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“TMS helps 
inform decision 

makers by making 
periodic visits to 

Washington, D.C., 
and conversing with 

legislators, their 

representatives 
of the President’s 

administration.”

@JJRofTMS 

“The order I’m about to sign does two things. First, it orders a 100-day review of four 
vital products: semiconductors—one; key minerals and materials, like rare earths, that 
are used to make everything from harder steel to airplanes; three, pharmaceuticals 
and their ingredients; four, advanced batteries, like the ones used in electric vehicles.” 

—U.S. President Joe Biden on his “Executive Order on America’s Supply Chains”

 Interesting data point: About 15% of TMS professional members are engaged in the direct 
support of U.S. government priorities by working for national laboratories, for a branch of 
the military, for a wide range of agencies, or for another entity. Beyond the work conducted 
on government premises, there is also the reach and impact of those research dollars issued 
annually to investigators at universities, industries, and even the occasional professional 
society. Whether one lives inside or outside of the United States, the scope of the federally 
funded research enterprise has impact worldwide. 

for informed federal discussion about science and technology. TMS helps inform decision 
makers by making periodic visits to Washington, D.C., and conversing with legislators, their 

 By its nature, TMS is a nonpartisan and apolitical organization. Our visits and positions are 
never in support of individual politicians or political parties. We stay high level and focus on 
the importance of science and technology and informed legislation. Bottom line: We think that 
materials are critical to our economic well-being, quality of life, and standard of living. So, 

• 

that would do this, and we expressed support for NSF growth to survive within whatever 
legislation would eventually be adopted.

• 
and new materials technologies as well as recycling have roles to play. Again, multiple 

is adopted address hard infrastructure.
• 

supporting the inclusion of underrepresented groups while advancing diversity, equity, and 
inclusion. We also underscored our support of the need for racial justice.

• We advocated to protect the peer-review process by maintaining a 12-month embargo 
before the mandatory conversion to open access of federally funded technical papers.

with forthrightness and grasp of the issues 
and without
Biden administration, a week after our visits, single out three materials sectors for immediate 
attention in improving the supply chain: Lithium batteries, critical materials and rare earths, 

JOM
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Do you have business 

or industry news of 

interest to the minerals, 

metals, and materials 

community? Submit 

your announcement 

or press release to 

Kaitlin Calva, 

JOM Magazine 

Managing Editor, at 

kcalva@tms.org for 

consideration. 

In Case You Missed It: 

Business News from the Field
Hyperion Expands in Titanium
Charlotte, North Carolina, USA:
Hyperion Metals Limited inked an 
agreement with Blacksand Technology LLC 
to investigate the commercial development 
of spherical titanium metal powders using 
the granulation-sintering-deoxygenation 
(GSD) technology and an option to enter 
into an exclusive license agreement for 
the patents associated with the technology. 
Hyperion has exclusive rights to the GSD 

the production of spherical titanium for use 
in 3D printing. The Hyperion and Blacksand 
partnership may develop a sustainable, 
zero carbon, low-cost, and fully integrated 
titanium spherical metal powder supply 
chain in the U.S.

Scientists Plunge New 
Pacific Depths
Offshore, Japan: Scientists with the 
International Ocean Discovery Program 

at an ocean depth of 8,023 meters, the 
expedition achieved the record for the 
deepest water site drilled and cored 

Additionally, a total of 37.74 meters of 
sediment core was curated, setting a new 

deepest sub-sea level sample at 8,060.74 
meters below sea level. Research of the 

and could lead to discoveries of rare earth 
elements.

Cliffs Opens HBI Plant
Cleveland, Ohio, USA: Steel producer 

art direct reduction plant in Toledo, Ohio, to 
recognize six months of continued operation 

(HBI) plant uses natural gas to create 

Evanston, Ilinois, USA:
The teeth of chiton 

are helping scientists 
understand how to 

develop durable materials. 
The large rock-chewing 

mollusk has teeth that 
contain santabarbaraite, 

a rare iron mineral 
previously found only in 
rocks. Chiton teeth are 
more than three times 

harder than human 
teeth and one of the 

hardest materials known 
to nature. Based on 

the minerals found in 
chiton teeth, researchers 

have developed a 
bio-inspired ink for 

3D printing ultrahard 
materials. (Photo credit: 

Northwestern University)

materials for blast furnaces used in the steel 
production process. The new plant has the 
capacity to produce 1.9 million metric tons 
of HBI per year. The plant will not only 

enhanced productivity in blast furnaces and 
the avoidance of prime scrap purchases 
from third parties. The plant employs nearly 
160 employees and cost $1 billion to build. 

Eck, Imperial Explore Scandium
Manitowoc, Wisconsin, USA: Eck 
Industries Inc., an aluminum castings 

Group Ltd. partnered to research scandium 
as an addition to an aluminum-magnesium 
alloy that could increase strength and 
expand applications. Scandium has been 
used in niche aerospace alloys for the 
defense sector mainly due to a limited 
supply. Growing investment in scandium 

scandium oxide plant in Quebec, Canada, 
has sparked interest in its potential as an 
alloying agent in advanced lightweight 
materials for the transportation sector.

Zijin, Citic Metal Buy 
DRC Copper
Fujian, China:
announced one of its subsidiaries and Citic 
Metal will each buy 50% of the copper 

Co. Ltd. and trader Citic Metal, part of 
state-owned conglomerate Citic Group, 

approximately 200,000 tonnes of copper 
per year.
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Maureen Byko 
and Justin Scott

Maureen Byko

Justin Scott

Introduction
The 2022 editorial calendar for JOM: 

The Journal is complete, with expansive 
plans by a diverse group of TMS 
volunteers.

and will be organized by more than 
85 volunteers from 15 countries, with 

each guest editor bringing their unique 
technical background and perspective to 
the role. And with the backing of TMS’s 
technical committees, the topics will 
invite authors from a wide spectrum of 
minerals, metals, and materials domains 
to submit their work.

From every angle, it is a promising 

2022 Editorial Calendar: A Vibrant 2022 Editorial Calendar: A Vibrant 
Plan to Satisfy Authors and ReadersPlan to Satisfy Authors and Readers

JOM Calendar Highlights
Among the special topics on the editorial calendar, each of TMS’s five technical 

divisions are well represented. The following topics are some examples from com-
mittees within each division.

Materials Processing & Manufacturing Division
• Exploring the Relationships Between Plastic Deformation and Heat,  

Shaping and Forming Committee
• Phenomena and Scales Influencing Alloy Solidification Microstructures, 

Solidification Committee

Extraction & Processing Division
• Computational Modeling of Metallurgical Furnaces, Process Technology and 

Modeling Committee; Pyrometallurgy Committee 
• Progress on Recovery of Critical Raw Materials, Hydrometallurgy and 

Electrometallurgy Committee; Recycling and Environmental Technologies 
Committee 

Light Metals Division
• In-situ Methods for Understanding Deformation & Microstructure Evolution in 

Mg Alloys, Magnesium Committee
• Advances in Continuous Casting of Light Alloys, Aluminum Committee

Structural Materials Division
• Materials Interactions with Molten Salt for Nuclear Reactors, Nuclear 

Materials Committee; Corrosion and Environmental Effects Committee
• Cold Dwell Fatigue of Titanium Alloy, Titanium Committee

Functional Materials Division
• Artificial Intelligence and Machine Learning in Energy Storage and 

Conversion Materials, Energy Conversion and Storage Committee
• Recent Advances in Multicomponent Alloys and Ceramics, Alloy Phases 

Committee
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calendar that builds on the work that 
continued amid an unprecedented 
worldwide pandemic. As workplace 
policies changed to prevent virus spread, 
JOM volunteers persevered to meet 
deadlines. For 2022, volunteers are re-
energized, and the upcoming calendar 

With one of the largest groups of guest 
editors yet, JOM
and readers a vibrant platform for 
publishing their work.

Enhancing Volunteer Support
In the coming year JOM plans to 

build upon recent improvements to 

welcoming environment for new and 
returning authors. 

First, we look to solidify progress 
made in time to publication: manuscripts 
took just 33 days, on average, from 

116 days from submission to acceptance. 
The journal’s leadership remains 
committed to upholding a high standard 

for manuscript turnaround time. 
Also, in pursuit of continued 

improvement for authors and editors, 
two associate editors were added to the 
JOM editorial team. Michael Groeber and 
Victoria Miller were appointed in early 
2021, with an overall goal of helping 
guest editors to develop and publish their 
topics. Each of these associate editors 
brings a strong subject matter expertise 
along with a range of TMS volunteer 
experiences to the team; see the “Meet the 
Associate Editors” sidebar for details.

Plan to Publish in JOM
A sampling of special topics is shown 

in the “JOM Calendar Highlights” 
sidebar, but authors interested in 
publishing in JOM should visit 
the full calendar at www.tms.org/

their manuscript. Search by keyword 

visit the topic’s “Details” page for more 
information including how to submit a 
manuscript. 

Michael Groeber
“The blend of basic and applied science presented in JOM is refreshing and 
impacts a broad audience, which I find very exciting to be a part of. I look 
forward to working to continue to grow JOM’s impacts in the materials and 
manufacturing community.”
TMS Activity: Member–Additive Manufacturing Committee; Advanced 
Characterization, Testing, & Simulation Committee; Integrated Computational 
Materials Engineering Committee; Materials Innovation Committee
Affiliation: The Ohio State University: Associate Professor, Mechanical and 
Aerospace Engineering
Technical Interests: Additive Manufacturing, 3D Materials Science, 
Integrated Computational Materials Engineering, Data Analytics

Victoria Miller
“I’m really excited to be a part of the JOM team because I think the journal 
plays an important role in the community—spotlighting topics of current 
interest, working directly with TMS committees, and focusing on emerging 
areas.” 
TMS Activity: Light Metals Division (LMD) programming representative; 
Magnesium Committee member; Member and Student Development 
Committee, LMD representative
Affiliation: University of Florida: Assistant Professor, Materials Science and 
Engineering 
Technical Interests: Recrystallization, Magnesium Alloys, Recovery

Meet the Associate Editors

Michael Groeber

Victoria Miller
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Amber Genau

Over the last year and a half, the
COVID-19 pandemic has upended 
our lives in ways most of us never 
thought possible. As the TMS Education 
Committee met last fall to discuss topics 
for our annual JOM contribution, a set of M
articles related to the pandemic seemed 
the obvious choice. While the pandemic
has touched every corner of personal and 
professional life across all sectors of the
economy, education has been one of the 

severely, as both students and teachers
struggled to adapt to new restrictions and 
modes of instruction. It’s been enough to
stretch anyone to the breaking point.

As many universities plan to return to 
in-person instruction for the 2021–2022
academic year, the following two articles

describes the results of a survey developed 
and administered by a TMS Education
subcommittee, led by Alison Polasik 
and Kester Clarke, that asked instructors

their teaching and assessment, what 
worked well, and what did not. While 
fully acknowledging the challenges, many

still happened during the pandemic and 
even came with some unexpected silver 
linings. For one thing, many instructors 

COVID-19 forced them to adopt helpful
technologies that have been around for a 
while but that they had never bothered to 
use before. For me personally, I know I

an alternate instructor when I have to travel 
during the semester. I now have the tools 
and know-how to hold class via Zoom from
wherever I am, or how to easily record and 
upload a lecture for my students to watch
on their own time.

In the second article, Education

Committee members Assel Aitkaliyeva,
Janelle Wharry, and Simona Murph worked 
with psychologists to consider the issue
of mental health in academia. The article 
provides some insightful statistics about 
the concerning levels of stress, anxiety, and 
depression prevalent in both students and 
faculty, issues which were only exacerbated 
by the uncertainty and isolation of a global 
pandemic. Of course, we have known that 
students’ lives and wellbeing outside the 

academic performance, but the pandemic 
brought these issues to the forefront in 
ways that cannot be ignored. It is part of 
our responsibility as educators and mentors
to be informed about how best to support 
our students’ success. The article lists signs 
to be aware of when instructors return to
the classroom that may indicate a student 
is struggling with mental health issues. 
It also gives helpful tips for initiating 
conversations with students about this topic
and reminds us not to forget about our own
metal wellness in the process!

As you read about how the pandemic
has impacted the educational experiences 
of your colleagues in the minerals, metals,
and materials community, I hope that the 

on how the pandemic has impacted you 
and your interactions with students, what 
COVID-inspired changes you will keep 
moving forward, and ways in which you 
might be able to create more acceptance of 
conversations about mental health in the
academic community.

Amber Genau is an associate professor
of materials science and engineering at
the University of Alabama at Birmingham 
(UAB). She is currently the chair of the TMS 
Education Committee, vice chair
of the Solidification Committee, 
and Material Advantage faculty 
advisor at UAB.

Amber Genau

The COVID-19 Pandemic 
and Materials Science and 
Engineering Education

“The COVID-19 
Pandemic and 
Materials Science 
and Engineering 
Education” serves 
as an introduction 
to a thematic group 
of articles in the 
August 2021 issue 
of JOM covering 
how the challenges 
of the global 
pandemic have 
impacted academia. 
The article package 
is a feature series 
developed by the 
TMS Education 
Committee. 
For additional 
information, 
contact 
Kaitlin Calva, 
JOM Magazine 
Managing Editor, 
at kcalva@tms.org.
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Alison K. Polasik

Kester Clarke

0% 10% 20% 30% 40% 50% 60%

Asynchronous & Online

Synchronous & Hybrid

Synchronous & In Person

Synchronous & Online

Course Modality Used
Percentage of Classes Using Each Type 

State school Private school

Course Mode
Private 
School

State 
School Total

Synchronous & In Person 8 30 38
Synchronous & Hybrid 13 41 54
Synchronous & Online 23 66 89
Asynchronous & Online 1 18 19

Figure 1: 
Course 
Modality by 
Institution Type. 
The number of 
courses using 
each delivery 
mode is shown 
in the table, 
broken down 
by type of 
institution. The 
corresponding 
percentages 
are shown 
in the chart. 
Courses that 
incorporated 
more than 
one delivery 
mode were 
fully counted 
in each noted 
category. 

Alison K. Polasik and Kester ClarkeAlison K. Polasik and Kester Clarke

A TMS Education A TMS Education 
Committee Report:  Committee Report: 
Survey of Changes in Survey of Changes in 
Education Due to COVID-19Education Due to COVID-19

JOM, Vol. 73, No. 8 2021

https://doi.org/10.1007/s11837-021-04783-y
Ó 2021 The Minerals, Metals & Materials Society

2256



Table of Contents

A TMS Education Committee Report: Survey of Changes in Education Due to COVID-19 2257

Alison K. Polasik and Kester Clarke

A TMS Education 
Committee Report:  
Survey of Changes in 
Education Due to COVID-19

• Asynchronous modality was rare but 
was used much more frequently at 
state schools

• Of the synchronous modalities, 

the percentage of courses between 
private and state schools

• Many institutions were still able to 
conduct courses at least partially in 
person

• Recorded videos and online exams 
were the primary “new” tools 
adopted because of the COVID-19 
pandemic

• Major changes were not made to 
homework assignment distribution 
or grading

What Worked Well?  

0 5 10 15 20 25 30 35 40 45

Auto-graded HW through the LMS

Auto-graded HW provided by the publisher

Traditional HW submitted through the LMS

Online Exams through the LMS

Take Home Exams

Recordings of Live classes

Pre-recorded Video Lectures

Online Teaching Tool Use in MSE
Data from both public and private university instructors

I do not use this

I began using this for the first time because of the pandemic

I used this prior to the pandemic, but increased use of this tool this year

I used this prior to the pandemic, and continue to use it

Figure 2: Use of online teaching tools by MSE professors in the 2020–2021 
academic years. Data is combined for both state and private institutions. 

that worked well 
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Alison K. Polasik is an associate professor
of engineering at Campbell University.
She is a member of the TMS Education 
Committee.

Kester Clarke is an assistant professor
and the Forging Industry Educational and
Research Foundation Professor in the
Metallurgical and Materials Engineering 
Department at Colorado School 
of Mines. He is currently vice-
chair of the TMS Education 
Committee
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Committee.

Kester Clarke is an assistant professor
and the Forging Industry Educational and
Research Foundation Professor in the
Metallurgical and Materials Engineering 
Department at Colorado School 
of Mines. He is currently vice-
chair of the TMS Education 
Committee
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Jaime Jasser-Stone

Amanda Lawson-Ross

Jonathan Ishoy

Janelle Wharry

Simona E. Hunyadi Murph

Initiating Mental Health Initiating Mental Health 
Conversations in Conversations in 
AcademiaAcademia
Assel Aitkaliyeva, Jaime Jasser-Stone, Amanda Assel Aitkaliyeva, Jaime Jasser-Stone, Amanda 
Lawson-Ross, Jonathan Ishoy, Janelle Wharry, Lawson-Ross, Jonathan Ishoy, Janelle Wharry, 
and Simona E. Hunyadi Murphand Simona E. Hunyadi Murph
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Initiating Mental Health 
Conversations in 
Academia
Assel Aitkaliyeva, Jaime Jasser-Stone, Amanda 
Lawson-Ross, Jonathan Ishoy, Janelle Wharry, 
and Simona E. Hunyadi Murph

8

• 

• 

• 

• 

“Distress in students can be more easily 
recognized if a professional connection and 
trusting environment exists between students 
and their professors.”
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“Providing students with a sense of community 
and belonging can help them deal with stress 
and perform better academically.”
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“Materials Innovations Towards Decarbonization 
of Industrial Processes”

Presenter: Elsa Olivetti, 
Massachusetts Institute of 
Technology

    This invited presentation 
was delivered at Design and 
Manufacturing Approaches 
for the Next Generation of 
Sustainable Materials, the 
2021 Student-Led Symposium, 
which was organized by a team 
of students from the Colorado 
School of Mines. 

Olivetti discusses work focusing on strategies to mitigate 
greenhouse gas emissions in materials-related industries 
and looks at resource use and the complexity of that 
process. 

“Because materials don’t exist in isolation—they’re part 
of complex networks—we need to think about the various 
scales at which we develop these materials in order to 
understand their environmental impact and to help mitigate 
that impact,” said Olivetti.

reducing the burden of materials production, reviews recent 
progress in understanding the potential for decarbonization 
in the materials production sector, and describes where and 

impact.

Extraction & Processing Division
“Establishing a Domestic Cobalt Supply Chain: 
Unlocking Challenging Feedstocks”

Presenter:
Frank Santaguida, 
First Cobalt Corporation

    This talk was presented at 
the plenary session for the 5th 
International Symposium on 
Nickel and Cobalt (Nickel-Cobalt 
2021), a special event held in 
conjunction with TMS2021 
Virtual.
    Cobalt is deemed a critical 
mineral in the United States and 

Canada due to its use in power and energy generation and its 
availability within the global supply chain. 

“Cobalt ranks highly along with the rare earth element 
metals,” said Santaguida. “This talk highlights why cobalt 
ranks so highly and what is being done to address this 

His talk looks at the availability of resources around the 
world and the challenges this poses to the supply chain. 

years away from decreasing its dependance on cobalt 
imports, his presentation ends on a high note.

“The message I’d like to leave everyone with is positive. 
Changes are happening to establish a domestic cobalt supply 
chain that will be needed to sustain the electric vehicle 
market,” he said. While there are some barriers that impede 
the timeline, he says, “These barriers are not walls.”

Kelly Zappas

VIRTUAL

SINCE 1871

C E L E B R A T I O N

Frank SantaguidaElsa Olivetti

In honor of the 150th anniversary of TMS and the American Institute of Mining, Metallurgical, 
and Petroleum Engineers (AIME), TMS has made a series of recorded talks available from the 
TMS 2021 Virtual Annual Meeting & Exhibition (TMS2021 Virtual), held March 15–18, 2021. 
Selected by the TMS technical divisions as Anniversary Keynote Presentations, these noteworthy 
talks can now be viewed through the TMS website. No log-in is required to view them. 

Gain a sneak preview of each talk through this article and view the full presentations at 
www.tms.org/AnniversaryKeynotes.

JOM, Vol. 73, No. 8, 2021
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“Current Perspectives in High-Entropy Alloys”

Presenter: Diran Apelian, 
University of California, 
Irvine 

Co-Authors: Benjamin 
Macdonald, Cheng Zhang, 
and Enrique Lavernia, 
University of Califonia,
Irvine

    “We shouldn’t think of HEAs 
as a materials class but rather 
the paradigm by which we can 
design materials—a new design 

approach,” Apelian says in this keynote presentation from the 
High Entropy Alloys IX: Alloy Development and Properties 
symposium at TMS2021 Virtual. In this talk, he discusses 

and looks at future directions for HEA research.

for good reason. Apelian points out the many structural 
as well as functional uses. “When you look at a list of the 
applications, you can see its almost universal application.”

Two key research directions include the critical evaluation 

on alloy properties, and integrated computational materials 
engineering approach to developing refractory based HEAs 
with optimal mechanical behavior at elevated temperatures. 
This presentation seeks to establish the state of the art in both 
of these areas.

“Evolution of Alloy Design, Its Science/
Instruments Base, Tech Transfer Routes, and 
Market Pull, 1921–2021” 

Presenter: Raymond 
Decker, University of 
Michigan

    This talk was delivered at 
TMS2021 Virtual as part of the 
TMS Light Metals Division 
symposium, Greater Than the 
Sum of Its Parts—Concurrent 
Alloy Design and Processing 
Science, which was held in 
honor of Raymond Decker’s 90th 
birthday. In this presentation, 

Functional Materials Division
“Designing Electrode Architectures across 
Length Scales: Some Lessons Learned from Li-
ion and ‘Beyond Li’ Chemistries”

Presenter: Sarbajit 
Banerjee, Texas A&M 
University

   “We’re in the midst of an 
unprecedented change in 
paradigm as far as energy is 
concerned,” said Banerjee 
in this keynote talk from 
the symposium, Advanced 
Materials for Energy 
Conversion and Storage VII. 
“A big part of this puzzle is 

going to be energy storage.”
Despite a large push for energy storage technologies, 

he pointed out, we’ve only had a four-fold improvement 
in energy density over the last 160 years. So, what are 
the bottlenecks preventing us from accessing some of 
the theoretical capacity for materials? Banerjee argues 
that this is a multiscale challenge, and it requires 
understanding of the entire range of phenomena.

“The moral of the story is the urgent need to bridge 
scales starting from understanding atomistic phenomena 
all the way to mesoscale phenomena and then to 
electrode-level phenomena,” said Banerjee, whose talk 

calculations. 

Light Metals Division

Diran Apelian

Sarbajit Banerjee

Raymond Decker

Decker, who has been a member of TMS for 70 years, 
looks back at a century of evolution in alloy design and 
application, from 1921 to 2021. 

Six successful case histories of alloy design and 
applications are presented, from the Inconel Alloy 600 in 
1921 to maraging stainless steel for additive manufacturing 
at QuesTek in 2021 using integrated computational 
materials engineering (ICME). Drawing on his extensive 

that time.
After looking at a century of examples, Decker states, 

“The best in alloy design is yet to come.” He closes 

applications.
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“The High Entropy Alloy Space Is 
Not as Big as We Think It Is”

Presenter: Raymundo 
Arroyave, Texas A&M 
University

Co-Author: Tanner Kirk, 
Texas A&M University

    How big is the available, 
feasible alloy space in high-
entropy alloys (HEAs)? That 
is the question this invited 
talk from the Computational 
Thermodynamics and Kinetics 
symposium at TMS2021 Virtual 
sets out to answer.

Arroyave presents recent investigations suggesting that, 
while big, the feasible HEA space in any given sub-sector 
(e.g., face-centered cubic HEAs, refractory HEAs, etc.) is 
severely constrained by typical alloy design considerations. 

Combining CALPHAD, physics-based models, machine 
learning, and search/optimization algorithms, Arroyave 
presents a more nuanced view of the HEA space.

Ultimately, Arroyave concludes, the answer to his initial 
question is, “Not as large as we thought it would be.”

Materials Processing & Manufacturing Division
“Applying Additive Manufacturing Itself as a 
High-throughput Tool to Accelerate Heat Treatment 
Design of Additively Manufactured Alloys”

Presenter: Wei Xiong, 
University of Pittsburgh

Co-Authors: Yunhao Zhao, 
Noah Sargent, and Kun Li, 
University of Pittsburgh

    “Additive Manufacturing 
(AM) has become a very 
popular processing technique,” 
Xiong says in this invited talk 
from the symposium, Additive 
Manufacturing: Solid-State 
Phase Transformations and 

Microstructural Evolution. “However, right now, we still 
have a limited understanding of processing-structure-
property relationship in many of the AM processes.” 

As a result, he says, we have limited choices of new 
alloys or customized alloys for AM itself. “Therefore, this is 
a giant push for us to study this.”

In thinking about how to accelerate the design of AM, 
Xiong’s group looked at high-throughput computation with 
machine learning. This presentation looks at their research, 
which developed a gradient temperature heat treatment on 
a bar shape Inconel 718 alloy sample prepared by the laser 
powder bed fusion. 

“I hope that with the community developing such strong 
interest, eventually we can develop more and more robust, 
high-throughput experiments to serve the purpose of alloy 
manufacturing design,” he concludes.

Raymundo Arroyave
Wei Xiong

Light Metals Division

Mark Easton

“Near Net Manufacturing of Light Metal Alloys”

Presenter: Mark Easton, 
RMIT University

     In this talk, which was 
delivered at the TMS Light 
Metals Division Awards 
Ceremony & Special Lecture 
at TMS2021 Virtual, Easton 
discussed research that has been 
a theme throughout his career.

net shape manufacturing as a 
term given to processes that 
aim for the initial fabrication of 

product. This approach, he explained, reduces production 

particularly appealing for component manufacturing for 
high-value materials.

He spoke about challenges to the process and also how 
some of the themes of this research can travel from one 
manufacturing technology to the next.

“Near net shape manufacturing is continuing to evolve 
from more traditional methods such as casting to more 
modern methods such as additive manufacturing,” he said. 
Many of the challenges, such as microstructure control and 
defect formation, remain the same, but approaches used in 
more traditional technologies to dealing with these issues 
can also be used in additive manufacturing.

View the full presentations at: View the full presentations at:  
www.tms.org/ www.tms.org/

AnniversaryKeynotesAnniversaryKeynotes
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Assessing Environmental Resistance”

Presenter: Bruce Pint, 
Oak Ridge National
Laboratory

As part of the symposium,
Materials for High Temperature
Applications: Next Generation
Superalloys and Beyond, Pint’s 
talk looks at the interest in
developing new materials with 
higher temperature capabilities

and thereby, reduce fuel
consumption and greenhouse 

gas emissions. He begins by discussing oxidation 
resistance and how not much has changed since 2004.

“Oxidation issues have become more important and 
harder to ignore,” he said. “It’s a foolish strategy to
think that a practical high-temperature material will be 
developed without inherent oxidation resistance.”

For refractory metals, high entropy alloys, and other 
candidates, embrittlement also is a concern for long-term 
performance. Examples are provided of assessments 
that include a variety of conventional and experimental 
alloys in environments simulating turbine exhaust and 
supercritical CO2.

Structural Materials Division
“The Role of Fracture in the Reduction of Iron
Ore with Hydrogen”

Presenter: Dierk Raabe, 
Max-Planck Institute

   This invited presentation 
was delivered as part of 100
Years and Still Cracking: A 

at TMS2021 Virtual. Raabe
opens his talk with some 
numbers: globally, we produce 
two billion tonnes of metallic
products a year, consuming
about 8% of global energy and 

accounting for about 30% of all industrial greenhouse
gas emissions. On the other hand, the global market for 
materials products is about 3,000 billion euros per year.

The question Raabe’s presentation poses is this: Can
this market be turned into a circular/sustainable one?

This talk looks particularly at steel. While its products
are a sustainability enabler (lightweight cars, wind farms,
magnets), its production is not. Iron is typically reduced 
from ore using carbon, but this presentation looks at 
emission reductions that can be achieved by using
hydrogen as a reductant instead. This lecture reports on 

a multi-scale structure and composition analysis of iron 
reduced from hematite with pure H2.
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Continue the Anniversary Celebration at TMS2022
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Honoring Stanley Howard,  Honoring Stanley Howard, 
A True Friend to TMSA True Friend to TMS

Kaitlin Calva

a busy one, as Howard set out to improve upon the member 
experience through his work with the Board of Directors. 
In his March 2016 JOM article, “Building the Global 
Professional Community: A Priority for the Year Ahead,” 
he said: “Mostly, my focus will be trying to give back what 
I have gained from TMS by ensuring that it is a welcoming 
professional home to all—a place where anyone, from 

collegiality, shared passion, and answers to their questions or 
colleagues who will join them in the search for answers.”

As president, Howard helped the Society realize a number 
of new projects and collaborations. Patrice Turchi, 2015 
TMS President, outlined just a few of his contributions: 
“During his presidential cycle, it is worth noting several 
of Stan’s major accomplishments: more international 
collaborations and a completed agreement for Extraction 
2018; accomplishment towards facilitating the transition of 

In April 2016, Stan 
Howard visited 

TMS headquarters 
in Warrendale, 

Pennsylvania, and 
was presented with his 

presidential JOM cover, 
pictured here. The June 

2016 JOM cover featured 
the style of Nashville’s 

Hatch printing, as 
Nashville, Tennessee, 

was the location of that 
year’s annual meeting, 
and the blue and gold 
color scheme reflects 

Howard’s school colors at 
South Dakota School of 
Mines and Technology.

Stan Howard (left) and TMS Executive Director Jim Robinson visit 
Cambridge University in 2016 to participate in TMS Fellow Michael 
Ashby’s 8th International Materials Education Symposium, where 
Howard gave an invited presentation on the TMS student program.

Stan Howard (left), Patrice Turchi (center), 2015 TMS 
President, and Hani Henein (right), 2014 TMS President, 
pause for a photo before the awards ceremony at the TMS 
2016 Annual Meeting & Exhibition.

Stanley M. Howard’s 
presidential portrait 
from 2016.

    The TMS family has lost a great 
supporter, excellent teacher, and 
true friend in Stanley M. Howard, 
who passed away on May 15, 2021, 
at the age of 75. 
    As an undergraduate student 

at Colorado School of Mines, Howard joined TMS—then 
still The Metallurgical Society of the American Institute 
of Mining, Metallurgical, and Petroleum Engineers 
(AIME)—in 1966. After receiving his Ph.D. in metallurgical 
engineering, he joined South Dakota School of Mines and 
Technology as an assistant professor, holding a number of 
leadership positions over the years, including chair of the 
Department of Materials and Metallurgical Engineering 
from 1994 to 2000, Faculty Senate Chair, Chair of the 
Faculty, and Material Advantage Advisor. Most recently, he 
was professor emeritus, since 2014, for a 50-year career with 
the university. Howard was also a registered Professional 
Engineer since 1973. 

As an active member of TMS, Howard participated in 
many committees, both functional and technical, within his 
“home division” of the Extraction & Processing Division. 
He was a key reader for Metallurgical and Materials 
Transactions B and has also instructed several short courses 
and presented numerous papers at TMS annual 

TMS Board of Directors came in 2009 as the Financial 

presidential rotation, serving as the 2016 TMS President. His 
presidential year was 

JOM, Vol. 73, No. 8, 2021
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Ó 2021 The Minerals, Metals & Materials Society
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Honoring Stanley Howard,  
A True Friend to TMS

“As I reflect on my contact with Stan, I remember 
that he always spoke well of everyone. He was very 
confident of his talents, abilities, and capabilities, 
but very humble about them at the same time. When 
he was Financial Planning Officer of TMS, he was 
very astute about TMS finances. As a member of the 
TMS Executive Committee, I never worried about TMS 
finances, because Stan was at the wheel.”
—Hani Henein, Professor, University of Alberta, 
and 2014 TMS President

“Stan was a great mentor and friend. He modeled the 
virtues we should aspire to, including respect, dignity, 
empathy, and especially and most prominently, integrity. 
We can do no less than our best to pay it forward.”
—Robert W. Hyers, Professor, University of Massachusetts

“Dr. Howard was a professor for several of my metallurgical 
engineering courses as an undergraduate while at the 
South Dakota School of Mines and Technology. As students, 
we were always in awe of his knowledge of and talent with 
thermodynamics and transport phenomena—two of the 
harder subject areas for undergrads. While the classes 
were difficult, Dr. Howard always strove to find real-world 
examples to make the topics relevant. Later, while serving 
with the TMS Board of Directors and in other committee 
roles, I worked with Stan under different circumstances. 
I discovered a whole different side of his personality. He 
had a dry wit and a deep caring for TMS and its members. 
He was always a pleasure to work with because of his 
infectious enthusiasm and positive attitude.”
—Ray Peterson, Technology Director, Real Alloy, 
and 2009 TMS President

students and young professionals to meaningful participation 
in the life of the Society with digital access to information; 
the creation of the Bladesmithing Committee; and the 
promotion of a more diverse cadre of young professionals; 
as well as his role in the move of the TMS headquarters to 
Pittsburgh, and in the TMS Foundation activities.”

Howard was also a longtime supporter of the TMS 
Foundation and a strong believer in its mission to give 
back to the next generation of scientists and engineers. “I 
participate in supporting the TMS Foundation because I 
was blessed with the opportunity to receive an engineering 

generous thoughts and actions,” he said in a February 2015 
JOM article, “TMS2015 Shines A Spotlight on the TMS 
Foundation.” He became a TMS Foundation Trustee and 
member of the Silver Society for lifetime giving in 2015 
and rose to the Titanium Society in 2017.

In one of his last activities as a TMS member, Howard 
received the 2021 Alexander Scott Distinguished Service 
Award. He recorded a brief acceptance speech for the virtual 
TMS-AIME Awards Ceremony, which debuted at the TMS 
2021 Virtual Annual Meeting & Exhibition in March 2021. 

In the video, which can be viewed through Channel TMS 
on YouTube at www.youtube.com/user/ChannelTMS (see 
Howard’s award at time stamp 44:00), he made the following 
comments about his experiences as a TMS member: 

at Colorado School of Mines that I would be saying ‘yes’ 
to TMS service for many years to come. He mentored me 

Stan Howard addresses viewers of the TMS-AIME Awards 
Ceremony during the TMS 2021 Virtual Annual Meeting 

& Exhibition as he receives the 2021 Alexander Scott 
Distinguished Service Award.

“Stan was always a calm voice of reason. Not only was he one of the 
smartest people I’ve ever met, but he was really, really good at spotting 
unforeseen problems or consequences to some course of action. Jokingly I 
told him once recently that he was an LMD (Land Mine Detector)! He laughed 
and said that was a lot different than his younger years when he liked to 
blow things up! It seemed to me Stan was good at everything he attempted, 
whether it was genealogy, investing, economics, teaching, fundraising, 
ABET requirements, etc. His teaching skills were phenomenal. Beyond his 
polymath skills, Stan was a ‘one in a million’ friend, mentor, educator, and 
many other titles. For me there will be a huge void in any future TMS meeting, 
since that was always a chance for me to get to sit and talk to Stan.”
—Garry Warren, Professor Emeritus, University of Alabama, 
2011 TMS President, and Chair, TMS Foundation Board of Trustees

“Professor Stan Howard, an accomplished leader in his capacity as a TMS volunteer 
for decades in addition to being a remarkable dedicated materials scientist since 
the 1960s, will be greatly missed. I interacted more closely with Stan during his 
presidential cycle that started when I was TMS President in 2015. I came to realize 
that Stan was an effective TMS leader because of his knowledge, vision, and 
experience. Every successful organization needs a continued and sustainable 
roadmap, and Stan always had boundless enthusiasm to grow TMS via new 
programs while nurturing the initiatives already in progress. 
     As to the person, Stan Howard is the paragon of professionalism with a special 
passion for thermodynamics, a topic that occupied a lot of our free time together. He 
did what he promised, with a kind soul. Besides giving much to TMS, Stan has been 
involved in many civic activities in addition to all of his professional responsibilities 
and the mentorship of many students. Stan was articulate, efficient, and a person 
of very high standards and ethics. On a parallel track, Stan was unbeatable on 
literature, poetry, and family history. Needless to say, it was with great sadness that 
I was made aware that my dear friend Stan had passed away. The materials science 
community and TMS has lost a great mind, and I will miss a great friend.”
—Patrice Turchi, Retired Senior Scientist, Lawrence Livermore National 
Laboratory, and 2015 TMS President

Sharing Memories of Our Friend Stan
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The loss of my dear friend Stan Howard saddens 
me greatly. He is one of the persons for which I have 
nourished an admiration ever since we were colleagues 
at the South Dakota School of Mines and Technology, 
in 1976. I was a young assistant professor, and he was 
a more experienced associate professor and provided 
guidance and advice. We were a small department, only 
six members, and shared coffee every morning at 10:30 
in the faculty lounge. This was a welcome break from our 
matinal teaching and was an opportunity to exchange 
ideas and comment on the progress and challenges of 
our students. I was deeply impressed by the personal 
attention that each student received. The professors were 
also counselors and their guidance often pointed them in 
the right directions when they strayed.

I arrived in the middle of the winter and, as soon as 
spring brought a welcome warmth, started to jog with 
Stan. This time together gave us the opportunity to 
exchange ideas and aspirations. From him I learned the 
complexities of churches in a small community. Stan 
played an important role in the Church of Christ, and 
continually helped members of his church in all kinds of 
situations. Gradually, I learned more about his personal 
background. He was born in Torrington and spent his 
childhood between Lusk and Lingle, Wyoming, where his 
family had a ranch. He used to joke that all people in Lusk 
were super-intelligent, setting up the question: “Why?”

He would smile and answer: “Because they are 
bi-Lingle!”

These three neighboring towns were only a couple of 
hours from Rapid City, South Dakota, and I drove through 

Remembering Stanley Howard
Marc Meyers

them many times. He had a great love for the immense 
skies of Wyoming, which he called, “God’s Country.”

At some time, I had the opportunity to meet his mother, 
a very intelligent lady who had a B.S. in literature. His 
father was an excellent mathematician. He and his three 
brothers and sister must have inherited the clear logical 
mind which made him a superior teacher of difficult 
subjects, such as thermodynamics, pyrometallurgy, and 
computer engineering. My brother Carlos was one of 
his students and can attest to his rigor and excellence. 
Stan was a man with high moral principles and led his 
life in a true Christian way. His actions were guided by 
commitment, honesty, and dedication. 

The Wyoming lands had been granted to his family and 
he worked on the ranch throughout his childhood and 
college days. It was interesting that he did not adhere to 
the cowboy mystique of boots, silver buckle, and ten-gallon 
hat. He was usually dressed in a suit and preferred his 
Oldsmobile Toronados to pickup trucks. A devoted father 
and husband, he was abstemious and hardworking. As 
a proof of love, one of his daughters donated a kidney to 
him when his own failed. I was amazed when he described 
the project he undertook in his Rapid City house. He was 
expanding his basement and ran into a large rock. He 
thought about using explosives to blast it, but this was not 
feasible. In the end, he found a solution: he lifted the entire 
house using hydraulic jacks and redid the foundation! 

After getting his Ph.D. form the Colorado School 
of Mines, under the hardest-working professor in the 
department, John Hager, Stan joined South Dakota School 
of Mines where he spent his entire career. The many 
classes of students can attest to his high standards and 
excellence in teaching. He was also a bright researcher 
and developed extraction methods for the Black Hills ores. 
He introduced me to TMS and nominated me to the Board 
of Editors of Metallurgical and Materials Transactions in 
the late 1970s. He served TMS in many capacities and his 
careful attention to all aspects of the Society generated 
admiration from his colleagues and led to his election to 
President. More recently, he was very active in the TMS 
Foundation and performed spectacularly. He regularly 
called me to discuss Foundation matters or just to chat. 
Our TMS has lost a dedicated member, the university a 
most talented professor, and I, personally, an esteemed 
colleague and a friend. 

Marc Meyers is a Distinguished Professor of Materials 
Science at the University of California, San Diego. He has 
been a TMS member since 1974 and is a 2011 TMS Fellow.

TMS Foundation Trustees (left to right) Marc Meyers, 
Viola Acoff, Carl Cady, and Stan Howard catch up at 
a donor dinner event held at the TMS 2018 Annual 
Meeting & Exhibition in Phoenix, Arizona.

JO
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during my early career and urged me to participate in a 
number of the many activities at TMS, and I urge you to do 
the same for your young charges and not-so-young associates; 
otherwise TMS is just a meeting, or an e-mail, or a website. 

and talented volunteers, who we fortunately have in great 

abundance…Through service, volunteers become better 

gained much more than I have given. Thank you for this very 
much appreciated recognition. However, the greatest honor 
has been simply to serve our fantastic minerals, metals, and 
materials society. I love TMS.”



Table of Contents

TMS meeting headlines

Other Meetings 
of Note

JO
themagazine

TMS is committed to your safety during the pandemic. Meeting dates and locations are 
current as of June 7, 2021. For the most recent updates on TMS-sponsored events, visit 
www.tms.org/Meetings.

MANUFACTURING

DESIGN MATERIALS

MS&T21

September 12–16, 2021
Virtual Event
Register Now 

www.tms.org/Superalloys2021
• The 14th International Symposium on 

Superalloys (Superalloys 2021) aims 
to highlight technologies for lifecycle 
improvement of superalloys. In addition 
to traditional focus areas, the symposium 
invites papers from academia, supply 
chain, and product-user members 
of the superalloy community that 
highlight technologies that contribute 
to improving manufacturability, 

performance of superalloys.
• As the latest installment of one the most 

established and impactful conferences 
series on superalloys, Superalloys 2021 
will showcase some of the leading 

with papers carefully and stringently 
curated to ensure the highest quality 
programming.

October 17–21, 2021
Columbus, Ohio, USA

Registration Now Open!
www.matscitech.org/MST21

• Materials Science and Technology 
(MS&T) is three meetings in one: 
the TMS Fall Meeting, the American 
Ceramic Society’s 123rd Annual 
Meeting, and the Association for Iron & 
Steel Technology’s Steel Properties & 
Applications event.

• More than 25 symposia are planned 
as part of the TMS Fall Meeting to be 
held at MS&T21. Visit the website for 
updates on registration.

Materials in Nuclear 
Energy Systems 
(MiNES 2021)
September 19–23, 2021
Pittsburgh, Pennsylvania, 
USA

Congress on Safety 
in Engineering and 
Industry 2021 
(Safety Congress 2021)
November 1–3, 2021
Fort Worth, Texas, USA

TMS Materials Innovation 
Briefing: Focus on 
Pittsburgh
November 10, 2021
Cranberry Township, 
Pennsylvania, USA

2nd World Congress on 
High Entropy Alloys 
(HEA 2021)
December 5–8, 2021
Charlotte, North Carolina, 
USA 

TMS 2022 Annual 
Meeting & Exhibition 
(TMS2022)
February 27–
March 3, 2022
Anaheim, California, USA

Offshore Technology 
Conference 
(OTC Asia 2022)
March 22–25, 2022
Kuala Lumpur, Malaysia

Additive Manufacturing 
Benchmarks
August 15–18, 2022
Bethesda, Maryland, USA

November 14–18, 2021
Lake Tahoe, Nevada, USA

Discount Registration Deadline: 
October 1, 2021

www.tms.org/ICME2021
• The 6th World Congress on Integrated 

Computational Materials Engineering 
(ICME 2021) convenes leading 
researchers and practitioners to share 
the latest knowledge and advances 
in the discipline. This congress is the 
recognized hub of interaction among 
software developers and process 
engineers along the entire production 
chain, as well as for materials scientists 
and engineers developing new materials.

• The plenary speakers include Bita 
, Ford Motor Company; Louis 

, GM Global Technical Center; 
, Argonne National 

Laboratory; and , 
National Renewable Energy Laboratory.

April 3–6, 2022
Pittsburgh, Pennsylvania, USA

Submit an Abstract by 
September 3, 2021

www.tms.org/AIM2022
• The TMS World Congress on 

event of its kind to focus on the role 

science and engineering and related 
manufacturing processes. 

• The goal of AIM 2022 is to convene 
stakeholders from academia, industry, 
and government to address key issues 
and identify future pathways.

• Share your work today! Visit the 
website to submit your abstract.

JOM

https://doi.org/10.1007/s11837-021-04578-1
Ó 2021 The Minerals, Metals & Materials Society

JOM, Vol. 73, No. 8, 2021

https://doi.org/10.1007/s11837-021-04787-8
Ó 2021 The Minerals, Metals & Materials Society

2271



Table of Contents

call for papers
JO
thejournal

JOM is seeking contributions on the following topics for 2022. 
For the full Editorial Calendar, along with author instructions, 
visit www.tms.org/EditorialCalendar.

February 2022
Manuscript Deadline: September 1, 2021
Topic: Artificial Intelligence and Machine Learning 

in Energy Storage and Conversion Materials
Scope:

Editors: 
Sponsor:

Topic: Bauxite to Aluminum: Automation, 
Data Analytics and New Processes

Scope: 

Editors: 
Sponsor: 

Topic: Characterization of 
Waste-Derived Materials

Scope: 

Editors: 

Sponsor: 

Topic: Exploring the Relationships Between 
Plastic Deformation and Heat

Scope:

Editors:
Sponsor:

Topic: Plasmonics in Nanocomposite Materials
Scope:

Editors:
Sponsor: 

March 2022
Manuscript Deadline: October 1, 2021
Topic: Additive Manufacturing with Light Alloys

Scope: 

Editor:
Sponsor:

Topic: Decarbonization of 
Pyrometallurgical Processes

Scope:

JOM, Vol. 73, No. 8, 2021

https://doi.org/10.1007/s11837-021-04788-7
Ó 2021 The Minerals, Metals & Materials Society
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Editors:
Sponsor:

Topic: Environmental Degradation of  
Additively Manufactured Alloys

Scope:

Editors:
Sponsor:

Topic: Low-temperature Technology for  
Electronic Packaging and Interconnects

Scope:

Editors:
Sponsor:

Topic: Powder Metallurgy of Non-Ferrous Metals: 
Striving Toward Technology Advancement

Scope:

Editors:
Sponsor: 

Topic: Recovery of Rare Earth and Critical  
Metals from Unconventional Sources

Scope: 

 
Editors:

Sponsors:

April 2022
Manuscript Deadline: Nov. 1, 2021

Topic: Computational Design of Alloys  
for Energy Technologies

Scope:

Editors: 

Sponsor:

Topic: Computational Modeling  
of Metallurgical Furnaces

Scope:

Editors: 

Sponsors:

Topic: Energy Efficiency and Low Carbon  
Footprint in Metals Processing

Scope: 

Editors:

Sponsors: 

Topic: Phenomena and Scales Influencing Alloy 
Solidification Microstructures

Scope:

Editor:
Sponsor:



February 27-March 3, 2022
Anaheim, California, USA

#TMSAnnualMeeting

SINCE 1871

C E L E B R A T I O N

Plan to Join Us!

TMS2022 WILL FEATURE:

Visit the TMS2022 website for updates on meeting plans:

www.tms.org/TMS2022

Join us next year in Anaheim, California, for the TMS 
2022 Annual Meeting & Exhibition (TMS2022) and 
continue the celebration of the 150th Anniversary 
year of TMS and the American Institute of Mining, 
Metallurgical, and Petroleum Engineers (AIME). 



Empowering Metallurgists, Process Engineers and Researchers

Ternary liquidus projec�on in oxide 
systems

Al Alloys Ti and TiAl Alloys Oxides

Dissolu�on of Mg2Si precipitate 
in Alloy A6401

Linear expansion vs Temperature for 
Ti-6Al-4V

Steel and Fe-Alloys Nickel High Entropy Alloys

Varia�on in solidus temperature over 1000 
composi�ons within alloy 718 specifica�on

Calculated phase diagram along the 
composi�on line of CoCrFeNi-Al

Comparison of calculated and experimental 
Ms temperatures for a wide range of steels

Do you rely on handbook data? 
What if the materials data you need doesn’t exist?
 With Thermo-Calc you can:












Calculate phase-based proper�es as a func�on of 
composi�on, temperature and �me

Fill in data gaps without resor�ng to costly, 
�me-consuming experiments

Predict how actual vs nominal chemistries will affect 
property data

Base Decisions on scien�fically supported 
models 

Accelerate materials development while 
reducing risk

Troubleshoot issues during materials processing
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Over 40 Thermodynamic and Kine�c Databases
Choose from an extensive selec�on of thermodynamic and mobility databases in a range of materials, including:  
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