters like flame length and
shape as well as NOx emissions and heat distribution within the test furnaces will be presented and compared
for conventional as well as flameless oxyfuel burners. Heat transfer into aluminium and copper samples as well
as measured peak flame temperatures will be presented, as well as real world data from an industrial scale
REBOX® flameless oxyfuel burner installation operating with renewable hydrogen. Hydrogen safety,
production, supply, storage, a few challenges as well as hydrogen’s use as a reductant in the copper industry
will also be discussed briefly.
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Abstract Title: Use of Hydrogen in the MIDREX(R) Process

Abstract:

Ironmaking is the most energy intensive and generates the majority of CO2 emissions associated with
steelmaking. The most advanced and promising technology to reduce and eliminate CO2 emissions associated
with Ironmaking is Direct Reduction with Natural Gas and Hydrogen. As the industry leader, Midrex
Technologies Inc. been actively researching and developing technology solutions to adapt the MIDREX®
process for both a stepped transition from Natural Gas to Hydrogen (MIDREX FlexTM) and for the ultimate
carbon-neutral direct reduction process (MIDREX H2TM).
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Abstract Title: Comparative Evaluation of Different Laterite Processing Routes for the Sustainable Production
of High-tech Ni Products



Abstract:

Due to its emerging role in the clean energy transition and green technologies, as well as its established
applications in infrastructure, chemical manufacturing, and food production, the demand for nickel is increasing.
At the same time, high-grade sulphide nickel ores are becoming increasingly scarce, shifting nickel production
toward laterite resources. Laterite processing routes to produce advanced Ni products that not only mitigate
geopolitical risks but are also environmentally and economically sustainable should be developed. The aim of
this study is to evaluate the viability of processing European laterite ore to produce nickel oxide, which will then
be used as raw material for the production of Ni superalloys via the innovative metallothermic velocity melting
(MVM) process. First, the ore will be characterized with regard to its bulk chemistry, mineralogy, phase
composition, moisture content, and thermal behavior. Two approaches, pyrometallurgical treatment and the
modified Caron process, will be explored. In the first approach, the dried ore undergoes calcination,
molten-state reduction, followed by sulphidization and roasting. In the modified Caron process, the solid ore will
be reduced in laboratory fluidized-bed roasters before undergoing ammoniacal leaching. The technical
feasibility of the two production routes will be evaluated using thermodynamic modeling, experimental trials,
and life-cycle assessment. Furthermore, the findings will be used to identify opportunities for process
optimization and to serve as a basis for the development of a more sustainable extraction method, e.g., by
using hydrogen in place of carbon-based reductants in molten-state reduction and using deep eutectic solvents
(green solvents) as a leachant.
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Abstract Title: High Temperature Behavior Of Low Oxygen Copper And SiC-Based Refractory Materials Under
The Influence Of Hydrogen And Methane Mixture Combustion Gas

Abstract:

Substituting natural gas with hydrogen in the copper industry is proposed for decarbonization but may risk
copper product quality. In addition, care should be taken in choosing the combustion atmosphere to maintain
SiC refractory linings, both aspects being relevant to copper cathode melting furnaces. Thermodynamic
calculations were performed for combustion atmospheres of hydrogen and natural gas fuel mixtures (up to
100% HM) and combustion indexes (A A. Visible porosity was demonstrated by copper samples exposed to
hydrogen-rich atmospheres. Furthermore, pure SiC presented potential reaction with Cu-OFE under vacuum,
whereas composite SiC refractories did not.
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Abstract Title: Melting behavior of Direct Reduced Iron Pellets in Molten Steel and Molten Slag Bath

Abstract:

Direct reduced iron (DRI) combined with electric arc furnace steelmaking is expected to be a promising future
fossil-free-fuel feedstock for steel production. Despite several years of research on DRI melting in the
steelmaking process, the melting behavior in the molten steel bath as well as on the slag bath is not well



understood; this becomes even more challenging while melting hydrogen-reduced DRI. In the present study, a
set of experiments on the melting of DRI were conducted in molten steel (~0.01% C) and molten slag
(25%Ca0-20%Si0,-50%Al1,0,-5%Fe0) bath at high temperatures under controlled atmosphere and
intermediate samples were collected. The primary focus of the experiment is to capture the melting behavior of
DRI pellet under industrial steelmaking temperatures. The pore structure of DRI was characterized using X-ray
computed tomography and scanning electron microscopy combined with energy dispersive X-ray spectroscopy
which revealed an average pore size of 0.74 um and an overall porosity of 45% by volume. The highly porous
nature of the DRI reduces the effective thermal conductivity, which strongly influences its melting behavior. The
study suggests that the shell formation followed by shell dissolution was rapid while immersing a DRI in molten
steel bath, whereas the melting process was very slow in the molten slag bath. The higher thermal conductivity
of the bath, as well as higher convective heat transfer from the molten bath to the DRI, promoted faster
dissolution in the metal bath compared to that in the slag bath. A mathematical model has been developed,
capturing the convective heat transfer from the bath to DRI, phase transformation at the DRI/bath interface and
conduction heat transfer within DRI. The model agrees with experimental observations and indicates slower
thermal penetration and longer shell stability in the slag medium. Overall, the study shows that DRI melting
kinetics are strongly influenced by pore structure and thermal properties of the surrounding medium.

Author(s) & Affiliation: Javad Vahabzadeh Pasikhani, Polytechnique Montréal; Jamal Chaouki, Polytechnique
Montréal

Abstract Title: Decarbonizing Magnesium Pyrometallurgy through Methanothermic Reduction under
Microwave Heating

Abstract:

The global transition toward electrification and low-carbon technologies has significantly increased demand for
magnesium (Mg), a critical lightweight metal essential for transportation, energy storage, and advanced
materials. However, Mg metal production remains highly energy-intensive and carbon-emitting. Currently, 85%
of global Mg metal is produced in China via the silicothermic reduction of calcined dolomite (MgO.CaO),
commonly known as the Pidgeon process. This vacuum-based, multi-step thermal process consumes large
quantities of coal-derived energy (8.68 tce), generates substantial solid waste (5-6 t waste/ t Mg), and emits up
to 26 t CO2eq per ton of Mg. Therefore, developing alternative Mg metal production pathways that reduce
energy consumption, eliminate vacuum operation, and lower carbon footprint is vitally important. Dolomitic
limestone waste rock (DLWR), generated during phosphate mining, represents an abundant secondary
resource for Mg metal recycling. Our previous work demonstrated that high-purity Mg(OH)2 and MgO can be
selectively recycled from DLWR via dilute H2SO4 leaching and stepwise NaOH precipitation. To further valorize
this waste stream, this study introduces a novel methanothermic-assisted carbothermal reduction (MCTR) of
Mg(OH)2 using a microwave-heating reactor under atmospheric pressure. Unlike conventional carbothermal
reduction (CTR), which requires a deep vacuum (30-100 Pa) to thermodynamically favor MgO reduction at
around 1200 EC, our proposed non-conventional pyrometallurgical process employs methane (CH4) as a
hydrogen-carrier reductant and microwave radiation as a heating source to promote the in-situ generation of H2
and CO via methane decomposition. This shifts the dominant reduction pathway from solid-solid to gas-solid
reactions, enabling Mg production at atmospheric pressure. Microwave irradiation further intensifies the process
yield through synergistic thermal effects (i.e., selective, rapid, and volumetric heating) and non-thermal effects
(i.e., enhanced hydrogen evolution and oxygen-vacancy formation). As a result, we produced metallic Mg
rapidly within 20 min at 1200 BC under atmospheric pressure. In parallel, the methanothermic reduction of
Mg(OH)2 generated hydrogen-rich syngas with an H2/CO molar ratio of approximately 2.5. Co-production of
hydrogen-rich syngas offers additional value as both a chemical feedstock and an energy carrier. Compared to



the Pidgeon process and conventional CTR, our proposed technology simplifies reactor design, accelerates
heat and mass transfer, and enables process intensification while reducing solid waste generation and
conserving energy. In summary, this work demonstrates a microwave-driven, syngas-assisted pyrometallurgical
pathway for Mg production that integrates methane cracking, carbothermal reduction, and waste valorization.
By avoiding external pure hydrogen supply and vacuum operation, our process provides a practical transition
toward low-carbon Mg metallurgy and promotes the circular economy for mining utilization residues.
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Abstract Title: Hydrogen reduction of iron oxide systems, in both solid and liquid states, from the steelmaking
industry

Abstract:

The steel production in the electric arc furnace (EAF) is continually growing as more steel is recyled, leading to
the generation of large amounts of iron-rich by-products. In particular, EAF slags contain significantly hgiher
iron contens than conventional blast furnace slags, with an estimated total iron production of approximately 25
million tons in 2024. Another by-product, mill scale, accounts for about 2% of the total and is highly enriched in
iron oxides. Therefore, the development of sustainable iron recovery methods from these by-products will
enhance the circularity of the steel industry. Our thermochemical calculations indicate that hydrogen-based
reduction of molten slags is thermodynamically feasible for producing high-purity iron and may offer advantages
over carbon-based processes, enabling the reintegration of recovered iron into steelmaking as secondary raw
materials. This study proposes the experimental framework for the design of hydrogen-based iron recovery
processes from industrial EAF black slags and mill scale. Firstly, the chemistry and mineralogy of these
by-products were characterized. Elemental analysis was conducted using X-ray fluorescence (XRF), crystalline
and amorphous phases were determined through Rietveld refinement of X-ray diffraction (XRD) patterns, and
the morpho-compositional study was performed by scanning electron microscopy (SEM) and energy dispersive
X-ray (EDX) spectroscopy microanalysis. The iron in slags is mainly distributed in the amorphous phase and
the RO phase (Fe,Mn,Mg)O. In mill scale, iron is present in different oxidation states (Fe304, Fe203, FeO). To
design adequate reduction heat treatments, thermodynamic equilibrium calculations by FactSage 8.4 were
combined with phenomenological models to predict the foaming index of the slags under a variety of hydrogen
injection flow rates and temperatures. The experiments were carried out in an innovative laboratory-scale
melting furnace, equipped with a mini-lance for controlled bubbling of hydrogen-based gas mixtures and a
micro-gas chromatograph for semi-continuous off-gas analysis. The experiments were conducted in a
magnesia crucible under an argon atmosphere, with slag experiments carried out in the molten state at 1600°C.
Mill scale experiments were performed in the solid state at 800°C using different particle morphologies,
including pellets, granules, and pressed tablets. In addition to hydrogen, graphite was employed as a reducing
agent to enable a direct comparison with hydrogen reduction in terms of iron recovery and foam height. For the
graphite-based experiments, pressed tablets were prepared by mixing slag or mill scale with graphite to
improve solid-state mixing before being introduced into the furnace. To evaluate iron recovery efficiency after
reduction, the samples were subjected to both slow and quenching cooling routines, followed by chemical and
mineralogical characterization. The results of this study enabled the identification of experimental optimal
working ranges, as well as the first experimental validation of our theoretical hypothesis. This knowledge will
allow us to develop hydrogen-based metallurgical processes for slags and mill scale, either to use them as
alternative iron sources or to reduce the CO2 emissions in EAF steel production.



Sustainability: Transforming Processes & Project Delivery
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Abstract Title: Industrial Waste to Value in Secondary Aluminum Melting

Abstract:

Black dross or salt slag is the slag that results from secondary aluminum melting, where aluminum alloys made
with reclaimed or recycled aluminum are supplemented with prime aluminum as needed. The reclaimed metal
feed can be from either industrial waste or postconsumer scrap, with the metal typically melted in a gas fired
furnace with salt. The salt is added to flux the metal and forms a protective slag on top during melting. The
resultant slag is an amalgam of salt, alloy, and partially or fully oxidized/nitrided metal. After removal of the
liquid metal, the slag is further processed to remove any additional metal entrained within, after which any
remaining slag/salt material is landfilled. Evergreen Alumina has a patented method to process this currently
landfilled material and extract the soluble salt to return it to the secondary aluminum producer for use. The
process also produces other feedstocks, including one that can be transformed into a high temperature
resistant oxide-based refractory ceramic aggregate. This work will review the process and benefits of removing
the slag/salt from landfill disposal and the potential properties and uses of a ceramic refractory aggregate
output via this strategy.
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Abstract Title: Selective chlorination as an innovative, sustainable method for CO2-optimized extraction of
valuable metals from residues from the metallurgical industry

Abstract:

Accelerating climate targets and resource constraints demand processes that recover valuable metals from
complex industrial residues with minimized CO2 emissions. This paper introduces selective chlorination as an
innovative, sustainable separation method that exploits controlled chlorination—dechlorination equilibria to
differentiate matrix elements from valuable metals by their volatility, and reactivity. The approach engineers
phase transformations into chlorides, oxychlorides, or stabilized oxides under tailored temperature profiles and
gas atmospheres, creating pathways for multilmetal systems without reliance on highBMcarbon reductants. The
present research combines comprehensive thermodynamic equilibrium calculations to define suitable process
parameters with laboratory validation for selected residues from nonferrous industry. Emphasis is placed on
hydrated chloride donors such as magnesium-, iron-, or aluminium-chlorides, which release HCI in situ. Overall,
the results confirm that selective chlorination can be an important basic technology for the circular economy in
the metallurgical sector, combining high extraction performance with sustainability and practical applicability.
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Abstract Title: Advanced Analytical Technologies for Greener Steel Production: On-line Cross-Belt Elemental
Analysis and At-line X-ray Diffraction in Action



Abstract:

The global steel industry is undergoing a deep transformation as sustainability becomes a strategic priority.
Ironmaking, historically one of the largest sources of industrial COM emissions, faces increasing pressure to
reduce its environmental footprint while maintaining efficiency and product quality. Achieving significant
reductions requires precise control of iron ore processing, particularly when working with low-grade ores. This
challenge creates opportunities for beneficiation and pelletizing plants to adopt advanced analytical
technologies that enable greener operations. This study presents three case studies demonstrating how online
Pulsed Fast Thermal Neutron Activation (PFTNA) cross-belt elemental analysis (CNA) and at-line X-ray
Diffraction (XRD) can be used to optimize iron ore beneficiation, sintering, pelletizing, and Direct Reduced Iron
(DRI) production. Online CNA provides continuous elemental data directly on the conveyor belt, enabling
real-time ore sorting and blending. In iron ore screening processes, CNA achieves Fe precision of 0.34% and
accuracy of 0.40% across the 26—50% Fe range, with comparable performance for Si, Al, Na, K, and Ti. In
sinter applications, static precision for Fe is 0.48%, while CaO and SiOM show 0.23% and 0.18%, respectively,
supporting accurate results for basicity control of the raw mix through precise real time lime dosing. These
capabilities allow operators to maintain consistent feed chemistry, reduce variability, and minimize
energy-intensive corrective actions. For example, reducing coke consumption by just 1 kg per ton of sinter
translates into €1.4 million annual savings at typical production scales. At-line XRD analysis provides
mineralogical insights critical for impurity removal, including clays, carbonates, and silicates during ore washing.
One case study demonstrates XRD effectiveness in grade monitoring of goethitic and magnetitic ores, where
rapid phase identification and Rietveld refinement quantify complex gangue minerals such as clinochlore,
tremolite, talc, and carbonates alongside magnetite and hematite. In one example, magnetite ore analysis
revealed 51.8% magnetite, 17.9% clinochlore, and minor phases including pyrite (3.0%) and calcite (4.7%).
These data support accurate mass balancing and washing strategies, reducing silica and carbonate
contamination. In iron ore pelletizing, XRD enables prediction and control of key quality parameters, such as
swelling, cold crushing strength, reducibility, and tumble index, while monitoring magnetite-to-hematite
conversion during induration. This fine-tuning improves pellet performance and lowers energy consumption. In
DRI production, XRD combined with Partial Least Squares Regression (PLSR) predicts process parameters
such as total Fe and metallization with high accuracy (R? = 0.977 for total Fe and R2 = 0.995 for metallic Fe),
enabling responsive control in both DRI-EAF-GAS and DRI-EAF-HE pathways. The synergy of CNA and XRD
fosters a data-driven approach to sustainable ironmaking. Real-time elemental monitoring reduces reliance on
corrective measures, while mineralogical insights enable proactive adjustments. Together, these technologies
improve resource efficiency, reduce waste, and support compliance with stringent environmental regulations,
thus positioning ironmaking as a proactive contributor to global decarbonization.
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Abstract Title: Effluent Treatment and Tailings Storage Strategy for the Battery Grade Cobalt Sulphate
Hydrometallurgical Process

Abstract:

ABSTRACT Cobalt is designated a critical mineral by the United States Department of Energy. It is a key
ingredient in the production of the cathode material in many Lithium-lon Batteries, cobalt is also used in the
production of high-strength steels. Currently, North America relies nearly 100% on a foreign supply of refined
Cobalt imported primarily from China. It is critical to bring the production of battery grade cobalt to North
America in an environmentally responsible way. As such, the strategy for removal and storage of trace metal
impurities from the effluent material is essential in allowing safe discharge of treated water. The first step in



effluent treatment involves the neutralization and precipitation of trace metal impurities and gypsum through the
addition of lime slurry to the effluent process stream. The effluent is then pumped to a thickener where it is
dosed with a f locculant. Gypsum slurry along with the trace metal impurities are sent from the thickener
underflow to the primary tailings storage facility where the tailings are compacted. Clarified water from both the
tailings storage facility and the overflow of the thickener are sent to a series of ponds to allow for the settling of
suspended solids. Finally, the effluent is pumped from the ponds to a discharge tank where final pH adjustment
takes place. In this tank compliance samples of effluent can be taken to ensure all effluent discharge criteria are
respected ahead of final release to the receiver. Several pilot and bench scale studies across lime addition for
precipitation of solids and tailing solids thickening for separation of treated water have been conducted and are
summarised in this report.
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Abstract Title: A Tai Chi—Inspired Systems Logic for Critical Metal Resource Sustainability

Abstract:

Achieving sustainability across the life cycles of critical metals has become a central challenge under
accelerating energy transitions, supply chain restructuring, and rising geopolitical uncertainty. This study
develops a systems logic inspired by the philosophical structure of Tai Chi to analyze and guide the sustainable
development of critical metal resources. This work expands the conceptual model to cover a broad spectrum of
strategic metals including lithium, nickel, cobalt, rare earth elements, tungsten, molybdenum, aluminum, and
copper. The model integrates engineering principles, resource system behavior, and cross sectoral interactions
to illustrate how sustainability emerges from the interplay of technological pathways, societal actors, and
multidimensional influencing factors. The proposed framework maps the entire resource chain from mining and
beneficiation to manufacturing, use, recycling, and reintegration, highlighting how multiple pathways coexist
rather than follow a single linear route. By examining mining and recycling as two complementary pillars, the
model underscores the importance of balancing primary resource supply with secondary resource recovery. A
structured analysis of the roles of governments, enterprises, researchers, and end users reveals how
institutional design, industrial strategies, technological innovation, and consumer participation converge to
shape system performance across the life cycle. Eight cross cutting drivers including resource availability,
energy demand, environmental pressures, regulatory frameworks, application scenarios, technological maturity,
supply and demand dynamics, and economic viability are analyzed as interconnected variables that jointly
determine the resilience and sustainability of critical metal systems. Case studies of representative metals
demonstrate how different combinations of these factors lead to contrasting challenges, opportunities, and
transition pathways. For example, lithium, nickel, and cobalt are increasingly driven by uncertainties in battery
demand; rare earth elements exhibit high strategic concentration and environmental sensitivity. By providing a
structured and visualizable framework anchored in systems thinking, this study offers a new perspective for
analyzing critical metal sustainability. The approach enables clearer identification of leverage points for policy
intervention, technological investment, and supply chain optimization. It also provides a unified conceptual tool
that can be applied to strategic planning, resource governance, and industrial transformation, supporting the
development of resilient and circular critical metal systems in a rapidly changing global environment.
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Abstract Title: Recycling of Spent Magnesia Chrome Refractories: Combined Mechanical Beneficiation and
Hydrometallurgical Approach

Abstract:

Refractory materials play a critical role in high temperature processes. During smelting, intrusions from the melt
into the material and chemical reactions occur, thereby altering the composition of the refractory products. The
refractory input materials and valuable metals can be recovered using different treatment processes.
Consequently, the reuse of recycled products would reduce carbon emissions and conserve primary resources.
However, due to the complex composition of the residual materials and the low quality of produced recycled
products, the spent refractories currently end up in landfills. To address this problem, this study investigates
alternative recycling processes to recover valuable metals as well as a clean refractory fraction from the spent
refractories. The focus of the investigations lies on spent magnesia chrome bricks from a shaft furnace. After a
comprehensive characterization using scanning electron microscopy with energy dispersive X-ray spectroscopy
(SEM-EDX), X-ray diffraction (XRD) as well as X-ray fluorescence analysis (XRF), different approaches for
recovering the fractions of refractory material and valuable metals were evaluated. These include determination
of magnetic properties, coarse grinding with subsequent sieve analysis, and leaching tests. Characterization
results indicate, that the greatest changes in the material occur on the hot side of the refractory brick facing the
molten phase in the furnace. Therefore, this is the area where the highest concentrations of intruded phases
and copper occur. These intrusions decrease towards the cold side, where no noticeable alterations can be
detected. Depending on the origin of the spent refractory Copper can be present as Sulfide, Oxide or metal,
aside of various compounds. The results of the sieve analysis show, that a coarse sieve cut after crushing
would be useful to remove any adhering metal pieces. Furthermore, the susceptibility tests confirm that a
ferromagnetic fraction can be separated. When treating the pre-concentrated material, a extraction of over

90 wt-% of copper in the leaching tests can be achieved. The results in overall show that recycling is possible
using a combination of mechanical and hydrometallurgical process which, become more important in a world
moving towards recycling, climate protection, and conservation of limited resources.
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Abstract Title: Development of Innovative Metallurgical Process Technology: Scale-up Challenges and Case
Studies

Abstract:

The development of innovative metallurgical process technology from laboratory scale to full commercialization
stage involves a strategic approach to de-risking involving laboratory, pilot and demonstration testing at the
appropriate level of operation, and careful scale-up of all process steps to achieve a successful ramp-up.

Author(s) & Affiliation: Aaron Keuschnig, Montanuniversitat Leoben

Abstract Title: Investigating the Effect of Lime Addition on Zinc Extraction From Electric Arc Furnace Dust in
the Waelz Process

Abstract:

Steel scrap is recycled in electric arc furnaces, where the charge is fully molten at high temperatures. When
galvanized steel is processed, the zinc coating evaporates and re-oxidizes in the off-gas system. The
hazardous dust collected in the off-gas filters is referred to as electric arc furnace dust (EAFD). Zinc recovery



from this dust is predominantly performed using the Waelz process. Waelz operation involves carbothermic
reduction and volatilization of zinc species in a rotary kiln. A persistent challenge is maintaining high reaction
rates while preventing sintering of the feed material, which can disrupt gas—solid contact and reduce zinc
extraction efficiency. Waelz performance is influenced by slag chemistry, particularly the formation of
low-melting silicate phases such as fayalite that promotes sintering or even partial melting in the wistite stability
region. Lime addition is widely practiced to modify slag basicity and bind silica oxides, with the intent of
mitigating these effects. However, the quantitative relationship between lime addition, reaction kinetics, and
sintering behavior under Waelz-relevant conditions remains inadequately defined. Here we investigate how
incremental additions of lime to EAFD influence reduction kinetics, zinc volatilization, and pellet morphology
during thermochemical treatment. Thermogravimetric analyses (TGA) were conducted with a temperature
program designed to approximate industrial kiln temperature profiles. The reducing gas composition followed
the temperature-dependent Boudouard equilibrium, with further adjustments to reflect both the effective
reducing potential and slag compositions observed in industrial Waelz practice. Four EAF dusts with distinct
bulk chemistries, each blended with 0, 5, 10, and 15 wt.% lime, were studied. Absolute mass loss and reaction
rate curves were extracted from the TGA data to assess the effects of lime content across the investigated
temperature range. Complementary microstructural characterization was performed by scanning electron
microscopy with energy-dispersive X-ray spectroscopy (SEM—EDX). SEM—-EDX analyses were obtained after
completion of the TGA experiments to document changes in morphology and elemental distribution associated
with lime addition and reduction conditions. Hot-stage microscopy was employed to observe the softening and
melting behavior of reduced pellets under controlled heating, enabling direct assessment of
temperature-dependent deformation and incipient melt formation. Preliminary TGA trends indicate that
moderate lime additions can suppress sintering tendencies and sustain stable reduction kinetics, while
excessive lime leads to diminished reaction rates and lower zinc volatilization, suggesting kinetic limitations
rather than enhanced slag stabilization. SEM—EDX and hot-stage microscopy provide structural and
morphological context to the thermochemical data. The combined dataset will define an optimal lime addition
range that minimizes zinc retained in Waelz slag and maximizes zinc recovery efficiency, thereby advancing
process understanding and resource circularity in zinc metallurgy.
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Abstract Title: The Effect of Different Neutralizing Agents on Manganese Removal Efficiency and Sludge
Generation in Mine Drainage Treatment Containing a High Amount of Carbonate lons

Abstract:

Quick (CaO) and slake limes (Ca(OH)2) are commonly used to remove heavy metal ions from mine drainage,
which is called active treatment. The excess addition of lime generates a large amount of calcite (CaCO3) and
gypsum (CaSO4M2H20) by a reaction with anions such as carbonate (HCO3-) and sulfate ions (SO42-) under
over-saturated concentrations, resulting in clogging of plant pipes and increasing the amount of sludge. Caustic
soda (NaOH) could be an alternative alkaline reagent to lime for the treatment of mine drainage to prevent
Ca-salts generation; however, the removal efficiency of heavy metal ions and the amount of sludge by NaOH
addition are unclear. In this study, we used different alkaline agents (NaOH and Ca(OH)2) for a neutralization
test of a mine drainage collected from Mine A in Hokkaido, Japan (pH 6.5, HCO3-: 994 mg/L, SO42-: 1025
mg/L, Manganese (Mn): 61.2 mg/L). And differences in the precipitation mechanisms of each element and in
the amounts of sludge were examined using geochemical modeling (PHREEQC). As a result of the
neutralization experiments, Mn (pH 8.0-8.5) and other cations were precipitated at similar pH conditions by



additions of Ca(OH)2 and NaOH, indicating little difference in metal removal efficiency by both reagents.
Furthermore, powder X-ray diffraction analysis revealed that calcite was the dominant product by both
reagents; however, the final sludge volume was 1.4 times higher in the Ca(OH)2-added system than in the
NaOH-added system. This is thought to be due to the promotion of calcite formation by the excess Ca2+
derived from Ca(OH)2 and the accumulation of insoluble Ca(OH)2, which was shown as the difference in the
amount of sludge between the experiment and the calculation results by PHREEQC at high pH conditions.
When 692,741 m3 of mine drainage discharged per year is treated at pH 9.5 by the addition of Ca(OH)2 and
NaOH, there was no significant difference in the dosage of both reagents. On the other hand, the amount of
sludge generated for 100 years was 20-fold higher in the Ca(OH)2-added system than in the NaOH-added
system when the quality and quantity of the mine drainage do not change. Therefore, NaOH would prefer to
reduce the sludge production and the sludge disposal cost for mine drainage treatment containing a high
amount of HCO3-.
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Abstract Title: Integrated CO M Electroreduction and Direct Air Capture for Ethylene Production

Abstract:

Producing ethylene from atmospheric CO2 using renewable electricity offers a carbon-negative alternative to
conventional steam cracking. This study examines the economic feasibility of integrating a KOH based direct air
capture (DAC) plant with a membrane electrode assembly (MEA) CO2 electrolyzer and downstream separation
for a plant designed to output 75 kt of ethylene annually. The resulting levelized cost of ethylene produced at
this facility was estimated to be $9.64/kg or approximately ten times more than the price of ethylene currently
being produced using petrochemical processes. Combined costs associated with operating the electricity
generation systems and operating the DAC system account for greater than 70% of the total annual
expenditure. Parametric studies were performed and results indicated that single pass CO2 conversion rate,
electricity tariff and cost of capital have the greatest impact on the economics of this process. Under current
economic conditions, a break-even carbon removal credit of about $700/t CO2 would need to be established for
this project to be viable. Advances in DAC technology, improvements in design for electrolyzers and future
carbon pricing policies may make the effective production cost of ethylene produced from CO2 by electrolysis
competitive with that of ethylene produced from fossil sources by the late 2040's.
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Abstract Title: Using Bio-Based Frother to replace Synthetic Options in Various flotations

Abstract:

Traditional frothers like alcohols and glycol ethers have long been the standard in froth flotation—but as the
mining industry faces mounting ESG pressures, operators are seeking sustainable alternatives that do not
compromise performance. Current synthetic frothers are carbon-intensive, volatile, and often overused to
maintain recovery across variable ore types. Integrity Mining and Industrial (IMI) developed TegraFroth, a
bio-based frother with a Renewable Carbon Index (RCI) above 75%. Designed for versatility and low dosage
efficiency, TF was evaluated in a series of lab and plant trials across coal, potash, copper, and 4E flotation
applications. TF has produced favorable results in our internal testing at various facilities. In all internal, third
party, and on-site evaluations we found an increased recovery, with coal and copper-moly testing showing
recovery improvements of over 6%. Metal grade was also improved in most cases. TegraFroth represents a
scalable, responsible solution for increasing recovery while lowering environmental impact. The primary



objective of this presentation is to detail our recent performance in plant trials in the Potash and Copper flotation
industries that are taking place in Fall 2025.
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Abstract Title: Energy efficiency opportunities in the production of magnesium oxide from chloride-leach
byproducts

Abstract:

Magnesium chloride is often a byproduct of hydrochloric acid-leach of metal ores or concentrates. It can be
processed for the production of the magnesium metal (more capital intensive) or magnesium oxide. This paper
provides an industry update of the MgO production route, with emphasis on the environmentally responsible
recovery of the hydrochloric acid lixiviant, and the efficient energy usage (minimum fuel and electrical power)
during the pyro-hydrolysis transformation of MgCI2 to MgO and HCI. Specifically, the spray roaster and the fluid
bed technologies will be discussed in their overall process and mechanical design features, and how those
have evolved from the originally installed plants of last century to the current state and future opportunities.
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Abstract Title: Calix’s Zero Emissions Steel TechnologY (ZESTY): From Proof of Concept to Demonstration
Plant

Abstract:

Calix’s Zero Emissions Steel TechnologY (ZESTY) offers an alternative process route engineered to overcome
these limitations. Built on Calix’s patented indirectly heated Flash Calcination (CFC) technology, ZESTY
enables flash hydrogen reduction of iron ore fines in a lean phase environment, with high metallisation, minimal
hydrogen consumption, and lower processing temperatures than those of traditional ironmaking technologies.
Since 2021, Calix has completed over 130 pilot runs across nine hematite/goethite and magnetite ores. Test
work at the Calix Technology Centre in Victoria, using the pilot electric CFC reactor modified for direct hydrogen
reduction, generated critical process data to validate ore compatibility, optimise reduction parameters, informing
the basis of design for the 30,000 tpa ZESTY HE DRI demonstration plant. A key innovation of the ZESTY
reactor is its indirect and electrically heated, vertical tube design. Ore fines, typically milled to Pilot testing of
hematite—goethite ores demonstrated clear temperature-dependent behaviour, with metallisation increasing
sharply between 750 °C and 950 °C (Figure 1). Above approximately 950 °C, metallisation gains diminished
and sticking became more evident, particularly at 1050 °C. As such, controlled operation within 950—1,000 °C
was identified as the optimal regime for high metallisation while maintaining operational stability. All
hematite—goethite ores processed at these conditions exceeded the 75 % metallisation threshold required for
electric smelting furnace (ESF) entry. Beyond reduction testing, downstream qualification of ZESTY HEDRI
included ESF smelting and hot briquetting trials. Briquetting conducted at TU Bergakademie Freiberg showed
that increased furnace temperature and compaction pressure improved briquette strength and density to >4.5
t/m3, yielding products approaching IMO HBI shipping standards. ESF trials at the University of Newcastle
demonstrated effective slag micro foaming, strong iron partitioning into the metal phase, and successful
carburisation using reductant additions. The ZESTY 30,000-ktpa demonstration project represents a major step
toward TRL 7. The FEED study, completed in early 2024, delivered a fully specified design envelope, including
heat transfer modelling, hydrogen utilisation strategies, DRI/HBI product handling systems, fines recirculation
concepts, and a comprehensive risk mitigation framework. Key scale up risks, which include ultra-fines



management, heat transfer limits, sticking avoidance, hydrogen utilisation and recycle, and safe hydrogen/DRI
handling, remain central engineering priorities. Extended duration campaigns at Kwinana will validate full scale
reactor performance, de risk commercial deployment, and accelerate the transition from TRL 5to TRL 7.

Author(s) & Affiliation: Rawya Tsuji, NRCan - Minerals Programs Branch; Patrick Rankin, Natural Resources
Canada

Abstract Title: Building Canada’s Critical Mineral Reprocessing Capacity through Government of Canada
Investments

Abstract:

Critical minerals are the building blocks for clean technology. As the world transitions to meet its net-zero
emission goals, the demand for these materials is expected to potentially triple by 2030 and quadruple by 2040,
as indicated by the International Energy Agency. The critical minerals industry in Canada requires both primary
and secondary sources to compete on a global level and meet increased demand. Recycling and reprocessing
can help strengthen the security and sustainability of critical mineral supplies in Canada for the clean energy
transition. Growing Canada’s critical minerals secondary source capacity and combining with primary sources
has several advantages such as growing a diversified economy; providing viable alternatives to natural
resources and making mine deposits and recycling operations more economically viable; reducing energy,
water, and waste requirements for processing; and promoting a circular economy. Natural Resources Canada’s
Critical Minerals Research, Development and Demonstration (CMRDD) and Global Partnership Initiatives (GPI)
contribution funding programs enable Canada’s Critical Minerals Strategy by supporting the technology
commercialization advancement of industry partners’ projects, several of which are focused on recycling or
reprocessing priority critical minerals such as rare earth elements, lithium, nickel, cobalt, and graphite.
Pre-commercialization projects eligible for CMRDD and GPI contribution funding can help grow the domestic
recycling knowledge and capacity of these critical minerals for uses throughout the value chains and for
meeting Canada’s climate goals. This presentation will provide an overview on current and completed recycling,
reprocessing from waste, and circular processing projects that have been supported under the CMRDD or GPI
programs to date.

Author(s) & Affiliation: Phillip Mackey, PJ Mackey Technology Inc.; Hotden Manurung, Nickel Industries
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Abstract Title: The Indonesian Nickel Industry — Current Situation and Review of Recent Government
Initiatives

Abstract:

In 2025, global mined nickel (Ni) production was 3.9 million tonnes (Mt), with Indonesia producing 2.6 Mt, or
67%; by contrast, Canada, once the leading Ni producing country in the world, now produces 4% of global Ni
with 0.14 Mt of mined Ni produced in 2025. Canada is now the fourth Ni mine producer in the world after
Indonesia, Philippines and Russia. Recognizing a persistent global Ni surplus of mined Ni after recent
production surges in the country, Indonesia began issuing ore production quotas expressed as wet tonnes of
mined ore in the country. For 2026, it was announced this would be between 260 and 270 million wet tonnes of
mined ore, approximating 2 to 2.2 Mt of contained Ni. The production of 2.6 Mt of Ni in 2025 required over 310
million wet tonnes of ore, part of this representing imported ore. Indonesia continues to monitor the quotas;
however, Ni ore is still imported into Indonesia. This paper briefly discusses the Indonesian Ni industry and in



particular sets out recent Government guidelines and regulations affecting industry quotas.
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Abstract Title: Transforming Municipal Solid Waste Incineration Fly-Ash: A Scalable Process for Resource
Recovery and Cementitious Material Production

Abstract:

A viable route for dealing with non-recyclable municipal solid waste is energy via incineration. This route, at the
same time, reduces the mass of material to be landfilled and mitigates power generation emissions. The
Waste-to-Energy (WIE) sector still faces a challenge in managing the fly ash generated during the process. The
tightening of environmental regulations in Europe, especially the costs associated with landfilling, intensifies the
search for viable valorisation strategies. One emerging alternative is using ash as an additive to cement clinker.
Before use, chlorides, sulphates, and heavy metals such as Zn and Pb, which could otherwise compromise
cement integrity or risk soil and water contamination, must be removed. The present study presents the results
obtained by the fly-ash treatment, combining aqueous and high-temperature unit operations. Initially, chlorides
are removed with an efficiency greater than 95% via water leaching (at 60°C, with a liquid-to-solid ratio of 5, and
a 60-minute residence time). The now-low Cl-content fly ash can be directed to the high-temperature step. To it,
ca. 16 wt.% of sand (as SiO2 source) is added. The added silica reduces the fly ash melting point and assists in
sulphur removal. While the material is heated to 1300 °C, the sulphates decompose, leaving the ash
sulphur-free. Following that, a reducing agent, such as diesel used in a Top Submerged Lance (TSL) reactor,
promotes the removal of heavy metals. Both processes were scaled up from experiments performed with lower
amounts, i.e., below 1 kg. In the aqueous process step, 35 kg batches treated under the optimum parameters
demonstrated high chloride removal efficiency, as in the lab scale. For the high temperature treatment, a Top
Submerged Lance (TSL) reactor was utilised, accommodating batches up to 10 kg. These initial TSL trials,
conducted under a reductive heating atmosphere, confirmed the complete removal of S, Pb, and ClI, with a final
content of 0.04 wt% of Zn. The resulting treated slag is compositionally similar to blast furnace slag, a common
additive in cement clinker. Future investigations are scheduled for early 2026, comprising a parametric study to
evaluate the influence of various reduction regimes on compound removal. Experimental variations in air-to-fuel
ratios, residence times, and the controlled addition of chlorination agents are intended to elucidate the
mechanisms of impurity elimination and are expected to be submitted at the conference paper. Subsequently, a
demonstration-scale TSL reactor, designed to process 150 kg/h of dechlorinated fly ash, is planned for
implementation. This phase aims to recover and characterise Zn and Pb-bearing fumes and to assess the
feasibility of generating H2S04 from off-gas sulphur dioxide. The proposed treatment also offers opportunities
for minor-element recovery, specifically Ti and Sb, to enhance the process flowsheet. Consequently, this work
establishes WHE fly-ash as a viable secondary source for Pb, Zn, S, and Cl recovery, while simultaneously
yielding a safe and valuable Supplementary Cementitious Material (SCM).
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Abstract Title: Low Carbon Acid and Base Generation via Redox Mediated Electrochemistry: Applications in
Cement, Lime & Metallurgy



Abstract:

CURA is developing a new electrochemical pathway to eliminate process emissions from lime and cement
production, two industries that together release more than 3gigatonnes of CO, each year. In conventional kilns,
limestone must be heated to nearly 1,000°C, and the CO, released from the mineral lattice is chemically
unavoidable. CURA replaces this calcination step with a room-temperature electrochemical process that
produces hydrated lime and pure CO,. This enables up to 100% CO, capture for lime and 85% reduction for
cement, all while using the same limestone quarries, plants, and supply chains already in place today.

At the core of the CURA process is a redox-mediated electrochemical cycle that generates acid and base
on-site at ultra-low voltage. A soluble mediator (“CURALYTE”) shuttles protons and hydroxide ions between
electrodes, producing acid and base internally without the high overpotentials associated with direct water
splitting. When applied to lime and cement production, the acid dissolves carbonate minerals to release pure
CO,, while the base precipitates high-purity Ca(OH),. Because the mediator is continuously recycled, the
system operates with minimal reagent consumption and without the thermal energy demands of calcination.
This architecture transforms carbonate decomposition from a high-temperature reaction into a low-energy,
electrically driven pathway. The ability to generate acid and base electrochemically at low voltage has
implications far beyond cement and lime. Metallurgical processes depend on large volumes of externally
sourced reagents, and in many operations most embedded emissions originate in the supply chain rather than
the process itself. CURA’s redox-mediated electrochemistry enables low-carbon, on-site production of acid and
base, supporting selective mineral dissolution, controlled precipitation, and the treatment of complex ores,
residues, and tailings. In this presentation, the CURA process will be described, with emphasis on
redox-mediated chemistry, its application to lime and cement, and the broader potential for low-carbon reagent
generation in metallurgical systems.
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Abstract Title: Commissioning and Ramp-up of SART and Selen-IX: Key Ingredients to Achieving McNulty
Series 1 or Better

Abstract:

The empirical McNulty curves are widely used by industry to measure the success of commissioning and ramp-
up of hydrometallurgical plants and/or to anticipate the time required to reach their 100% nameplate capacity
prior to committing project funding. The two main criteria considered by McNulty included a) the novelty and
complexity of the hydrometallurgical process and 2) the level of sophistication and capability of the project team
tasked with process implementation. The McNulty Series 1 curve applies to processes that have been
implemented many times in the past and have a highly capable implementation team, reaching 90%capacity in
6 months and 100% capacity in one year since commissioning. This paper focuses on experiences with
commissioning and ramp-up of SART and Selen-IX processes, which are still considered novel by many in the
industry. The relevance of these processes to the global mining industry is high: they both enable more
sustainable, cost-effective, and socially acceptable metallurgical processing, and they both represent
innovations that did not originate from any of the major mining houses, or major equipment suppliers. Examples
of recently commissioned SART (Sulphidization, Acidification, Recycle, and Thickening) and Selen-IX plants
show that ramp-ups that are faster than the McNulty Series 1 curve are achieved, despite high variability in
plant feed, and special EH&S; risks and requirements unique to these plants. The key factors behind the project
successes are analyzed in detail, and lessons learned are summarized to assist owners to complete truly
holistic assessments of projects involving the integration of these processes.
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Abstract Title: Review of the Application and Impacts of Ore Sorting on Hard Rock Lithium Ore Beneficiation

Abstract:

The past two decades have seen repeated increases in lithium demand as the popularization of consumer
electronics and battery electric vehicles have intrinsically linked lithium to modernization efforts and low-carbon
policy across the globe. Yet projections show conventional supply in high-grade hard rock and brine deposits is
at risk of exhaustion within thirty years. Meeting continually increasing demand for lithium products will require
valorization of new sources, including lower-grade ( < 1 .10% Li20) hard rock spodumene deposits. Process
transformations that adapt existing methods and build upon a thorough understanding of the behaviour of
low-grade ores must be deployed to rapidly incorporate these deposits into the global reserve base. One such
option is ore sorting, which has been widely adopted in other industries, including food, manufacturing, and
recycling, and some segments of the mineral industry (notably diamonds). Aided by the incorporation of artificial
intelligence tools, ore sorting technologies are rapidly evolving to overcome operational and cost constraints
that have previously slowed their adoption and created gaps in literature regarding their application to specific
ores. This study demonstrates the economic and environmental potential of ore sorting based on spodumene’s
unigue position in a sustainable economy and its mineral properties. A systematic review of literature, patents,
and industry case studies is presented to validate the general benefits of ore sorting for spodumene-bearing
ores, including quantification of the knock-on effects brought by minimizing gangue material carried through the
flowsheet. While case studies employing colour sorting are reported, special consideration is given to the use of
ultraviolet (UV) sorting. Spodumene’s emission of orange light under long-wave UV (365 nm) excitation can be
employed to separate it from similarly-coloured gangue and co-occurring minerals known to affect flotation such
as petalite. UV sorting is theorized to present a unique opportunity to address spodumene flotation challenges
while also improving crushing efficiency. Beyond its focus on UV sorting, this study provides a current
perspective on the challenges and opportunities of ore sorting for spodumene-bearing ores, from material
handling adaptations to emissions reduction and operational cost savings, with applicability to other low-grade
ore deposits.
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Abstract Title: Refuting Static Scarcity Models with Grid Interconnectivity and Market Innovation

Abstract:

The transition to a low-carbon economy is frequently challenged by predictions of insurmountable critical
mineral shortages. This paper refutes these pessimistic projections most notably those popularized by Simon
Michaux which rely on static extrapolations of regional energy lulls (such as the European Dunkelflaute) to a
global scale. By critically analyzing the assumption that renewable grids require 28 to 84 days of battery buffer,
this research demonstrates that such models ignore the economic and physical realities of grid interconnectivity
and market adaptation. Using an open-source "Minerals Optimizer" and a novel Copper Equivalent (CUEQ)
metric to normalize data for ease of comparison, this study contrasts current decarbonization strategies with an
optimized approach that prioritizes long-line transmission and progressive public policy. We find that leveraging
"copper plate" transmission across larger geographical areas can reduce battery storage requirements to
approximately four hours, drastically diminishing mineral demand. Crucially, the study posits that even if longer
storage durations prove necessary, static models fail to account for market-driven innovation. Economic



pressures will inevitably incentivize the adoption of alternative, earth-abundant chemistries, such as iron-air
batteries, rather than the prohibitively expensive, mineral-intensive lithium-ion architectures assumed in
shortage narratives. Furthermore, the research highlights economic levers often overlooked in engineering
estimates, such as Land Value Taxation (LVT) and zoning reform, which reduce the demand for personal
vehicles and further alleviate mineral constraints. The findings provide a roadmap for a feasible green
transition, proving that mineral constraints are not a geological inevitability, but a variable dependent on
infrastructure choices, technological evolution, and policy frameworks.
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Abstract Title: Arsenic Vitrification - Integration of Flotation Tailings as a Silica Substitute in the GlassLock™
Process

Abstract:

The stabilization of arsenic-bearing residues from metallurgical operations is a critical environmental challenge.
DUNDEE Sustainable Technologies’ GlassLock™ vitrification technology provides a robust solution by
incorporating arsenic into a chemically durable glass matrix, ensuring long-term containment and compliance
with regulatory leaching standards. This study investigates the substitution of conventional silica with tailings
from a legacy arsenical flue dusts project as a primary raw material in glass formulations, aiming to enhance
sustainability, and reduce costs and reliance on off-site glass making reagents. Experimental trials produced
two formulations: DST10-2024, with complete silica replacement by tailings, and DST11-2024, with partial
substitution. Both were evaluated for leach resistance using the EPA 1311 Toxicity Characteristic Leaching
Procedure (TCLP), where the EPA Regulatory Limit for arsenic is 5.0 mg/L, and for physical properties relevant
to handling and processing. Results indicate that partial substitution (DST11-2024) achieved superior
performance, with arsenic leachability significantly reduced compared to full substitution. Specifically,
DST10-2024 exhibited a TCLP arsenic concentration of 3.76 mg/L, while DST11-2024 achieved 1.06 mg/L,
meeting stringent environmental performance targets while maintaining structural integrity and operational
feasibility. The findings demonstrate that integrating flotation tailings into vitrification processes can deliver
multiple benefits: improved environmental compliance, valorization of mine residues, and potential reductions in
operating costs. This approach supports circular economy principles by transforming waste into feedstock,
minimizing environmental liabilities, and reducing the demand for off-site glass making reagents. In addition to
technical performance, the study highlights the importance of engineering assessments to quantify economic
and operational impacts. Such evaluations will inform decisions on process design, reagent consumption, and
equipment sizing for industrial deployment. By coupling environmental stewardship with resource efficiency, this
work positions GlassLock™ as a viable solution for sustainable remediation strategies.
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Abstract Title: The Use of Bamboo Shoots for Bio-Carbonitriding of Low Carbon Steel

Abstract:

Abstracts This study examined the suitability of bamboo shoots for case-hardening of mild steel with a view to
creating a sustainable ecofriendly means of carbonitriding, thereby eliminating the use of toxic cyanide salts in
carbonitriding heat treatment process. Fresh bamboo shoots were harvested, oven dried, pulverized and mixed



with powder eggshell in the ratio 4:1 and poured into metallic crucible. Suitably dimensioned 8620 steel
samples were completely embedded in this case-hardening mixture and covered with kaolin luting to prevent
the escape of the nascent carbon and nitrogen. The crucible and its content were loaded into the muffle furnace
at ambient temperature and heated into 8700C, soaked for 4 hours and then air cooled to room temperature.
This procedure was repeated for another 8620 steel samples but at a temperature of 5500C. The heat-treated
samples were then ground, polished, etched with Nital and viewed under optical and scanning electron
microscope for microstructural examination. The etched samples were used to obtain hardness using
microhardness tester. The case depth of the case-hardened steel samples was determined with macrostructure
method. X-ray diffraction (XRD) was carried out to determine the phases that constituted the case-hardened
steel samples both at low and high temperatures. The results showed an increased in hardness value for the
case-hardened samples when compared with the as-received. The microstructures of the case-hardened
samples indicate substantial case formation for the two temperatures adopted with high temperature samples
having the highest case depth and hardness. The XRD results indicate the presence of nitride and carbide
phases for the case-hardened samples. The microstructure of the case-hardened sample at 5500C indicated
thinner case typical of nitrided case. The study concluded that bamboo shoot can be used for carbonitriding of
low carbon steel, with waste eggshell as energizer.
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Abstract Title: Production of Sustainable Cellulose Aerogels Derived from Lignocellulosic Biomass Waste

Abstract:

Cellulose aerogels derived from biomass waste have emerged as a class of sustainable materials. Since the
invention of the now well-established silica aerogels, these materials have been recognized for their
outstanding properties, including low density, low thermal conductivity, high porosity, and high specific surface
area. Such characteristics make these aerogels suitable for applications in energy storage, catalysis, drug
delivery, and thermal insulation. However, challenges related to end-of-life disposal, high cost, and limited
availability of precursor materials have driven increasing interest toward biodegradable and biocompatible
alternatives. Furthermore, the final properties of bioaerogels strongly depend on the cellulose source,
highlighting the need to systematically evaluate different biomass feedstocks to enable their transition into
practical applications. Therefore, this study presents a two-stage process for producing cellulose aerogels
derived from lignocellulosic biomass waste. This process involves cellulose extraction followed by aerogel
fabrication, with particular emphasis on minimizing chemical waste and optimizing process parameters in
alignment with green chemistry principles. The extracted cellulose and the resulting aerogels were
characterized using scanning electron microscopy (SEM), Fourier-transform infrared spectroscopy

(FTIR), Brunauer—-Emmett—Teller (BET) surface area analysis, X-ray diffraction (XRD), and thermogravimetric
analysis (TGA). The findings demonstrate the successful production of a sustainable and biodegradable
alternative to traditional Si-based aerogels, exhibiting comparable properties. By converting biomass waste into
a high-value, tailorable material, this work highlights the potential of a circular economy-based approach,
thereby addressing pressing environmental challenges.

Author(s) & Affiliation: Alessandro Navarra, McGill University; Eric Karpman, McGill University; Jozsef
Kovecses, McGill



Abstract Title: Physics-Based VR Simulations for Tailings Operator Training as an Extension of Mine-to-Mill
Integration

Abstract:

By confronting interdisciplinary barriers that separate mineral processing, geotechnics and computational
sciences, a critical aspect of mine tailings management is addressed, pointing to a surprisingly high-impact
outcome for sustainable mining. Tailings are indeed a vital component of a mine’s overall mass balance,
evolving over different phases of the mine life. This impacts the coupling of the strategic mine plan with the
design of the plant and the tailings facilities. An underdeveloped extension of mine-to-mill integration extends
beyond dewatering of the outflow tailings stream, transitioning from aqueous to semi-aqueous processing
operations, and then further transitioning to semi-solid and earthmoving operations. While conventional
mine-to-mill integration optimizes the coordination of (1) fragmentation dominated by drilling-and-blasting
mining engineers and (2) comminution dominated by front-end mineral processors, there is a further unresolved
connection to (3) dewatering dominated by back-end mineral processors and (4) geotechnically oriented mining
engineers that handle the earthmoving operations that constitute tailings emplacement. Previous work by
Navarra et al. (2019), Wilson et al. (2021) and Ordenes et al. (2025) recognized that a mining system could be
represented as a dynamic mass balance fed by geostatistically variable feeds, thus motivating a flexible
quantitative framework of Discrete Rate Simulation (DRS) coupled with geostatistical simulation, which
supports increasing levels of detail by incorporating submodels within the DRS; the submodels bring increasing
detail to critical aspects of a mining system, defining the risks and opportunities that are affecting the
multi-stage development of engineering options. Some consideration has been devoted to the settling dynamics
within tailings management, including numerical simulations; in the case of filtered tailings, the DRS-based
methodology can incorporate performance curves of filter presses. Beyond dewatering, a more dominating
concern affecting the tailings that is not adequately addressed, is the dynamics of heavy equipment operators
involved in the earthmoving; the operator logistics can be described as “another layer of kinetics.”
Physics-based numerical simulations of the soil behaviour in the earthmoving is analogous to the settling in
dewatering, but with the additional layer of equipment operator logistics. The result is that the soil simulations
can be incorporated into Virtual Reality (VR) training scenarios for bulldozers and other equipment, generating
results that parametrize the system-wide DRS. The current paper presents the Absolute Nodal Coordinate
Formulation (ANCF) which is a finite element representation suitable for soil behaviour in the context of
earthmoving, indicative of tailings. From a strategic perspective, mine developers can anticipate the tonnages
of tailings in different phases of a mine life, and even the various classes of tailings, with years of anticipation.
This justifies the purchase of fleets of equipment, at a cost of many millions of dollars, but with the risk of a
human resource shortage; the lack of skilled tailings operators is a risk. Thus, the ability to reliably upgrade
earthmoving operators (i.e. from civil construction) through the use of VR equipment that incorporates the
complex soil behavour of tailings, is justified. Moreover, VR training standardizes operating modes in the
earthmoving context, enabling broader integration in the mine-to-mill context.

Author(s) & Affiliation: Siegfried Gautama, University of Toronto; Mansoor Barati, University of Toronto; Sam
Marcuson, Sustainable Materials Research Lab, Department of Material Science and Engineering, University of
Toronto

Abstract Title: Oxidation Roasting of FeNi Concentrate Produced from Ultramafic Ni Sulfide Concentrates:
Model-Fitting Kinetic Analysis

Abstract:
As massive Ni sulfide ores are becoming depleted, ultramafic Ni sulfide ores were explored as an alternative



source of Ni. Due to the amount of magnesium silicate in the ore and challenges in separating the gangue
material in the concentration process, Ni cannot be extracted by conventional methods as the ultramafic Ni
concentrate has a higher melting temperature than Ni sulfide concentrates. A solid-state two-stage thermal
treatment and physical separation process was developed to extract Ni from ultramafic Ni concentrates in the
form of a Fe-rich, sulfur-deficient FeNi concentrate. To extract the Ni from the FeNi concentrate in the form of
Ni-matte, the idea of utilizing FeNi concentrate as an additional feed in a flash smelter was explored. The goal
of this study was to understand the oxidation mechanism of FeNi concentrate as well as the effect of FeNi
concentrate addition on the oxidation of conventional massive Ni sulfide concentrate. In this study, the reaction
kinetics of concentrates with 10%, 20%, and 30% wt FeNi concentrate addition were studied.

Author(s) & Affiliation: Bret Cousins, Talon Metals; Kolter Weaver, Eagle Mine - Lundin Mining; Elton Savola,
Eagle Mine; David Van Linden, Eagle Mine

Abstract Title: Replacing Lime in Pentlandite/Chalcopyrite Separation Circuits With Potassium Permanganate
At Eagle Mine

Abstract:

The standard practice in nickel/copper operations and at the Eagle Mine is to separate chalcopyrite from
pentlandite in the last flotation circuit by adding lime to suppress the pentlandite. Control of the process with
lime has a series of disadvantaged side effects, including pumping lime as a slurry, excessive scaling issues,
and high costs of soda ash to treat thickener overflow returning to the process water tank. By examining the
oxidation difference between the minerals and the pH of the slurry, using the right oxidating agent has potential
to eliminate lime from the circuit. Potassium permanganate, a common water treatment chemical, was chosen
for its oxidation potential without acid pHs and its inert products after the oxidizing process. The exact chemical
reaction is unknown, but it is theorized that the permanganate removes the isopropyl alcohol part of the
xanthate, rendering it hydrophilic. Testing has shown it to be more effective in limiting pentlandite flotation than
lime. Higher doses proved to slow down chalcopyrite flotation as well, allowing for better control of the
separation process as the Eagle nickel concentrate requires at least 2% copper content for economic reasons.
The savings in soda ash usage is significant.

Author(s) & Affiliation: Carson Thompson, University of British Columbia; Lava Pillari, The University of
British Columbia (UBC); Lukas Bichler, UBC Okanagan; Mitchell Barrett, University of British Columbia

Abstract Title: Conversion of Canadian Lignite into Graphitic Carbon via Spark Plasma Sintering

Abstract:

Lignite, a low-grade coal primarily used for electricity generation, presents an opportunity for clean graphite
production in Canada. In this study, Canadian lignite was processed by heat treatment, and subsequent
graphitization by spark plasma sintering (SPS), where high temperature, pulsed electrical current, and uniaxial
pressure accelerate the formation of ordered sp2 carbon domains. The results demonstrate that SPS is an
effective method for transforming lignite into graphite. Characterization using Raman spectroscopy, and
scanning electron microscopy coupled with energy dispersive spectroscopy (SEM-EDS) confirmed improved
structural ordering, and increased carbon content. These findings highlight the potential of low-rank Canadian
lignite as a sustainable feedstock for graphite production.



Author(s) & Affiliation: Tatum Mahler, University of British Columbia; Mitchell Barrett, University of British
Columbia; Lukas Bichler, UBC Okanagan

Abstract Title: Development of Chitosan Bio-Polymer Aerogels from European Green Crabs with Applications
in Battery Technology

Abstract:

The European Green Crab (EGC) is recognized as one of the world’s most destructive aquatic invasive species
and has had a profound detrimental impact on the ecosystem of the Pacific coastline for over 20 years. The
Coastal Restoration Society and the T'Sou-ke First Nations in British Columbia, Canada, have developed a
large-scale trapping and control plan for EGC, providing a high-value materials stream and a circular-economy
solution to a significant coastal environmental challenge. This research study focused on extracting chitin, a
biopolymer naturally present in EGC shells, and converting it to chitosan for use in organic aerogels. These
aerogels were then carbonized for incorporation into battery electrodes, where their porosity and conductivity
enhanced electronic pathways and improved electrochemical performance. These results highlight the potential
of EGC-derived chitosan as a scalable precursor for sustainable carbon aerogels tailored for high-performance
energy applications.

Author(s) & Affiliation: Cleavon Wang, St. Georges School; Zihe Ren, The University of British Columbia;
Chun-Wei Mo, The University of British Columbia

Abstract Title: Column Leaching Study on Optimizing Irrigation Flux for Low-Chloride Bacterial Suppression
and Metal Precipitation in Acid Mine Drainage Remediation

Abstract:

Acid mine drainage (AMD) remains a significant environmental challenge in mining-impacted watersheds,
characterized by low pH and elevated concentrations of heavy metals and sulfates. Building upon prior
research demonstrating that seawater irrigation reduces pyrite reactivity and suppresses iron-oxidizing bacteria
such as Acidithiobacillus ferrooxidans at chloride concentrations of ~19 g/L or below, this study proposes the
use of a lower-concentration chloride solution in a simulated waste rock system to achieve cost-effective in situ
remediation. Column leaching experiments are proposed using columns (16 cm height, 10 cm diameter)
packed with pyritic material and exposed to synthetic AMD containing 10 g/L Fe and 0.03 g/L Cu. A total of 2 L
of 5 g/L chloride solution will be irrigated from the top at varying inlet fluxes ranging from 8 to 84 L/m?/hr. The
experiments aim to investigate changes in Fe and Cu concentrations in the leachate, iron precipitation and
chloride breakthrough, and the efficiency of bacterial suppression as a function of irrigation flux, with the goal of
preventing ongoing AMD generation through reduced sulfide mineral oxidation and microbial activity. This work
is expected to identify an optimal inlet flux that maximizes iron precipitation, bacterial kill efficiency, and metal
retention while minimizing chloride consumption and loss. The proposed approach has the potential to provide
a highly cost-effective and sustainable strategy for AMD mitigation using low-chloride irrigation, offering a
practical alternative to conventional limestone-based treatments for active and legacy mine sites

Author(s) & Affiliation: Brian Mwewa, Kansanshi Mining PLC; Alex Makayi, Kansanshi Mine PIc; John Carton,
Kansanshi Mine Plc; Edmond Mokola, Kansanshi Mining PLC; Simon Hunt, Kansanshi Mining PLC; Paul
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Abstract Title: Enhancing Converting Capacity through Process Optimization and Operational Improvements:
Kansanshi Copper Smelter



Abstract:

A series of process optimization initiatives were implemented at the Kansanshi Copper Smelter (KCS)
Peirce—Smith Converters (PSCs) to increase overall converting capacity. These efforts formed part of the KCS
initiatives to meet the smelter expansion target, which aimed to raise annual concentrate treatment capacity
from 1.3 million to 1.6 million tonnes. The PSCs currently achieve a campaign capacity of approximately 77,000
tonnes of matte. Increasing converting capacity beyond this threshold was essential to ensure that with the 1.6
million tonnes smelter treatment capacity, the PSCs do not become a bottleneck to the increased throughput.
Key initiatives included increasing the copper matte grade from 55% to 62%, 62% to 64% and then to above
64%, partially replacing the conventional roll-out method for the addition of cold dope during copper blow with
online cold doping, and optimizing converter blowing rates. Increasing the matte grade from 55% to 62%
reduced slag blowing time by approximately 11 minutes per cycle, while an increase from 55% to 64% resulted
in a 27 minute reduction. This represented an overall 6% reduction in processing time. Adoption of online cold
doping reduced converter cycle time by 7 minutes corresponding to a 2% reduction in total processing time per
blow, while optimization of blowing rates to improve process control and shorten blowing times is underway.
Collectively these initiatives have so far increased the converting capacity by 111 tonnes of matte per day,
representing an 8% throughput gain. The total processing cycle time has been reduced to 6.5 hours compared
to 7.0 hours prior to implementation. These results demonstrate that targeted process and operational
improvements can significantly enhance converting capacity and efficiency without major capital investment,
providing a scalable model for copper smelters seeking to improve throughput within existing infrastructure
constraints.

Author(s) & Affiliation: Ugo Mahue, Natural Ressources Canada

Abstract Title: Benchmarking Canadian Steelmaking Pathways Using a Harmonized Life Cycle Assessment
Framework for Environmental Product Declarations

Abstract:

Steel production accounts for approximately 6% of global greenhouse gas (GHG) emissions, making the deep
decarbonization of this sector a critical priority. As global expectations for transparent environmental reporting
rise (e.g., the EU's Carbon Border Adjustment Mechanism, CBAM), there's a growing need for consistent and
comparable environmental data in steel production. Environmental Product Declarations (EPDs) provide a
standardized approach to communicate cradle-to-gate Life Cycle Assessment (LCA) results, while LCA itself
offers a comprehensive framework to evaluate multiple impact categories and pinpoint potential environmental
trade-offs among different steelmaking pathways. This study establishes an LCA-based benchmark of the most
used primary steelmaking pathways, including Blast Furnace—Basic Oxygen Furnace (BF—BOF), Direct
Reduced Iron—Electric Arc Furnace (DRI-EAF), and coal-based rotary kiln pathways. We further evaluate
decarbonized variants: BF-BOF with carbon capture and storage (CCS), DRI-EAF with CCS, biomass-enabled
DRI-EAF with CCS (BECCS), and hydrogen-based DRI (HB-DRI). To reflect Canadian production contexts,
key LCI parameters such as transportation, distances, transportation modes, scrap shares, and energy mixes
are user-adjustable within the LCA benchmarking tool. Where an inventory gap exists, mass and energy
requirements are estimated using thermodynamic simulation informed by the FactSage database. Results
indicate that, for conventional routes, more than 70% of total GHG emissions and aggregated environmental
impacts concentrate in the ironmaking stage across all routes. CCS applied to BF—-BOF achieves substantial
GHG reductions relative to the conventional baseline; however, shifting to DRI-based ironmaking enables even
greater climate benefits. These gains must be weighed against resource constraints and system-level effects:
BECCS requires sustained, large-scale biomass supply chains that may strain forestry systems, while H2-DRl
in regions like Québec implies significant additional electricity demand. Meeting this demand represents a large



attribution of the land use and associated ecological footprints of existing hydroelectric installations. By
providing harmonized and transparent LCA results for current and emerging steelmaking routes, this
benchmark supports industry and policymakers in identifying low-emission production options, informing EPD
development, and evaluating decarbonization strategies.

Author(s) & Affiliation: Raghav Dube, Metso; Janne Suhonen, Metso Finland Oy; Alejandro Yanez, Metso
Finland; Nathalie Kupka, Metso Finland Oy

Abstract Title: Rethinking flowsheets with a Concorde Cell - real-life example with a copper-gold greenfield

Abstract:

The Concorde Cell is a forced-air pneumatic flotation cell enhancing the metallurgical performance of fines and
ultrafines. By accelerating the kinetics of fines and ultrafines through finer bubbles and high-shearing, it can
achieve high stage recoveries while reaching final concentrate grades as early as possible. In this real-life
example, the flowsheet of a copper-gold greenfield project was revised with the addition of the Concorde Cell.
The complex ore was meant to be processed with a traditional flowsheet, consisting of large mechanical cells
for rougher duty and various mechanical cell sizes for four cleaner stages. By using the Concorde technology,
the cleaner circuit was significantly simplified. The number of cleaner stages were reduced, the number of
flotation units was decreased by more than half, providing an overall flotation plant reduction of about 25% in
footprint and similarly in OPEX. The enhanced flowsheet will be coming live in 2028. This presentation will
include simulations, footprint and OPEX comparisons as well as metallurgical results from the supporting test
work.

Author(s) & Affiliation: Maha Fakhroo, University of Toronto

Abstract Title: COM Gasification Behavior of Biochar: Implications for Carbothermal Reduction of Solid
Metallurgical Wastes

Abstract:

The decarbonization of metallurgical processes requires alternative carbonaceous materials that can partially or
fully replace fossil-derived carbons such as coke and coal. Biochar is a potential candidate for carbothermal
reduction processes; however, its suitability for metallurgical applications depends on its chemical and physical
properties. One important aspect is the COM gasification (Boudouard reaction) behavior of biochar, which
controls carbon consumption and CO generation. Although COM gasification of biochar has been widely
studied, uncertainty remains regarding which reaction mechanisms dominate and how intrinsic material
properties influence the reaction kinetics. This study examines the COM gasification kinetics of biochars
produced from lignocellulosic biomass from various sources at low and high pyrolysis temperatures, which
resulted in different properties. Isothermal COM gasification experiments were carried out in a
Thermogravimetric Analyzer over the temperature range 700 to 850 °C. Conversion data were analyzed using
several solid-state kinetic models to determine which best represent the gasification behavior. The results
show that contracting geometric models provide the most consistent description of gasification behavior over
the main conversion range. Accounting for pore evolution using the Random Pore Model improves the
description of conversion-dependent reactivity. The temperature dependence of the reaction rates is consistent
with chemically controlled gasification, indicating that intrinsic surface reaction kinetics dominate under the
studied conditions. Higher reactivity observed in low pyrolysis temperature biochars is consistent with higher
volatile matter content, which contribute to a less ordered carbon structure. In addition, the relatively high ash
contents of the biochars may further enhance reactivity through catalytic mineral effects, increasing apparent



reaction rates without changing the dominant reaction mechanism. Overall, the results show that COR
gasification is controlled by the combined effects of pore structure, volatile matter, and inorganic constituents
(ash). Understanding how each pillar contributes to gasification behavior provides a consistent basis for
comparing biochars produced from different feedstocks and processing conditions. Such insight is essential for
the informed deployment of biochar in metallurgical reduction processes and represents an important step
toward defining criteria for potential use of biochar as a renewable metallurgical reductant.
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Abstract Title: Key Parameters in Microwave-Assisted Materials Processing: Implications for Germanium
Recovery from Optical Fibers

Abstract:

Germanium is a critical element, with optical fiber production accounting for approximately 30% of its global
consumption, making end-of-life fibers an important secondary resource. Microwave-assisted processing
enables efficient volumetric heating compared with conventional heating and has the potential to enhance
reaction kinetics while reducing operating temperatures. We aim to study microwave-assisted carbothermal
reduction of waste optical fibers for germanium recovery. In this work, the influence of key process parameters
governing microwave energy absorption is discussed, with particular emphasis on dielectric properties,
microwave power, cavity configuration, sample volume, geometry, and position. This study aims to lay the
groundwork for the development of high-temperature microwave-assisted processing for the sustainable
recovery of critical metals from primary and secondary resources.

Author(s) & Affiliation: Alireza Gholami, Queen's University; Farzaneh Sadri, Queen's University; Qian Zhang,
Queen's University

Abstract Title: From Grinding to Ingot: Process Modeling and Life-Cycle Assessment of Competing
Magnesium Production Routes

Abstract:

Despite growing interest in low-emission material supply chains, magnesium production continues to rely
heavily on the Pidgeon process, a high-temperature and energy-intensive technology. Dolomite remains the
cornerstone feedstock supporting this dominant production route. Hydrometallurgical extraction from dolomite
offers a potential lower-emission alternative; however, its environmental advantages remain uncertain due to
limited integration of experimentally informed process modeling and life-cycle assessment. In particular, the
absence of full “grinding-to-ingot” simulations constrains consistent comparisons with established
pyrometallurgical routes. This study presents a process-based modeling and life-cycle assessment of
competing magnesium production pathways, combining experimentally informed unit operations with full-scale
process simulation. A hydrometallurgical flowsheet was developed based on optimized leaching and purification
steps, identified through laboratory studies of dolomite leaching and impurity removal. Thermogravimetric
analysis supported feedstock selection by clarifying the role of calcination on downstream process
performance. These experimental insights were embedded into a comprehensive HSC Chemistry simulation
that models the complete circuit from comminution and leaching to purification, spray drying, electrowinning,
and ingot casting. In parallel, the conventional Pidgeon process was modeled using thermodynamic modules
and literature-validated operating conditions to ensure a consistent functional unit and system boundary.



Life-cycle inventory (LCI) data generated directly from both simulations were implemented in openLCA using
the Ecoinvent 3.11 Cut-off system model. Environmental impacts were evaluated using the ReCiPe 2016
midpoint method within a Canadian context. For the hydrometallurgical route, two allocation scenarios were
examined: one excluding by-product credits and one incorporating potential credits associated with
co-produced materials, enabling assessment of their influence on comparative outcomes. The results indicate
that the hydrometallurgical pathway offers clear advantages in several impact categories, including global
warming potential and fine particulate matter formation, relative to the Pidgeon process. However, higher
contributions to acidification and water consumption were observed, highlighting trade-offs associated with
reagent use and aqueous processing. Sensitivity to allocation assumptions further emphasizes the importance
of transparent modeling choices in sustainability evaluations. Taken together, this work demonstrates that
process-integrated modeling combined with life-cycle assessment is essential for robust comparison of
magnesium production routes. The findings show that hydrometallurgical magnesium production can achieve
improved environmental performance, but only when evaluated through comprehensive system-level analysis
that explicitly accounts for burden shifting and modeling assumptions.

Author(s) & Affiliation: Mahdieh Khajvand, Université Laval; Georgios Kolliopoulos, Université Laval
Abstract Title: Hydrate-based concentration of dilute lithium mine waters for downstream recovery

Abstract:

Recovering lithium from dilute mine waters is often uneconomical because of the low concentrations and high
volumes associated with direct extraction. Hydrate-based desalination (HBD) offers an alternative front-end
approach that can both reduce brine volume and upgrade lithium concentration before downstream processing.
HBD is a low-temperature, low-energy desalination method that has shown strong potential for seawater and
industrial effluent treatment, particularly in regions with naturally cold climates. In this study, CO2 HBD was
applied to real mine water to evaluate its potential as a concentration step for lithium recovery. Hydrate
formation effectively rejected dissolved ions and increased lithium concentration from 180 ppm to approximately
500 ppm using a three-stage configuration operated at 3.58 MPa, 1 °C, and 600 rpm. Along with concentration,
the HBD process also recovered clean water, with a desalting efficiency of up to 81%, thus offering an
opportunity for internal water reuse within mining operations. Overall, the results show that HBD can serve as a
practical pre-treatment step that can upgrade dilute mine waters into suitable feeds for lithium extraction and
recovery technologies.

Author(s) & Affiliation: Heather Tugaoen, Watergenics Inc.; Liviu Mantescu, Watergenics GmbH
Abstract Title: Leveraging Water Quality Data to Optimize Process Performance and Mine Water Reuse

Abstract:

Pressure to achieve higher water recycling (%) in parallel to higher metallurgical yield with the same resources
is leaving many operations with tied hands and conflicting performance metrics. Volume of water is metered for
ESG reporting, while the diverse operational flows converge and diverge across the mining site (e.g., tailings
pond recovery, barren thickening decant) with chemical inputs and metal outputs along the flow path. If water
is critical to mineral processing, why is the quality of water largely unknown? Water quality data can provide
leverage to execute improvements with limited capital investment and enhance performance through proactive
implementation of operational changes. Real-time water quality data restores proactive control in operating
plants, delivering insights to trim chemicals, perform maintenance, and divert off-specification flows.
Conventional real-time monitoring, including pH, temperature, conductivity and ORP provide excellent metrics



for triage, but laboratory samples are required for root cause analysis. Without proper “bloodwork”, water, as
the “lifeblood” of the mining operation can lead to performance degradation and, at worst, leads to operational
shutdowns and equipment failure. Innovative technology solutions are now available to overcome the time-lags
resulting from laboratory sampling, facilitating real-time and in-situ measurement of water chemistry. This is
greatly accelerating the analysis required to create meaningful process changes ahead of process upset. As an
example, Watergenics’ ABAIA® delivers real-time water chemistry data, operating within the process matrix
and leverages Al/ML to maintain performance in changing water conditions. In gold mining, we have
demonstrated improved mine water use efficiency (e.g., decreased freshwater intake) through higher resolution
water quality data, while maintaining system performance and compliance. Additional benefits of improved
water circularity by delivering water on a fit-for-purpose basis can be realized when water quality data is readily
available. Measurements in-process (e.g., high density sludge) have led to meaningful improvements in metal
yield as dosing can be adjusted as chemical conditions change in the process. Advancing the understanding of
cause-and-effect across the mining flow sheet begins with better insight into water chemistry. Water is by far
the largest chemical input into mining operations worldwide, and its “purity” is by far the most controllable
variable that remains surprisingly unmanaged. Whether driven by material gains to profit margins in improving
yield, environmental and social governance (compliance, circularity, sustainability), or purely for operational
benefits, 21st century water quality solutions have the potential to usher in the next advancement in metallurgy
and materials.
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Abstract Title: The progressive development of wear resistant materials for oil sands mining operations

Abstract:

The aggressive wear conditions in surface mining operations are the major contributing factor to
multi-billion-dollar maintenance and lost production issues. The need to combat these issues has led to the
ongoing development of protective materials to help improve the durability and longevity of equipment and help
decrease costs and improve productivity. This presentation will provide an overview of the evolution of
protective materials used in oil sands mining, with a focus on how the materials selection strategies have
evolved to meet the operational requirements of the environment. The main classes of materials, including
alloys, coatings, overlays, non-metallic liners and ceramics, will be reviewed and how their selection is
dependent on the specific wear mechanisms that govern their applications.
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