
MAY/JUNE 2020  |  VOL 178  |  NO 4

21

37

55

ASM Reference Publications &
Digital Databases Catalog

Can Copper Help
Fight COVID-19?

HTPro Newsletter
Included In This Issue

SELF-HEALING 
POLYMERS

MATERIALS FOR POWER GENERATION

P. 15



Find out more at thermofi sher.com/colorSEM

© 2019 Thermo Fisher Scientifi c Inc. All rights reserved. All trademarks are the 
property of Thermo Fisher Scientifi c and its subsidiaries unless otherwise specifi ed.

ColorSEM Technology: 
See The Difference
The world isn’t greyscale, so why are your electron 

microscopy images? New Thermo Scientifi c™ ColorSEM™

Technology makes elemental analysis a matter of routine 

thanks to always-on integrated energy-dispersive x-ray 

spectroscopy. Obtain elemental information 2–4x faster than 

conventional techniques, immediately revealing defects or 

imperfections that you might have otherwise missed.

See the difference colo r can make with ColorSEM Technology.

Thermo Scientifi c™ Prisma™ E with 
ColorSEM technology

http://thermofisher.com/colorSEM


MAY/JUNE 2020  |  VOL 178  |  NO 4

21

37

55

ASM Reference Publications &
Digital Databases Catalog

Can Copper Help
Fight COVID-19?

HTPro Newsletter
Included In This Issue

SELF-HEALING 
POLYMERS

MATERIALS FOR POWER GENERATION

P. 15



http://bit.ly/metallographic-saws
mailto:sales@magersci.com


http://www.asminternational.org/


8025
TECHNICAL SPOTLIGHT
TAKING THE GUESSWORK OUT 
OF AUTOMOTIVE ALUMINUM 
TESTING
As demand for adherence to VDA 
standards increases, aluminum testing 
equipment keeps pace.

SELF-HEALING POLYMERS CREATE OPPORTUNITIES FOR 
ENERGY APPLICATIONS 
Siyang Wang and Marek W. Urban
Recent advances in the development of self-healing polymers enhance the 
longevity of energy harvesting and storage devices.
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Photovoltaic solar panels in Cariñena, Zaragoza, 
Spain. Courtesy of Diego Delso, CC BY-SA 4.0.

On the Cover:

67
ASM NEWS
The latest news about ASM members, 
chapters, events, awards, conferences, 
affiliates, and other Society activities.

3D PRINTSHOP
Discover how several organizations are 
reacting to the COVID-19 pandemic by 
printing novel devices.



4 Editorial
6 Feedback
7 Machine Learning

    8 Metals/Polymers/Ceramics
  10 Testing/Characterization
  12 Emerging Technology
  13 Process Technology
  14 Nanotechnology

    

79 Editorial Preview
79 Special Advertising Section
79  Advertisers Index
80 3D PrintShop

TRENDS INDUSTRY NEWS DEPARTMENTS

Check out the Digital Edition online at asminternational.org/news/magazines/am-p

ASM International serves materials professionals, nontechnical personnel, and managers wordwide by providing high-quality materials information, 
education and training, networking opportunities, and professional development resources in cost-effective and user-friendly formats.  ASM is where 
materials users, producers, and manufacturers converge to do business. 

Advanced Materials & Processes (ISSN 0882-7958, USPS 
762080) publishes eight issues per year: January, February/
March, April, May/June, July/August, September, October, 
and November/December, by ASM International, 9639 
Kinsman Road, Materials Park, OH 44073-0002; 
tel: 440.338.5151; fax: 440.338.4634. Periodicals postage 
paid at Novelty, Ohio, and additional mailing offices. 
Vol. 178, No. 4, MAY/JUNE 2020. Copyright © 2020 by 
ASM International®. All rights reserved. Distributed at no 
charge to ASM members in the United States, Canada, 
and Mexico. International members can pay a $30 per year 
surcharge to receive printed issues. Subscriptions: $475. 
Single copies: $51. POSTMASTER: Send 3579 forms to 
ASM International, Materials Park, OH 44073-0002. 
Change of address: Request for change should include old 
address of the subscriber. Missing numbers due to “change 
of address” cannot be replaced. Claims for nondelivery 
must be made within 60 days of issue. 
Canada Post Publications Mail Agreement No. 40732105. 
Return undeliverable Canadian addresses to: 700 Dowd 
Ave., Elizabeth, NJ 07201. Printed by Publishers Press Inc., 
Shepherdsville, Ky.

21 CAN COPPER HELP FIGHT COVID-19?
Harold T. Michels and Corinne A. Michels
Experts on copper and microbiology recommend the 
expanded use of copper alloys in public spaces to reduce 
the spread of COVID-19 and minimize future pandemics.

27 IMPROVED MATRIX MATERIAL FOR 
 DIAMOND CUTTER BITS

Jonathan W. Bitler and Samuel Lomasney
An investigation into the chemistry and type of tungsten 
carbide powder used for drill bits has yielded a material 
with improved transverse rupture strength and interesting 
microstructural response to thermal cycling.

32 TECHNICAL SPOTLIGHT
HARDNESS TESTING RETROSPECTIVE: 
A CENTURY OF WILSON
From its earliest beginnings to today, development of 
hardness testing has evolved in a parallel manner to the 
engineering accomplishments of the times.

37 ASM REFERENCE PUBLICATIONS &    
 DIGITAL DATABASES CATALOG

Our vast, authoritative reference library offers the most 
comprehensive and up-to-date information.

FEATURES
MAY/JUNE 2020  |   VOL 178  |   NO 4

ADVAN
CED

 M
ATERIALS &

 PRO
CESSES | M

AY/JU
N

E 2020
3

21

5532

27

55 HTPro 
The official newsletter of the ASM Heat Treating 
Society (HTS). This quarterly supplement focuses on 
heat treating technology, processes, materials, and 
equipment, along with HTS news and initiatives.

http://asminternational.org/news/magazines/am-p


4
AD

VA
N

CE
D

 M
AT

ER
IA

LS
 &

 P
RO

CE
SS

ES
 |

 M
AY

/J
U

N
E 

20
20

ASM International
9639 Kinsman Road, Materials Park, OH 44073
Tel: 440.338.5151 • Fax: 440.338.4634

Joanne Miller, Editor
joanne.miller@asminternational.org 

Victoria Burt, Managing Editor
vicki.burt@asminternational.org

Ed Kubel, Frances Richards, and Corinne Richards
Contributing Editors

Jan Nejedlik, Layout and Design

Kelly Sukol, Production Manager
kelly.sukol@asminternational.org

Press Release Editor
magazines@asminternational.org

EDITORIAL COMMITTEE
Adam Farrow, Chair, Los Alamos National Lab
John Shingledecker, Vice Chair, EPRI
Somuri Prasad, Past Chair, Sandia National Lab
Surojit Gupta, University of North Dakota
Nia Harrison, Ford Motor Company
Michael Hoerner, KnightHawk Engineering
Hideyuki Kanematsu, Suzuka National College
   of Technology
Ibrahim Karaman, Texas A&M University
Scott Olig, U.S. Naval Research Lab
Amit Pandey, Granta Design/Ansys
Satyam Sahay, John Deere Technology Center India
Anand Somasekharan, Los Alamos National Lab
Kumar Sridharan, University of Wisconsin
Jaimie Tiley, U.S. Air Force Research Lab
Jean-Paul Vega, Siemens Energy

ASM BOARD OF TRUSTEES
Zi-Kui Liu, President and Chair
   of the Board
Diana Essock, Vice President
David U. Furrer, Immediate Past President
Toni Marechaux, Interim Treasurer
Prem K. Aurora
Diana Lados
Thomas M. Moore
Jason Sebastian
Larry Somrack
Judith A. Todd
Priti Wanjara
Ji-Cheng Zhao

STUDENT BOARD MEMBERS
Kimberly Gliebe, Ashwin Kumar, Nisrit Pandey

Individual readers of Advanced Materials & Processes may, 
without charge, make single copies of pages therefrom for per-
sonal or archival use, or may freely make such copies in such 
numbers as are deemed useful for educational or research 
purposes and are not for sale or resale. Permission is granted 
to cite or quote from articles herein, provided customary 
acknowledgment of the authors and source is made.
The acceptance and publication of manuscripts in Advanced 
Materials & Processes does not imply that the reviewers, 
editors, or publisher accept, approve, or endorse the data, 
opinions, and conclusions of the authors.

Congratulations to Buehler as they celebrate 100 years 
of their Wilson hardness testing line. Check out the 
retrospective in this issue for intriguing facts on the 

development of hardness testing technology during the last 
century. Buehler’s testing equipment continually evolved to 
remain state-of-the-art at every new turn. It is a reminder that 
companies in every industry need to strive to stay relevant as 
new materials and processes are introduced.

Exploring some of these modern materials, this issue 
of AM&P features articles specifically related to the energy, power generation, and 
automotive industries. Flip the pages to enter the fascinating world of self-heal-
ing polymers in the renewable energy sector. And learn how matrix materials are 
optimized for use in unconventional oil and gas drilling locations.

 In some cases, “modern” materials are existing materials that find renewed 
life through new applications or by a resurgence of former usage. Take copper 
for instance. In October 2017, AM&P published an article by ASM member Harold 
Michels entitled, “Copper Alloys Resurface as an Antimicrobial Force.” The article 
cites clinical trials in which hospitals retrofitted some elements of patient rooms 
with copper alloy components. Overwhelmingly, the copper surfaces harbored 
anywhere from three to 20 times less bacteria, during a 43-month period, than 
other surfaces (e.g., stainless steel, plastic, or painted low-carbon steel).

His article also mentions the “Edwin 
Smith Papyrus,” recognized by the Smith-
sonian as the world’s oldest surviving med-
ical document describing the use of copper 
to sterilize wounds. Here, a time-honored 
material—with antimicrobial properties 
known for centuries—may find new uses, 
perhaps in today’s pandemic.

To explore this possibility, Michels 
agreed to write an updated article for this issue. We are proud to share with you, 
“Can Copper Help Fight COVID-19?” Because of the timeliness of the information, 
we released it as a digital-first article in April. This was a first in AM&P magazine 
history. And we hope to do more digital-first releases as we continue this article 
series on materials science and the coronavirus.

Many ASM members, including Michels, are connecting with each other on-
line and discussing these timely materials-related issues. Current event topics 
range from “materials considerations in reducing virus transmissions” to “mate-
rials used in ventilator construction.” Read some of their posts on page 6 and go 
online at www.connect.asminternational.org to post your own comments.

For those who read magazines back to front, you likely noticed that 3D 
PrintShop features some unique stories about respirator filters, face masks, and 
protective eyewear, all additively manufactured. Some of these products are 
made by companies now adapting their usual production processes to generate 
critical medical supplies to ease current shortages.

And lastly, we celebrate the 50th anniversary of Metallurgical and Materials 
Transactions A and B with a tribute article within this issue’s ASM News section. 
Collectively, the past volumes serve as a respected treasure chest of materials 
developments over five decades.  Looking forward, the journal editors envision 
the next 50 years of modern materials and its coverage within their pages. We 
thank them for keeping all of us current, and relevant too.

joanne.miller@asminternational.org

HONORING “MODERN” MATERIALS

“Edwin Smith Papyrus” excerpt. 
Circa 1600 B.C.

mailto:joanne.miller@asminternational.org
mailto:vicki.burt@asminternational.org
mailto:kelly.sukol@asminternational.org
mailto:magazines@asminternational.org
http://www.connect.asminternational.org/
mailto:joanne.miller@asminternational.org
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AS SEEN ON ASM CONNECT
Here are excerpts of recent posts 

on the member discussion board, ASM 
Connect. To join in the discussions or 
start a new thread, log on to www. 
connect.asminternational.org.
MATERIALS CONSIDERATIONS IN 
REDUCING VIRUS TRANSMISSIONS

Traditionally, in Bengal (India) we 
used to use copper and brass glasses, 
plates, jugs, and other vessels [until 
the] fifties. Also all Hindu puja utensils, 
lamps, etc. are made from copper or 
brass. In India, copper or copper-plated 
utensils for regular use are coming back 
again. Biomedical material research is 
mostly confined to developing differ- 
ent implants. It may be worthwhile to 
research the reactions of materials to 
virus.

Ram Chattopadhyay

The ASM Headquarters design in-
cludes many interesting uses of differ-
ent metals, including brass handrails 
on the “floating staircase” in the cen-
ter of the building. I always thought the 
choice of brass was made for aesthetic 
reasons, but perhaps the antimicrobial 
properties were also a consideration.

Scott Henry

I remember a few years ago a set 
of very interesting research using tex-
turing to prevent bacterial adhesion to 
surfaces. It was pretty much insensi-
tive to what the surface was made from 

(many chose stainless steel for cleaning 
purposes). It worked by using unfavor-
able topography to prevent the bacte-
ria from adhering, and thus surviving. I 
like to think it annoyed the bacteria to 
death. I have not heard if such a surface 
profile control approach could be used 
for COVID-19 virus, does anyone know 
if it would be possible? E-coli is 25 µm 
diameter, and COVID-19 is only 0.12 µm 
diameter, but if the texturing works by 
creating super-hydrophobicity, then 
perhaps it could still work for a virus?

Bradley Crannell

Our team has recently filed a provi-
sional patent describing the use of cop-
per-precipitation-strengthened steels 
for applications as antimicrobial touch 
surfaces. These steels were originally 
developed for bridges because of their 
excellent strength-toughness-weather-
ing resistance combination. It dawned 
on us that the nanometer-sized cop-
per precipitates can exhibit similar anti- 

microbial properties as copper or cop-
per-rich alloys. Even at a few wt.% cop-
per concentration, the steels deactivate 
E. coli in less than 30 minutes just like 
pure copper. The surface chemistry lit-
erature indicates that chemical reactiv-
ity can be size-dependent. We suspect 
that on a per atom basis, nanometer- 
sized copper may have enhanced an-
timicrobial potency than pure copper. 
Perhaps materials scientists and engi-
neers can do something about these 
nasty coronaviruses!

Yip-wah Chung, FASM

Editor’s note: See “Can Copper Help 
Fight COVID-19?” on page 21 in this issue 
for more discussion.

VENTILATOR MATERIALS OF 
CONSTRUCTION

With the current COVID-19 situa-
tion does anyone have a good link or 
is knowledgeable about requirements 
or approved materials used in medical 
ventilator designs?

I was able to find the attached link 
that describes “Basic Principles of Ven-
tilator Design” [via accessmedicine.
mhmedical.com]. It describes various 
designs, no details about materials of 
construction, but highlights electron-
ic monitoring and control and valves. 
The ventilator systems are pretty com-
plex therefore reliability of the compo-
nents and materials of construction are 
apparently important. 

Don Hashiguchi, FASM

FEEDBACK

We welcome all comments and suggestions. Send letters to joanne.miller@asminternational.org.

These miniaturized super magnets were 
produced using laser-based 3D printing. 
Courtesy of TU Graz.

FIRST 3D-PRINTED NEO MAGNET
I enjoy reading AM&P. It is very well presented and a joy to read and learn. In 

the recent February/March issue [page 64] you cited work on NdFeB 3D printing 
from Austria. Good one. However, the first 3D printing of neo magnets was done by 
a group from ABB Switzerland, attached is the publication [“Net Shape 3D Printed 
NdFeB Permanent Magnet,” ABB Corporate Research Center, Adv. Eng. Mater., 19(8), 
2017]. 3D-printed neo magnets exhibited unique characteristics suggesting self-as-
sembly. You can contact Jacim Jacimovic for more details.

Dr. Sim Narasimhan, FASM

Antimicrobial door handles cast by 
Franklin Bronze Precision Components 
using EcoBrass C87850, a lead-free brass 
alloy designated and registered by the 
Federal EPA to be antimicrobial.

http://connect.asminternational.org/
http://mhmedical.com/
mailto:joanne.miller@asminternational.org


ADVAN
CED

 M
ATERIALS &

 PRO
CESSES | M

AY/JU
N

E 2020
7

MACHINE  LEARNING  |  AI

TAGGING MICROSTRUCTURES 
WITH MACHINE LEARNING

Scientists at the National Insti-
tute for Materials Science (NIMS), Ja-
pan, and the University of Tokyo are us-
ing machine learning to rapidly analyze 
large amounts of data in order to recog-
nize and label microscopic structures 
inside welded steel. The team prepared 
steel alloys made of carbon, silicon, 
manganese, phosphorus, and sulfur 
by cooling them from 1400°C at differ-
ent rates: 0.3°, 1°, 3°, or 10°C per second. 
The variable cooling rates led to forma-
tion of different microstructures with-
in the steel. Metallurgists then manual-
ly identified three types of microstruc-
tures within the alloys: ferrite/perlite, 
ferrite/perlite/bainite, and bainite/mar-
tensite. Sub-phases of ferrite were also 
identified.

The images were run through sev-
eral machine learning models, using al-
gorithms to train them to recognize and 
label the images. The team found a ma-
chine learning classification method 
called “random forest” made the most 

accurate predic-
tions of alloy mi-
crostructure. This 
method could be 
applied to a wide 
range of metals 
in both research 
and industry set-
tings, according to 
the team. “There 
is much hope this 

machine learning method will assist in 
automating microstructure analysis us-
ing large datasets and in the develop-
ment of new materials with desired me-
chanical properties,” says Dmitry Bul-
garevich of NIMS. www.nims.go.jp/eng.

USING MACHINE LEARNING 
TO STUDY INTERFACES

In a new study from the DOE’s Ar-
gonne National Laboratory, Lemont, 
Ill., researchers used a new technique 
based on machine learning to discov-
er the details of buried interfaces and 
edges in a material. By using machine 
learning as an image processing tech-
nique, the scientists dramatically ac-
celerated the laborious manual process 
of looking at interfaces without hav-
ing to sacrifice accuracy. Atom probe 
tomography (APT) was used to gener-
ate the data. Time-of-flight measure-
ments and mass spectrometry were 
then performed to identify where a par-
ticular atom originated in the material. 
The new process generates a very large 
dataset of positions of atoms in the 
sample. To analyze it, researchers seg-
ment the data into 2D slices. Each slice 

is represented as an image, from which 
the machine learning algorithm can de-
termine the edges and interfaces.

In training the algorithm to recog-
nize interfaces, the scientists took an 
unconventional approach: Rather than 
using images from a library of materi-
als that might have had poorly defined 
boundaries, they began with pictures 
of cats and dogs to help the algorithm 
learn about edges. The team was then 
able to prove the algorithm’s accura-
cy by compiling a set of molecular dy-
namics simulations. They used these to 
make synthetic datasets in which the 
composition of the simulated sample 
was completely known. Then, by going 
back to the machine learning method, 
they were able to extract composition 
profiles and compare them to reality. 
The team believes they could dramati-
cally speed the analysis of a wide range 
of material interfaces by pairing the ma-
chine learning algorithm with newly de-
veloped quantitative analysis software. 
anl.gov.

Three types of alloy microstructures were identified in the micro-
scopic images. From left, ferrite/pearlite, ferrite/pearlite/bainite, and 
bainite/martensite. Courtesy of NIMS.

3D point cloud reconstruction of a cobalt 
superalloy atom probe tomography spec-
imen (left) and resulting interface from the 
edge detection method (right). Courtesy of 
Argonne National Laboratory.

The Camille and Henry Dreyfus Foundation announced a new program for machine learning in the chemical scienc-
es and engineering. The program is open to U.S. academic institutions that grant a bachelor’s or higher degree in the 
chemical sciences, including materials chemistry and chemical engineering. dreyfus.org.

BRIEF

http://www.nims.go.jp/eng.
http://dreyfus.org/


AD
VA

N
CE

D
 M

AT
ER

IA
LS

 &
 P

RO
CE

SS
ES

 |
 M

AY
/J

U
N

E 
20

20
8

METALS  | POLYMERS  | CERAMICS

Specialty materials company 
Kymera International, Research 
Triangle Park, N.C., has acquired 
the Reading Alloys business from 
Ametek Inc., Berwyn, Pa. Kymera 

manufactures powders, pastes, 
and granules of primary and 

alloyed aluminum, copper, tin, 
zinc, and other niche products. 
Reading Alloys is a 67-year-old 

business that develops and 
produces master alloys, thermal 

barrier coatings, and titanium 
powders for use in aerospace 

and aircraft applications. 
kymerainternational.com.

Arconic Corp., Pittsburgh, has launched as a standalone company 
manufacturing advanced aluminum sheet, plate, extruded, and 
architectural products primarily for the ground transportation, aerospace, 
industrial, packaging, and commercial building markets. The launch 
resulted from the separation of Arconic Inc. into two standalone 
companies—Arconic Corp. and Howmet Aerospace Inc. (the new name
for Arconic Inc.). arconic.com.

BRIEFS

IMPROVING LIGHTWEIGHT 
ALUMINUM ALLOY DESIGN

Researchers at Australia’s Monash 
University are working to better un-
derstand the theta-prime strength-
ening phase in the aluminum copper 
alloy system. Using a combination of 
atomic-scale imaging and simulations, 
they showed that improvement of the 
phase was enabled by introducing a 
large influx of specific crystal defects,
or vacancies.

The Monash team investigated the 
theta-prime transformation in the bi-
nary alloy Al-1.7at.%Cu, which forms 
the basis of many commercial alloys 
used widely in the aerospace industry. 
They reported direct and rapid nucle-
ation of the theta-prime phase, as well 
as of an unexpected precipitate phase.

Researchers describe this nucle-
ation pathway as template-directed, 
as it involves a precursor phase that 
serves as a structural template for the 
nucleated phases. They demonstrated 
that nucleation is rapid and abundant 
when heat treatment is applied to a 
sample with one of its dimensions at 
the nanoscale. The work also revealed 
the critical role of vacancies in enabling 
template-directed nucleation.

Crystalline MOFs can now be converted into glass/liquid 
states, leading to new applications. Courtesy of Mindy 
Takamiya.

TURNING CRYSTALLINE MOFs
INTO GLASS OR LIQUID

Scientists at Kyoto University, 
Japan, are exploring a new range of 
metal-organic framework (MOF) appli-
cations by converting crystalline MOFs 
into glass and liquid states. Previously, 
MOFs have had applications in gas stor-
age and separation, carbon capture, 
and in the catalysis of chemical reac-
tions, among others.

Tens of thousands of
MOFs have been synthe-
sized since they were first 
discovered in the late 
1990s. Technology advan-
ces are now allowing re-
searchers to uncover what 
happens at the molecular 
level when some MOFs 
are heated to a melting 
point and then cooled to 
produce a glass-like state. 
So far, researchers have 
reported about ten MOFs 
that can be melted into a 
liquid and/or turned into 
a glass state. Their melt-

ing temperatures range from 184°C 
to 593°C, depending on their crys-
tal structures.

Some MOFs require a mechani-
cal grinding-like treatment for glass to 
form. During this process, adding cer-
tain chemicals to the material could 
modulate some of its physical proper-
ties, such as enhancement of proton 
conductivity.

Liquid and glass MOFs could pro-
vide a new state of material that de-
monstrates porosity, ion conductivity, 
and optical properties such as lumines-
cence. They also show promise for heat 
storage, in energy devices, and for gas 
permeation. Hybrid materials incorpo-
rating glass or liquid MOFs with other 
materials, such as organic polymers, 
metal particles, or metal ions, could 
also be used as strong adhesives in en-
ergy devices or in catalytic reactions. 
www.kyoto-u.ac.jp/en.

http://kymerainternational.com/
http://arconic.com/
http://www.kyoto-u.ac.jp/en.
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The findings have important impli-
cations for precipitation mechanisms in 
nanoscale or nanostructured materials, 
as well as in conditions associated with 
large numbers of lattice defects.

The researchers say their aim is to 
contribute to the design of better high-
strength, lightweight alloys that offer 
superior performance. monash.edu.

DEPOLYMERIZING ON DEMAND
Chemists at Riken, Japan, have 

developed a novel polymer that can be 
broken down into its molecular build-
ing blocks and then recombined by ei-
ther heating or cooling. The discovery 
could lead to intrinsically recyclable 
and sustainable plastics that depolym-
erize on demand.

The strong bonds in convention-
al polymers make it extremely difficult 
to recover the monomers at the end 
of a plastic’s useful life. Responding 
to this challenge, Riken’s Takuzo Aida 

has been developing supramolecular 
polymers, in which the monomers con-
nect via readily reversible noncovalent 
interactions.

With his team, Aida developed a 
porphyrin-based monomer that formed 
a stable polymer in hydrocarbon sol- 
vents, but which readily depolymerized 
upon adding an alcohol. As expected, 
this depolymerized mixture repolymer-
ized on cooling.

“But to our great surprise,” Aida re-
calls, “the depolymerized mixture also 
repolymerized upon heating.”

To investigate this unusual phe-
nomenon, the Riken group teamed up 
with colleagues at Eindhoven Univer-
sity of Technology, the Netherlands, 
where they developed a computational 
method for analyzing supramolecular 
polymerization.

The discovery could lead to the de-
velopment of supramolecular polymers 
that are very stable in use, but highly 

Riken researchers have unraveled the 
complex depolymerization behavior of a 
material with the potential for sustainable 
plastic production. Courtesy of Patrice 
Latron/Eurelios/Look at Sciences/Science 
Photo Library.

dynamic when the material needs to 
be recycled. It could also make indus-
trial-scale solution processing of poly-
mers more energy efficient. www.riken.
jp/en, www.tue.nl/en.

http://monash.edu/
http://www.tue.nl/en.
http://www.masterbond.com/
http://www.centorr.com/
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CREATING 3D MAPS OF 
2D MATERIALS

Led by UCLA, Calif., a research 
team has successfully created experi-
mental 3D maps of the atoms in a 2D 
material. Collaborators on the team 
included researchers from Harvard Uni-
versity, Cambridge, Mass.; Oak Ridge 
National Laboratory, Tenn.; and Rice 
University, Houston.

The researchers examined a single 
layer of molybdenum disulfide, a fre-
quently studied 2D material. To analyze 
the material, the researchers used a 
new technology they developed based 
on scanning transmission electron 
microscopy. The team then devised a 
technique called scanning atomic elec-
tron tomography, which produces 3D 
images by capturing a sample at multi-
ple angles as it rotates.

The resulting images enabled the 
researchers to inspect the sample’s 3D 
structure to a precision of 4 picometers. 

TESTING | CHARACTERIZATION

OBSERVING GRAIN BOUNDARY 
TRANSFORMATIONS IN METAL

Scientists at the Max Planck Insti-
tute for Iron Research (MPIE), Ger-
many, have found a new way to directly 
observe grain boundary transitions 
during experiments. The team worked 
with colleagues at Lawrence Livermore 
National Laboratory (LLNL), Livermore, 
Calif., who modeled the grain bound-
ary transformations. The MPIE team 
also used the atomic resolution micro-
scopes to directly visualize the trans-
forming interfaces.

The collaborative 
research team analyzed 
thin films of pure cop-
per by atomic-resolved  
transmission electron 
microscopy. Using this 
technique, they unlocked 
the grain boundary pha-
ses and proofed their 
coexistence with atomic 
precision. 

To model the grain 
boundary phases, LLNL 
researchers used a novel 
grain boundary struc- 
ture search algorithm. 
In addition, their finite- 
temperature molecular 
dynamics simulations ex- 
plored the transforma-
tion kinetics. The predic- 
ted structures not only 
perfectly resemble the 
experimental observa-
tions but also demon-
strate that the grain 

boundary phases can transform into 
each other by changing temperature 
or stress. The simulations indicate 
that the grain boundary phase junc-
tion, a novel line defect that has not 
been considered previously, is rate 
controlling.

The scientists aim to widen the 
current observations to experiments 
done at different temperatures, under 
stress, and in the presence of impurities 
to establish a complete understanding 
of these phase transformations. www.
mpie.de/2281/en, llnl.gov.

Atomic resolution scanning transmission electron microscopy 
image of a grain boundary phase transformation in elemental 
copper. Courtesy of Christian Liebscher/Max-Planck-Institut für 
Eisenforschung GmbH.

The 3D atomic coordinates of 
molybdenum (blue), sulfur (yellow) and 
added rhenium (orange) are shown, with 
a 2D image visible underneath. Courtesy 
of University of California, Los Angeles.

Rimkus Consulting Group, Inc., Houston, a worldwide provider of forensic engineering and consulting services, has 
acquired North Carolina-based Metallurgical Technologies, Inc. (Met-Tech), Mooresville, a metallurgical analysis 
and testing laboratory that specializes in rapid response forensic materials engineering. Rimkus operates more than 
60 offices across the U.S., Canada, and the U.K., with a consulting network of more than 500 experts. rimkus.com.

BRIEF

http://mpie.de/2281/en
http://rimkus.com/
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That level of precision enabled them to 
measure ripples, strain distorting the 
shape of the material, and variations in 
the size of chemical bonds, all changes 
caused by adding rhenium—marking 
the most accurate measurement ever 
of those characteristics in a 2D material.

The study indicated that the mea-
sured 3D coordinates led to more accu-
rate calculations of the 2D material’s 
electronic properties.

Although 2D-materials-based tech- 
nologies have not yet been widely used 
in commercial applications, the materi-
als have been the subject of consider-
able research interest. In the future, they 
could be the basis for semiconductors 
in ever smaller electronics, quantum 
computer components, more-efficient 
batteries, or filters capable of extracting 
freshwater from saltwater. ucla.edu.

NEW TECHNIQUE TO MEASURE 
ATOMIC BEHAVIOR

New research in the nanotech-
nology field could enable scientists to 
monitor materials for impurities at the 

atomic level. Scientists have now cre-
ated a novel diagnostic technique to 
measure the behavior of a single atom 
as they test and develop new micro-
scopic materials.

A research team led by the Univer-
sity of Leeds, U.K., in collaboration with 
researchers at the Sorbonne University 
in Paris, have shown for the first time 
that it is possible to develop a diagnos-
tic technique loosely related to the idea 
of a tuning fork.

The team’s technique involves fir-
ing a beam of electrons at a single atom 
in a solid. That energy stream causes it 
and the surrounding atoms to vibrate.

This creates a unique vibrational 
energy fingerprint, akin to the fixed 
tone from a tuning fork, which can be 
recorded by an electron microscope. 
But if a single atom impurity is present, 
the vibrational energy fingerprint of 
that impurity will change—the mate-
rial will “sound” different at this pre- 
cise location.

The scientists located a single 
impurity atom of silicon in a large gra- 

The graphic depicts a single silicon atom 
in a graphene crystal. Courtesy of D. 
Kepaptsoglou/SuperSTEM.

phene crystal and then focused the 
beam of their electron microscope dir-
ectly on that atom.

The researchers say they are now 
able to measure, with atomic precision, 
subtle vibration changes in the silicon 
atom, which then affect neighboring 
atoms. www.leeds.ac.uk.

http://ucla.edu/
http://www.leeds.ac.uk/
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COMPOSITE METAL FOAMS 
CAN TAKE THE HEAT

New research from North Caro-
lina State University, Raleigh, shows 
that composite metal foams (CMFs) 
can withstand extreme amounts of 
heat, advancing the material’s potential 
for more widespread use. The foams 
passed simulated pool fire testing, 
pointing to the material’s applications 
for packaging and transporting hazard-
ous materials. Researchers also used 
this experimental data to develop a 
model for predicting how variations in 
the CMF would affect its performance.

In simulated pool fire testing, a 
panel of material is exposed to a tem-
perature of at least 816°C on one side 
for 100 minutes. A suite of thermal sen-
sors rests on the other side of the pan-
el. If those protected sensors register a 
temperature of 427°C or higher at any 
point during the 100 minutes, the mate-
rial fails the test.

For their tests, the NC State re- 
searchers used panels made of steel- 

steel CMF. CMF is a foam that 
consists of hollow, metallic 
spheres—made of materials 
such as carbon steel, stainless 
steel, or titanium—embedded 
in a metallic matrix made of 
steel, aluminum, or other me-
tallic alloys.

Researchers say the CMF, 
which they were testing for 
use as a novel insulation 
system for transportation of 
HAZMAT, passed the test by 
a wide margin. The material 

may be relevant to other applications 
from military vehicles to architectural 
structures.

The new research builds on pre-
vious work that found CMFs are sig-
nificantly more effective at insulating 
against high heat than conventional 
metal and alloy compositions, such as 
steel. Taken together, the findings high-
light CMF’s potential for use in storing 
and transporting nuclear material, haz-
ardous materials, explosives, and oth-
er heat-sensitive materials, as well as 
space exploration. ncsu.edu.

NOVEL MATERIAL BOOSTS 
SEMICONDUCTOR 
FUNCTIONALITY

In a multidisciplinary collabo-
ration with physicists from Argonne 
National Laboratory, Lemont, Ill., and 
chemists from Johns Hopkins Univer- 
sity, Baltimore, researchers at Rens-
selaer Polytechnic Institute, Troy, N.Y., 
have created a controllable material 
promising for use in future electronics.

EMERGING  TECHNOLOGY

A new, atomically thin materials platform developed by researchers at Penn 
State, State College, in conjunction with Lawrence Berkeley National Lab, 
Calif., and Oak Ridge National Lab, Tenn., will open a wide range of new 
applications in biomolecular sensing, quantum phenomena, catalysis, and 
nonlinear optics. mri.psu.edu.

BRIEF

The researchers synthesized the 
material—an organic-inorganic hybrid 
crystal made up of carbon, iodine, and 
lead—and then demonstrated that it 
was capable of two material properties 
previously unseen in a single material. 
It exhibited spontaneous electric po-
larization that can be reversed when 
exposed to an electric field, or ferro-
electricity. It simultaneously displayed 
a type of asymmetry known as chirality, 
a property that makes two distinct ob-
jects mirror images of one another but 
not able to be superimposed.

According to the Rensselaer re-
searchers, this unique combination of 
ferroelectricity and chirality is advanta-
geous. When combined with the mate-
rial’s conductivity, these characteristics 
can enable other electrical, magnetic, 
or optical properties.

“What we have done here is equip 
a ferroelectric material with extra func-
tionality, allowing it to be manipulated 
in previously impossible ways,” the re-
searchers say.

A ferroelectric material with chi-
rality can be manipulated to respond 
differently to directional light so that it 
produces specific electric and magnet-
ic properties. This type of light-matter 
interaction is particularly promising for 
future communication and computing 
technologies. rpi.edu, anl.gov, jhu.edu.

Steel-steel composite foam samples after 100 minutes 
of exposure to 825°C (left) versus before testing (right). 
Courtesy of Afsaneh Rabiei/NC State University.

A single atomic layer of metal is capped 
by a layer of graphene, allowing for new 
layered materials with unique properties. 
Courtesy of Natalie Briggs/Penn State.

http://ncsu.edu/
http://mri.psu.edu/
http://rpi.edu/
http://jhu.edu/
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PROCESS TECHNOLOGY

RADIATION SHIELDING 
WITH RUST

Researchers at North Carolina 
State University, Raleigh, are using rust 
to protect electronics in military and 
space exploration technology. The new, 
cost-effective technique shields the 
equipment from ionizing radiation.

The researchers say their approach 
can be used to maintain the same lev-
el of radiation shielding and reduce the 
weight by 30% or more compared to the 
most widely used shielding techniques, 
while at the same time reducing the vol-
ume of occupied space.

Ionizing radiation can cause sig-
nificant problems for electronic devic-
es. To protect against this, devices that 
may be exposed to radiation—such as 
devices used in spacecraft—incorporate 
radiation shielding.

Weight is a significant factor in de-
signing aerospace technologies, and 
the shielding most commonly found 
in aerospace devices involves placing 
an aluminum box around any sensitive 

technologies. This has been viewed 
as providing the best tradeoff be-
tween a shield’s weight and the 
protection it gives.

The new technique relies on 
mixing oxidized metal powder—
rust—into a polymer, and then in-
corporating it into a common con-
formal coating on the relevant 
electronics.

The researchers say they are 
continuing to test and fine-tune 

their shielding technique for use in var-
ious applications and are looking for 
industry partners to help them devel-
op the technology for commercial use. 
ncsu.edu.

NOVEL TECHNIQUE MAKES 
STRONGER NICKEL

The manufacturing industry uses 
nickel in a variety of applications for 
both industrial and advanced material 
processes. A team of researchers at Pur-
due University, West Lafayette, Ind., has 
created a hybrid technique to fabricate 
a new form of nickel that may help the 
future production of lifesaving medical 
devices, high-tech devices, as well as 
vehicles with strong corrosion-resistant 
protection.

The Purdue technique involves 
a process where high-yield electro- 
deposition is applied on certain conduc-
tive substrates, forming unique nickel 
in a single-crystal-like form containing 
a high-density ultrafine twin structure 
but few conventional grain boundaries.

A big challenge for manufacturers 
with nickel is addressing the boundary 

areas within the metals, where the crys-
talline grains intersect. These conven-
tional grain boundaries can strengthen 
metals for high-strength demand.

However, they often act as stress 
concentrators and are vulnerable to 
electron scattering and corrosion at-
tack. As a result, conventional bound-
aries often decrease ductility, corrosion 
resistance, and electrical conductivity.

Instead, Purdue researchers use 
a single crystal substrate as a growth 
template in conjunction with a de-
signed electrochemical recipe to pro-
mote the formation of twin boundar-
ies and inhibit the formation of conven-
tional grain boundaries.

Potential applications include the 
semiconductor and automotive indus-
tries, which require metallic materials 
with advanced electric and mechani-
cal properties for manufacturing. The 
nanotwinned nickel can be applied as 
corrosion-resistant coatings for the gas 
and oil industries. purdue.edu.

Rust is the new secret ingredient in the protection 
of electronics in space. Courtesy of NASA.

Researchers created a hybrid technique 
to fabricate a new form of nickel. Courtesy 
of Qiang Li/Purdue University.

Hyperion Materials & Technologies, Worthington, Ohio, a developer of hard and super-hard materials for a wide 
range of demanding applications, acquired AFC Hartmetall, Germany, a premium cemented carbide tool blank 
manufacturer, at the start of the year. www.hyperionmt.com/en.

BRIEF

http://ncsu.edu/
http://purdue.edu/
http://www.hyperionmt.com/en.
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NANOTECHNOLOGY

NANOSTRUCTURED SURFACES 
THAT CAN KILL BACTERIA

Engineers at Purdue University, 
West Lafayette, Ind., have developed 
a laser treatment method with the po-
tential to transform metal surfac-
es into bacteria killers. The research-
ers demonstrated that this techni-
que allows the surface of copper
to instantaneously kill off super-
bugs such as MRSA (Methicillin-
resistant Staphylococcus aureus).

“Copper has been used as an an-
timicrobial material for centuries. But it 
typically takes hours for native copper 
surfaces to kill off bacteria,” says lead 
researcher Rahim Rahimi.

The technique is not yet tailored 
to killing viruses, such as the one re-
sponsible for the COVID-19 pandemic, 
which are much smaller than bacteria.

The method developed by Ra-
himi’s team uses a laser to create na-
noscale patterns on the metal’s surface. 
The patterns produce a rugged texture 
that increases surface area, allowing 
more opportunity for bacteria to hit the 
surface and rupture on the spot.

The research team has begun test-
ing the technology on the surfaces of 
other metals and polymers that are 

used to reduce risks of bac-
terial growth and biofilm 
formation on devices such 
as orthopedic implants or 
wearable patches for chron-
ic wounds.

The technique might 
apply to metallic alloys that
also are known to have anti-
microbial properties.

“We’ve created a robust 
process that selectively gen-
erates micron and nanoscale 
patterns directly onto the 
targeted surface without al-
tering the bulk of the cop-
per material,” says Rahimi, 

whose lab develops innovative materi-
als and biomedical devices to address 
health care challenges.

The laser-texturing has a dual ef-
fect—it not only improves direct con-
tact but also makes a surface more
hydrophilic. For orthopedic implants, 
such a surface allows bone cells to 
more strongly attach, improving how 
well the implant integrates with bone. 
The Purdue team observed this effect 
with fibroblast cells.

Due to the simplicity and scalabili-
ty of the technique, the researchers be-
lieve that it could easily be translated 
into existing medical device manufac-
turing processes. purdue.edu.

DISINFECTING WITH 
NANOMATERIALS

A new electromechanical depo-
sition method out of Iowa State Uni-

versity, Ames, can fabricate nanoma-
terials on cloth and paper. The Univer-
sity’s Sonal Padalkar discovered the 
process through studying metal-oxide 
nanomaterials for use in biosensors 
and antimicrobial agents.

“The implications of our present 
antimicrobial studies are enormous,” 
Padalkar says. “We can find ... many 
very specific applications, like surgi-
cal units in hospitals.” More studies are 
needed to determine if this technique, 
which is effective on bacteria, can work 
for tiny viruses, too.

The key contribution from her 
lab has been figuring out how to grow 
nanostructures of metal oxides on 
cheap, lightweight, flexible cloth and 
paper. Padalkar’s fabrication tech-
niques are based on electrochemical 
deposition—applying electricity to the 
cloth or paper while also applying a 
solution containing precursors to the 
metal oxides.

Tests show the resulting nano-
structures are consistent, stable, and 
robust. She says the technology could 
be scaled up for larger surfaces and 
scaled all the way down to a single 
thread.

In the time of social distancing 
and hand sanitizer shortages, there’s 
high demand for all kinds of antimicro-
bial products. Padalkar says the anti-
microbial cloth and paper products 
made possible by this fabrication tech-
nology could be useful in homes, hos-
pitals, clinics, workplaces, schools, and 
farms. iastate.edu.

NANOTECHNOLOGY

A carbon cloth is coated with zinc oxide nanomaterials that are just billionths of a meter in 
size. Courtesy of Sonal Padalkar/Iowa State University.

A laser prepares to texturize the surface of copper,
enhancing its antimicrobial properties. Courtesy of
Purdue University photo/Kayla Wiles.

http://purdue.edu/
http://iastate.edu/
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Recent advances 
in the development 
of self-healing 
polymers enhance 
the longevity 
of energy harvesting 
and storage devices.

SELF-HEALING
POLYMERS CREATE
OPPORTUNITIES
FOR ENERGY
APPLICATIONS
Siyang Wang*
and
Marek W. Urban
Department of Materials Science 
    and Engineering 

Clemson University, 

    South Carolina

*Member of ASM International

Current (inner circle) and future (outer circle) 
sustainable energy devices, which will 

require self-healing materials.
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(a) (b) (c)

With the growing need for elec-
tronics integrated into daily 
lives, electronic devices that 

were formerly bulky and heavy nowadays 
are lightweight, compact, and portable. 
In addition, increased longevity is expect-
ed for emerging applications generally re-
ferred to as soft electronics, which may 
include artificial skin, projection screens 
or monitors, health monitoring devices, 
sensors, solar cells, dielectric actuators, 
and bioelectric implants. To meet these 
requirements, new materials design and 
fabrication processes are necessary, and 
a property that has arisen as a promis-
ing approach is the ability of autonomous 
self-healing.

The concept of self healing is de-
fined as the ability of a material to 
recover from physical or chemical dam-
age, and is typically achieved by in-
corporating active chemical and/or 
physical components into existing ma-
terials. This may or may not require en-
ergy input or external stimuli. Over the 
last two decades, the field of self-heal-
ing polymers has grown tremendously 
and recent review articles provide in-
depth insights into these processes[1-2]. 

may enhance the toughness of a mate-
rial. One of the drawbacks of reversible 
covalent rebonding is that it requires 
high activation energy, which is typical-
ly achieved by elevated temperatures. 

In contrast, supramolecular inter-
actions involve H-bonding, π-π stack-
ing, guest-host chemistry, metal-ligand 
coordination, and ionic interactions 
that hold networks back together with 
non-covalent bonds that can be re-
modeled reversibly. Physical self-heal-
ing of polymers is often accomplished 
by built-in shape-memory effect (SME), 
which relies on the ability of a poly-
mer to close a wound using the ener-
gy stored during mechanical damage. 
Another approach disperses micro-
spheres into a polymer matrix, which 
upon mechanical damage spills a heal-
ing agent to fill a crack. An extension 
of this concept uses the same princi-
ples by introducing networks connect-
ed with hollow fibers filled with healing 
agents. An additional way of producing 
self-healing polymers incorporates su-
perparamagnetic Fe2O3 nanoparticles 
into a thermoplastic polymer network. 
Applying a remote oscillating magnetic 

In general, depending upon the 
nature of the process, there are two 
distinct and overlapping approach-
es, physical and chemical self-healing. 
Physical self-healing (Fig. 1a) usually re-
fers to a flow of macromolecular chains 
at or near a damaged area resulting 
in the closure of the wound, whereas 
chemical mechanisms involve rebond-
ing of cleaved bonds (Fig. 1b). These 
events may occur concurrently and the 
overlap between these mechanisms is 
common and most of the time unavoid-
able (Fig. 1c). 

Chemical self-healing mechan-
isms can be classified into four catego-
ries: incorporating covalent rebonding, 
supramolecular dynamic bonds, self-as-
sembly induced self-healing, and intro- 
ducing living organisms. Cleavage and 
reformation of specific bonds is usual-
ly achieved by reformation of covalent 
bonds or supramolecular interactions. 
Both mechanisms usually require an ex-
ternal energy input. Reversible covalent 
bonds that bring reactive chain ends 
back together are good candidates for 
developing self-healing polymers due 
to their high bonding strength, which 

Fig. 1 — Self-healing mechanisms. (a) Physical processes to realize self-healing include inter-diffusion of polymer chains, shape-memory effects and 
the introduction of active nanoparticles into a polymer matrix. (b) Chemical processes to facilitate self-healing involve either introducing reactive 
chain ends or supramolecular chemistries. (c) Physical and chemical processes can be combined to realize self-healing. Self-healing is achieved by 
incorporating enhanced van der Waals interactions, or encapsulating nanocapsules or microcapsules containing reactive liquids to heal a wound.
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field makes Fe2O3 nanoparticles oscil-
late at the frequency of the magnet-
ic field, resulting in localized melt and 
repair of physical damage. More re-
cently, self-healing has been achieved 
in commodity copolymers that can 
self-heal autonomously under ambient 
conditions due to favorable interchain 
van der Waals interactions. Although 
there are many attempts to utilize these 
breakthroughs in physics and chemis-
try of self-healable polymers and incor-
porate them into energy harvesting and 
storage devices, there are significant 
challenges and opportunities in this 
emerging field.

ENERGY HARVESTING AND 
STORAGE DEVICES

With this introduction in mind, 
the remainder of this brief overview 
will focus on self-healing materials in 
energy harvesting and storage devic-
es represented by insulators, electrical 
conductors, semiconductors, and ion-
ic conductors, followed by selected ap-
plications in photovoltaic solar cells, 
supercapacitors, and lithium batter-
ies. Because the majority of self-heal-
ing polymers are insulators, they can 
be used directly as a dielectric layer or 
as supporting substrates for electronic 
devices. One example is a polymer pre-
pared by crosslinking fatty dimer ac-
ids and urea, in which the self-healing 
mechanism is achieved by H-bonding[3]. 
Behaving like conventional thermo- 
responsive rubber, this polymer can 
self-heal multiple times under am-
bient conditions. Self-healable elec- 
trodes for supercapacitors can be also 
fabricated by depositing carbon nano-
tubes on top of this insulating poly- 
mer substrate. In addition, protective 
coatings for electronic devices can be 
prepared using self-healing insulators, 
in which coatings are composed of en-
capsulated self-healable layers. Fib- 
rous supercapacitors have been fab-
ricated using self-healable graphene 
oxide in which self-healing is achieved 
by a polyurethane shell. This stretch- 
able and self-healable supercapacitor 
may offer a platform for designing and 
fabricating multi-functional electronic 
devices[4].

Electrical conductors are essential 
for electronic applications ranging from 
interconnects, contacts, electrodes, to 
current collectors in sensors, displays, 
actuators, circuits, and energy storage 
devices. Introducing self-healing con-
ductors significantly extends the life-
time of these devices, and early studies 
utilized microcapsule/microchannels 
strategy to achieve self-healing. More 
recently, built-in self-healable poly-
mers with instantaneous healing of 
conductive pathways upon physical 
disturbance have been developed. Con-
ductive self-healing composites are 
also of interest, consisting of dynam-
ically cross-linked polymer networks 
with conductive nanofillers, such as 
metallic nanoparticles or nanowires, 
carbon nanotubes or graphene[5]. An-
other strategy to fabricate multiphase, 
multi-strength H-bonds is to intro-
duce thiourea into microphase-sepa-
rated polyurea networks. The resulting  
self-healing polymer exhibits ultra- 
strechability and notch-insensitive-
ness, which makes it a promising ma-
terial for underwater conductors and 
protective films for S cathode in Li-S 
batteries[6]. Notably, fabrication pro-
cesses also largely affect the properties 
of electronic conductors. For exam-
ple, by adjusting the prestrain ratio of a 
self-healable polymeric substrate, tun-
able conductivity, self-healing efficien-
cy, and stretchability can be obtained[7]. 
Although there are several promising 
conductive polymers, such as polyacet-
ylene, polyaniline, polypyrrole, poly-
thiophene, poly(p-phenylene), and 
poly(phenylene vinylene), one of the 
challenges is processing. The family of 
conjugated polyaniline is of particular 
interest due to the conduction mecha-
nism and environment stability. 

Self-healing ionic conductors take 
advantage of hydrogels containing elec-
trolytes and polymer gels swollen with 
ionic liquids. Using polyelectrolytes 
and reversible crosslinkers, self-healing 
in ionic conductors prepared by proton 
ion containing self-healable polyacryl-
ic acid (PAA) hydrogel electrolytes and 
vinyl hybrid silica nanoparticles were 
developed[8]. High stretchability, fast 
self-healing, and high conductivity are 
facilitated by the dual crosslinked hy-
drogel via hydrogen bonding. Stretch-
able and transparent ionic conductors 
consisting of poly(vinylidene fluo-
ride-co-hexafluoropropylene) and ionic 
liquids were also utilized, and self-heal-
ing of these networks was attributed to 
strong ion-dipole interactions between 
stretchable polymer chains and an ion-
ic liquid. The uniqueness of this system 
is that self-healable by touch, pressure, 
and strain sensors can be fabricated[9].

The main challenges in fabricating 
self-healing semiconductors are thick-
ness limitations (<100 nm) and high Tg 
of conventional polymeric semicon-
ductors. To alleviate these problems, 
stretchable nanostructured self-heal-
able semiconductors were developed, 
which are capable of recovering nano-
size cracks resulting from fatigue by ap-
plying thermal or solvent annealing. 
Self-healing is achieved by incorporat-
ing dynamic hydrogen bonding capable 
of reconstructing the network[11]. More 
recently, a strain-sensitive, stretchable, 
and autonomously self-healable semi-
conducting film was prepared by blend-
ing a polymeric semiconductor and a 
self-healable elastomer crosslinked by 
dynamic metal-ligand coordination[10].

Supercapacitors are also known as 
electrochemical capacitors, which pos-
sess a high power density, rapid charge 
and discharge rates, and a long cycle 
lifetime. A conventional solid-state su-
percapacitor consists of two electrodes 
and a gel electrolyte. To obtain recovery 
of electrical and ionic conductivities, 
it is desirable to introduce self-healing 
moieties into both components. Ear-
ly studies on self-healable supercapac-
itors utilized laminating acid-treated 
carbon nanotube (CNT) films embed-
ded into self-healing substrate forming 

BECAUSE THE MAJORITY OF 
SELF-HEALING POLYMERS 

ARE INSULATORS, THEY 
CAN BE USED DIRECTLY AS 
A DIELECTRIC LAYER OR AS 

SUPPORTING SUBSTRATES FOR 
ELECTRONIC DEVICES.
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self-healable electrodes[13]. Magnetical-
ly self-healable electrochemical devices 
can be also fabricated using conduc-
tive inks containing ferromagnetic par-
ticles, which can find applications in a 
wide range of printed-electronic de-
vices. By loading permanent magnetic 
microparticle into graphitic inks, mul-
tiple time self-healing of printed con-
ductive materials can be fabricated 
by printing on electrochemical devic-
es[14]. Instead of a laminar structure su-
percapacitor, flexible and stretchable 
self-healable supercapacitors with all-
in-one configurations largely simplify 

stretchable and self-healing properties 
became an essential requirement in the 
fabrication process of supercapacitors. 
In response to these demands, high-
ly stretchable and omni-self-healable 
supercapacitors were developed using 
sandwich construction of polypyrrole-
incorporated gold nanoparticle/car-
bon nanotube (CNT)/poly(acrylamide) 
(GCP@PPy) hydrogel as electrodes, 
and CNT-free GCP (GP) hydrogel as 
electrolytes[15]. 

EXTENDING THE LIFECYCLE
Lithium-ion batteries with high en-

ergy capacity and long cycle life are of 
vital importance to meet increasing de-
mands of powering advanced portable 
devices, medical implants, and electric 
vehicles. In order to enhance capacity, 
significant efforts have been made in 
developing new electrodes. However, 
the major issue is that these electrodes 
suffer from poor cycle lifetime attribut-
ed to mechanical damage, which large-
ly shortens their lifespan. Thus, new 
self-healing materials will be essen-
tial for longer lasting applications and 
rechargeability. One example is the 
self-healing layered GeP anode pre-
pared by a mechano-chemical meth-
od and low-temperature annealing. In 
this case, self-healing is achieved by a 
reversible construction of layered crys-
tal structures during the charging and 
discharge cycle[16]. Although considered 
as a promising material for Li-ion bat-
teries, the main drawback of Ge is slow 
Li-ion diffusion. On the other hand, the 
use of silicon as one electrode mate-
rial in Li-ion batteries may be prom-
ising, but fractures of silicon particles 
and polymer binders may cause insuf-
ficient electrical contacts, thus causing 
the loss of capacity. One example of the 
development of high-capacity silicon 
anodes are cross-linked polymer bind-
ers obtained by dynamic host–guest 
interactions between hyperbranched 
β-cyclodextrin polymer and a dendrit-
ic gallic acid cross-linker. This approach 
improved  cycling performance[17]. Inspi- 
red by a millipede’s strong adhesion 
and double helical superstructure, a 
xanthan gum with a series of trisaccha-
ride side chain and ion-dipole inter- 

the device assembly process and min-
imize the displacement and delami-
nation of multilayered configurations 
due to deformations. All-in-one self- 
healable supercapacitors can be pro-
duced using in-situ polymerization and 
deposition of nanocomposites elec- 
trode materials onto double-sided fac-
es of self-healing hydrogel electro- 
lyte separators. In this process, self- 
healing hydrogel films were prepared 
via crosslinked hydrogels with mul- 
tiple hydrogen-bonds (Fig. 2)[12]. Due 
to the increasing demands for porta-
ble and wearable electronics, highly 

(a) (b)

(c) (d)

(e) (f)

Fig. 2 — (a,b) Flexible healable hydrogel films fabricated by crosslinking of poly(vinyl alcohol). 
(c,d) The preparation of the flexible healable all-in-one configured supercapacitors by in-situ 
polymerization and deposition of nanocomposites electrode materials onto the two-sided faces 
of self-healing hydrogel electrolyte separator. (e,f) The flexible healable all-in-one configured 
supercapacitor. Figure used with permission from Ref. 12.
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actions from charged functional groups 
have been utilized as a natural self- 
healable polymeric binder for Si electro- 
des[18]. Produced by adding gelation 
agent (ammonium persulfate) into com- 
posite solution by complexing PEDOT: 
PSS with poly(vinyl alcohol), this poly-
mer hydrogel binder is able to maintain 
both the electric contact and integrity of 
Si electrodes[19]. In essence, the devel-
opment of efficient self-healing binders 
is one of the challenges to maintaining 
good adhesion and electrodes integrity.

Dynamically covalent crosslinked 
networks can be also fabricated using 
poly(ethylene oxide)-based networks 
with various amounts of lithium bis-(tri-
fluoromethanesulfony)imide. These so- 
lid polyelectrolytes not only self-heal 
to recover conductivity, but also dis-
solve back to monomers to make Li-
ion batteries cleaner and sustainable[20]. 
Due to the increasing need of wearable 
electronic devices, flexible solid-state 
Li-ion batteries with self-healing elec-
trolytes are also promising candidates. 
Highly stretchable and self-healable 
polymer electrolytes composites were 
fabricated using poly(4-vinylpyrindine) 
(propyl-trimethylammonium) as elec- 
trolyte backbone with 1-ethyl-3-methyl- 
imidazolium bis(trifluoro-methanesul-
fonyl)imide ionic liquid and lithium salt 
filled into the interspace between chain 
segments[21].

Polyethylene glycol (PEG) was uti-
lized as an active layer in the develop-
ment of self-healable perovskite solar 

cells, where hygroscopic PEG scaffold 
stabilized perovskite films, render-
ing the solar cell resistant to moisture 
(Fig. 3)[22]. Quantum dot (QD) solar cells 
is perhaps one of the areas of great 
interest because the conversion ef-
ficiency can be very high, but the de-
velopment of the miniband transport 
and collection is the challenge[23]. One 
can envision that various QD configu-
rations can be developed by control-
lable spacing between the dots using 
precisely designed copolymers. These 
copolymers could serve two functions, 
control of the efficiency and self-heal-
ing of defects. Also, intensive research 
activities have been and are being pur-
sued toward the development of low-
cost organic photovoltaic (OPV) devices 
based on organic semiconductors with 
backbones comprised mainly of alter-
nating C–C and C=C bonds[24].

FUTURE OUTLOOK
The rate at which self-healable 

polymers are being developed, as mani- 
fested by new projects and many pub-
lications, indicate that these materi-
als will revolutionize all energy sectors 
and will become a standard for future 
applications. Aside from devices, there 
are endless opportunities to devel-
op sustainable and cost-effective en-
ergy facilities as well as new materials. 
For example, the use of self-healable 
polymers for maintaining functions of 
nuclear plants or extending the life- 
span of wind turbines is one aspect that 

will lead to energy savings. On the oth-
er hand, utilizing radioactive elements 
for the development of new self-heal-
able materials or exploring damage-re-
pair cycles for harvesting energy are 
untapped territories. In terms of ma-
terials design, phase-separated and 
multi-layered structures are highly 
promising because morphology control 
will enable tailoring electrical proper-
ties and self-healing. Novel fabrication 
processes will also facilitate a vehicle 
for the development of omni-self-heal-
able devices, and there are opportu-
nities to use electric and/or magnetic 
fields to control damage-repair cycles. 
Furthermore, thermally or mechani-
cally induced self-healing will be high-
ly attractive for semi-conductive and/
or conductive components of energy 
harvesting and storage devices. Com-
bined with the ability to sense envi-
ronmental changes, self-healing will be 
advantageous in the development of in-
terfaces between man-made electron-
ic devices and low current biological 
systems. One can envision that energy 
harvesting can be achieved using ener-
gy from growing plants or physical mo-
tion. The inner circle in the illustration 
on the first page shows existing devices, 
and a number of opportunities for new 
developments in sensing and monitor-
ing self-healable flexible electronics, 
fibrous devices, energy utilities (for ex-
ample, H2 refill hoses), nanogenerators, 
integrated multi-functional circuits, or 
biological and quantum computing are 

Fig. 3 — Steps involved in self-healing of PPSCs: (1) Water absorption by perovskite; (2) perovskite hydrolysis into PbI2 and MAIH2O; and (3) restrained 
MAI by PEG reactions with nearby PbI2 forming perovskites. PEG exhibits strong interactions with MAI, thus preventing evaporation. In-situ reactions 
of MAI and PbI2 to form perovskites upon film removal from the vapor source. Figure reproduced with permission from Ref. 22.
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depicted in the outer circle. In essence, 
every component in the energy arena 
will benefit from self-healing attributes 
by enhancing the longevity of energy 
harvesting and storage devices. ~AM&P
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PERSPECTIVE

CAN COPPER 
HELP FIGHT COVID-19?
Experts on copper and microbiology recommend the expanded use of copper alloys 
in public spaces to reduce the spread of COVID-19 and minimize future pandemics.
Harold T. Michels,* consultant and retired senior vice president, Copper Development Association, 
Manhasset, New York
Corinne A. Michels, distinguished professor emerita, Queens College — CUNY, Flushing, New York

A 3D atomic scale map, or molecular structure, of the 
2019-nCoV spike protein. The protein takes on two 
different shapes, called conformations—one before it 
infects a host cell, and another during infection. This 
structure represents the protein before it infects a cell, 
called the prefusion conformation. Courtesy of Jason 
McLellan/University of Texas at Austin.

Copper can be a powerful weapon 
in the fight against COVID-19 and  
 future pandemics, but we have 

to use it. Throughout history, copper 
was recognized for its antimicrobial ac-
tivity[1]. With the advent of antibiotics, 
the value of copper as a medical treat-
ment was pushed aside and lost from 
our collective knowledge base. While 
the world focuses on treating those 
with COVID-19 and developing test-
ing kits and vaccines, prevention will 
soon take greater prominence. An ev-
er-increasing body of research in-
dicates that copper alloys have the 
potential to control the spread of in-
fectious disease and blunt the impact 
of future pandemics. “An ounce of pre- 
vention is better than a pound of cure.”

INACTIVATION STUDIES
A recent, highly publicized New 

England Journal of Medicine article 
authored by van Doremalen et al.[2] re-
ported that Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2), 
the newly emerged strain of corona-
virus that causes COVID-19 infections, 
retains infectivity in aerosols and on a 
variety of common surfaces for extend-
ed periods of time. Most significantly, 
while the virus remained infective on 
plastic and 304 stainless steel for up to 
48-72 hours, inactivation was observed 
in 4 hours on a 99.9% copper alloy. This 
finding was largely overlooked by me-
dia reports.

Another coronavirus, Human Cor- 
onavirus 229E (Hu-CoV-229E) caus-
es a broad spectrum of lung disorders. 

An article published in 
2015 authored by Warnes et 
al.[3] showed that Hu-CoV-229E 
remained infectious following 
exposure to polytetrafluoro-
ethylene (PTFE or Teflon), poly-
vinyl chloride (PVC), ceramic 
tile, glass, silicone rubber, and 
stainless steel, but was ra- 
pidly inactivated on copper 
and on a range of copper-zinc 
and copper-nickel alloys. 
Complete loss of infectious 
activity was reached after as 
little as a five-minute expo-
sure, depending on the par-
ticular alloy tested. Not only 
was the inactivation rapid but 
it was accompanied by the ir-
reversible destruction of viral 
RNA and massive structural 
damages.

Figure 1, taken from 
Warnes et al.[3], is rich in con-
tent and calls for a detailed ex-
planation. In the experimental 
protocol, a small sample of a 
suspension of virus particles 
was spread onto a 1 cm2 cou-
pon of metal of the indica- 
ted composition. After a desig- 
nated time, the virus particles 
were washed from the surface of the 
coupon and the number of infectious 
viruses remaining was determined. This 
number is expressed as the number of 
plaque forming units (pfu) per coupon. 
Figure 1 plots the number of pfu (on a 
logarithmic scale) versus the time of ex-
posure to the alloy surface.

COPPER ALLOY PERFORMANCE
Figure 1a shows a series of brass-

es ranging from 60 to 95% Cu (balance 
Zn), C110 (100%), Z130 (100% Zn), and 
S304 Stainless Steel (18% Cr – 8% Ni), 
which served as the experimental con-
trol. Both S304 and Z130 displayed no 
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(b)

(c)

(a)

(d)

significant loss in infectious viral par-
ticles, while C110 (100% Cu) and C210 
(95% Cu) showed the fastest reduction, 
followed by increasing time for com-
plete inactivation in the following order: 
C210 (95% Cu), C220 (90% Cu), C230 
(85% Cu), C260 (70% Cu), and C280 
(60% Cu). Note the inverse correla-
tion between decreasing copper 
content and increasing time for inac-
tivation in brass. Figure 1b is a plot of 
the data from the first 30 minutes of 
Fig. 1a. It shows a gradual decline, fol-
lowed by rapid inactivation. Figure 1c 
shows a series of copper-nickel alloys 
ranging from 70%Cu to 90%Cu, N022 
(100% Ni), and S304. N022 and S304 
showed no significant loss in virus parti-
cles. The copper-nickel alloys displayed 
increasing complete inactivation time 
with decreasing copper content in the 
following order: C110 (100% Cu), C706 
(90%), C725 (88% Cu), C710 (80% Cu), 
and C715 (70% Cu). Again, note the in-
verse correlation between decreasing 
copper content and increasing time 
for inactivation in copper-nickel al-
loys. In Fig. 1d, a very small amount 
of inoculum, which dried immediate-
ly, was placed on the metal samples to 
simulate a finger touch of the surface. 
Inactivation of Hu-CoV-229E was com-
plete in 2.5 minutes on C110 (100% Cu) 
and 5 minutes on cartridge brass C260 
(70% Cu) while S304 stainless steel dis-
played only a modest reduction, most 

likely due to evaporation. These results 
strongly support the conclusions that 
copper alloys rapidly inactivate Hu-CoV-
229E virus and that the copper in the al-
loy is responsible for the inactivation.

These two articles[2-3] used differ- 
ent strains of coronavirus but this is un-
likely to be the source of the observed 
differences in inactivation times. The 
anti-coronavirus activity of copper al-
loys probably extends to all strains of 
coronavirus because this class of vi-
rus is essentially structurally identical. 
We have all become familiar with the 
spherical shape of coronavirus with its 
protruding spikes. The virus’ RNA (its 
hereditary information) is contained 
inside a spherical “envelope” that pro-
tects the RNA. The envelope is a thin 
sphere of lipid molecules (fatty acids) 
arranged in a double layer or a lipid bi-
layer. Embedded within this lipid bilay-
er are two viral proteins, E and M. A third 
protein, S, or spike protein, is anchored 
at one end into the lipid layer and proj-
ects outward from the surface as radial 
spikes. These spikes give this group of 
viruses their name because they look 
like a “corona” when viewed at high 
magnification.

Minor variations in the hereditary 
information (RNA) produce slight vari-
ations in the proteins exposed at the 
outer surface. These proteins, particu-
larly S, are responsible for attaching to 
and gaining entrance into respiratory 

cells where the RNA uses the metabol-
ic machinery of the host cell to produce 
more viruses. Variations in these pro-
teins do not produce significant vari-
ation in the overall structure and 
function of the virus. Thus, one can sur-
mise with a reasonable degree of confi-
dence that the efficacy of copper alloys 
against Hu-CoV-229E should also be 
observed when tested with the newly 
emerged SARS-CoV-2 and SARS-CoV-1, 
the causative agent in the SARS epi-
demic of 2003.

Scientists believe that the differ-
ences in exposure times observed by 
van Doremalen et al.[2] and Warnes et 
al.[3] result from technical differences 
in the experimental protocols and not 
from inherent differences among the vi-
ral strains. Figure 1d demonstrates that 
small sample sizes, in this case 1 micro-
liter or 1/50th of a drop, were inactivat-
ed in 5 minutes or less. Similar results 
from a variety of laboratories studying 
copper alloy killing of bacteria found 
quite clearly that the volume of the in-
oculum placed onto the metal coupon 
contributes significantly to the speed 
of inactivation. Killing was very slow 
during the time the sample was dry-
ing on the surface but, once it dried, a 
precipitous decrease in the number of 
survivors was observed[4]. Another lab-
oratory developed a “dry” technique of 
applying bacteria to the coupon with 
a cotton swab[5]. They found complete  

Fig. 1 — Inactivation of Human Coronavirus 229E by copper-zinc and copper-nickel alloys. Reproduced with permission from Warnes et al., 2015[3].
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Fig. 2 — Bacterial levels found on brass and adjacent wood surfaces in Grand Central Terminal, 
New York City.

bacterial killing occurred in a minute 
or less using this method. Samples of 
50 microliters were used by van Dore-
malen et al.[2] but no information on 
drying time, surface preparation, or 
sample distribution is provided. Prepa-
ration of the metal surface can be a crit-
ical factor. An insoluble organic coating, 
like benzotriazole, is typically present 
on copper sheet when it leaves the mill. 
This coating increases surface tension, 
and, thus, would inhibit inoculum dis-
tribution, slow evaporation, and most 
likely inhibit copper ion release from 
the surface. These two factors, drying 
time of the inoculum and surface prepa-
ration, are the most likely factors affect-
ing the inactivation time.

PROTECTING PUBLIC SPACES
Small dry inoculums of infectious 

agents closely simulate what happens 
when a contaminated hand or a droplet 
from a cough or sneeze contacts a sur-
face, making these results particularly 
relevant to the spread of disease in pub-
lic spaces. Copper alloy inactivation is 
not limited to coronaviruses and works 
on viruses with different structures. Re-
ports from the Keevil laboratory have 
shown that copper alloys inactivate 
murine norovirus[6] and Influenza A vi-
rus[7]. As in their Hu-CoV-229E study, 
the rate of norovirus inactivation was 
found to be inversely correlated with 
copper concentration in both the cop-
per-nickel and copper-zinc alloys, the 
common theme in all of the studies of 
antimicrobial copper alloy surfaces.

Longevity of the antimicrobial ac-
tivity of copper alloys is another very 
important consideration when select-
ing materials for components for de-
ployment in public spaces. This is really 
a three-part question: How long will the 
copper alloy maintain its ability to kill/
inactivate a disease organism; will dis-
ease organisms become resistant to 
killing/inactivation by copper alloys; 
and what type of maintenance/clean-
ing is required? Antimicrobial activity of 
copper alloys appears to be long-last-
ing. The brass and adjacent wood sur-
faces in Grand Central Terminal in New 
York City were used to answer this 
question. This beautiful Beaux-Arts 

building is lavishly decorated with mar-
ble and brass, an antimicrobial alloy, 
and opened to the public over a century 
ago. Defined areas were sampled with a 
sterile cotton swab and the total num-
ber of bacteria picked up by the swab 
determined. No information was col-
lected on the cleaning history of the sur-
face sampled or frequency of touching. 
The results are shown in Fig. 2. Bacte-
rial count is expressed in CFU/100 cm2, 
or colony forming units per 100 square 
centimeters. The brass surfaces, with 88 
and 51 CFU/100 cm2, had a significant-
ly lower bacteria count relative to the 
adjacent wood, with 563 and 1866 CFU/ 
100 cm2. This finding confirms that the 
brass components have retained anti-
microbial capabilities after decades of 
hand touching.

Viral inactivation by copper alloys 
has been largely unstudied but the re-
ports mentioned here show the rapid 
irreversible destruction of viral parti-
cles[3,6,7]. Since viral structure, of neces-
sity, is largely constant, resistance is 
unlikely to be an issue. In the case of 
bacteria, the simplest mechanism of 
killing that is consistent with the data 
is the Membrane Target theory[4]. In this 
theory, an essential component of the 
bacterial membrane, unsaturated fat-
ty acids, are modified by exposure to 
Cu+/Cu++ ions in a manner that caus-
es complete loss of membrane integ-
rity and cell rupture. Resistance to 
copper alloy surface exposure has not 
been found in the over tens of trillions 
of bacteria tested in laboratory studies. 
Thus, at least for bacteria, the heritable 
change required for resistance is highly 
improbable or lethal, making the organ-
ism inviable[1,4].

Cleaning and maintenance are an-
other important consideration. Most 
of the antimicrobial copper alloys that 
have U.S. Environmental Protection 
Agency (EPA) approval tarnish to some 
degree, but some are tarnish resistant, 
making them more useful for inclu-
sion in public spaces. The Antimicrobial 
Copper Action Network website is a re-
source where one can read the EPA-ap-
proved cleaning protocols (amcopper.
com) and obtain information about 
commercially available antimicrobial 
copper components. It is important 
to note that the EPA required exten-
sive independent third-party laborato-
ry testing, as described by Michels and 
Anderson[8]. The testing results demon-
strate that the antimicrobial response 
of copper is powerful and enduring.

RECOMMENDATIONS
Everywhere we go we touch sur-

faces that are likely to be contaminated 
with bacteria, viruses, and other dis-
ease-causing microorganisms. Think 
about the last time you were in an air-
port, a shopping center, or a hospital. 
You touched doorknobs, push plates, 
handles, stair railings, shopping cart 
handles, restroom faucets, and more. 
Any one of these surfaces in any of 
these public environments has the po-
tential to transmit disease-causing mi-
crobes to your hands that could result 
in an infection. Your first line of defense 
is frequent hand washing, but, what if 
these common touch surfaces were an 
antimicrobial copper alloy? They would 
be working all day, every day of the year 
to kill the bacteria, viruses, and fungi 
that cause infectious disease. Over 500 
alloys have been approved by the EPA 
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and a large number of alloy producers 
and component manufacturers have 
signed on to making the types of items 
needed.

The world is currently fighting a 
COVID-19 pandemic. In recent years we 
have seen HIV, SARS, MERS, and several 
different strains of influenza each year, 
not to mention the 1918 flu pandem-
ic. All cause large numbers of fatalities, 
but, fortunately, only a few spread as 
rapidly as COVID-19. The COVID-19 pan-
demic will not be the last. Novel infec-
tive agents will continue to emerge and 
spread worldwide due, in large part, to 
high global mobility. We must use every 
weapon available to fight this never- 
ending battle.

Antimicrobial copper alloys are 
potentially powerful weapons. These 
alloys must be widely deployed in pub-
lic spaces on common touch surfaces, 
especially in places with high levels of 
human traffic. Mass transit systems, air-
ports, cruise ships, military bases and 
ships, shopping centers, schools, ho-
tels, entertainment facilities, sports sta-
diums, large office buildings, hospitals 
and healthcare facilities, and more must 
be retrofitted to include the appropri-
ate placement of antimicrobial copper 
components such as doorknobs, stair 
railings, push plates, handles and draw-
er pulls, electrical switch plates, plumb-
ing fixtures and sinks, and elevator floor 
buttons. ~AM&P

For more information: Harold Mi-
chels, consultant, Manhasset, N.Y. 
11030, cu.microbes@gmail.com, www. 
amcopper.com; retired senior vice presi-
dent, Copper Development Association, 
www.copper.org.
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Fig. 3 — The interior of a Ronald McDonald House in Charleston, South Carolina, retrofitted with copper alloy components.
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TECHNICAL SPOTLIGHT

Instron 6800 Series table model universal 
testing machine.

TAKING THE GUESSWORK 
OUT OF AUTOMOTIVE 
ALUMINUM TESTING
As demand for adherence to VDA standards increases, aluminum 
testing equipment keeps pace.

When companies test materi-
als or components to a stan-
dard, they usually test to the 

applicable national standards body ac-
cepted by their company’s country of 
origin. For example, a European com-
pany will generally test to International 
Organization for Standardization (ISO) 
requirements, an American company 
to ASTM International guidelines, and 
a company in Asia to Japanese Indus-
trial Standards (JIS). Nowhere is this 
more obvious than in the automotive 
industry, with Honda using JIS stan-
dards, Volkswagen using ISO, and Ford 
testing to ASTM. Suppliers of these ma-
jor OEMs, who often sell to multiple 
automotive manufacturers, can find it 
challenging to maintain the expertise 
necessary to test to all of these differ-
ent requirements in addition to meet-
ing their own internal standards. 

Instron has recently seen a surge 
in customers required to test to “VDA” 
testing standards. The VDA, or Verband 
der Automobilindustrie, is the German 
association of the automotive industry. 
According to its website, the VDA “com-
bines the strengths of the automotive 
industry and consolidates the manufac-
turers of passenger cars, trucks, vans, 
and buses, the suppliers of parts and 
accessories, as well as the makers of 
trailers and bodies.”[1]

The VDA has assembled many 
committees to create their own test-
ing recommendations, mainly to en-
sure that test results are as accurate 
as possible and are comparable across 
the multiple labs who are testing to the 

requirements. For uniaxial and form-
ability testing of aluminum, the VDA 
committees partner with the Gesamt-
verband der Aluminiumindustrie e.V 
(GDA), which is an association of alumi-
num companies that produce raw alu-
minum or aluminum products.

Typically, the VDA requirements 
are adaptations to existing ISO stan-
dards such as ISO6892-1 (tensile test-
ing) or ISO 7438 (bend testing) with 
much more stringent requirements that 
aim to reduce variability between labs. 
Instron has worked with these com-
mittees to provide a specific setup of 
Bluehill Universal software which is ap-
proved by the VDA and GDA commit-
tees to meet their exacting standards. 

Instron has also designed special fixtur-
ing to meet their standards. 

Testing standards have been de-
veloped over many years by a large 
committee of interested parties, includ-
ing producers or companies such as In-
stron who supply solutions to meet the 
requirements of the standards. The 
pace at which these standards advance 
can be incredibly slow, with new revi-
sions being published approximately 
every five years. Whenever issues arise 
between revisions they are debated by 
the committee and, if changes are ac-
cepted, added to the next revision of 
the standard. It is important to the users 
of the standard that any changes do not 
make their historical results invalid or 
impossible to compare against, which 
means that any alteration needs to be 
made as inoffensive as possible, even if 
it is generally accepted as being a posi-
tive change.

For example, ISO 6892-1 in 2009 
added recommendations to test with a 
tolerance on the strain rate (Method A) 
which was the result of an incredibly 
detailed conversation about how to im-
prove its predecessor, the widely adopt-
ed EN10002 standard. Although many 
industry experts agree that the strain 
rate control method is the “better” 
method and preferred way to test, they 
needed to ensure maximum compat-
ibility for all existing users of the prior 
versions, and therefore could not re-
move the existing stress control meth-
od from EN10002.

In an effort to simplify this com-
plexity and improve repeatability of 
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test results between labs, the VDA has 
used its strength and agility to de-
mand automotive suppliers test to 
their requirements, which, to use the 
previous example, would require the 
operator to test using the strain rate 
method (Method A1 or A2) of ISO6892-1 
instead of EN10002, or even ISO 6892-1 
(Method B). The VDA has also intro-
duced strict requirements regarding 
many other aspects of the test setup, 
none of which conflict with the require-
ments of ISO6892-1, but which add to 
them by defining the best setup param-
eters rather than leaving these deci-
sions in the hands of the test operator.

The VDA’s tensile test requires test-
ing to the following parameters:
•	 Pre-stress 
•	 Test rate 
•	 Change of test rate 
•	 Data sampling frequency
•	 Modulus of elasticity
•	 Tensile strength
•	 Plastic strain ratio (r-value)
•	 Strain hardening exponent (n-value)

The outcome of all these require-
ments is that if operators implement 
them correctly, results between labs 
testing the same material may be con-
siderably more consistent. During 
Instron’s round robin with the contrib-
utors of the VDA/GDA standards, it was 
easy to see the benefits of adopting 
such an approach as the test data we 
examined were extremely comparable 
despite materials being tested using 
different test systems and software. The 
VDA method that covers testing to ISO 
6892 and other related ISO methods is 
now available to any Instron customer 
with Bluehill Universal software, and 
we can help to advise on how best to 
meet these stringent requirements. 

In addition to tensile testing, the 
VDA—in consultation with the GDA—
has also excelled in creating methods 
for determining formability properties 
of aluminum. The most common stan-
dard is VDA 238-100, which is an adap-
tation of the ISO 7438 bend test. This 
type of test is often referred to as a 
“hemming bend test.” The main differ-
ence between these standards is the 
shape of the punches, or upper anvils. 

In VDA 238-100, the 
angle of the punch 
is much more acute 
than it is in a typi-
cal ISO 7438 bend 
test. This is done to 
more closely simu- 
late all of the require-
ments in the auto- 
motive industry dur-
ing the manufactur-
ing of new vehicles. 

However, a prob- 
lem came up when 
the VDA present-
ed round robin data 
showing that the 
acute angle in punch 
size had been caus-
ing significant vari-
ability in results, and 
that results from labs 
using these fixtures 
were incredibly in-
consistent. After fur-
ther investigation, it 
was discovered that 
many labs were us-
ing fixtures adapted 
from their existing 
ISO 7438 test setups, 
which turned out not 
to be sufficient. Due 
to the acute angles 
of the punches in the 
VDA standards, if a 
compressive load of 3kN is applied, the 
lateral force into the anvils can be sig-
nificantly greater (two-to-three times) 
which will cause the fixture to deform 
during the test. In order to help reduce 
this error in results, VDA 238-100 now 
dictates that the device must meet a 
certain stiffness to prevent the fixture 
from deforming. Instron has worked 
with many customers to supply these 
fixtures, ensuring compliance, and re-
ducing variability in the results. 

Metals testing standards are con-
stantly evolving, and the VDA has taken 
an aggressive approach to implement-
ing change for the better. Despite the 
challenges of meeting these new and 
more stringent requirements, automo-
tive manufacturers and OEM suppliers 
will ultimately benefit by producing test 

results that are more repeatable across 
the entire automotive supply chain. 
~AM&P

For more information: Matt Spiret, 
High Force Applications, Instron, 825 Uni- 
versity Ave., Norwood, MA 02062, 800- 
877-6674, Matthew_Spiret@instron.com, 
www.instron.com.

Reference
1. https://www.vda.de/en/association/ 
about/future-comes-as-standard.html

A bend fixture for VDA 238-100, also known as a hemming bend 
fixture. 

Hemming bend fixture with punch fully inserted.

mailto:Matthew_Spiret@instron.com
http://www.instron.com/
https://www.vda.de/en/association/


ADVAN
CED

 M
ATERIALS &

 PRO
CESSES | M

AY/JU
N

E 2020
2 7

IMPROVED MATRIX MATERIAL 
FOR DIAMOND CUTTER BITS
An investigation into the chemistry and type of tungsten carbide powder used for 
drill bits has yielded a material with improved transverse rupture strength and 
interesting microstructural response to thermal cycling.
Jonathan W. Bitler and Samuel Lomasney, Kennametal
Latrobe, Pennsylvania

Hydrocarbon recovery from un-
conventional plays within the 
petroleum and natural gas in-

dustry, such as shale gas and oil sands, 
is challenging due to unique geologies. 
Drillers rely heavily on matrix body poly-
crystalline diamond cutter bits (PDCs) 
for these applications. However, limita-
tions on the strength and erosion resis-
tance of these bit bodies restrict both 
rotary speeds and the weight that can 
be placed on the bit. An investigation 
into the chemistry and type of tungsten 
carbide powder used for drill bits has 
yielded a material with improved ASTM 
B406 transverse rupture strength and 
interesting microstructural response 
to thermal cycling. Such a material en-
ables design flexibility for more aggres-
sive bit bodies that can support a higher 
rate of penetration, longer bit life, and 
better economic returns in these un-
conventional formations.

After the drop in oil prices in 2014, 
U.S. oil and gas companies became 
more innovative in their initiatives to 
cut costs and drive efficiencies. Pro-
ductivity per well has increased from 
20,000 barrels per day (bpd) in 2000 to 
over 150,000 bpd in 2017, despite a re-
duction in the number of wells drilled 
per rig remaining relatively flat[1]. This 
increase in productivity is largely at-
tributed to the techniques of horizonal 
drilling and fracturing, which have en-
abled access to more hydrocarbon-con-
taining rock formations.

Despite these measured improve-
ments in productivity since 2014, oil 
and gas companies must continue the 

drive toward improved drilling per-
formance in unconventional plays as 
the recent coronavirus pandemic has 
caused oil prices to fall far below pro-
duction costs. One recognized avenue 
to increasing drilling performance and 
achieving maximum rate of penetration 
(ROP) lies within the design and selec-
tion of PDC bit bodies for drilling op-
erations. Steel body PDC and tungsten 
carbide matrix PDC bits have dominat-
ed oil and gas drilling in recent years 
and are estimated to drill more than 
90% of today’s global footage with an 
ROP five to 10 times higher than that of 
conventional roller cone bits[2]. These 
bit bodies have been adapted to drill-
ing within a variety of geological forma-
tions and at different rotation speeds 
based on factors such as blade size and 
height, diamond cutter angle, cutter lo-
cation, and number of cutters.

Design of blade size and height has 
traditionally been limited by the trans-
verse rupture strength (TRS) and ero-
sion resistance of the base material. In 
general, steel-bodied bits have superior 
TRS but lower erosion resistance, while 
matrix body bits have superior erosion 
resistance but lower strength. These de-
sign constraints have limited bit perfor-
mance in relatively soft to medium hard 
formations such as shale gas[3]. In these 
formations, high rotation speeds and 
the high flow of cutting fluids require 
taller blades with an extremely high de-
gree of erosion resistance typically not 
attainable with conventional steel bits. 
Alternatively, the development and ad-
vancement of tungsten carbide based 

matrix materials for PDC bit bodies of-
fers an avenue to attain the preferred 
mix of material properties needed 
to optimize ROP in unconventional 
formations.

The manufacture of matrix PDC 
bit bodies is performed through an in-
filtration process where a tungsten car-
bide (WC) matrix powder is blended, 
sometimes with added metal powder, 
and placed into a graphite preform. The 
powder bed is then infiltrated with a 
copper-nickel-manganese-zinc alloy to 
form a near net shape bit body[4]. The 
infiltrated matrix body is then broken 
out from the graphite preform, cleaned, 
and attached to API threading. PDC cut-
ters are brazed into their respective 
pockets and the bit is sent for final in-
spection and painting. A bit body with 
PDC cutters is shown in Fig. 1.

The type of WC matrix powder 
used in the infiltration process will have 

Fig. 1 — Infiltrated matrix PDC drill bit.
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(a) (b)

(a) (b)

a significant impact on the erosion re-
sistance and TRS of the bit body due 
to the powder’s underlying charac-
teristics including stoichiometry, size, 
and particle size distribution (PSD). 
The current commercial landscape 
of matrix materials includes a vari-
ety of WC powders, as highlighted in 
Table 1[5,6].

Due to their intricacies, the high 
upfront manufacturing costs associ-
ated with PDC matrix bit bodies re-
quires that manufacturers choose a 
material that is suitable for refurbish-
ment and reuse. PDC cutters are often 
replaced or rotated to expose a new 
cutting edge, which exposes the body 
material to high and nonuniform tem-
peratures. Thus, to get the greatest eco-
nomic use out of a bit body, a matrix 
material must not only have appropri-
ate strength and erosion resistance, but 
also be resistant to damage from ther-
mal cycling mechanisms present in the 
repair process.

EXPERIMENTAL PROCEDURES
Two material combinations were 

blended with fractions of chill cast W2C 
and either macrocrystalline WC or con-
ventional carburized WC using standard 
dry blending equipment. The first ma-
terial was based on Kennametal’s newly 
formulated, macrocrystalline based To-
tal Matrix Solution (TMS) matrix powder 
material. The second used convention-
ally carburized WC as the base material 
(30% chill cast W2C, 65% WC, and nickel 
powder for the balance).

Lab coupons of the two matrix ma- 
terials were infiltrated with commercial- 
ly available Macrofil 53 (Cu-Ni-Mn-Zn) 
at 1200°C in an air atmosphere to near 
100% densification. Samples were eval-
uated for ASTM B406 transverse rup-
ture strength, modified ASTM G76 wet 
erosion resistance, and subjected to a 
subsequent thermal cycle greater than 
1200oC meant to be an exaggerated 
simulation from braze cycling. The ero-
sion test uses water as the carrier and 
ASTM G65 silica sand (50/70 mesh) as 
the erodent.

Scanning electron microscopy 
(SEM) was used to characterize ero-
sion scars and electron backscatter dif- 

fraction (EBSD) was used to evalu-
ate phases in the microstructure. All 
EBSD work was performed on a Jeol 
JSM7100F with an Oxford Instruments 
XMax EBSD detector. Data was collected 
at 28 kV with a 350-nm step size. Sub-
sequent data mapping and post pro-
cessing were accomplished with HKL 

Tango mapping software from Oxford 
Instruments.

RESULTS AND DISCUSSION
Table 2 shows the erosion re- 

sistance, volume loss per unit mass 
of erodent, and transverse rupture 
strength.

TABLE 1 – COMMERCIAL MATRIX MATERIALS
Base material Chill cast carbide Macrocrystalline 

carbide 
Conventionally 

carburized 

Stoichiometry WC/W2C WC WC

Morphology

TABLE 2 – EROSION RESISTANCE AND TRANSVERSE RUPTURE STRENGTH

Blend WC type

Modified ASTM 
G76

(mm3/kg)

ASTM 
B406
(MPa)

1 Macrocrystalline blend (Kennametal TMS) 11.1 1207

2 Conventionally carburized blend 10.4 1145

Fig. 2 — (a) Band contrast map, blend 1; and (b) phase map, blend 1.

Fig. 3 — (a) Band contrast map, blend 2; and (b) phase map, blend 2.
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EBSD band contrast images and 
phase maps are shown in Figs. 2 and 3. 
In Fig. 2a, the angular, single crystal WC 
of the macrocrystalline WC in the TMS 
based material is apparent in the band 
contrast map. Figure 2b shows the dif-
ferent phases more clearly, with the 
red binder material (Cu-Mn-Ni-Zn), blue 
single crystal WC from the macrocrys-
talline WC, and the mix of W, WC, and 
W2C phases in chill cast carbide (yellow, 
blue, and green, respectively). The cast 
carbide within the material has a lamel-
lar grain structure. Similarly, Figs. 3a 
and 3b show blend 2, which contains 
conventionally carburized WC based 
material. In both images, the polycrys-
talline nature of the conventionally car-
burized WC is shown. Also, binder, W, 
WC, and W2C are shown using the same 
color key in the EBSD phase map.

Using optical and scanning elec-
tron microscopy (Hitachi Flex SEM 
1000), Figs. 4 and 5 show erosion scars 
after ASTM G65 testing. The apparent 
erosion damage varies by material sys-
tem; however, damage to the cast car-
bide particles in both material systems 
is rounded and unfractured. This phe-
nomenon is attributed to the high hard-
ness and lamellar grain structure of the 
chill cast carbide as it provides better 
erosion resistance than the convention-
al or macrocrystalline WC particles.

While the conventional and mac-
rocrystalline carbide particles appear 
to provide less erosion resistance, these 
material families function to improve 
strength. Interestingly, the fracturing 
damage to the polycrystalline parti-
cles in the conventionally carburized 
WC based material seems qualitative-
ly more severe than the single crystal 
macrocrystalline WC (TMS) material 
(see Figs. 4d and 5d). The grain bound-
aries of the conventionally carburized 
particles within blend 2 are apparent, 
while the TMS material appears more 
intact in its erosion scar.

During original manufacturing as 
well as in repair, PDC cutters are manu-
ally torch brazed. Great care is taken to 
minimize damage to the diamonds, as 
they are susceptible to graphitization 
and cracking due to thermal expansion 
between diamond and cobalt. Optical 

Fig. 4 — Erosion scars showing typical 
damage to Kennametal’s TMS formula 
(blend 1): (a) macro view; (b) low 
magnification; (c) typical damage to chill 
cast carbide (W2C) particle; and (d) typical 
damage to macrocrystalline WC.

Fig. 5 — Erosion scars showing typical 
damage to the conventionally carburized 
formula (blend 2): (a) macro view; (b) low 
magnification; (c) typical damage to chill 
cast carbide (W2C) particle; and (d) typical 
damage to conventionally carburized WC.

(d) (d)

(c) (c)

(b) (b)





Three-point flexure test on 
lithium-ion cell.

The LTM 5 electrodynamic testing 
machine is used to determine material and 
component fatigue-strength in the fatigue 

life and fatigue limit ranges.

CHALLENGES FOR 
NEW MOBILITY
Test solutions for electric- and hydrogen- 
powered drives aid industry.

SPONSORED CONTENT

For more information on  
high temperature materials testing 

systems, contact ZwickRoell at 
770.420.6555 / www.zwickroell.com.

F
uel cell or battery electric vehi-

cles: Which is the better technol-

ogy for the future? This question 

commonly divides drivers and 

manufacturers. Both technologies prom-

ise to support a more climate-friendly 

environment, and ZwickRoell provides 

manufacturers with intelligent testing 

solutions for research, development, and 

series production to ensure strong market 

entry and reliable long-term operation.  

From pure electric, to hybrid vari-
ations, to hydrogen powered drives, 
the strategic approaches are diverse. 
However, as with combustion technol-
ogy, materials and components testing, 
whether in R&D or QA, play an important 
role in making vehicles safe and reliable. 

Materials Testing on 
Lithium-Ion Battery Cells

The lithium-ion battery is the core 
component of electric and hybrid vehi-
cles and helps in determining its range 
Therefore, special attention is given to 
the battery cells during development and 
quality assurance.  

During operation, the materials 
used are exposed to electromechanical, 
thermal, and mechanical loads. Through- 
out the various steps in the manufac- 
turing process, they are subjected to 
different loads and must be designed 
accordingly.

For example, tensile stress, buckling 
resistance, crack strength, shear strength, 
sealed seam strength, bond strength, 
puncture resistance, elasticity, tempera-
ture stress or compressive strength, need 
to be determined. In addition, knowledge 
of the mechanical cell deformation caused 
by swelling during the charging process 
plays an important role in the design of 
the battery cell environment.

Tests are typically performed using 
universal testing machines in a force 

range of up to 10 kN. To determine accu-
rate characteristic values, the specimen 
grips for tensile testing must be well 
aligned and able to securely hold very 
thin films (<30 µm) without damaging 
them. The test also requires the use of 
very accurate sensors (load cell, exten-
someter). For the determination of strain 
values on very thin electrode films, it is 
important that there is no influence on the 
material characteristic values caused by 
contact-type extensometers. In this case, 
non-contact video or laser-based exten-
someters are ideal.

Testing of Lithium-Ion 
Battery Electrode Coating

Next to the electrolyte and the 
separator, the electrodes are the most im-
portant components in the development of 
lithium-ion batteries. During the charging 
cycles, lithium ions are deposited in the 
coatings of the anodes and cathodes. Over 
the service life of the battery, this interca-
lation causes mechanical changes in the 
coatings, ultimately leading to a weaker 
battery.

The bond strength of the electrode’s 
coating also changes with the age of the 
battery and therefore, its connection must 
be guaranteed for the long-term. For 
this test, a special Z peel test kit is ideal. 
Important characteristic elasticity values 
can be determined with utmost accuracy 
using the nanoindenter.

Testing in a Hydrogen 
Atmosphere

If hydrogen is to be used as a com-
mercial source of energy in the future, it 
is essential to achieve maximum possi-
ble specific energy density in the storage 
and distribution system. This is achieved 
by compressing gaseous hydrogen. Max- 
imum pressures up to more than 70 MPa 
are already attained in fuel tanks. Ma-
terials used in this field are exposed 
to the effects of hydrogen, in addition 
to temperature and pressure stress-
es. To ensure safe, reliable operation, 
components must be adequately dimen-
sioned and the necessary specifications 
determined. 

A servohydraulic testing machine 
for test loads up to 100 kN is fitted with 
a hydrogen container designed for pres-
sures up to 100 MPa. In this container, 
testing can be performed in a tempera-
ture range of -85°C to +150°C. With this 
testing system, quasi-static tensile tests, 
fatigue tests and fracture mechanics 
tests are performed primarily on metal-
lic materials. 

http://www.zwickroell.com/
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TECHNICAL SPOTLIGHT

H.M. and S.P. Rockwell hardness tester, patented on  
February 11, 1919.

HARDNESS TESTING 
RETROSPECTIVE: 
A CENTURY OF WILSON
From its earliest beginnings to today, development of hardness testing has 
evolved in a parallel manner to the engineering accomplishments of the times.

Stanley P. Rockwell and Hugh M. 
Rockwell (not related) invented 
the internationally accepted 

Rockwell indentation test, first paten- 
ted in 1919. Stanley Rockwell later 
collaborated with instrument manu- 
facturer Charles H. Wilson of the 
Wilson-Maeulen Company to commer-
cialize and improve his invention over 
the next few years. The true potential of 
the device was first recognized in 1920 
by Wilson, who further developed the 
Rockwell test to become the indenta-
tion depth test that is still applied today 
in material testing facilities around the 
world. In 1939, Stanley Rockwell was 
honored with ASM International’s fifth 
Albert Sauveur Achievement Award, 
which “recognizes pioneering materials 
science and engineering achievements 
that have stimulated organized work 
along similar lines to such an extent 
that a marked basic advance has been 
made in the knowledge of materials sci-
ence and engineering.”

Among Charles Wil-
son’s most important mod-
ifications to the test were 
the introduction of a dia-
mond cone as a second in-
denter and increasing the 
maximum test load from 
100 to 150 kgf. Wilson also 
facilitated production and 
distribution of the tester, 
which led to rapid adoption 
of the Rockwell method. 
His company became the 
Wilson Mechanical Instru-
ment Company. It changed 
ownership over time and 
was also known as the Wil-
son Instruments Company. 
Today, the Wilson brand of 
hardness testers is owned 
by Buehler, an Illinois Tool 
Works (ITW) company. The 
Wilson line under Buehler 
includes a wide range of 
hardness testers including 
Rockwell, Knoop/Vickers, 
Universal, and Brinell as 
well as the DiaMet software 
that provides control, data 
management, and report-
ing options including fully automatic 
production systems. Several ISO, ASTM, 
and JIS-certified hardness reference 
test blocks, accessories, and fixtures are 
also manufactured by the company.

INITIAL HARDNESS TESTS
Hardness testing methods have 

been used to supply valuable mate-
rials information for more than two 

centuries, from the Industrial Revo-
lution to the current information age 
and Industry 4.0. Over the past 200 
years, hardness testing has significant-
ly evolved from simple scratch testing 
in 1822 to motorized testers to fully au-
tomated, computer-controlled systems. 
Development of hardness testing has 
been consistent with evolving technol-
ogy trends, progressing in a parallel Stanley P. Rockwell.
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manner to the engineering accomplish-
ments of each successive era.

Some of the first tests originated 
on bars that varied in hardness from 
end to end. The concentration at which 
the material being tested could form a 
scratch on the bar was a major factor 
in determining the specimen’s hard-
ness. These rudimentary methods gave 
a relative and often comparative indica-
tion of material strength and were ade-
quate for the time. More refined forms 
of scratch testing were introduced 
during the 1800s by a German miner-
alogist named Friedrich Mohs. In what 
eventually became known as the Mohs 
hardness test, the user would scratch 
an unknown sample with a material of 
known hardness. Later, this test was 
improved to a more standardized for-
mat and involved scratching material 
surfaces with a diamond and measur-
ing the width of the resultant line. Mohs 
chose diamond based on its proper-
ty as the hardest known natural sub-
stance and the fact that a diamond can 
produce a scratch on virtually all other 
materials. This refined test uses a scale 
from 1-10 where the higher the value, 
the harder the material. For some pro-
cesses, the Mohs method is still in use. 
Various scratch tests continued to be in-
troduced over the next hundred years 
or so, but none gained a hold in mate-
rials testing the way the Mohs test did.

THE BIRTH OF BRINELL
The first transformation to a more 

systematic testing format came with 
the introduction of the indentation test. 
The earliest form arrived in 1859 and 
was based on the force required to pro-
duce a 3.5-mm indent in the test mate-
rial. Depth was measured with a vernier 
scale system and the total weight need-
ed to reach 3.5 mm was indicated as the 
hardness. The penetrator consisted of a 
truncated cone that tapered from 5 mm 
at the top to 1.25 mm at the point. 
This method was mostly effective with 
soft materials.

The first widely accepted and stan-
dardized indentation hardness test was 
proposed by J.A. Brinell in 1900. His goal 
was to find a consistent and fast means 
of determining material hardness. The 

Brinell hardness test, still in widespread 
use, consists of indenting the metal 
surface with a 1-10 mm diameter ball 
at loads to 3000 kgf. The resultant cir-
cular impression was measured with a 
low power, manual eye microscope at 
the time. The diameter of the impres-
sion was then mathematically calculat-
ed to a hardness value. The Brinell test 
essentially introduced the production 
phase of indentation hardness testing 
and paved the way for additional inden-
tation tests that were more relevant to 
different material types.

Today, the Brinell test is often used 
for testing aluminum and copper al-
loys at lower forces, and steels and cast 
irons at higher force ranges. The test 
method is particularly useful for certain 
material finishes as it is more tolerant 
of surface conditions due to the indent-
er size and heavy applied force. Brinell 
testers are often manufactured to ac-
commodate large parts, such as engine 
castings and large-diameter piping. In 
addition to the still widely used manual 
microscopes, automatic, digital camera 
systems are capable of generating rapid 
and extremely accurate results.

While the Brinell test proved to be 
an effective means of material testing 
and contributed to ushering in a new-
ly standardized era in hardness testing, 
it had its limitations. For one, the rel-
atively large indenter along with high 
test forces made it inadequate for small 
precision type testing. The nature of the 
test also requires a second operation 
to measure the indent. In addition, the 
heavy force required by the test leaves 
an obvious and potentially damaging 
impression, so finished goods testing 
is not always practical. For these rea-
sons, along with increasing demand for 
more reliable and efficient testing tech-
niques, the hardness testing aspect of 
materials analysis was ripe for change.

VICKERS AND KNOOP DEBUT
The race was on to develop ever 

more effective methods. With that came 
the first acceptable alternative to Bri-
nell—the Vickers hardness test—which 
partially solved the problem by provid-
ing a more consistent, lighter load hard-
ness test. Developed in the U.K. in 1921, 

the test used the same principle as Bri-
nell, that of a regulated impression, but 
employed a pyramid-shaped diamond 
rather than the Brinell ball indenter. The 
resultant impression is measured using 
a high power microscope in combina-
tion with a filar micrometer eyepiece.

In 1939, an alternative to Vickers—
the Knoop hardness test—was intro-
duced by the U.S. National Bureau of 
Standards, now NIST. The Knoop test 
used a shallower, more elongated for-
mat of the diamond pyramid and was 
designed for use under lower forces 
than the Vickers test, allowing for more 
accurate testing of brittle or thin ma-
terials. These methods continue to be 
widely used to analyze small test areas, 
brittle materials, case hardened and 
steel components, coatings, wire, and 
precision parts, but often utilize more 
advanced indentation and measuring 
procedures than the earlier techniques.

EARLY WILSON YEARS, 
CHANGING OWNERSHIP

Despite the progress, a desire and 
drive toward even more efficient hard-
ness testing methods remained. It was 
this need that led to the success of the 
Rockwell indentation test. The Rockwell 
method, originally introduced in a basic 
form in 1914, essentially revolutionized 
hardness testing. It used displacement 
measurement and thereby produced a 
direct-reading result, eliminating the 
need for time-consuming secondary 
measuring operation. With full-cycle 
test time requiring about 12 seconds, 
and in some cases as little as three 

Johan August Brinell.
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seconds, the desired productivity, ef-
ficiency, and accuracy was finally real-
ized. The method’s patent application 
was approved in 1919 and in 1924 an 
improved design patent was granted. 
Simultaneously, commercial produc-
tion of Rockwell testers was underway. 
Today, the Rockwell method remains 
the primary, preferred method for hard-
ness testing worldwide.

During World War II, production 
at automotive, military equipment, 
and aerospace factories boomed. Wil-
son built Rockwell testers in the United 
States and United Kingdom with ex-
port orders frequently placed by cod-
ed telegraph messages. For example, 
an order of 40 bushels of potatoes may 
have been used to indicate an order of 
40 4JR testers. Approximately 600 Rock-
well testers were shipped to Russia at 
this time.

After the war, Wilson thought they 
had saturated the market, so the busi-
ness was sold to American Chain and 
Cable Company (ACCO) in Bridgeport, 
Connecticut. The manufacturing site 
was immediately moved to ACCO while 
the sales offices were moved in 1970. 

ACCO continued to manufacture and 
sell Rockwell testers until Wilson Instru-
ments was sold in 1988. It then became 
part of Instron Corporation in Norwood, 
Massachusetts, in 1993. That same year, 
Instron also acquired Wolpert GmbH, a 
German manufacturer of hardness tes-
ters, bringing both famous hardness 
brands under one roof.

ITW GROWS TESTING DIVISION
In 2005, Instron, Wilson, and 

Wolpert were acquired by ITW as the 
foundation of the company’s test and 
measurement division. By 2006, ITW 
had also acquired Buehler to further 
grow the new division. In 2009, anoth-
er famous manufacturer of industri-
al hardness testers, Reicherter GmbH 
(owned by Stiefelmayer), was acquired 
by ITW as well. In 2012, the testing line 
now known as Wilson Hardness offi-
cially became part of Buehler’s product 
portfolio. ITW’s test and measurement 
business now provides specialized 
products to a diverse set of customers 
operating in highly regulated, demand-
ing environments. The division includes 
Instron, North Star Imaging, Brooks In-
strument, Magnaflux, Loma Systems, 
and Avery Weigh-Tronix.

Since its acquisition by ITW, Bue-
hler has improved on the original Wil-
son designs and further developed 
hardness testing with fully configurable 
software called DiaMet, the Wilson 
VH3100 Vickers All-in-One hardness tes-
ter, and the heavy-duty Wilson UH4000, 
an eight-turret, large stage universal 
hardness tester. Buehler launched Dia-
Met to provide easy operation for auto-
mated hardness testing. The software 
features specimen mapping, edge de-
tection, scanning, stitching of overview 
images, case depth calculations, and 
statistical analysis tools as well as weld 
testing and geometric measurement 
functions and a barcode scanner inter-
face. ~AM&P

For more information: Matthias Pas-
cher, hardness product manager, 
Buehler, an ITW Company, matthias.
pascher@buehler.com, www.buehler.
com.

From the 1920s on, several generations of hardness testers have been used across a wide 
range of industries.

Modern hardness testers.

An early version of the Wilson Rockwell 
hardness tester.

mailto:pascher@buehler.com
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INTERNATIONATIONA AL MATATA ERIALS APPLICATATA IONS & TECHNOLOGIES
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MATERIALS CHALLENGES

SEPTEMBER 14-17,  2020
CLEVELAND,  OHIO

THE HUNTINGTON CONVENTION CENTER OF CLEVELAND
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MONDAY, SEPTEMBER 14

7:30−9:30 a.m. ASM Women in Engineering Breakfast

8:00 a.m.−5:00 p.m. IMAT Technical Programming

8:30−11:00 a.m. Materials ThinkTank student event

9:00−10:00 a.m. Keynote Session: Jeannette Garcia

12:30−3:30 p.m. Lincoln Electric Tour

1:30−4:30 p.m. Career Recruitment Expo

TUESDAY, SEPTEMBER 15

8:00 a.m.−5:00 p.m. IMAT Technical Programming

8:00−10:40 a.m. Emerging Professional Symposium

9:00 a.m.−5:30 p.m. Exhibit Hall Open

9:00−11:00 a.m. Education Course: General Heat Treating

9:00 a.m.−4:00 p.m. WMF/IMS Programming on the Show Floor

11:00 a.m.−12:00 p.m. Keynote Session: JT Kostman

1:00−3:00 p.m.
Fluxtrol Student Research Competition—Phase 1 
Oral Presentations

1:00−4:00 p.m. HTS Strong Bar Student Competition (tentative time)

1:20−2:40 p.m. Emerging Professional Symposium

2:00−4:00 p.m. Additive Manufacturing Student Competition

3:00−4:00 p.m. Keynote Session: Leo Christodoulou

4:00−5:30 p.m. Welcome Reception with Exhibitors

WEDNESDAY, SEPTEMBER 16

8:00 a.m.−5:00 p.m. IMAT Technical Programming

9:00−11:00 a.m. Education Course: Failure Analysis

9:00 a.m.−5:00 p.m. Exhibit Hall Open

9:00 a.m.−4:00 p.m. WMF/IMS Programming on the Show Floor

11:00 a.m.−12:00 p.m. Keynote Session: James Ruud

1:00−2:00 p.m.
Fluxtrol Student Research Competition—Phase 2 
Oral Presentations

THURSDAY, SEPTEMBER 17

8:00 a.m.−12:00 p.m. IMAT Technical Programmingimatevent.org

The debut of ASM’s new fall event, IMAT 2020—
the International Materials Applications & 

Technologies Conference and Exhibition, will 
be held in Cleveland from September 14-17 
and will include a comprehensive lineup of 
technical sessions, education courses, high 
level keynotes, networking events, and an 

exhibit floor. The conference theme, Solving 
Global Materials Challenges, will feature 

programming specifically designed to appeal 
to materials professionals from industry, 

academia, and government.

All six of ASM’s A� iliate Societies as well 
as various committees have been heavily 

involved in building the technical symposia. 
Programming will have a strong focus on 

application-oriented, real-world technologies. 
Topics such as additive manufacturing, 

failure analysis, and joining make up some 
of the largest symposia. In addition, NACE 

International will deliver critical information on 
corrosion control topics.

The three and a half-day technical program 
will include more than 630 presentations. 
Complemented by a two-day exposition 

featuring over 135 booths, the event will bring 
together major OEMs, materials partners, and 

suppliers to highlight advanced materials 
processes and applications throughout the 

materials community. Also, many new safety 
protocols will be in place to protect the health 

of our attendees. Plan now to participate in this 
groundbreaking materials event!

S C H E D U L E - AT- A - G L A N C E

http://imatevent.org/


STRONG BAR STUDENT COMPETITION
Registration deadline is June 19.

FLUXTROL STUDENT AND ACADEMIC RESEARCH AWARDS
Registration deadline is June 19.

ASM INTERNATIONAL POSTER COMPETITION
Submission deadline extended to June 22.

MATERIALS THINK TANK CHALLENGE
Submission deadline is August 1.

TRAVEL GRANTS FOR STUDENTS
Application deadline is August 12.

DOMESDAY
Registration deadline is August 31. 

Check website for dates and times of courses.

ASM International has been monitoring the development of COVID-19 
and assessing its possible impacts on all of our organizations’ activities. 

We particularly consult with the Centers for Disease Control and 
Prevention (CDC) website, the World Health Organization (WHO) website 

and our local partners and government. As of this writing, the event 
will remain on schedule. For up-to-date information, 

visit imatevent.org or contact: events@asminternational.org.

T I T L E  S P O N S O R S

MONDAY, SEPTEMBER 14

DR. JEANNETTE M. GARCIA 
Manager/Global Lead for Quantum 
Applications in Chemistry and 
Science, IBM Research in Almaden
9:00−10:00 A.M.

TUESDAY, SEPTEMBER 15 

DR. JT KOSTMAN
Chief Executive O� icer
ProtectedBy.AI
11:00 A.M.−12:00 P.M.

DR. LEO CHRISTODOULOU
Chief Technologist
The Boeing Company
3:00−4:00 P.M.

WEDNESDAY, SEPTEMBER 16

DR. JAMES RUUD
Senior Principal Scientist
GE Global Research Center
11:00 A.M.−12:00 P.M.

K E Y N OT E  S P E A K E R S

EDUCATION SHORT COURSES

METALLOGRAPHY FOR FAILURE ANALYSIS

MET FOR THE NON-MET (CONDENSED)

ALUMINUM AND ITS ALLOYS (CONDENSED)

GENERAL HEAT TREATING

MRS TUTORIAL: DATA-DRIVEN DESIGN OF 
SUSTAINABLE MATERIALS WITH ARTIFICIAL 

INTELLIGENCE, MACHINE LEARNING, 
AND ASSESSMENT

MRS TUTORIAL: RESEARCH METHODS AND 
BEST PRACTICES FOR EMERGING INORGANIC 

SOLAR-ENERGY CONVERSION MATERIALS

FAILURE ANALYSIS AND ENGINEERING 
DESIGN CHALLENGES OF ADDITIVE 

MANUFACTURING PROCESSES

Check website for dates and times of courses.

C O R P O R A T E
S P O N S O R S

STUDENT & EMERGING 
PROFESSIONAL 

OPPORTUNITIES

IMAT will expose students and emerging professionals 
to a variety of premier technical programming, 

competitions, and social events. Here are just a few 
opportunities that require early sign up.

For event details and to register, visit 
imatevent.org

http://imatevent.org/
mailto:events@asminternational.org
http://imatevent.org/
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ASM HANDBOOK,
VOLUME 24: ADDITIVE 
MANUFACTURING PROCESSES
TURN THE PAGE FOR DETAILS

LEADING MATERIALS RESOURCES 
FOR INDUSTRY 4.0
SEE PAGE 1



The ASM Handbook is a 
comprehensive and authoritative 
guide to the structure, properties, 
processing, performance, 
and evaluation of metals 
and nonmetallic engineering 
materials. Handbook content is 
planned, written, and reviewed by 
leading experts.

ASM Technical Books offer a 
wealth of materials science and 
engineering knowledge from 
experts in the field. Discover 
practical guides and reference 
resources on a wide variety of 
subjects created to fill the needs 
of the novice and the
experienced professional.

The ASM Failure Analysis 
Database presents real-world 
case histories as documented by 
experienced failure analysts. Each 
report describes the component, 
how the failure was investigated, 
and remedial solutions. Links are 
included to ASM Handbook articles 
that provide relevant context.

Leading Materials Resources for Industry 4.0

Subscribe individually or corporate-wide
Visit dl.asminternational.org to explore the ASM Digital Library

Access Trusted Materials information in the

ASM International presents a brand new volume in the ASM Handbook series 
developed to address the current and rapidly expanding importance of additive 
manufacturing (AM). Volume 24 provides the latest knowledge in materials, processes, 
and applications of AM, written by the leading experts in research and industry.

This fundamental and practical guide focuses on the basic principles and options 
available for the application of polymers and natural organics to powder processing. 
It links the material, powder characteristics, forming process, and product attributes 
together to give the first unified treatment on polymer assisted powder processing.

Contents:
Additive Manufacturing Overview
Division Editor: David L. Bourell

Polymer Additive Manufacturing Processes
Division Editor: David L. Bourell

Ceramic Additive Manufacturing Processes
Division Editor: Ming Leu

Metal Additive Manufacturing Processes
Division Editors: Allison Beese and Howard Kuhn

Additive Manufacturing of Metals
Division Editor: Howard Kuhn

Direct Write Processes
Division Editor: Eric MacDonald

ASM HANDBOOK, VOLUME 24:
ADDITIVE MANUFACTURING PROCESSES
VOLUME EDITORS: DAVID L. BOURELL, WILLIAM FRAZIER,

HOWARD KUHN, AND MOHSEN SEIFI

BINDER AND POLYMER ASSISTED
POWDER PROCESSING
BY RANDALL M. GERMAN AND ANIMESH BOSE

NEW RELEASES FROM ASM

Order today!   asminternational.org/hbvol24

Order today!   asminternational.org/binder
or call the ASM International Service Center at 800.336.5152.

Formats:
Hardcover:

ISBN: 978-162708-288-4 • Product Code: 06031G
Prepublication print pricing valid through June 30, 2020.
Print: $345 $309 / ASM Member: $259 $229

Digital:

EISBN: 978-1-62708-290-7
ASM Digital Library: $97 / ASM Member: $75

Select digital-first articles are available in the

                                            at dl.asminternational.org

in advance of the full volume release.

Formats:
Hardcover:
ISBN: 978-1-62708-275-4
Product Code: 05929G
Print: $220 / ASM Member: $165 

Digital:
EISBN: 978-1-62708-319-5
ASM Digital Library: $75 / ASM Member: $59

http://asminternational.org/hbvol24
http://asminternational.org/binder
http://dl.asminternational.org/
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Volume 1: Properties and Selection: Irons, Steels, and
High-Performance Alloys
1990 • 1063 pages
EISBN: 978-1-62708-161-0 • ISBN: 978-0-87170-377-4 • Product Code: 06181G

Volume 1A: Cast Iron Science and Technology
Edited by Doru M. Stefanescu • 2017 • 772 pages
EISBN: 978-1-62708-179-5 • ISBN: 978-1-62708-133-7 • Product Code: 05924G

Volume 2: Properties and Selection: Nonferrous Alloys and 
Special Purpose Materials
1990 • 1328 pages
EISBN: 978-1-62708-162-7 • ISBN: 978-0-87170-378-1 • Product Code: 06182G

Volume 2A: Aluminum Science and Technology
Edited by Kevin Anderson, John Weritz, and J. Gilbert Kaufman • 2018 • 855 pages
EISBN: 978-1-62708-207-5 • ISBN: 978-1-62708-158-0 • Product Code: 05450G

Volume 2B: Properties and Selection of Aluminum Alloys
Edited by Kevin Anderson, John Weritz, and J. Gilbert Kaufman 2019 • 636 pages
EISBN: 978-1-62708-210-5 • ISBN: 978-1-62708-208-2 • Product Code: 05452G

Volume 3: Alloy Phase Diagrams
Edited by Hiroaki Okamoto, Mark E. Schlesinger, and Erik M. Mueller
2016 • 778 pages
EISBN: 978-1-62708-163-4 • ISBN: 978-1-62708-070-5 • Product Code: 05442G

Volume 4A: Steel Heat Treating Fundamentals
and Processes
Edited by Jon L. Dossett and George E. Totten 2013 • 784 pages
EISBN: 978-1-62708-165-8 • IBSN: 978-1-62708-011-8 • Product Code: 05344G

Volume 4B: Steel Heat Treating Technologies
Edited by Jon L. Dossett and George E. Totten 2014 • 582 pages
EISBN: 978-1-62708-166-5 • ISBN: 978-1-62708-025-5 • Product Code: 05434G

Volume 4C: Induction Heating and Heat Treatment
Edited by Valery Rudnev and George E. Totten 2014 • 820 pages
EISBN: 978-1-62708-167-2 • IBSN: 978-1-62708-012-5 • Product Code: 05345G

Volume 4D: Heat Treating of Irons and Steels
Edited by Jon L. Dossett and George E. Totten 2014 • 730 pages
EISBN: 978-1-62708-168-9 • ISBN: 978-1-62708-066-8 • Product Code: 05352G

Volume 4E: Heat Treating of Nonferrous Alloys
Edited by George E. Totten 2016 • 712 pages
EISBN: 978-1-62708-169-6 • ISBN: 978-1-62708-112-2 • Product Code: 05444G

Volume 5: Surface Engineering
Edited by C.M. Cotell, J.A. Sprague, and F.A. Smidt, Jr. 1994 • 1056 pages
EISBN: 978-1-62708-170-2 • ISBN: 978-0-87170-384-2 • Product Code: 06125G

Volume 5A: Thermal Spray Technology
Edited by Robert C. Tucker, Jr. 2013 • 412 pages
EISBN: 978-1-62708-171-9 • ISBN: 978-1-61503-996-8 • Product Code: 05348G

Volume 5B: Protective Organic Coatings
Edited by Kenneth B. Tator • 2015 • 545 pages
EISBN: 978-1-62708-172-6 • ISBN: 978-1-62708-081-1 • Product Code: 05437G

Volume 6: Welding, Brazing and Soldering
Edited by D.L. Olson, T.A. Siewert, S. Liu, and G.R. Edwards • 1993 • 1299 pages
EISBN: 978-1-62708-173-3 • ISBN: 978-0-87170-382-8 • Product Code: 06480G

Volume 6A: Welding Fundamentals and Processes
Edited by T. Lienert, T. Siewert, S. Babu, and V. Aco�  • 2011 • 936 pages
EISBN: 978-1-62708-174-0 • ISBN: 978-1-61503-133-7 • Product Code: 05264G

Volume 7: Powder Metallurgy
Edited by Prasan K. Samal and Joseph W. Newkirk • 2015 • 907 pages
EISBN: 978-1-62708-175-7 • ISBN: 978-1-62708-089-3 • Product Code: 05438G

Volume 8: Mechanical Testing and Evaluation
Edited by H. Kuhn and D. Medlin • 2000 • 998 pages
EISBN: 978-1-62708-176-4 • ISBN: 978-0-87170-389-7 • Product Code: 06772G

BEST SELLER! Volume 9: Metallography and Microstructures
Edited by G.F. Vander Voort • 2004 • 1184 pages
EISBN: 978-1-62708-177-1 • ISBN: 978-0-87170-706-2 • Product Code: 06044G

NEW! Volume 10: Materials Characterization
2019 • 800 pages
EISBN: 978-1-62708-213-6 • ISBN: 978-1-62708-211-2 • Product Code: 05918G

BEST SELLER! Volume 11: Failure Analysis and Prevention
Edited by R.J. Shipley and W.T. Becker • 2002 • 1164 pages
EISBN: 978-1-62708-180-1 • ISBN: 978-0-87170-704-8 • Product Code: 06072G

Volume 12: Fractography
1987 • 517 pages
EISBN: 978-1-62708-181-8 • ISBN: 978-0-87170-018-6 • Product Code: 06365G

Volume 13A: Corrosion: Fundamentals, Testing, and Protection
Edited by Stephen D. Cramer and Bernard S. Covino, Jr. • 2003 • 1135 pages
EISBN: 978-1-62708-182-5 • ISBN: 978-0-87170-705-5 • Product Code: 06494G

Volume 13B: Corrosion: Materials
Edited by Stephen D. Cramer and Bernard S. Covino, Jr. • 2005 • 703 pages
EISBN: 978-1-62708-183-2 • ISBN: 978-0-87170-707-9 • Product Code: 06508G

Volume 13C: Corrosion: Environments and Industries
Edited by Stephen D. Cramer and Bernard S. Covino, Jr. • 2006 • 1168 pages
EISBN: 978-1-62708-184-9 • ISBN: 978-0-87170-709-3 • Product Code: 05145G

Volume 14A: Metalworking: Bulk Forming
Edited by S.L. Semiatin • 2005 • 888 pages
EISBN: 978-1-62708-185-6 • ISBN: 978-0-87170-708-6 • Product Code: 06957G

Volume 14B: Metalworking: Sheet Forming
Edited by S.L. Semiatin • 2006 • 940 pages
EISBN: 978-1-62708-186-3 • ISBN: 978-0-87170-710-9 • Product Code: 05120G

Volume 2B: Properties and Selection 
of Aluminum Alloys provides in-depth 
coverage on the properties, performance, 
structural design, specifications, and 
development of aluminum alloys.

Volume 10: Materials Characterization
provides detailed technical information 
that will enable readers to select and use 
analytical techniques that are appropriate 
for their problem.

PREPUBLICATION! Volume 24: Additive 
Manufacturing Processes provides the 
latest knowledge in materials, processes, 
and applications of AM, written by leading 
experts in research and industry.

The World’s Best and Most Comprehensive Materials Reference Guides 
ASM Handbook® Series

https://www.asminternational.org/search/-/journal_content/56/10192/36917805/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/37735358/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/39892774/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06181G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/27330787/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06182G/PUBLICATION
https://www.asminternational.org/handbooks/-/journal_content/56/10192/35524981/PUBLICATION
https://www.asminternational.org/handbooks/-/journal_content/56/10192/36917805/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/25871543/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/25871543/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/19549253/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/16803145/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/19548433/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/26718514/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06125G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05348G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/23412274/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06480G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05264G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/23412238/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06772G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06044G/PUBLICATION
https://www.asminternational.org/handbooks/-/journal_content/56/10192/37735358/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06072G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06365G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06494G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06508G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05145G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06957G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05120G/PUBLICATION
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ORDER TODAY!
ASM DIGITAL LIBRARY ™: DL.ASMINTERNATIONAL.ORG • PRINT: ASMINTERNATIONAL.ORG/REFERENCEPUBS

CALL: 800.336.5152 OR 440.671.3800

MULTIPLE USERS: FOR MORE INFORMATION ON HOW TO SUBSCRIBE TO THE ASM DIGITAL LIBRARY ™,
CONTACT THE ONLINE DATABASE MANAGER AT 440.338.5409 OR EMAIL ONLINEDBSALES@ASMINTERNATIONAL.ORG

(b)Includes: ASM Handbook Volumes 1-24, Engineered Materials Handbook® 3-Volume Set, ASM Desk Editions 2-Volume Set, and ASM Specialty 
Handbook® 9-Volume Set.

(a)ASM Members receive complimentary access to the Metals Handbook® Desk Edition, Second Edition and the Engineered Materials Handbook® 
Desk Edition as a member benefit.

Volume 15: Casting
S. Viswanathan, Editorial Chair; D. Apelian, R. DasGupta, M. Gywn, J.L. Jorstad, R.W. 
Monroe, T.E. Prucha, M. Sahoo, E.S. Szekeres, and D. Twarog • 2008 • 1256 pages
EISBN: 978-1-62708-187-0 • ISBN: 978-0-87170-711-6 • Product Code: 05115G

Volume 16: Machining
1989 • 944 pages
EISBN: 978-1-62708-188-7 • ISBN: 978-0-87170-022-3 • Product Code: 06022G

Volume 17: Nondestructive Evaluation of Materials
Edited by Aquil Ahmad and Leonard J. Bond • 2018 • 682 pages
EISBN: 978-1-62708-190-0 • ISBN: 978-1-62708-152-8 • Product Code: 05511G

Volume 18: Friction, Lubrication, and Wear Technology
Edited by George E. Totten 2017 • 1108 pages
EISBN: 978-1-62708-192-4 • ISBN: 978-1-62708-141-2 • Product Code: 05510G

Volume 19: Fatigue and Fracture
1996 • 1057 pages
EISBN: 978-1-62708-193-1 • ISBN: 978-0-87170-385-9 • Product Code: 06197G

Volume 20: Materials Selection and Design
Edited by G.E. Dieter 1997 • 901 pages
EISBN: 978-1-62708-194-8 • ISBN: 978-0-87170-386-6 • Product Code: 06481G

Volume 21: Composites
Edited by D.B. Miracle and S.L. Donaldson 2001 • 1201 pages
EISBN: 978-1-62708-195-5 • ISBN: 978-0-87170-703-1 • Product Code: 06781G

ASM Handbook Series Purchasing Options

Volume 22A: Fundamentals of Modeling for Metals Processing
Edited by David Furrer and Lee Semiatin 2009 • 748 pages
EISBN: 978-1-62708-196-2 • ISBN: 978-0-61503-001-9 • Product Code: 05215G

Volume 22B: Metals Process Simulation
Edited by David Furrer and Lee Semiatin 2010 • 724 pages
EISBN: 978-1-62708-197-9 • ISBN: 978-0-61503-005-7 • Product Code: 05281G

Volume 23: Materials for Medical Devices
Edited by Roger Narayan 2012 • 396 pages
EISBN: 978-1-62708-198-6 • ISBN: 978-1-61503-827-5 • Product Code: 05285G

PREPUBLICATION! 
Volume 24: Additive Manufacturing Processes
Edited by David L. Bourell, William Frazier, Howard Kuhn, and Mohsen Seifi 
2020 • Approx. 500 pages
EISBN: 978-1-62708-290-7 • ISBN: 978-162708-288-4 • Product Code: 06031G
Prepublication print pricing valid through June 30, 2020. 
Print: $345 $309 / ASM Member: $259 $229

See also:
ASM Specialty Handbook® 9-Volume Set
Page 8

Engineered Materials Handbook® 3-Volume Set
Page 9

The World’s Best and Most Comprehensive Materials Reference Guides 

ASM DIGITAL LIBRARYTM
ONE-YEAR SINGLE USER ACCESS

Price ASM Member

Single Volume $97 $75

5-Volume Collections:
• Heat Treating Collection: Volumes 4A, 4B, 4C, 4D, and 4E
• Manufacturing Quality Control and Failure Analysis Collection: Vols. 11, 12, 17, 18, and 19
• Materials Engineering Design Collection: Volumes 1, 2, 20, 22A, and 22B
• Metalworking Collection: Volumes 6, 6A, 14A, 14B, 15
• Properties and Selection of Metals and Alloys Collection: Volumes 1, 1A, 2, 2A, and 2B
• Surface Treatment, Protection, and Evaluation Collection: Volumes 5, 10, 16, 17, and 18

$250
(each collection)

 $225
(each collection)

ASM HANDBOOKS ONLINE™ (38 Volumes, Metals Handbook® Desk Edition, Second Edition, and 
Engineered Materials Handbook® Desk Edition(a)) $500 $450

PRINT Price ASM Member

Single Volume $345 $259

Aluminum Set: Volumes 2A and 2B  • Product Code: 06003G $620 $465

Corrosion Set: Volumes 13A, 13B, and 13C • Product Code: 05194G $929 $696

Heat Treating Set: Volumes 4A, 4B, 4C, 4D, and 4E  • Product Code: 05451G $1,549 $1,159

ASM Handbook Complete Set (38 volumes) • Product Code: 06951G $11,285 $8,475

ASM Handbook Complete Print Library(b) • Product Code: 05171G $14,275 $10,700

ASM Handbook® Series

http://dl.asminternational.org/
http://asminternational.org/REFERENCEPUBS
mailto:ONLINEDBSALES@asminternational.org
https://www.asminternational.org/search/-/journal_content/56/10192/05115G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06022G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/33375464/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/27533578/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/25656855/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06481G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06781G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05215G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05281G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05285G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/39892774/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/26786699/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/37341875/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05194G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06951G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05194G/PUBLICATION
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Corrosion: Understanding 
the Basics
Edited by J.R. Davis
2000 • 563 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-250-1
Print: $229 / ASM Member: $169
ISBN: 978-0-87170-641-6
Product Code: 06691G

Uses a “how to” approach to understanding 
and solving the problems of corrosion of 
structural materials.

Microelectronics Failure 
Analysis Desk Reference, 
Seventh Edition
Edited by Tejinder Gandhi
2019 • 705 pages
ASM Digital Library: 
$75 / ASM  Member: $59 / Free to EDFAS Members
EISBN: 978-1-62708-247-1
Print: $225/ ASM or EDFAS Member: $179
ISBN: 978-1-62708-239-6
Product Code: 09111G

Prepared by a team of experts, this updated 
reference offers the latest information on 
advanced failure analysis tools and techniques, 
illustrated with numerous real-life examples.

Failure Investigation of 
Boiler Tubes: 
A Comprehensive Approach
By Paresh Haribhakti, P.B. Joshi, and 
Rajendra Kumar
2018 • 436 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-253-2
Print: $220/ ASM Member: $165
ISBN: 978-1-62708-156-6
Product Code: 05243G

Covers properties and selection of materials, 
damage mechanisms responsible for failure, 
and characterization techniques employed for 
investigating failures of boiler tubes.

Steel Metallurgy for 
the Non-Metallurgist
By John D. Verhoeven
2007 • 225 pages
ASM Digital Library: $25 / ASM Member: $17
EISBN: 978-1-62708-264-8
Print: $123 / ASM Member: $86
ISBN: 978-0-87170-858-8
Product Code: 05214G

Explains the metallurgy of steel and its heat 
treatment for non-metallurgists, starting with 
the basics and then gradually introducing more 
complex concepts.

Metallurgy for the Non-
Metallurgist™, Second Edition
Edited by Arthur C. Reardon
2011 • 526 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-261-7
Print: $199 / ASM Member: $149
ISBN: 978-1-61503-821-3
Product Code: 05306G

Provides a modern view of the basic 
principles and current practices of metallurgy. 
Recommended for anyone who uses, makes, 
buys, or tests metal products.

Steels: Processing, Structure, 
and Performance, 
Second Edition
By George Krauss
2015 • 682 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-265-5
Print: $239 / ASM Member: $179
ISBN: 978-1-62708-083-5
Product Code: 05441G

Contains information on processing, alloying, 
microstructure, deformation, and fracture 
as well as hardenability, tempering, residual 
stress, surface engineering, and embrittlement.

Metallography of Steels: 
Interpretation of Structure and 
the Effects of Processing
By Hubertus Colpaert
Updated and translated by André Luiz V. da Costa e Silva
2018 • 699 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-259-4
Print: $229 / ASM Member: $169
ISBN: 978-1-62708-148-1
Product Code: 05922G

A combination of a metallographic atlas for steels 
and cast irons and an introductory textbook covering 
the fundamentals of phase transformations and heat 
treatment of these materials.

Understanding How 
Components Fail, 
Third Edition
By Donald J. Wulpi • Edited by Brett Miller
2013 • 310 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-270-9
Print: $199 / ASM Member: $149
ISBN: 978-1-62708-014-9
Product Code: 05363G

Focuses on the metallurgical and materials 
evaluation for failure mode identification. An 
excellent resource for new engineers 
and technicians.

ORDER TODAY! ASM DIGITAL LIBRARY: DL.ASMINTERNATIONAL.ORG • PRINT: ASMINTERNATIONAL.ORG/REFERENCEPUBS
CALL: 800.336.5152 or 440.671.3800

ASM DIGITAL LIBRARY ™ PRICE INCLUDES ONE-YEAR SINGLE-USER ACCESS.

BEST-SELLING TECHNICAL BOOKS

http://dl.asminternational.org/
http://asminternational.org/REFERENCEPUBS
https://www.asminternational.org/search/-/journal_content/56/10192/06691G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/33233814/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05306G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/27534222/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/38278573/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05214G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/23403074/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05363G/PUBLICATION
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Elements of Metallurgy and 
Engineering Alloys gives a thorough 
presentation of physical and mechanical 
metallurgical concepts along with a 
practical survey of all important metals, 
their alloys, and their engineering 
properties. It covers basic metallurgy, 
metallic material selection, and application.

The History of Metals in America
chronicles the development of metals as 
both an industrial activity and a science. 
Progress involving structural metals made 
possible the air, land, sea, and space travel 
of today, skyscrapers reaching over 100 
stories high, and many other engineering 
accomplishments that continue to shape 
modern society. 

Metallurgy for the Non-Metallurgist™, 
Second Edition provides a modern view 
of the basic principles and current practices 
of metallurgy. Recommended for anyone 
who uses, makes, buys or tests metal 
products. Answer all your basic metallurgy 
questions by using this updated reference 
featuring many illustrations, examples,
and descriptions.

Alloying: Understanding the Basics
Edited by J.R. Davis • 2001 • 647 pages
Print: $187 / ASM Member: $135
ISBN: 978-0-87170-744-4
Product Code: 06117G

ASM Metals Reference Book, Third Edition
Edited by M.L. Bauccio • 1993 • 614 pages
Print: $167 / ASM Member: $125
ISBN: 978-0-87170-478-8
Product Code: 06118G

Dictionary of Metals
Edited by Harold M. Cobb • 2012 • 374 pages
Print: $157 / ASM Member: $115
ISBN: 978-1-61503-978-4
Product Code: 05359G

Elementary Materials Science
By William F. Hosford • 2013 • 188 pages
ASM Digital Library: $25 / ASM Member: $17
EISBN: 978-1-62708-283-9
Print: $83 / ASM Member: $65
ISBN: 978-1-62708-002-6
Product Code: 05373G

Elements of Metallurgy and Engineering Alloys
Edited by F.C. Campbell • 2008 • 672 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-251-8
Print: $157 / ASM Member: $115
ISBN: 978-0-87170-867-0
Product Code: 05224G

The History of Metals in America
By Charles R. Simcoe, Edited by Frances Richards • 2018 • 256 pages
ASM Digital Library: $25 / ASM Member: $17
EISBN: 978-1-62708-287-7
Print: $115 / ASM Member: $86
ISBN: 978-1-62708-145-0
Product Code: 05925G

Joint EPRI-123HiMAT International Conference on 
Advances in High-Temperature Materials
Edited by John Shingledecker and Masao Takeyama • 2019 • 1545 pages
Print: $187 / ASM Member $135
ISBN: 978-1-62708-271-6
Product Code: 06026G

Lightweight Materials: Understanding the Basics
Edited by F.C. Campbell • 2012 • 720 pages
Print: $187 / ASM Member: $135
ISBN: 978-1-61503-849-7
Product Code: 05355G

Materials and Coatings for Medical
Devices: Cardiovascular
2009 • 452 pages
Print: $307 / ASM Member: $231
ISBN: 978-1-61503-000-2
Product Code: 05269G

A “MUST-HAVE” READY REFERENCE ON METALLURGY!
Metallurgy for the Non-Metallurgist™, Second Edition
Edited by Arthur C. Reardon • 2011 • 526 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-261-7
Print: $199 / ASM Member: $149
ISBN: 978-1-61503-821-3
Product Code: 05306G

Transformations: Selected Works of G.B. Olson on 
Materials, Microstructure, and Design
Edited by Carelyn E. Campbell, Michele V. Manuel, and Wei Xiong
2017 • 547 pages
Print: $149 / ASM Member: $129
ISBN: 978-1-62708-137-5
Product Code: 06838G

BEST SELLER!
Worldwide Guide to Equivalent Irons and Steels,
Fifth Edition
2006 • 1416 pages
Print: $307 / ASM Member: $231
ISBN: 978-0-87170-822-9
Product Code: 05121G

Worldwide Guide to Equivalent Nonferrous Metals 
and Alloys, Fourth Edition
2001 • 1036 pages
Print: $307 / ASM Member: $231
ISBN: 978-0-87170-741-3
Product Code: 06735G

SET SALE! Save up to $67
Worldwide Guide 2-Volume Set
Print: $547 / ASM Member: $405
Product Code: 05192G

MATERIALS AND ENGINEERING REFERENCE

https://www.asminternational.org/search/-/journal_content/56/10192/05224G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/33368255/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05306G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06117G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06118G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05359G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05373G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05224G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/33368255/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/38279612/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05355G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05269G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05306G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/27172500/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05121G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06735G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05192G/PUBLICATION
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Advanced High-Strength Steels: Science, 
Technology and Applications examines 
grades, types, microstructures, thermal 
processing, deformation mechanisms, 
properties, performance, and applications 
of advanced high-strength steels.

Stahlschlüssel (Key to Steel) helps users 
decode and decipher steel designations 
and find equivalent materials worldwide. 
The 2019 edition includes more than 
75,000 standards and steel brands for 300 
steelmakers and suppliers.

Steels: Processing, Structure, and 
Performance, Second Edition contains 
information on processing, alloying, 
microstructure, deformation, and fracture 
as well as hardenability, tempering, residual 
stress, surface engineering,
and embrittlement. 

Advanced High-Strength Steels: Science, 
Technology and Applications
By Mahmoud Y. Demeri • 2013 • 312 pages
ASM Digital Library: $49 / ASM Member: $39 
EISBN: 978-1-62708-279-2 
Print: $167 / ASM Member: $125
ISBN: 978-1-62708-005-7
Product Code: 05370G

ASM Specialty Handbook® Cast Irons
Edited by J.R. Davis • 1996 • 494 pages
Print: $345 / ASM Member: $259 
ISBN: 978-0-87170-564-8
Product Code: 06613G

ASM Specialty Handbook® Carbon and Alloy Steels
Edited by J.R. Davis • 1996 • 731 pages
Print: $345 / ASM Member: $259
ISBN: 978-0-87170-557-0
Product Code: 06611G

ASM Specialty Handbook® Stainless Steels
Edited by J.R. Davis• 1994 • 576 pages
Print: $345 / ASM Member: $259 
ISBN: 978-0-87170-503-7
Product Code: 06398G

SET SALE! Save up to $70
ASM Specialty Handbook® Steels, 2-Volume Set
Print: $620 / ASM Member: $465 
Product Code: 06491G

Engineering Properties of Steel
Edited by Philip Harvey • 1982 • 509 pages
Print: $157 / ASM Member: $115 
ISBN: 978-0-87170-144-2
Product Code: 06241G

Handbook of Residual Stress and
Deformation of Steel
Edited by G. Totten, M. Howes, and T. Inoue • 2002 • 499 pages
Print: $167 / ASM Member: $125 
ISBN: 978-0-87170-729-1
Product Code: 06700G

Stahlschlüssel (Key To Steel) 2019 Edition
By Verlag Stahlschlüssel Wegst GmbH • 2019 • 839 pages
Print: $249 / ASM Member: $215 
ISBN: 978-3-92259-935-7
Product Code: 05514G

Stainless Steels for Design Engineers
By Michael F. McGuire • 2008 • 312 pages
ASM Digital Library: $49 / , Digital $39 ISBN: 978-0-87170-717-8
EISBN: 978-1-62708-286-0
Print: $187 ASM Member: Print: $135
Product Code: 05231G

Steel Castings Handbook, Sixth Edition
Co-published by Steel Founders’ Society of America and
ASM International • 1995 • 472 pages
Print: $233 / ASM Member: $175
ISBN: 978-0-87170-556-3
Product Code: 06820G

BEST SELLER!
Steel Metallurgy for the Non-Metallurgist
By John D. Verhoeven • 2007 • 225 pages
ASM Digital Library: $25 / ASM Member: Digital $17 
EISBN: 978-1-62708-264-8
Price: Print: $123 / ASM Member: $86
ISBN: 978-0-87170-858-8
Product Code: 05214G

BEST SELLER!
Steels: Processing, Structure, and Performance,
Second Edition
By George Krauss • 2015 • 682 pages
ASM Digital Library: $75 / ASM Member: Digital: $59 
EISBN: 978-1-62708-265-5
Print: $239 / ASM Member: $179
ISBN: 978-1-62708-083-5
Product Code: 05441G

Tool Steels, Fifth Edition
By G. Roberts, G. Krauss, and R. Kennedy • 1998 • 364 pages
Print: $207 / ASM Member: $155 
ISBN: 978-0-87170-599-0
Product Code: 06590G

STEELS

https://www.asminternational.org/search/-/journal_content/56/10192/05370G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/39088788/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/23403074/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05370G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/39088788/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/23403074/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/16867502/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/16867815/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06398G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/16867648/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06241G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06700G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05231G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06820G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05214G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06590G/PUBLICATION
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Aluminum Castings Engineering 
Guide is a practical guide to product and 
process engineering of various aluminum 
castings emphasizes process and material 
characteristics; product-process-alloy 
integration; manufacturing aspects of 
aluminum casting; product design features; 
tooling design, feeding and gating design; 
product quality needs and specifications.

Aluminum-Silicon Casting Alloys: Atlas 
of Microstructures provides engineers 
and researchers who work with aluminum 
castings with a practical and substantive 
tool for the visual analysis of the 
microscopic images of the microstructure of 
the aluminum casting alloys.

The Surface Treatment and Finishing 
of Aluminum and Its Alloys Is a 
comprehensive review and guide to surface 
engineering – cleaning, finishing, and 
coating – of aluminum and its alloys. It 
covers anodizing and coloring treatments.

Aluminum Alloy Castings: Properties, Processes, 
and Applications
By J.G. Kaufman and E.L. Rooy • 2004 • 340 pages
Co-published by ASM International and the
American Foundry Society.
Print: $257 / ASM Member: $185
ISBN: 978-0-87170-803-8
Product Code: 05114G

Aluminum Castings Engineering Guide
By Jagan Nath • 2018 • 301 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-280-8
Print: $220/ ASM Member: $165
ISBN: 978-1-62708-205-1
Product Code: 06841G

Aluminum Extrusion Technology
By P.K. Saha • 2000 • 259 pages
Print: $207 / ASM Member: $165
ISBN: 978-0-87170-644-7
Product Code: 06826G

Aluminum-Silicon Casting Alloys: Atlas of 
Microfractographs
By Małgorzata Warmuzek • 2004 • 124 pages 
Print: $128 / ASM Member: $102 
ISBN: 978-1-87170-794-9
Product Code: 06993G

Aluminum-Silicon Casting Alloys: Atlas of 
Microstructures
By Małgorzata Warmuzek • 2016 • 186 pages
Print: $199 / ASM Member: $149
ISBN: 978-1-62708-108-5
Product Code: 05919G

SET SALE! Save up to $49
Aluminum-Silicon Casting Alloys: Atlas of 
Microstructures and Atlas of Microfractographs Set
Print: $278 / ASM Member: $213 
Product Code: 05928G

ASM Specialty Handbook® Aluminum and 
Aluminum Alloys
Edited by J.R. Davis • 1993 • 784 pages
Print: $345 / ASM Member: $259
ISBN: 978-0-87170-496-2
Product Code: 06610G

Introduction to Aluminum Alloys and Tempers
By J.G. Kaufman • 2000 • 258 pages
Print: $43 / ASM Member: $32
ISBN: 978-0-87170-689-8
Product Code: 06180G

Properties of Aluminum Alloys: Fatigue Data 
and the Effects of Temperature, Product Form, 
and Processing
Edited by J.G. Kaufman • 2008 • 574 pages
Print: $257 / ASM Member: $195
ISBN: 978-0-87170-839-7
Product code: 05156G

Properties of Aluminum Alloys: Tensile, Creep, 
and Fatigue Data at High and Low Temperatures
Edited by J.G. Kaufman • 1999 • 311 pages
Print: $257 / ASM Member: $195
ISBN: 978-0-87170-632-4
Product code: 06813G
Co-published by the Aluminum Association and ASM International.

SET SALE! Save up to $57
Properties of Aluminum 2-Volume Set
Print: $457 / ASM Member: $335
Product Code: 05250G

The Surface Treatment and Finishing of Aluminum 
and Its Alloys, (2-Volume Book + CD Set)
By P.G. Sheasby and R. Pinner • 2001 • 1387 pages
Print: $477 / ASM Member: $405
Vol. 1 ISBN: 978-0-90447-721-4
Vol. 2 ISBN: 978-0-90447-722-1
CD ISBN: 978-0-90447-723-8
Product Code: 06945G
Co-published by Finishing Publications Ltd. and ASM International

ORDER TODAY! ASM DIGITAL LIBRARY: DL.ASMINTERNATIONAL.ORG • PRINT: ASMINTERNATIONAL.ORG/REFERENCEPUBS
CALL: 800.336.5152 or 440.671.3800

ASM DIGITAL LIBRARY ™ PRICE INCLUDES ONE-YEAR SINGLE-USER ACCESS.

ALUMINUM ALLOYS

http://dl.asminternational.org/
http://asminternational.org/REFERENCEPUBS
https://www.asminternational.org/search/-/journal_content/56/10192/35522490/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/35522490/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06945G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/35522490/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06826G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06993G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/26201505/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/26248718/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06610G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06180G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05156G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06813G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05250G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06945G/PUBLICATION
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NONFERROUS METALS AND ALLOYS

Materials Properties Handbook: 
Titanium Alloys is a comprehensive 
titanium data package including 
information on applications, physical 
properties, corrosion, mechanical 
properties, fatigue, fracture properties, and 
elevated temperature properties.

Superalloys: A Technical Guide, Second 
Edition provides reliable and cost-
effective means of achieving high operating 
temperature and stress conditions in aircraft 
and industrial gas turbines and in a wide 
variety of other applications, covering virtually 
all technical aspects related to the selection, 
processing, use, and analysis of superalloys.

Titanium: Physical Metallurgy, 
Processing, and Applications covers all 
aspects of the history, physical metallurgy, 
corrosion behavior, cost factors and current 
and potential uses of titanium. It includes 
extensive detail on extraction processes, 
beta to alpha transformations, and powder 
metallurgy techniques.

ASM Specialty Handbook® Copper and 
Copper Alloys
Edited by J.R. Davis • 2001 • 652 pages
Print: $345 / ASM Member: $259
ISBN: 978-0-87170-726-0
Product Code: 06605G

ASM Specialty Handbook® Heat-Resistant Materials
Edited by J.R. Davis • 1997 • 591 pages 
Print: $345 / ASM Member: $259
ISBN: 978-0-87170-596-9
Product Code: 06612G

ASM Specialty Handbook® Magnesium and 
Magnesium Alloys
Edited by M. Avedesian and H. Baker • 1999 • 314 pages
Print: $345 / ASM Member: $259
ISBN: 978-0-87170-657-7
Product Code: 06770G

ASM Specialty Handbook® Nickel, Cobalt, and 
Their Alloys
Edited by J.R. Davis • 2000 • 442 pages 
Print: $345 / ASM Member: $259
ISBN: 978-0-87170-685-0
Product Code: 06178G

SET SALE! Save up to $305
ASM Specialty Handbook® 9-Volume Set
Includes: Aluminum and Aluminum Alloys • Cast Irons • Carbon and 
Alloy Steels • Copper and Copper Alloys • Heat-Resistant Materials •  
Magnesium and Magnesium Alloys • Nickel, Cobalt, and Their Alloys 
• Stainless Steels • Tool Materials
Print: $2,800 / ASM Member: $2,100
Product Code: 06697Z

Beryllium Chemistry and Processing
By K.A. Walsh • Edited by E.E. Vidal, A. Goldberg, 
E. Dalder, D.L. Olson, and B. Mishra • 2009 • 680 pages
Print: $257 / ASM Member: $191
ISBN: 978-0-87170-721-5
Product Code: 05223G

Engineering Properties of Magnesium Alloys
Edited by Charles Moosbrugger • 2017 • 184 pages
Print: $199 / ASM Member: $149
ISBN: 978-1-62708-143-6
Product Code: 05920G

Materials Properties Handbook: Titanium Alloys
Edited by R. Boyer, E.W. Collings, and G. Welsch • 1994 • 1169 pages
Print: $357 / ASM Member: $265
ISBN: 978-0-87170-481-8
Product Code: 06005G

Superalloys: A Technical Guide, Second Edition
By M.J. Donachie and S.J. Donachie • 2002 • 439 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-267-9
Print: $207/ ASM Member: $155
ISBN: 978-0-87170-749-9
Product Code: 06128G

Superalloys: Alloying and Performance
Blaine Geddes, Hugo Leon, and Xiao Huang • 2010 • 176 pages
Print: $107 / ASM Member: $75
ISBN: 978-1-61503-040-8
Product Code: 05300G

Titanium: A Technical Guide, Second Edition
By M.J. Donachie, Jr. • 2000 • 381 pages
Print: $207 / ASM Member: $155
ISBN: 978-0-87170-686-7
Product Code: 06112G

Titanium: Physical Metallurgy, Processing, 
and Applications  
By F.H. Froes • 2015 • 404 pages 
Print: $187 / ASM Member: $135 
ISBN: 978-1-62708-079-8 
Product Code: 05448G

https://www.asminternational.org/search/-/journal_content/56/10192/06005G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06128G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/39989767/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06005G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06128G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/39989767/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06697Z/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/16857723/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/16857762/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06770G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06178G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05223G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/27526917/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05300G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06112G/PUBLICATION
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PLASTICS, COMPOSITES, AND CERAMICS / MICROELECTRONICS

Characterization and Failure Analysis of 
Plastics covers the performance of plastics and 
how it is characterized during design, property 
testing, and failure analysis. Selected by Choice 
magazine for its excellence in scholarship and 
presentation, the significance of its contribution 
to the field, and value, as an important treatment 
of the subject.

Microelectronics Failure Analysis Desk 
Reference, Seventh Edition will help 
engineers improve their ability to verify, 
isolate, uncover, and identify the root cause 
of failures. Prepared by a team of experts, 
this updated reference o� ers the latest 
information on advanced failure analysis 
tools and techniques, illustrated with 
numerous real-life examples.

STEM-in-SEM

STEM
-in-SEM

INTRODUCTION TO 
SCANNING TRANSMISSION ELECTRON MICROSCOPY FOR 

MICROELECTRONICS FAILURE ANALYSIS

INTRO
DUCTIO

N TO
 SCANNING TRANSM

ISSIO
N ELECTRO

N 
M

ICROSCO
PY FO

R M
ICRO

ELECTRO
NICS FAILURE AN

ALYSIS

Jason D. Holm & Benjamin W. Caplins

HOLM
CAPLINS

An ASM Materials Solutions Publication

ASM International®, 2019, No. 05600G
Materials Park, Ohio 44073-0002

www.asminternational.org

STEM-in-SEM: Introduction to Scanning 
Transmission Electron Microscopy for 
Microelectronics Failure Analysis explains 
how SEMs equipped with transmission 
electron detectors, besides producing higher-
resolution images, reveal additional details 
such as di� raction patterns, grain texture, 
sample thickness, and subsurface defects. 

PLASTICS, COMPOSITES, AND CERAMICS 

Characterization and Failure Analysis of Plastics
2003 • 482 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-281-5
Print: $247/ ASM Member: $185
ISBN: 978-0-87170-789-5
Product Code: 06978G

Composite Filament Winding
Edited by S.T. Peters • 2011 • 174 pages
Print: $167 / ASM Member: $125
ISBN: 978-1-61503-722-3
Product Code: 05286G

Engineered Materials Handbook®
Volume 2: Engineering Plastics
1988 • 883 pages
Print: $207 / ASM Member: $155
ISBN: 978-0-87170-280-7
Product Code: 06248G

Volume 3: Adhesives and Sealants
1990 • 893 pages
Print: $207 / ASM Member: $155
ISBN: 978-0-87170-281-4
Product Code: 06012G

Volume 4: Ceramics and Glasses
1991 • 1217 pages
Print: $207 / ASM Member: $155
ISBN: 978-0-87170-282-1
Product Code: 06912G

SET SALE! Save up to $164
Engineered Materials Handbook® 3-Volume Set
Print: $457 / ASM Member: $405
Product Code: 06943G

Optical Microscopy of Fiber-Reinforced Composites
By Brian S. Hayes and Luther M. Gammon • 2010 • 284 pages
Print: $177 / ASM Member: $135
ISBN: 978-1-61503-044-6
Product Code: 05303G

Structural Composite Materials
By F.C. Campbell • 2010 • 630 pages
Print: $167 / ASM Member: $125
ISBN: 978-1-61503-037-8
Product Code: 05287G

MICROELECTRONICS FAILURE ANALYSIS

ISTFA™ 2019
Proceedings from the 45th International 
Symposium for Testing and Failure Analysis
2019 • Approx. 700 pages
Print: $167 / ASM or EDFAS Member: $125 
ISBN: 978-1-62708-273-0
Product Code: 02221G

BEST SELLER!
Microelectronics Failure Analysis Desk Reference,
Seventh Edition
Edited by Tejinder Gandhi • 2019 • 705 pages
ASM Digital Library: $75 / ASM Member: $59 / Free to EDFAS Members
EISBN: 978-1-62708-247-1
Print: $225/ ASM or EDFAS Member: $179
ISBN: 978-1-62708-239-6
Product Code: 09111G

STEM-in-SEM: Introduction to Scanning 
Transmission Electron Microscopy for 
Microelectronics Failure Analysis 
By Jason D. Holm, Benjamin W. Caplins • 2020  • 33 pages
ASM Digital Library: $9 / Free to EDFAS Members
EISBN: 978-1-62708-292-1

Electronic Device Failure Analysis™ Magazine
Case Histories • Industry News • Training
Opportunities • Useful URLs • Product News
Master FA Techniques
Frequency: 4 issues per year
Print: $150 / Free to EDFAS Members
ISSN: 1537-0755 • CODEN: EDFAAO
Product Code: EDFA

Jason D. Holm & Benjamin W. Caplins

ORDER TODAY! ASM DIGITAL LIBRARY: DL.ASMINTERNATIONAL.ORG • PRINT: ASMINTERNATIONAL.ORG/REFERENCEPUBS
CALL: 800.336.5152 or 440.671.3800

ASM DIGITAL LIBRARY ™ PRICE INCLUDES ONE-YEAR SINGLE-USER ACCESS.

http://dl.asminternational.org/
http://asminternational.org/REFERENCEPUBS
https://www.asminternational.org/search/-/journal_content/56/10192/06978G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06978G/PUBLICATION
https://www.asminternational.org/technical-books/-/journal_content/56/10192/38278573/PUBLICATION
https://dl.asminternational.org/technical-books/book/110/STEM-in-SEM-Introduction-to-Scanning-Transmission
https://www.asminternational.org/search/-/journal_content/56/10192/05286G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/16867775/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06012G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/16883557/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06943G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05303G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05287G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/38279173/PUBLICATION
https://www.asminternational.org/technical-books/-/journal_content/56/10192/38278573/PUBLICATION
https://dl.asminternational.org/technical-books/book/110/STEM-in-SEM-Introduction-to-Scanning-Transmission
https://www.asminternational.org/news/magazines/edfa
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Failure Investigation of Boiler Tubes: 
A Comprehensive Approach covers 
properties and selection of materials 
for boiler tubes, damage mechanisms 
responsible for failure of boiler tubes, and 
characterization techniques employed 
for investigating failures of boiler tubes in 
thermal power plants and utility boilers of 
industrial/commercial/institutional boilers.

How to Organize and Run a Failure 
Investigation outlines a proven, systematic 
approach to failure investigation. It explains 
the relationship between various failure 
sources and the organization and conduct of 
the investigation.

Understanding How Components Fail, 
Third Edition focuses on the metallurgical 
and materials evaluation for failure 
mode identification. Basic principles and 
practices are clearly explained. An excellent 
resource for new engineers and technicians.

FAILURE ANALYSIS

Failure Analysis of Heat Treated Steel Components
Edited by L.C.F. Canale, R.A. Mesquita, and G.E. Totten • 2008 • 652 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-284-6
Print: $207/ ASM Member: $155
ISBN: 978-0-87170-868-7
Product Code: 05113G

BEST SELLER!
Failure Investigation of Boiler Tubes:
A Comprehensive Approach
By Paresh Haribhakti, P.B. Joshi, and Rajendra Kumar • 2018 • 436 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-253-2
Print: $220/ ASM Member: $165
ISBN: 978-1-62708-156-6
Product Code: 05243G

NEW! 
Handbook of Case Histories in Failure Analysis 
Volume 3
2019 • 735 pages, 101 case histories
Print: $207 / ASM Member: $155
ISBN: 978-1-62708-239-6
Product Code: 06002G

SET SALE! Save up to $57
Handbook of Case Histories in Failure Analysis
3-Volume Set
Print: $559 / ASM Member: $419
Product Code: 06008G
Get access to these volumes and much more in the ASM Failure
Analysis Database™. dl.asminternational.org/failure-analysis

How to Organize and Run a Failure Investigation
By Daniel P. Dennies • 2005 • 223 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-281-5
Print: $167 / ASM Member: $125
ISBN: 978-0-87170-811-3
Product Code: 05118G

Life Lessons of a Failure Analyst
By McIntyre R. Louthan, Jr. • 2016 • 202 pages
Print: $29 / ASM Member: $22
ISBN: 978-1-62708-110-8
Product Code: 05921G

Systems Failure Analysis
By Joseph Berk • 2009 • 214 pages
ASM Digital Library: $25 / ASM Member: $17
EISBN: 978-1-62708-268-6
Print: $123 / ASM Member: $86
ISBN: 978-1-61503-012-5
Product Code: 05278G

BEST SELLER!
Understanding How Components Fail, Third Edition
By Donald J. Wulpi • Edited by Brett Miller • 2013 • 310 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-270-9
Print: $199 / ASM Member: $149
ISBN: 978-1-62708-014-9
Product Code: 05363G

FATIGUE AND FRACTURE

Atlas of Fatigue Curves
Edited by H.E. Boyer • 1986 • 518 pages • 500+ fatigue curves
Print: $307 / ASM Member: $231
ISBN: 978-0-87170-214-2
Product Code: 06156G

Fatigue and Fracture: Understanding the Basics
Edited by F.C. Campbell • 2012 • 698 pages
Print: $187 / ASM Member: $135
ISBN: 978-1-61503-976-0
Product Code: 05361G

Fractography Poster
By Mohan D. Chaudhari
Print: $49 / ASM Member: $37
Product Code: 06568G

Mechanics and Mechanisms of Fracture:
An Introduction
By A.F. Liu • 2005 • 458 pages
Print: $167 / ASM Member: $125
ISBN: 978-0-87170-802-1
Product Code: 06954G

FAILURE ANALYSIS / FATIGUE AND FRACTURE

http://dl.asminternational.org/failure-analysis
https://www.asminternational.org/search/-/journal_content/56/10192/33233814/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/33233814/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05113G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/38278818/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/38321945/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05118G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/26008111/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05118G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05363G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05363G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05278G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06156G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05361G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06568G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06954G/PUBLICATION
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Light Microscopy of Carbon Steels gives 
everyday working examples and discusses 
the relationship between the constitution, 
properties, and microstructure of various carbon 
steel products. Contains over 1,200 micrographs.

Metallographer’s Guide: Practices and 
Procedures for Irons and Steels covers 
important metallurgical concepts related 
to the microstructures of irons and steels. 
It includes more than 500 representative 
microstructures and how they can be 
altered by heat treatment and other means.

Metallography of Steels: Interpretation of 
Structure and the E� ects of Processing is 
a combination of a metallographic atlas for 
steels and cast irons and an introductory 
textbook covering the fundamentals of 
phase transformations and heat treatment 
of these materials. 

Atlas of Stress-Strain Curves, Second Edition
2002 • 816 pages • 1400+ stress-strain curves
Print: $349 / ASM Member: $259
ISBN: 978-0-87170-739-0
Product Code: 06825G

Hardness Testing: Principles and Applications
Edited by Konrad Herrmann, et al. • 2011 • 262 pages
Print: $157 / ASM Member: $115
ISBN: 978-1-61503-832-9
Product Code: 05331G

Inspection of Metals: Understanding the Basics
Edited by F.C. Campbell • 2013 • 487 pages
Print: $187 / ASM Member: $135
ISBN: 978-1-62708-000-2
Product Code: 05372G

Light Microscopy of Carbon Steels
By L.E. Samuels • 1999 • 502 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-291-4
Print: $237 / ASM Member: $175
ISBN: 978-0-87170-655-3
Product Code: 06656G

Metallographic Etching, Second Edition
By G. Petzow • 1999 • 240 pages
Print: $127 / ASM Member: $95
ISBN: 978-0-87170-633-1
Product Code: 06670G

Metallographer’s Guide: Practices and
Procedures for Irons and Steels
By B.L. Bramfitt and A.O. Benscoter • 2002 • 354 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-258-7
Print: $257 / ASM Member: $185
ISBN: 978-0-87170-748-2
Product Code: 06040G

BEST SELLER!
Metallography of Steels: Interpretation of Structure
and the E� ects of Processing
By Hubertus Colpaert
Updated and translated by André Luiz V. da Costa e Silva • 2018 • 699 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-259-4
Print: $229 / ASM Member: $169
ISBN: 978-1-62708-148-1
Product Code: 05922G

Metallographic Polishing by Mechanical Methods,
Fourth Edition
By L.E. Samuels • 2003 • 345 pages
Print: $157 / ASM Member: $115
ISBN: 978-0-87170-779-6
Product Code: 06964G

Metallography: Principles and Practice
By G. Vander Voort • 1984 • 752 pages
Print: $177 / ASM Member: $135
ISBN: 978-0-87170-672-0
Product Code: 06785G

Nondestructive Testing
By L. Cartz • 1995 • 229 pages
Print: $107 / ASM Member: $75
ISBN: 978-0-87170-517-4
Product Code: 06390G

Optical Microscopy of Fiber-Reinforced Composites
By Brian S. Hayes and Luther M. Gammon • 2010 • 284 pages
Print: $177 / ASM Member: $135
ISBN: 978-1-61503-044-6
Product Code: 05303G

Tensile Testing, Second Edition
Edited by J.R. Davis • 2004 • 283 pages
Print: $137 / ASM Member: $105
ISBN: 978-0-87170-806-9
Product Code: 05106G

ORDER TODAY! ASM DIGITAL LIBRARY: DL.ASMINTERNATIONAL.ORG • PRINT: ASMINTERNATIONAL.ORG/REFERENCEPUBS
CALL: 800.336.5152 or 440.671.3800

ASM DIGITAL LIBRARY ™ PRICE INCLUDES ONE-YEAR SINGLE-USER ACCESS.

METALLOGRAPHY AND CHARACTERIZATION

http://dl.asminternational.org/
http://asminternational.org/REFERENCEPUBS
https://www.asminternational.org/search/-/journal_content/56/10192/06656G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06040G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/27534222/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06825G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05331G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05372G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06656G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06670G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06040G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/27534222/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06964G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06785G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06390G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05303G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05106G/PUBLICATION
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Binder and Polymer Assisted Powder 
Processing focuses on the basic principles 
and options available for the application of 
polymers and natural organics to powder 
processing. It links the material, powder 
characteristics, forming process, and 
product attributes together to give the 
first unified treatment on polymer assisted 
powder processing.

Handbook of Workability and Process 
Design describes the underlying concepts 
and practical methods for e� ective design, 
evaluation, and optimization of bulk 
working operations such as forging, rolling, 
and extrusion. 

Sheet Metal Forming: Processes 
and Applications is a practical and 
comprehensive reference gives the latest 
developments on the design of sheet 
forming operations, equipment, tooling, 
and process modeling. Individual chapters 
cover all major sheet forming processes 
such as blanking, bending, deep drawing, 
and more.

MANUFACTURING AND DESIGN

ASM Specialty Handbook® Tool Materials
Edited by J.R. Davis • 1995 • 501 pages
Print: $345 / ASM Member: $259
ISBN: 978-0-87170-545-7
Product Code: 06506G

NEW! 
Binder and Polymer Assisted Powder Processing
By Randall M. German and Animesh Bose • 2020 • 300 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-319-5
Print: $220 / ASM Member: $165
ISBN: 978-1-62708-275-4
Product Code: 05929G

Cold and Hot Forging: Fundamentals
and Applications
Edited by T. Altan, G. Ngaile and G. Shen • 2005 • 341 pages
Print: $207 / ASM Member: $155
ISBN: 978-0-87170-805-2
Product Code: 05104G

Extrusion, Second Edition
Edited by M. Bauser, G. Sauer, and K. Siegert • 2006 • 608 pages
Print: $257 / ASM Member: $185
ISBN: 978-0-87170-837-3
Product Code: 06998G

Gear Materials, Properties, and Manufacture
Edited by J.R. Davis • 2005 • 339 pages
Print: $187 / ASM Member: $135
ISBN: 978-0-87170-815-1
Product Code: 05125G

Handbook of Workability and Process Design
Edited by G.E. Dieter, H.A. Kuhn, and S.L. Semiatin • 2003 • 414 pages
Print: $247 / ASM Member: $185
ISBN: 978-0-87170-778-9
Product Code: 06701G

Hot Working Guide: A Compendium of Processing 
Maps, Second Edition
Edited by Y.V.R.K. Prasad, K.P. Rao, and S. Sasidhara • 2015 • 628 pages
Print: $265 / ASM Member: $199
IBSN: 978-1-62708-091-0
Product Code: 05445G

Metals Fabrication: Understanding the Basics
By F.C. Campbell • 2013 • 439 pages
Print: $187 / ASM Member: $135
IBSN: 978-1-62708-018-7
Product Code: 05374G

Sheet Metal Forming: Fundamentals
Edited by Taylan Altan and A. Erman Tekkaya • 2012 • 314 pages
Print: $207 / ASM Member $155
ISBN: 978-1-61503-842-8
Product Code: 05340G

Sheet Metal Forming: Processes and Applications
Edited by Taylan Altan and A. Erman Tekkaya • 2012 • 382 pages
Print: $207 / ASM Member: $155
ISBN: 978-1-61503-844-2
Product Code: 05350G

WELDING, BRAZING, AND SOLDERING

Brazing, Second Edition
By M.M. Schwartz • 2003 • 421 pages
Print: $157 / ASM Member: $115
ISBN: 978-0-87170-784-0
Product Code: 06955G

Joining: Understanding the Basics
Edited by F.C. Campbell • 2011 • 346 pages
Print: $187 / ASM Member: $135
ISBN: 978-1-61503-825-1
Product Code: 05329G

Principles of Brazing
By David M. Jacobson and Giles Humpston • 2005 • 268 pages
Print: $167 / ASM Member: $125
ISBN: 978-0-87170-812-0
Product Code: 05123G

Principles of Soldering
By Giles Humpston and David M. Jacobson • 2004 • 271 pages
Print: $167 / ASM Member: $125
ISBN: 978-0-87170-792-5
Product Code: 06244G

Weld Integrity and Performance
1997 • 417 pages
Print: $207 / ASM Member: $155
ISBN: 978-0-87170-600-3
Product Code: 06593G

NEW!

MANUFACTURING & DESIGN / WELDING, BRAZING, & SOLDERING

https://www.asminternational.org/search/-/journal_content/56/10192/06701G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06701G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/39837432/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/39837432/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05350G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05350G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06506G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05104G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06998G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05125G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/25536184/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05374G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05340G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06955G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05329G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05123G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06244G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06593G/PUBLICATION
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Heat Treater’s Guide: Practices and Procedures 
for Irons and Steels, Second Edition provides 
hundreds of data sheets for heat treating of 
carbon and alloy steels, tool steels, stainless 
steels, and cast irons. Each data sheet gives the 
chemical composition of the alloy, a listing of 
similar U.S. and foreign alloys, its characteristics, 
and the recommended heat treating procedure. 

Heat Treater’s Guide: Practices and 
Procedures for Nonferrous Alloys provides 
quick access to recommended heat treating 
information for hundreds of nonferrous alloys, 
plus composition, trade names, common 
names, specifications (both U.S. and 
foreign), available product forms, and typical 
applications. Information is presented by 
alloy group in the datasheet format.

Practical Heat Treating, Second Edition 
is an excellent introduction and guide 
for design and manufacturing engineers, 
technicians, students, and others who 
need to understand why heat treatment is 
specified and how different processes are 
used to obtain desired properties.

Atlas of Time-Temperature Diagrams for  
Irons and Steels
Edited by G. Vander Voort • 1991 • 804 pages • 1839 diagrams
Print: $307 / ASM Member: $231
ISBN: 978-0-87170-415-3
Product Code: 06150G

Atlas of Time-Temperature Diagrams for 
Nonferrous Alloys
Edited by G. Vander Voort • 1991 • 474 pages • 500 diagrams
Print: $307 / ASM Member: $231
ISBN: 978-0-87170-428-3
Product Code: 06190G

SET SALE! Save up to $67
Atlas of Time-Temperature Diagrams, 2-Volume Set
Irons and Steels / Nonferrous Alloys
Print: $547 / ASM Member: $405
Product Code: 06191G

Elements of Induction Heating: Design, Control, 
and Applications
By S. Zinn, S.L. Semiatin • 1988 • 335 pages
Print: $107 / ASM Member: $75
ISBN: 978-0-87170-308-8
Product Code: 06522G

Heat Treater’s Color Poster
Print: $39 / ASM Member: $29
Product Code: 06423G 

Heat Treater’s Guide: Practices and Procedures for 
Irons and Steels, Second Edition
1995 • 904 pages 
Print: $349 / ASM Member: $259
ISBN: 978-0-87170-520-4
Product Code: 06400G

Heat Treater’s Guide: Practices and Procedures for 
Nonferrous Alloys
1996 • 669 pages 
Print: $349 / ASM Member: $259
ISBN: 978-0-87170-565-5
Product Code: 06325G

SET SALE! Save up to $69
Heat Treater’s Guides, 2-Volume Set 
Print: $629 / ASM Member: $469
Product Code: 06489G

Heat Treatment of Gears: A Practical Guide 
for Engineers
By A.K. Rakhit • 2000 • 209 pages
Print: $167 / ASM Member: $125
ISBN: 978-0-87170-694-2
Product Code: 06732G

Practical Heat Treating, Second Edition
By J.L. Dossett and H.E. Boyer • 2006 • 296 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-262-4
Print: $147 / ASM Member: $105
ISBN: 978-0-87170-829-8
Product Code: 05144G

Practical Induction Heat Treating, Second Edition
By R.E. Haimbaugh • 2015 • 365 pages
Print: $207 / ASM Member: $155
ISBN: 978-1-62708-089-7
Product Code: 05505G

SteCal® 3.0 (CD + Booklet)
By P. Tarin and J. Pérez • 2004 • Microsoft Windows format
CD-ROM: $447 / ASM Member: $335
ISBN: 978-0-87170-796-3
Product Code: 07482A

Practical Nitriding and Ferritic Nitrocarburizing
By David Pye • 2003 • 256 pages
Print: $207 / ASM Member: $155
ISBN: 978-0-87170-791-8
Product Code: 06950G

Surface Hardening of Steels: Understanding 
the Basics
Edited by J.R. Davis • 2002 • 364 pages
Print: $147 / ASM Member: $105
ISBN: 978-0-87170-764-2
Product Code: 06952G

ORDER TODAY! ASM DIGITAL LIBRARY: DL.ASMINTERNATIONAL.ORG • PRINT: ASMINTERNATIONAL.ORG/REFERENCEPUBS
CALL: 800.336.5152 or 440.671.3800

ASM DIGITAL LIBRARY ™ PRICE INCLUDES ONE-YEAR SINGLE-USER ACCESS.

HEAT TREATING

http://dl.asminternational.org/
http://asminternational.org/REFERENCEPUBS
https://www.asminternational.org/search/-/journal_content/56/10192/06400G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06325G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05144G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06150G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06190G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06191G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06522G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06423G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06400G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06325G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06489G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06732G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05144G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/25576493/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/17149903/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06950G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06952G/PUBLICATION
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Corrosion: Understanding the Basics uses 
a “how to” approach to understanding 
and solving the problems of corrosion of 
structural materials. Written for those with 
limited technical background. It provides 
more experienced engineers with a useful 
overview of the principles of corrosion 
and can be used as a general guide for 
developing a corrosion-control program.

High Pressure Cold Spray: Principles and 
Applications is a highly practical and useful 
“go-to” resource that presents an in-depth look 
at the high pressure cold spray process and 
describes applications in various industries. 
Applications of cold spray processes including 
protective coating production, development of 
performance enhancing layers, and repair and 
refurbishing of parts are discussed.

Stress-Corrosion Cracking: Materials Performance 
and Evaluation, Second Edition serves as a go-to 
reference on the complex subject of stress-
corrosion cracking (SCC), o� ering information 
to help metallurgists, materials scientists, and 
designers determine whether SCC will be an 
issue for their design or application; and for the 
failure analyst to help determine if SCC played a 
role in a failure under investigation.

Corrosion in the Petrochemical Industry,
Second Edition
Edited by Victoria Burt • 2015 • 426 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-282-2
Print: $219 / ASM Member: $165
ISBN: 978-1-62708-094-1
Product Code: 05503G

Corrosion of Aluminum and Aluminum Alloys
Edited by J.R. Davis • 1999 • 313 pages
Print: $167 / ASM Member: $125
ISBN: 978-0-87170-629-4
Product Code: 06787G

Corrosion of Weldments
Edited by J.R. Davis • 2006 • 236 pages
Print: $207 / ASM Member: $155
ISBN: 978-0-87170-841-0
Product Code: 05182G

BEST SELLER
Corrosion: Understanding the Basics
Edited by J.R. Davis • 2000 • 563 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-250-1
Print: $229 / ASM Member: $169
ISBN: 978-0-87170-641-6
Product Code: 06691G

Fundamentals of Electrochemical Corrosion
By E.E. Stansbury and R.A. Buchanan • 2000 • 487 pages
Print: $157 / ASM Member: $115
ISBN: 978-0-87170-676-8
Product Code: 06594G

Handbook of Corrosion Data, Second Edition
Edited by B. Craig and D. Anderson • 1995 • 998 pages
Print: $307 / ASM Member: $231
ISBN: 978-0-87170-518-1
Product Code: 06407G

High Pressure Cold Spray: Principles
and Applications
Edited by C.M. Kay and J. Karthikeyan • 2016 • 324 pages
ASM Digital Library: $49 / ASM Member: $39
EISBN: 978-1-62708-285-3
Print: $199 / ASM Member: $179
ISBN: 978-1-62708-096-5
Product Code: 05446G

High-Temperature Corrosion and
Materials Applications
By George Y. Lai • 2007 • 480 pages
Print: $237 / ASM Member: $175
ISBN: 978-0-87170-853-3
Product Code: 05208G

Stress-Corrosion Cracking: Materials Performance 
and Evaluation, Second Edition
Edited by Russell H. Jones • 2016 • 473 pages
ASM Digital Library: $75 / ASM Member: $59
EISBN: 978-1-62708-266-2
Print: $229 / ASM Member: $171
ISBN: 978-1-62708-118-4
Product Code: 05509G

Surface Engineering for Corrosion and
Wear Resistance
Edited by J.R. Davis •2001 • 279 pages
Print: $107 / ASM Member: $75
ISBN: 978-0-87170-700-0
Product Code: 06835G
Co-published by IOM Communications and ASM International

CORROSION AND SURFACE ENGINEERING

Corrosion Analysis Network™
The most comprehensive and authoritative online source
for researching, understanding, preventing, and solving
corrosion-related problems – in one, all-inclusive,
easy-to-access database.

Contact the Digital Database Manager:
440.338.5409  |  onlineDBsales@asminternational.org

mailto:onlineDBsales@asminternational.org
https://www.asminternational.org/search/-/journal_content/56/10192/06691G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/26191676/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/26817186/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/25871552/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06691G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/26191676/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/26817186/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06787G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05182G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05208G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06594G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06407G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/06835G/PUBLICATION
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Binary Alloy Phase Diagrams, Second Edition 
contains 4,700 binary alloy phase diagrams in 
a 3-volume set. It includes atomic/weight % 
compositions, solubilities, stable/metastable 
phases, discrepancies in reported values, and 
uncertainties in experimental/calculated data.

Desk Handbook: Phase Diagrams for 
Binary Alloys, Second Edition provides 
nearly 2,500 binary alloy phase diagrams 
(one “best” diagram selected per system) 
and associated crystal structure data. 
It includes an “Introduction to Alloy 
Phase Diagrams” and an explanation of 
“Impossible and Improbable Forms of 
Binary Phase Diagrams.”

Selected Values of the Crystallographic 
Properties of the Elements presents a 
unique and comprehensive review of 
the crystallographic properties of all the 
elements and will be a valuable resource for 
metallurgists and crytallographers.

Binary Alloy Phase Diagrams, Second Edition
Edited by T.B. Massalski, H. Okamoto,
P.R. Subramanian, and L. Kacprzak • 1990 • 3589 pages
(3-Volume Set)
Print: $1800 / ASM Member: $1700
ISBN: 978-0-87170-403-0
Product Code: 57718G

Desk Handbook: Phase Diagrams for Binary Alloys, 
Second Edition
By Hiroaki Okamoto • 2010 • 855 pages
Print: $358 / ASM Member: $286
ISBN: 978-1-61503-046-0
Product Code: 57751G

Handbook of Ternary Alloy Phase Diagrams 
10-Volume Set
Edited by Pierre Villars, Alan Prince, and Hiroaki Okamoto • 1995
Print: $9800 / ASM Member: $9700
ISBN: 978-0-87170-525-9
Product Code: 57706G

Pearson’s Desk Edition
(2-Volume Set) 
Edited by Pierre Villars • 1997
Print: $950 / ASM Member: $850
ISBN: 978-0-87170-603-4
Product Code: 57763G

Phase Diagrams: Understanding the Basics
Edited by F.C. Campbell • 2012 • 470 pages
Print: $187 / ASM Member: $135
ISBN: 978-1-61503-835-0
Product Code: 05342G

Selected Values of the Crystallographic Properties 
of the Elements
By John W. Arblaster • 2018 • 684 pages
Print: $269 / ASM Member: $199
ISBN: 978-1-62708-154-2
Product Code: 05244G

Thermodynamics of Microstructures
By Taiji Nishizawa, translated by Kiyohito Ishida • 2008 • 308 pages
Print: $207 / ASM Member: $155
ISBN: 978-0-87170-716-1
Product Code: 05232G

ASM Alloy Phase Diagram Database™
A fully-searchable database containing over 40,300 binary and 
ternary alloy phase diagrams, each with their associated crystal 
and reaction data. Also includes all inorganic systems. The APD 
Center places the full breath and scope of available data on binary 
and ternary phase diagrams right on your desktop to assist with 
troubleshooting, manufacturing control, and the development of 
new materials.

Contact the Digital Database Manager: 
440.338.5409  |  onlineDBsales@asminternational.org

Pearson’s Crystal Data: Crystal Structure 
Database for Inorganic Compounds®
The world’s largest database containing critically evaluated 
crystallographic and derived data for intermetallics, oxides, 
halides, minerals, and other inorganic materials and compounds. 
The 2019-2020 release includes 335,000 structural data sets 
(including atom coordinates and displacement parameters, when 
determined) for about 188,000 different chemical formulas. 

Edited by Pierre Villars and Karin Cenzual 
Contact the Digital Database Manager: 
440.338.5409  |  onlineDBsales@asminternational.org

ORDER TODAY! ASM DIGITAL LIBRARY: DL.ASMINTERNATIONAL.ORG • PRINT: ASMINTERNATIONAL.ORG/REFERENCEPUBS
CALL: 800.336.5152 or 440.671.3800

ASM DIGITAL LIBRARY ™ PRICE INCLUDES ONE-YEAR SINGLE-USER ACCESS.

ALLOY PHASE DIAGRAMS AND CRYSTAL DATA

mailto:onlineDBsales@asminternational.org
mailto:onlineDBsales@asminternational.org
http://dl.asminternational.org/
http://asminternational.org/REFERENCEPUBS
https://www.asminternational.org/search/-/journal_content/56/10192/57718G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/57751G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/39867022/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/57718G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/57751G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/57706G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/57763G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/05342G/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/39867022/PUBLICATION
https://www.asminternational.org/search/-/journal_content/56/10192/16857521/PUBLICATION
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THRU-PROCESS 
TEMPERATURE PROFILING 
AND SURVEYING
Steve Offley
Data obtained from thru-process profiling 
is used to calculate performance against 
specification, investigate process problems, 
and optimize the heat-treating process.

EDITORIAL OPPORTUNITIES  
FOR HTPro IN 2020

The editorial focus for HTPro in 2020 
reflects some key technology areas 
wherein opportunities exist to lower 
manufacturing and processing costs, 
reduce energy consumption, and 
improve performance of heat treated 
components through continual 
research and development.

September Thermal Processing in 
On/Off Highway Applications

November/December Atmosphere & 
Vacuum Heat Treating

To contribute an article to one of 
the  upcoming issues, contact 
Vicki Burt at vicki.burt@ 
asminternational.org.

To advertise, contact kelly.johanns@
asminternational.org.

DEPARTMENTS
12  |  EDITORIAL
13  |  HEAT TREATING SOCIETY NEWS

ABOUT THE COVER
A thru-process temperature monitoring system is loaded in a product basket traveling into 
and through a continuous sealed gas carburizing furnace. Courtesy of PhoenixTM.

NONDESTRUCTIVE 
HARDNESS TESTING OF 
HEAT-TREATED PARTS
Arnold Horsch
Preventive multi-frequency testing using 
eddy current ensures heat-treated parts meet 
specifications.
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We want to mitigate the time and effort required to 
obtain this data, which is why novel, nondestructive testing 
is essential for advancement. Heat treatment is applied to 
parts after several value-added processes, augmenting part 
value and properties. Any method to prevent sectioning to 
characterize material properties would offer substantial pay-
back, just as proven process control and record keeping will 
ensure traceability for cost mitigation and optimization proj-
ects. But we all know, as more data and measurement tools 
become available, auditors and standards committees will 
require heat treaters to use them. 

The paradigm shift should enable the test data to pro-
mote reduced testing when process data shows control. 
We can advance together by accurate testing and precise 
process control, to minimize system deviations that lead to 
more oversight.

Modeling requires testing data to build databases, not 
the other way around. This data must be correct, or mod-
els will lead us to poor decisions. There are inherent errors, 
bias, and noise in any testing method or measurement tool. 
Manufacturers and operators should train on best practices, 
calibrations should be effective, and consumables should be 
stocked. These are all factors to minimize waiting on answers 
and believing what you are seeing. 

Just like interpretations of news and mandates, process 
and test data interpretations must be correct to make accu-
rate and timely decisions. We hope you enjoy your time read-
ing this issue of HTPro and that you stay safe and healthy.

Benjamin T. Bernard
Board Member, ASM Heat Treating Society
Vice President, Global Sales, Surface Combustion Inc.

BACK TO ESSENTIALS: 
PROCESS AND TEST DATA

We wish all the Heat Treat-
ing Society community, 
family, and coworkers 

health and calm during this un-
precedented time. COVID-19 made 
uncertainty our new normal. We 
have been searching for data and 
tests to control the situation and 
find a path forward, while inter-
pretations and reactions to man-
dates, legislation, and precau-
tions, have lead to introspection 
of what is essential and non-essential. 

With respect to this issue of HTPro’s focus—testing and 
process control—what is essential and non-essential? The 
standards committees define what is required. Materials pro-
cessers must provide data. Testing to approve material char-
acteristics is paramount per industry standards, but time lag 
for sample preparation is nonetheless a delay. Time is money 
and waiting on answers is wasteful. From casting through fi-
nal machining, we can model, control, and collect data, but 
testing is the final answer. There are many points in thermal 
processing where control and process data can provide con-
fidence that the result will satisfy testing. Temperature con-
trol, atmosphere composition, and cycle timers can be in 
control, while quench or cooling may introduce distortion. 
Root cause analysis and process failure mode analysis all 
need data to succeed. Data-driven decisions are supported 
by testing and process control.

  HEAT TREATING SOCIETY NEWS

Bernard

HEAT TREAT RELATED SESSIONS AND 
WORKSHOPS AT IMAT 2020

Planning is underway for the inaugural IMAT conference 
which will be held this fall. Core programming from ASM Affil-
iate Societies, including the Heat Treating Society, will serve 
as the backbone of IMAT technical sessions. The schedule for 
heat treating related content is listed below. For more infor-
mation, visit www.imatevent.org.
Monday, September 14
•	 Additive Manufacturing
•	 Light Metal Technology
•	 Materials Processes for Automation

4

•	 Materials Processing: Bonding and Joining
•	 Materials Processing: Coatings and Thermal 

Treatments
•	 PSDK XV: Phase Stability and Diffusion Kinetics
Tuesday, September 15
•	 Additive Manufacturing
•	 Advanced Aluminum Alloys and Processes
•	 General Heat Treating
•	 Light Metal Technology
•	 PSDK XV: Phase Stability and Diffusion Kinetics
•	 Emerging Professional Activities: Domes Day, HTS 

Strong Bar Competition, and Fluxtrol Student Research 
Competition (Phase 1)

Wednesday, September 16
•	 Additive Manufacturing
•	 PSDK XV: Phase Stability and Diffusion Kinetics
•	 Emerging Professional Activity: Fluxtrol Student 

Research Competition (Phase 2)

   GUEST EDITORIAL

http://www.imatevent.org/
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HEAT TREAT MEXICO SETS NEW TRENDS

MARK YOUR CALENDARS
PLAN TO ATTEND:

IMAT 2020
Cleveland

September 14-17

SAVE THE DATE:
Heat Treat 2021

Co-located with IMAT
St. Louis, Missouri

September 14-16, 2021

Heat Treat Mexico
Mexico

Spring 2022

HEAT TREAT BUNDLE INCLUDES 
DIGITAL SHORT COURSES

During this time of travel restrictions ASM Education an-
nounces bundle packages on course topics that can be com-
pleted at your own pace, in the location of your choice, and 
fit into any type of schedule.

The collection of digital short courses, along with the 
Heat Treating Handbook Collection, covers different aspects 
of the heat treat world including heat treating fundamentals, 
methods, practices, problems, and testing as they apply to 
irons, steels, and nonferrous alloys.

ASM Digital Short Courses utilize rich visuals, narrated 
animations, demonstration videos, and interactive quiz-
zes to provide state-of-the-art materials education.

The Case Hardening of Steel course teaches the differ-
ent case hardening processes including carburizing, carboni-
triding, and nitriding; quenching of case hardened parts; in-
duction hardening; and the various types of furnaces used in 
commercial heat treating processes.

In the Heat Treatment of Carbon and Alloy Steels course 
students learn the heat treatment processes involved in 
modulation properties of steel, the effect of carbon on the 
phases of iron and how it affects the microstructure, classifi-
cation of steel, and tempering of steel.

Choose from the following Digital Short Courses plus 
the Five-Volume Heat Treating Collection to create a bundle 
package:
•	 Heat Treatment of Carbon and Alloy Steels
•	 Case Hardening of Steel
•	 Strengthening Mechanisms of Non-Ferrous Alloys
•	 Mechanical Properties and their Measurement
•	 Five-Volume Heat Treating Collection

Other options for virtual heat treat education include 
the Basics of Heat Treating Online Course and the Heat Treat-
ing Furnaces and Equipment Online Course, and a range of 
self-study courses all available digitally.

To purchase a Heat Treating bundle or any of the in-
dividual classes, contact Karen Murphy at karen.murphy@
asminternational.org or visit asminternational.org/web/hts/
education.

More than 270 attendees and 38 exhibiting companies 
participated in Heat Treat Mexico at the Grand Fiesta 
Americana in sunny Queretaro, Mexico.

New initiatives at the March event included different topics 
with the opportunity for attendees to receive DC-3 official job 
skills accreditation, free half-day student registration and free 
half-day expo access.

3

   GUEST EDITORIAL

mailto:karen.murphy@asminternational.org
http://asminternational.org/web/hts/education
mailto:karen.murphy@asminternational.org


FEATURE FEATURE

AD
VA

N
CE

D
 M

AT
ER

IA
LS

 &
 P

RO
CE

SS
ES

 |
 M

AY
/J

U
N

E 
20

20
6 0

Thru-process” temperature profiling in the heat treat-
ment industry has been around for over twenty years 
and the principle of operation of these systems is gen-

erally well known. A multi-channel data logger, protected by 
an insulated thermal barrier, travels through a furnace mon-
itoring the products being heat treated (Fig. 1). At the end of 
the process the complete temperature profile can be exam-
ined, and critical calculations made using analysis software. 
This thermal fingerprint is unique and critical to the under-
standing, control, improvement, and validation of the heat 
treat process being undertaken.

BENEFITS OF 
THRU-PROCESS PROFILING

Prior to the development of these systems, long “trail-
ing” thermocouples were often used to determine the actual 
product temperature profile through continuous furnaces. 
Feeding thermocouples through a continuous furnace had 
obvious disadvantages, mainly the difficulty of the operation 
itself, the limited number of thermocouples that could be 
used, disruption to production, and the accuracy of the data, 
given that products could not follow the test basket into the 
furnace (due to the trailing thermocouples), so the furnace 
loading decreased as the trial progressed.

As the thru-process method was adopted, the monitor-
ing operation simplified, the disruption to production was 
minimized, and the measurement could always be carried 
out in a fully loaded furnace reproducing actual product con-
ditions. Data obtained from thru-process profiling trials gives 
an accurate assessment of how long a product soaked at a 
specified temperature, the differences in product tempera-
ture around the product basket, quench rates, and more. 
This data is used to calculate performance against specifica-
tion, investigate process problems, and optimize the process.

MONITORING CHALLENGES
Although the operating principle of these systems 

seems relatively straight forward, with the evolution of fur-
nace technology and drive for automated systems, the de-
sign is often complex, as the thru-process system needs to 
meet the unique challenges that come with different heat 
treatment processes.

THRU-PROCESS TEMPERATURE PROFILING 
AND SURVEYING

Data obtained from thru-process profiling is used to calculate performance against 
specification, investigate process problems, and optimize the heat-treating process.

Steve Offley, PhoenixTM Ltd., U.K.

4

Thru-process temperature monitoring system loaded in a 
product basket traveling into and through a continuous sealed 
gas carburizing furnace.

When designing or selecting the most appropriate 
thru-process system the following criteria need careful 
consideration:
•	 Space or clearance in the furnace – Small enough to 

fit but with enough safe protection. Designed to either 
allow direct transfer by robot with or internally within 
the test product.

•	 Furnace temperature – Materials (metals and 
insulation) that will survive temperature maximums 
and rapid temperature changes and routine 
temperature cycling. 

•	 Process duration – Protection to cover process delays 
whether anticipated or not. 

•	 Atmosphere in the furnace – Systems capable of 
handling difficult atmospheres (such as hydrogen) 
which may make thermal protection more challenging 
due to increased heat transfer. Design of systems 
to eliminate contamination/poisoning of critical 
controlled atmospheres (such as aluminum brazing 
(CAB)).

•	 Quench within the process – Technology capable of 
handling not only heat but designed to allow safe 

“
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passage and monitoring through the quench process 
whether water, salt or oil. 

The following case studies are examples of thru-pro-
cess temperature monitoring surveys.

CASE 1: LOW-PRESSURE CARBURIZING
Carburizing has rapidly become one of the most critical 

heat treatment processes employed in the manufacture of 
automotive components. Also referred to as case hardening 
it provides necessary surface resistance to wear, while main-
taining toughness and core strength essential for hardwork-
ing automotive parts. 

The carburizing process is achieved by heat treating the 
product in a carbon rich environment, typically at a tempera-
ture of 900 to 1050°C (1652 to 1922°F). The temperature and 
process time significantly influence the depth of carbon dif-
fusion and associated surface characteristics. The next step 
is critical to the process. Following diffusion, the product is 
rapidly quenched and the temperature is rapidly decreased 
to generate the microstructure, giving the enhanced surface 
hardness while maintaining a soft and tough product core.

An increasing trend in the carburizing market is the use 
of batch or semi-continuous batch low-pressure carburizing 
(LPC) furnaces. Following the diffusion, the product is trans-
ferred to a high-pressure gas quench chamber where the 
product is rapidly gas cooled using typically N2 or helium at 
up to 20 bars. 

5

The technical challenge is twofold. The thermal barrier 
must be capable of protecting against heat during the carbu-
rizing, and also against very rapid pressure and temperature 
changes inflicted by the gas quench.

To protect the thermal barrier in the LPC process with 
gas quench, the barrier construction needs to be able to 
withstand constant temperature cycling and high gas pres-
sures. The design and construction features include: 

•	 Metalwork – 310 stainless steel reduces distortion at 
high temperature combined with internal structural 
reinforcement.

•	 Insulation – Ultra-high temperature microporous 
insulation minimizes shrinkage problems.

•	 Rivets – Close pitched copper rivets reduce carbon pick 
up and maintain strength.

•	 Lid expansion plate – Reduces distortion during rapid 
temperature changes.

•	 Catches – Heavy duty catches eliminating thread 
seizure issues.

•	 Heat sink – Internal heat sink to provide additional 
thermal protection to data logger.

During the gas quench, the barrier needs to be protect-
ed from nitrogen N2 or helium He gas pressures up to 20 bar. 
Such pressures on the flat top of the barrier would create ex-
cessive stress to the metalwork and internal insulation/log-
ger. Therefore, to protect the barrier, a separate gas quench 

Fig. 1 — Typical thermal profile for thru-process temperature monitoring system through a continuous sealed gas carburizing furnace.
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deflector is used (Fig. 2). The tapered top plate deflects the 
gas away from the barrier. The unique design means the 
plate is supported on either four or six support legs. As it is 
not in contact with the barrier, no force is applied directly to 
the barrier and the force is shared between the support legs.

Performing a temperature uniformity survey (TUS) to 
comply with AMS2750E/CQI-9 standards requires that the 
survey, analysis of data, and reporting, is performed in agree-
ment with strict criteria. This can be tedious and lengthy un-
less using a customized TUS software analysis package such 
as the PhoenixTM Thermal View Survey software.

Applying the thru-process monitoring technique there 
is no hardwired link between the monitoring system within 
the furnace and the outside world. To achieve real time mea-
surement, as if using trailing thermocouples, the data mea-
surements need to be transferred remotely. This is achieved 
using a high-performance two-way radio telemetry system. 
The temperature readings are transmitted as a RF signal 
from the data logger via external barrier antenna from inside 
the furnace to a receiver connected to the external monitor-
ing PC. The two-way communication protocol allows not 
only live data collection for profiling or TUS work but also 
direct control of the data logger (reset/download) inside the 
furnace (Fig. 3). 

CASE 2: SEALED GAS CARBURIZING 
WITH INTEGRAL OIL QUENCH

A common process in today’s heat treatment indus-
try is the carburizing of lower cost steel products for use in 
the automotive industry. To achieve this process a popular 
heat treatment technology used is a sealed gas carburizing 

6

furnace with an integral oil quench. For such furnace tech-
nology the historic limitation of thru-process temperature 
profiling has been the need to bypass the oil quench and 
wash stations. Obviously passing a conventional hot barrier 
through an oil quench creates potential risk of both system 
damage from oil ingress, barrier distortion, and general pro-
cess safety. 

In such carburizing processes the oil quench rate is crit-
ical to both the metallurgical composition of the metal and 
elimination of product distortion and quench cracks, so the 
need for a monitoring solution has been significant. Reg-

Fig.2 — Thermal barrier fitted with quench deflector designed 
specifically for surveying LPC batch furnaces with high pressure 
gas quenches.

Fig. 3 — Thru-process temperature monitoring system loaded 
into a batch furnace with TUS frame to complete a temperature 
uniformity survey.

Fig. 4 — Thru-process temperature monitoring system for use in 
sealed carburizing furnace with integral oil quench. To the left is 
the inner sealed thermal barrier and data logger and on the right 
is the outer structural frame containing sacrificial insulation. 
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ular monitoring of the quench is important as aging of the 
oil results in decomposition, oxidation, and contamination 
of the oil, all degrading the heat transfer characteristics and 
quench efficiency.

To address these challenges a unique barrier design has 
been developed that both protects the data logger in the fur-
nace (typically 3 hours @ 925°C (1697°F)) and also protects 
during transfer through the oil quench (typically 15 mins) 
and final wash station (Figs. 1 and 4).

The key to the barrier design is the encasement of a 
sealed inner barrier with its own thermal protection with 
blocks of high-grade sacrificial insulation contained in a ro-
bust outer structural frame. ~HTPro

Acknowledgment
This article is extracted from a technical paper present-

ed at the 6th Asian Conference on Heat Treatment & Surface 
Engineering, Chennai, India, March 5 to 7, 2020.

For more information: Dr. Steve Offley, PhoenixTM Ltd., 
25 Earith Business Park, Meadow Drove, Earith, Cambridge- 
shire, PE28 3QF, UK, +44 (0) 1353 223100, Steve.Offley@
phoenixtm.com.
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Today, almost every company carries out spot checks 
during manufacturing to guarantee product quality. 
Within the framework of control, one of the most im-

portant problems is to ensure repeatability of quality. Quality 
control faces major problems within this area, starting with 
supply of the material or products.

Part properties such as structure, hardness, or case 
depth, which are determined by the heat treatment process, 
are subject to variations. To ensure the correct heat treat-
ment results, a fast and efficient nondestructive test method 
is needed.

One solution that has significantly increased the effi-
ciency of testing is using computer based multi-frequency 
eddy current testing stations with eight standard test fre-
quencies and up to 16 test positions. These machines can 
test the microstructure, hardening and case depth, and ma-
terial mingle. One of the advantages of modern eddy current 
testing systems using preventive multi-frequency testing 
(PMFT) is the ability to detect unexpected faults.

WHY TEST AT 100%?
Variation in product usually is in accord with statistical 

analysis and can be predicted or estimated. For this reason, it 
is sufficient to make a certain number of spot checks in order 
to conclude the general nature of the quality from the test 
data. Table 1 lists applications for material testing by eddy 
current. 

Problems can develop during manufacturing when 
processes are not subject to standard statistical distribu-
tion. Each heat treatment batch is a separate production 
that is not related to the previous one, a spot check can only 
provide limited information about the entire production. 
First, one needs to know what may happen unexpectedly. 
Table 2 lists possible hardening faults. Keep in mind that ma-
terials are not perfect and can have unexpected flaws. 

EDDY-CURRENT TESTING
Eddy-current testing works with coils, generators, 

ac-current and ac-voltage, frequencies, field strength, and in-
duction law. Eddy-current tests examine metallurgical micro-
structure, including mechanical features like hardness, case 
depth, or alloy. The eddy-current test does not provide ab-

solute values (e.g., 56 HRC or 2.6 mm case depth) but it does 
detect fine differences in microstructure with high sensitivity. 
In the production line, within a fraction of a second, a non-
destructive 100% test for microstructure can measure case 
depth, hardness run out, hardness pattern, tensile strength, 
carbon content, soft spots, and surface decarburization. 

Having these measurements, it is possible to take quick 
corrective activities to fix deviations from the specified struc-
ture. With a suitable mechanical part handling arrangement, 
the transport from the hardening station to the test station 
takes only a few seconds. Faulty parts are immediately de-
tected and separated, which provides enormous savings in 
time and costs.

The energy used in eddy-current testing is very small, in 
the milliwatt range. Field strength is low and permeability is 
in the range of the initial permeability. Test frequencies rang-
ing from Hz to hundreds of kHz levels provide information 
on undesired structures via the frequency dependent pen-
etration depth of the eddy current and on the formation of 
permeability. Very small electrical signals require a very pre-
cise evaluation in order to assure their differentiation from 
ambient interferences.

To sort against an unexpected fault, the technique 
must have the ability to calibrate only with OK parts, a broad 
spectrum of tests and many test frequencies, it must be fast 
enough, and provide maximum warranty to find unexpected 
errors. Eddy-current testing, especially with PMFT offers this 

NONDESTRUCTIVE HARDNESS TESTING 
OF HEAT-TREATED PARTS

Preventive multi-frequency testing using eddy current ensures 
heat-treated parts meet specifications.

A. Horsch, Arnold Horsch e.K., Remscheid, Germany

TABLE 1 — EXAMPLES OF MATERIAL TESTING 
  BY EDDY CURRENT (PMFT)

Component Parameters tested

Bearing parts Case depth, structure, and 
hardness pattern

Axle components Case depth, structure, and 
hardness pattern

Pinion pins and axles Case depth, structure, and 
hardness pattern

Linear guide components Case depth, structure, and 
grinder burn

Steering racks and the like Case depth, structure, and 
hardness pattern

8
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and is applicable for a large range of uses. It has been suc-
cessfully introduced worldwide to test all kinds of material 
for determining microstructure and hardening characteris-
tics. There are numerous applications for such a system.

HOW DOES IT WORK? 
The use of several test frequencies to induce different 

field strengths in the coil means that all these differences are 
detectable or viewable. Different structures from different 
heat treat methods (and by heat treat process faults) create 
different permeability curves which are detected. Thus, the 
eddy-current testing becomes reliable; expected, and unex-
pected wrong structures are detected, with a wider view. The 
test takes place at different field strengths, so to say “preven-
tively” over a larger area.

If the vector tips are enclosed with an elliptic tolerance 
zone, the test can be reduced to a comparison of the vectors 
to inside (OK) or outside (NOK) of the tolerance zone.

Testing current production with such a frequency band 
(eight frequencies), as shown in Fig. 1, and the comparison 
with the previously created tolerance zones made with good 
parts is known in professional circles as PMFT. A wide fre-
quency band (at least 1:1000) detects all abnormal structures 
detectable by eddy current as faulty and sorts them out. Ten 

to twenty OK parts only are needed to setup the instrument 
and to form the tolerance zones (calibration). A challenge test 
with NOK parts (e.g., not-hardened, incorrectly quenched, 
austenitizing temperature not reached, too short or too long 
tempering, annealing temperature too high or too low, etc.) 
can be done, but is not needed. The test system will reliably 
detect faulty parts with both known and unknown defects. 
The multi-frequency test method works reliably for all kinds 
of defects which may happen during heat treatment of steel.
It works like a fingerprint comparison, only when all param-

TABLE 2 – POSSIBLE ERRORS DURING INDUCTION HARDENING
Which parameter was incorrect? How was it incorrect? What are the effects?

Austenitizing temperature Too high Overhardening, incorrect structure martensite + 
residual austenite

Too low Underhardening, incorrect structure martensite + 
bainite + ferrite

Austenitizing time Too long Overhardening, case too high, incorrect structure 
martensite + residual austenite

Too short Underhardening, shallow case, incorrect structure 
martensite + bainite + ferrite

Quenching Too fast Incorrect structure martensite + residual austenite

Too slow Incorrect structure martensite + bainite + ferrite

Formation of vapor bubbles Soft spots not defined

Annealing temperature Too high Hardness too low

Too low Hardness too high

Annealing time Too short Hardness too low

Too long Hardness too high

Rate of feed Too slow Shallow case, misplaced case, austenitizing time 
too short

Too fast Case too high, misplaced case, austenitizing time 
too long

Damaged inductor Undefined Undefined

Malpositioning Undefined Unsymmetrical hardening pattern, overheating, 
melting

Fig. 1 — Test range with eight test frequencies and tolerance 
fields, as shown in this fingerprint system.
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eters are 100% fit, a part will be recognized as OK, Fig. 2. If all 
tolerance fields are matched, the part will be OK, if only one 
tolerance field is not matched, the part is sorted as NOK.

INSPECTION EXAMPLES
The following tests were performed using an eddy-cur-

rent system as shown in Fig. 3. 
Inspection of screws. Screws and other fasteners are 

extremely important high-security components throughout 
different industries. The failure of a screw can lead to produc-
tion stoppages or serious accidents. In the fastener industry 
the permissible error quantity is less than 1 ppm.

For this reason, more and more testing machines are 
equipped with PMFT. Figure 4 shows such a high-speed test-
ing system for screws, the test speed is appr. 10-15 parts/sec.

This system includes a turntable with newly developing 
U-coils, and screws can be checked very sensitively for un-
expected various faults, such as strength, structural analysis, 
carburizing, decarburizing, and material mix.

Such testing technology can be adapted at any time to 
existing testing machines.

Inspection of special bolts. These components as 
shown in Fig. 5 require uniform hardening in a very narrow 
tolerance band. The drawing tolerance is 260-340 HB, but all 
parts of a hardening batch must be in a tolerance of 20HB.

A common defect is material-batch mixing that leads to 
different hardness within the drawing tolerance. In this ex-
ample, there are two mixed material batches from the same 
material, batch 1, with 275-285 HB, and batch 2, with 315-330 
HB. Both batches are in the drawing tolerance but the spread 
in the heat treat batch is too high. The PMFT established a 
save test system, which made sure that no batch mixing or 
other faults are in production.

SUMMARY 
The test against unknown heat treatment faults and 

material mingling by means of preventive PMFT eddy-cur-
rent testing gives the heat treatment department a safe test 
method with the highest possible safety. Due to the inte-
gration in production lines, low test costs are possible, with 
enormous security.

In addition to high test sensitivity for microstructural 
changes, hardness faults, and case depth changes, PMFT 
provides a very high level of test safety for unexpected heat 
treatment defects and material mingling. Thus, the eddy-cur-
rent test is well suited to 100% testing of medium and large 
quantities in order to ensure production quality. ~HTPro

For more information: Arnold Horsch, Arnold Horsch e.K., 
Berghauser Str. 62, 42859 Remscheid, Germany, +49 (0) 2191 
7912021, info@arnold-horsch.de.

Fig. 2 — Examples of OK and NOK distance pin parts.

Fig. 3 — The eddyvisor eddy-current test system.

Fig. 4 — Bolt test machine, rotating table.

Fig. 5 — Tested special bolts.

mailto:info@arnold-horsch.de
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BOARD NOMINEES ANNOUNCED 
Todd for VP; Kuli for Treasurer; Akyuz, Hoffman, and Manjooran for Trustees

The ASM Nominating Committee, chaired by Dr. Sun-
niva R. Collins, FASM, announces the nominees for 
ASM vice president and trustee for 2020-21 and three 

members of the Board of Trustees for 2020-23.
In accordance with the ASM Constitution, these nomi-

nees will be voted on at the ASM Annual Business Meeting on 
September 14, during IMAT 2020 in Cleveland. Once elected, 
the vice president will automatically become ASM presi-
dent for 2021-22. In accordance with Article IV, Section 3, of 
the ASM Constitution, the ASM Board of Trustees has also 
announced its nominee for ASM Treasurer for 2020-2021.

Officers and members of the Board who will continue 
in office for 2020-2021 include: Ms. Diana Essock, FASM, who 
will become president in September; Dr. Zi-Kui Liu, FASM, 
who will serve as immediate past president; and trustees 
Prof. Diana A. Lados, FASM, Dr. Jason T. Sebastian, Lawrence 
A. Somrack, Dr. Toni Marechaux, FASM, Dr. Priti Wanjara, 
FASM, and Prof. Ji-Cheng Zhao, FASM.

Retiring from the Board at this year’s Annual Business 
Meeting will be immediate past president Dr. David U. Fur-
rer, FASM, and trustees Prem K. Aurora and Dr. Thomas M. 
Moore, FASM. Dr. Judith Todd, FASM, has completed her 
term as trustee and is now vice president-elect.

About the President-Elect 
and Board Nominees

Ms. Diana Essock, FASM
Diana M. Essock is president of 

Metamark Inc., a marketing and tech-
nology consulting company focused 
on the advancement of innovation 
and emerging technologies for orga-
nizations engaged in the metals and 
materials industry. Prior to Metamark, 
Essock was director of new technol-
ogy at Foseco Metallurgical Inc., a 

developer and manufacturer of foundry consumables. She 
worked to identify and develop new technologies from 
outside the scope of the foundry for application within the 

industry. She also directed and funded research projects 
with corporations, research organizations, and universities 
in North and South America, Europe, and Asia. Some areas 
of investigation focused on the food, pharmaceuticals, 
aerospace, textile, defense, and timber industries.

Throughout her career, Essock has demonstrated her 
ability to transition new technologies from conception 
through production and commercialization. As a team 
leader at General Electric’s lighting business, she devel-
oped a new lamp from concept inception through piloting, 
to final high-speed manufacturing. During this time, Essock 
received an Executive MBA from Baldwin Wallace University 
and the Technical Achievement Award from the Cleveland 
Technical Societies Council.

After receiving a B.S. in materials engineering at Case 
Western Reserve University and an M.S. in metallurgical 
engineering at The Ohio State University, Essock worked 
at TRW Inc., Materials and Manufacturing Technology Cen-
ter. There she procured funding and managed technology 
development programs for new materials and processes in 
the jet engine industry. Her research at TRW was in a wide 
range of composites systems including design, manufac-
ture, and nontraditional machining.

Essock has been awarded several patents, presented 
at numerous conferences, and published in technical hand-
books and periodicals. She is a Fellow of ASM International 
and has served on the Board of Trustees. She was awarded 
the ASM Allan Ray Putnam Service Award and the Cleveland 
Chapter’s Distinguished Service Award.

Dr. Judith A. Todd, FASM
Nominee for Vice President

Dr. Todd is department head, P.B. 
Breneman Chair, and professor of engi-
neering science and mechanics at Penn 
State University. Prior to joining Penn 
State, she was the associate dean for 
research in the Armour College of Engi-
neering and Science, and professor in 
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mailto:MemberServiceCenter@asminternational.org


HIGHLIGHTS
 A

DV
AN

CE
D

 M
AT

ER
IA

LS
 &

 P
RO

CE
SS

ES
 |

 M
AY

/J
U

N
E 

20
20

6 8

the department of mechanical, materials and aerospace 
engineering at the Illinois Institute of Technology. From 
1996 to 2002, Todd held an Iron and Steel Society Professor-
ship from the Iron and Steel Society of the American Insti-
tute of Mining, Metallurgical, and Petroleum Engineers.

Todd is a trustee of ASM International (2017-2020), 
chair of the ASM Task Force on Diversity, Equity and Inclu-
sion, and was chair of the Los Angeles Chapter in 1986. She 
also served as the 2009 president of the Society of Engineer-
ing Science and was vice president for manufacturing with 
the American Society of Mechanical Engineers (ASME) from 
2002-2005.

Her research interests include development of ad- 
vanced materials and manufacturing processes; laser- 
sustained plasma and laser-materials interactions; mechan-
ical behavior; nondestructive evaluation of materials; and 
archaeometry. She has published more than 100 technical 
papers and holds two U.S. patents. She is a Fellow of ASM, 
ASME, and the Association of Women in Science. Todd’s 
awards include the Vanadium Award from the British Insti-
tute of Materials, Minerals and Mining, and the ASME Board 
on Minorities and Women Award. She also received the 
Presidential Award for Excellence in Science, Mathematics 
and Engineering Mentoring from President Bush in 2007. 
She received her B.A., M.A., and Ph.D. degrees in materials 
science from Cambridge University and is a Chartered Engi-
neer in the United Kingdom.

Mr. John C. Kuli, Jr. 
Nominee for Treasurer

John C. Kuli, Jr., is technology and 
innovation lead for operations within 
the Performance Alloys & Composites 
Division of Materion. His present role 
is focused on upgrading existing equip-
ment and purchasing new equipment 
to drive new product growth. During 
his 29-year career with Materion, he 

has specialized in optimization of molten metal processing 
techniques, robust casting mold design and manufacture, 
and hot working process improvements for the manufac-
ture of copper, nickel, and aluminum-based alloys. He is 
a co-inventor of Materion’s new high conductivity copper 
QMet 200 and QMet 300 alloys and holds patents in alumi-
num processing and nickel-based alloy development.

Kuli earned a B.S. in metallurgical engineering from the 
University of Pittsburgh, where he was awarded both ASM 
and Alcoa scholarships. He began his manufacturing engi-
neering career with Alcoa (Arconic) where he specialized in 
equipment and process optimization for semi-continuous 
casting of high strength 7XXX aluminum alloys. Kuli joined 
Brush Wellman in 1986 focusing on casting of lean berylli-

um-copper alloys including installation of a horizontal con-
tinuous caster for thin strip. He then worked for Wagstaff as 
a customer service engineer and regional sales manager, 
installing and commissioning aluminum billet and ingot 
casting systems. Kuli returned to Materion in 1996 as a tech-
nical manager to optimize the design, installation, and pro-
duction start-up of a new melt & cast shop supporting the 
1996-1998 Coiled Strip Mill Expansion Project.

Kuli is a 39-year member of ASM International and has 
always been involved with his local ASM Chapter. He is also 
active in the American Foundry Society, NADCA, and Wire 
Association International. He currently serves as chair of the 
ASM Technical Books Committee and membership chair of 
the Cleveland Chapter.

Mr. Burak Akyuz 
Nominee for Trustee

Burak Akyuz is manager of met-
allurgy, failure analysis, and polymers 
mechanical testing at Applied Tech-
nical Services Inc. (ATS), a leading 
testing, inspection, and consulting 
company focused on materials testing, 
failure analysis, forensic inspections, 
environmental testing, nondestructive 

inspections, calibration, and engineering consulting head-
quartered in Marietta, Ga. Akyuz has been with ATS for more 
than 16 years. He was a metallurgist and failure analyst 
before moving into the management role. After graduating 
from Istanbul Technical University with a B.S. in metallurgi-
cal engineering, he relocated to the U.S. and earned an M.S. 
in information technology from Southern Polytechnic State 
University.

Akyuz currently manages a group of failure analysts 
and materials scientists and focuses on failure analysis. He 
has extensive experience in laboratory management, mate-
rial selection, failure analysis, metallography, fractography, 
mechanical testing of ferrous and non-ferrous alloys such as 
steel, titanium, aluminum, superalloys, and polymers, cor-
rosion testing, analysis of metals, coatings, and corrosion 
residues by SEM, energy dispersive x-ray and x-ray diffrac-
tion techniques, and expert witness testimony.

He has been involved in several ASM chapter and com-
mittee activities throughout the years, serving on the chap-
ter council, web committee, and failure analysis committee, 
and as Atlanta chapter chair. He was the first president of the 
Failure Analysis Society, an ASM affiliate. He currently is a 
director on the board of ASM’s International Metallographic 
Society and a member of the technical advisory board of 
ASM’s IMAT 2020 conference. He is involved in the upcoming 
edition of the ASM Handbook Failure Analysis Series, serv-
ing as an author and section editor.

Kuli

Akyuz
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Dr. Elizabeth Hoffman, FASM
Nominee for Trustee

Dr. Elizabeth Hoffman is the 
director of innovation and university 
engagement at the Savannah River 
National Laboratory (SRNL), a U.S. 
Department of Energy multi-program 
national laboratory specializing in 
environmental remediation, nuclear 
materials processing, nuclear detec-

tion, and materials characterization. Hoffman is responsible 
for SRNL’s laboratory directed research and development 
program, postdoctoral researcher program, and university 
engagement program. All three programs advance the state 
of science through collaboration and partnership.

In 2006, Dr. Hoffman joined SRNL as a researcher work-
ing on degradation of materials in extreme environments. 
Her research spanned a range of material systems and pro-
cesses, including metallic whisker growth, nuclear waste 
corrosion control programs, accelerated aging of elasto-
meric seals, and alternative materials for accident tolerant 
nuclear fuel applications.

Hoffman received her Ph.D. and B.S. in materials sci-
ence and engineering in 2006 and 2002, respectively, from 
Drexel University. She has been active in ASM International 
since graduate school, serving in both the Savannah River 
and Philadelphia Liberty Bell Chapters, as well as several 
national committees. Hoffman has been recognized as a 
Fellow of ASM International, as well as an ASM Silver Medal 
awardee. In addition to ASM International, she is active in 
the American Ceramics Society (ACerS).

Dr. Navin Manjooran, FASM
Nominee for Trustee

Dr. Navin Manjooran currently 
serves as the chairman of Solve Tech-
nology and Research Inc. (Solve), a 
technology and research services 
company addressing energy, industry, 
medical, and infrastructure challenges. 
Over the past decade, Manjooran was 
in the global leadership team of Sie-

mens AG, with oversight for international collaborations, 
advanced technologies, and innovation.

Since 2010, Manjooran has served as an adjunct pro-
fessor in materials science and engineering at Virginia Tech 
University. He taught multiple courses and co-organized
28 international symposia for the National Institute of Tech-
nology (India), University of Florida, Virginia Tech, and vari-
ous professional societies including ASM International, 
ACerS, TMS, and ASME.

Manjooran also serves as an external advisory board 
member for the materials science and engineering depart-
ment at the University of Florida. He has also served on the 
Virginia Tech University Board of Visitors, University of Chi-
cago Board of Trustees, and Virginia Tech Capital Campaign.

He holds a B.S. in metallurgical engineering from the 
National Institute of Technology (India), an M.S. in materials 
science and engineering from the University of Florida, and 
a Ph.D. in materials science and engineering from Virginia 
Tech. He also has an MBA from the Booth School of Business 
at the University of Chicago.

Manjooran has been awarded 11 patents, edited 11 
books, authored 47 publications, and presented 73 con-
ference talks. His awards include: Outstanding University 
of Florida Alumni (MSE), Outstanding Indian American 
(Engineering) Award, Distinguished Virginia Tech Alum-
nus, Siemens Award, TMS Young Leader Award, Virginia 
Tech Outstanding Leader Award, Virginia Tech Paul Torg-
ersen Doctoral Research Excellence Award, Virginia Tech 
Outstanding Service Commendation Award, and the NITW 
Alumni Association Gold Medal.

Ho� man Manjooran

ASM Nominations
The ASM International Constitution provides that 

members of the Society may submit additional nomina-
tions after the Nominating Committee has made its offi-
cial report. Article V, Section 6, of the ASM Constitution 
reads: “After publication of the Nominating Committee’s 
report on nominees, and the Board report on its nom-
inee for Treasurer, and at any time prior to July 15 of 
the same year, additional nominations for any or all of 
the vacancies may be made in writing to the Secretary 
at Headquarters. Such nominations must be signed by 
at least five individuals or Chapter Sustaining Members, 
each from any combination of at least 10 Chapters and/
or ASM Committees. Such nominees shall be processed 
by the Secretary for compliance with Section 4 of this 
Article. This shall be the only way in which additional 
nominations may be made. The membership of ASM 
International shall be duly notified of such additional 
nominations.”

Of� cial ASM Annual Business
Meeting Notice

The Annual Business Meeting of members of
ASM International will be held in conjunction with 
IMAT 2020 on:

Monday, September 14
4:00 - 5:00 p.m.

Huntington Convention Center - Cleveland

The purpose of the ASM Annual Business Meet-
ing is the election of officers for the 2020-21 term and 
transaction of other Society business.
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ASM Imagines the Future
It would have been hard to 

imagine just a few months ago 
that so many parts of the world 
would be locked down due to the 
COVID-19 pandemic. As my college 
dean, Prof. Lee Kump, said during 
our commencement, “When it is 
hard to imagine, imagine harder.”

The COVID-19 pandemic has 
changed how we lived during the 
last several months and will have 
a lasting impact on our lives in the 
foreseeable future. For me, the changes started in January. 
I canceled our annual group gathering for the lunar new 
year, postponed a group outing in February, canceled a trip 
to China to celebrate my mother’s 80th birthday, had our 
research group working from home during Spring Break, 
and started online teaching afterwards. 

Starting in March, professional conferences were can-
celled or postponed, one after another, including ASM’s 
AeroMat 2020 conference and the CALPHAD conference in 
May. All nonessential activities were either stopped com-
pletely or moved online and delivered from individuals’ 
homes, such as my first virtual chapter visit with the Bran-
dywine Valley Chapter. While this seems very dramatic to 
us, we should think of the health professionals working at 
the frontline against the COVID-19 pandemic, millions of 
patients around the world fighting the virus, people who 
lost the battle, and millions of workers who lost their jobs. 
Our thoughts are with them.

Nevertheless, one thing we can do, is “imagine harder” 
how ASM International can move forward under such 
unprecedented challenging settings. The central questions 
to me are always, “Why am I doing this? How can I do bet-
ter?” (See AM&P, April 2020, p. 71). The answers to the first 
question ensure we stay on the track toward our strategic 
goals based on ASM’s vision and mission, while the answers 
to the second question require us to keep developing better 
approaches to solve tougher challenges such as the COVID-
19 pandemic. A challenge is at the same time an opportu-
nity. What opportunity does the COVID-19 pandemic offer 
for ASM? The answer: Digital. ASM has invested heavily in 
the digital transformation over the last several years, and 
much of our legacy technical content is now available in the 
ASM Digital Library. I encourage you to visit https://www. 
asminternational.org/online-databases-journals and share 
your comments and suggestions for further improvement. 

Many ASM education courses are going digital, and 
Chapters can work out an agreement with ASM Headquar-
ters to offer those courses locally to their members and 

companies to not only make better connections in the 
region, but also help improve Chapter finances. In the cur-
rent COVID-19 pandemic, ASM has been able to deliver train-
ing courses through online streaming for most May physical 
classroom enrollments. ASM has also purchased a Zoom 
license for each Chapter so meetings can be conducted 
online. As the whole world is moving more content online, 
and new materials information is constantly developed, ASM 
must develop new approaches to more efficiently gather, 
process, and disseminate materials information globally for 
members, Chapters, organizations served by our members, 
and the materials community.

I hope that you took time to read the “ASM Strategic 
Plan Highlights” published in the February/March issue of 
AM&P (p. 56-57) and on ASM’s website. ASM’s vision remains 
to be the leading global resource of materials information 
and to excel in the three critical areas of increased mem-
bership, technical content excellence, and partnerships. 
To examine key forward-looking topics of interest to the 
overall membership, the ASM Board of Trustees initiated 
several task forces since 2017 including Education, Commit-
tee Restructuring, Student and Young Professional Member-
ship, Digital Strategy, Global Network, and Diversity, Equity 
and Inclusion (DEI) plus the latest one on Chapters and Vol-
unteerism as the refocus of the Student and Young Profes-
sional Membership Task Force.

The Education and Committee Restructuring Task 
Forces were sunset in 2019. The Committee Restructuring 
Task Force addressed the need for ASM technical commit-
tees on varying topics for varying durations. Its direct out-
come is an “Operational Superstructure” to foster increased 
communications and customer-supplier relationships 
between committees and increased volunteerism by main-
taining autonomy of committees and freedom of topic 
exploration, enabled by a common framework. Based on 
this new procedure, our Immediate Past President Dr. David 
Furrer is leading an effort to create the Residual Stress Com-
mittee through the new procedure. If you are interested in 
organizing technical committees, please reach out to us, so 
we can help you along the way.

The ongoing task forces are continuing their regular 
meetings. It should be mentioned that the Board-led task 
forces are open to members interested in those topics and 
if you would like to join one and share your thoughts and 
ideas, please let us know. As a membership-based profes-
sional society, your continued involvement with ASM activ-
ities at all levels is critical for the future success of ASM 
International.

ASM President Zi-Kui Liu, FASM
zi-kui.liu@asminternational.org

Zi-Kui Liu, FASM

FROM THE PRESIDENT’S DESK

  IMAT 2020  FROM THE PRESIDENT’S DESK

http://asminternational.org/online-databases-journals
mailto:zi-kui.liu@asminternational.org
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Ajit Mishra (Corteva Agriscience) and 
Rajeev Gupta (University of Akron)

The National Association of Cor-
rosion Engineers (NACE) International 
is a proud partner of ASM in organizing 
IMAT 2020. A mission of NACE Inter-
national is to equip society to protect 
people, assets, and the environment 
from the adverse effects of corrosion. 
At IMAT 2020, NACE International plans 
to organize multiple symposia that fall 
under a broad theme, “Corrosion and 
Environmental Degradation.” The sym-
posia organized by NACE International 
include: (a) Crosscutting Issues in Cor-
rosion of Materials: Control, Monitor-
ing, Mitigation, and Material Selection; 
(b) Surface Protection for Enhanced 
Materials Performance: Science, Tech-
nology, and Application; and (c) Coat-
ings and Inhibitors for Corrosion Protection.

The intent of these symposia is two-fold: First to inves-
tigate the behavior of materials in a wide range of industries 
including the chemical process industry, petrochemicals, oil 
and gas, nuclear waste storage, marine applications, phar-
maceuticals, automotive, medical devices, and other indus-
tries where corrosion plays an important role; and secondly, 
to suggest novel corrosion mitigation strategies. Presenta-
tions could be related to laboratory research, field testing, 
or failure analysis.

NACE is the global leader in developing corrosion pre-
vention and control standards, certification, and educa-
tion. NACE International members include engineers and 
numerous other professionals working in a range of areas 
related to corrosion control. In 1943, 11 corrosion engineers 
founded the National Association of Corrosion Engineers 
(NACE). Today, NACE International has over 40,000 mem-
bers in more than 130 countries. The sheer increase in the 
number of members speaks volumes about the importance 
of this organization in day-to-day life.

We look forward to excellent technical sessions and 
opportunities for networking at the IMAT 2020 conference.

IMAT 2020 Update
NACE presents Corrosion and 
Environmental Degradation Symposia

Mishra

Gupta

ASM Launches New Digital Short 
Courses: Metallographic Techniques 
Parts 1 and 2

Learn metallographic techniques 
digitally—on your computer, tablet, 
or smartphone—at your own pace! 
Metallography is used in almost all 
stages during the lifetime of a compo-
nent, starting from the initial materials 
development to production, process 
control, and even failure analysis. 
These two self-guided digital courses 
have been designed based on peer- 
reviewed content from one of our best 
selling in-class courses, “Metallographic Techniques.” In this 
interactive platform, students will learn—with the help of 
rich visuals, narrated animations, demonstration videos, 
and quizzes—the various techniques involved in metallog-
raphy starting from specimen preparation to sectioning, 
mounting, grinding, and polishing in Part 1. Metallographic 
Techniques Part 2 talks about the different parts of a micro-
scope and discusses the various techniques that can be 
used to measure and quantify the microstructural features 
of a specimen.

A special note of thanks goes to Dr. Brett Leister, engi-
neer, Naval Surface Warfare Center, Carderock Division, for 
serving as a subject matter expert during course develop-
ment and providing detailed, constructive feedback.

For more information on course registration and 
other details, contact Karen Murphy at karen.murphy@ 
asminternational.org or Andrea Currington at andrea. 
currington@asminternational.org.

Leister

VISIT THE CAREER HUB
Matching job seekers to employers just got easier with 

ASM International’s CareerHub. After logging on to the ASM 
website, job seekers can upload a resume and do searches 
on hiring companies for free. Advanced searching allows 
filtering based on various aspects of materials science, e.g., 
R&D, failure analysis, lab environment, and manufacturing. 
Employers and suppliers can easily post jobs and set up 
pre-screen criteria to gain access to highly qualified, profes-
sional job seekers around the globe. For more information, 
visit careercenter.asminternational.org.

mailto:andrea.currington@asminternational.org
http://careercenter.asminternational.org/
mailto:karen.murphy@asminternational.org
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Metallurgical and Materials 
Transactions Looks to the 
Next 50 Years

Metallurgical and Materials Transactions A and B started 
in 1970 as a merger of Transactions Quarterly of the American 
Society for Metals and Transactions of the Metallurgical Soci-
ety of AIME. (See “50 Years of High Impact Research”.) Known 
then as Metallurgical Transactions, the journal has earned a 
reputation for excellence over the last 50 years.

Building on its respected past, 
Metallurgical and Materials Transac-
tions (MMT) considers what changes 
the future will bring. Tresa Pollock, 
FASM, principal editor, and her edito-
rial team were asked their views of how 
the journal might evolve over the next 
50 years. Their responses speculate 
that the journal’s strengths over the 
last 50 years will guide its course for 
the future as materials, processes, and 
applications advance. 

New Materials and Processes
With tools for discovery rapidly evolving, there will 

undoubtedly be new classes of materials discovered that 
will receive a great deal of attention.  “New approaches to 
processing also seem to continuously appear, and additive 
manufacturing will be a major topic in the next few years,” 
says Pollock. 

“WITH THE TOOLS FOR DISCOVERY RAPIDLY 
EVOLVING, THE UPCOMING YEARS

WILL UNDOUBTEDLY BE RICH WITH
NEW ALLOYS AND APPLICATIONS.” — POLLOCK

Development of advanced mate-
rials processing will be critical to 
challenges such as climate change, 
energy, mobility, and safety, says Mat-
thias Militzer. “Here MMT will have the 
opportunity to be at the forefront,” he 
adds. “There is a particular emphasis 
on materials processing that sets MMT
apart from other materials journals.” 

New research topics may include 
the fields of powder metallurgy 
(near net-shape forming, new sinter-
ing techniques), advanced solidifi-
cation techniques, and graded materials/structures,
according to Jonathan Cormier. “I also feel that the area 
of composite materials processing/properties, espec-

ially for metallic based composites, will grow in the near 
future,” he adds.

“MMT IS WELL-POSITIONED TO INCREASINGLY 
TAKE LEADERSHIP IN BRIDGING BETWEEN 

ACADEMIC RESEARCH AND INDUSTRIAL 
APPLICATION.” — MILITZER

“Each of these new develop-
ments would require fundamental 
understandings in the areas that are 
currently covered in MMT, such as 
microstructures and mechanical prop-
erties,” says Jian-Feng Nie. He adds 
that processing-microstructure-prop-
erty relationships in metallic alloys will 
remain a staple of MMT, no matter what 
new materials or innovative manufac-
turing technologies will be invented. 
“Light alloys such as magnesium and 
aluminum are expected to expand their applications and 
market share for more energy efficient and environmentally 
friendly applications,” he says.

Tresa M. Pollock, 
University of 
California, Santa 
Barbara, USA

The covers of Metallurgical and Materials Transactions A and B 
as they are today, 50 years a� er their inception as Metallurgical 
Transactions.

Matthias Militzer, 
University of 
British Columbia, 
Vancouver, Canada

Jian-Feng Nie, 
Monash University, 
Melbourne, Australia

“TOPICS SUCH AS PROCESSING-
MICROSTRUCTURE-PROPERTY RELATIONSHIPS 

IN METALLIC ALLOYS WILL SURELY STAY IN
THE MMT MIX, NO MATTER WHAT NEW 

MATERIALS OR INNOVATIVE MANUFACTURING 
TECHNOLOGIES WILL BE INVENTED.” — NIE

Integrated Computational Materials 
Engineering (ICME) and Modeling

Overwhelmingly, the editors say that modeling, com-
putational power, and a data-driven approach will shape 
the journal’s content for the foreseeable future. “The trial 
and error approach to obtaining new materials processing 
techniques will become obsolete,” says Il Sohn. “Filtering 
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of available data will likely play an 
essential role in optimizing processes; 
minimizing the physical modeling of 
experiments to achieve the theoret-
ical limits of materials processing,” 
he says.

“I can see a progressive increase 
of the number of articles devoted to the 
modeling of processes and mechan-
ical/functional properties, following 
the ICME fashion,” says Cormier. “MMT 
will expand its legacy by including 
more and more modeling in the fields of processing (such as 
recrystallization, microstructure evolutions during welding 
and heat treatments) and service properties (mechanical or 
functional properties),” he adds.

lurgical Transactions A was “Diffusion 
and Interface Control of Reactions 
in Alloys.” In January 1994, the jour-
nal changed its name to Metallurgical 
and Materials Transactions A. The first 
article published was entitled “Phase 
Relations in the Mo-Si-C System Rel-
evant to the Processing of MoSi2-SiC 
Composites.” Clarke says, “I believe 
this series of papers helps to highlight 
the journal’s trajectory – it is rooted in 
understanding the links between struc-
ture, processing, and properties, and had an early focus on 
metallurgy and metallic alloys, and is moving more broadly 
to include materials science.” 

Il Sohn, Yonsei 
University, Seoul, 
Republic of Korea

“FUNDAMENTAL RESEARCH ON REACTION, 
TRANSPORT, PHYSICAL PROPERTIES, 

AND COMPUTATIONAL MODELING 
WILL CONTINUE TO PLAY AN IMPORTANT 

AREA IN THE JOURNAL.” — SOHN

MMT will likely “include more 
conceptual and materials-agnostic 
approaches that support better pro-
cesses: coupling equilibrium and 
non-equilibrium analysis of processes, 
coupling models and experiments, pro-
viding simulations and models that are 
readily transferable across industries, 
laboratories, and materials systems,” 
says Antoine Allanore. “Advances 
in materials characterization tech-
niques along with computer power 
are expected to provide renewed in- 
sight into materials processing and 
manufacturing.”

Antoine Allanore, 
Massachusetts 
Institute of 
Technology, 
Cambridge, Mass., 
USA

“MMT WILL CONTINUE TO PROVIDE FINDINGS, 
METHODS, AND PRESENTATIONS THAT ARE 
TRANSFERABLE ACROSS SCALE, MATERIALS 
SYSTEMS AND TIME, INCLUDING THE MOST 

ADVANCED INSIGHTS IN EXISTING AND 
EVOLVING TECHNOLOGIES.” — ALLANORE

Structure-Processing-Properties Focus
Amy Clarke, FASM, looks to MMT’s beginnings to pre-

dict its future. The first article published in Metallurgical 
Transactions was entitled “On the Strength-Differential 
Phenomenon in Hardened Steel.” The first article in Metal-

Amy J. Clarke, 
Colorado School of 
Mines, Golden, USA

“OVER THE NEXT 50 YEARS, I EXPECT 
TO SEE MORE INTEGRATION BETWEEN 

MULTISCALE EXPERIMENTS AND MODELING, 
ICME, AND HIGH-THROUGHPUT EXPERIMENTS 

AND MODELING.” — CLARKE

The editors agree that what 
separates MMT from other materials 
journals is its emphasis on structure, 
processing, and properties. “In my 
opinion, MMT will remain a ‘state-of-
the-art’ journal in fields such as solid-
ification, welding, and joining and in 
the general field of physical metallurgy, 
especially during processing (forging, 
casting, sintering),” says Cormier.

Jonathan Cormier, 
ISAE-ENSMA, 
Futuroscope-
Chasseneuil, France

“MMT WILL REMAIN A ‘STATE-OF-THE-ART’ 
JOURNAL IN FIELDS SUCH AS SOLIDIFICATION, 
WELDING, AND JOINING AND IN THE GENERAL 
FIELD OF PHYSICAL METALLURGY, ESPECIALLY 

DURING PROCESSING.” — CORMIER

Sridhar 
Seetharaman, 
Colorado School of 
Mines, Golden, USA

Sridhar Seetharaman notes that 
as advanced manufacturing techniques 
are developed, they still “require study 
of physical metallurgy, and materials 
metrology for certification.”

“MMT has an established repu-
tation of being a high-quality journal 
where research results are published 
on structural materials including met-
als and alloys as well as non-metallic 
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  MET TRANS ANNIVERSARY   FROM THE FOUNDATION

materials,” says Militzer. “Considering the future develop-
ment of structural materials, it is worthwhile to think that 
structural materials could be increasingly combined with 
selected functional properties. Developing focus and lead-
ership in these and similar aspects of materials research and 
building on its legacy will enable MMT to retain its top posi-
tion in the rankings of materials and metallurgical journals.

Key Dates in Met Trans History:
• 1970— Transactions Quarterly of the American Society 

for Metals and Transactions of the Metallurgical 
Society of AIME merge to launch Metallurgical 
Transactions, with Gerhard Derge as Editor

• 1978 – Edwin Ruh becomes Editor
• 1984 – Tony Thompson becomes Editor
• 1975—Growing journal splits into Metallurgical 

Transactions A, dealing with physical metallurgy and 
materials science, and Metallurgical Transactions 
B, dealing with process metallurgy and materials 
processing science

• 1987 – David Laughlin becomes Principal Editor
• 1994 – In recognition of expanding areas of interest, 

journal titles change to Metallurgical and Materials 
Transactions A (MMTA) and Metallurgical and 
Materials Transactions B (MMTB)

• 2007 – Springer partnership begins. All issues of the 
journals back to 1970 are posted online and made 
available free of charge to ASM and TMS members as 
a member benefit.

• 2016 – David Laughlin ends 30-year tenure as 
Principal Editor and is succeeded by Tresa M. Pollock

“MMT’S CORE LEGACY IS METALLURGY AND
I THINK IT WILL STAY AS THE SOLE

SCIENTIFIC JOURNAL IN THIS FIELD,
ESPECIALLY MMTB.” — SEETHARAMAN

50 Years of High Impact Research*
The first issue of Metallurgical Transactions appeared 

in 1970, with Gerhard Derge of the Carnegie Institute of 
Technology as Editor. The journal formed as a result of the 
merger of Transactions Quarterly of the American Society 
for Metals and Transactions of the Metallurgical Society of 
AIME. In 1975 the journal split into Metallurgical Transac-
tions A and B, specializing in physical and process metal-
lurgy, respectively. The non-profit MMT journals are jointly 
managed by ASM and TMS and support a broad range of 
professional activities within the societies. MMT serves 
the entire international community, with broad geograph-
ical representation on the editorial board.

It is interesting to consider the ten most highly cited 
papers of 1970, which will be familiar to many:

• “Dispersion Strengthened Superalloys by Mechanical 
Alloying,” J.S. Benjamin, doi: 10.1007/BF03037835

• “The Relation Between Polycrystal Deformation and 
Single-Crystal Deformation,” U.F. Kocks, doi: 10.1007/
BF02900224

• “The E� ect of Carbide and Nitride Additions on the 
Heterogeneous Nucleation Behavior of Liquid Iron,” 
B.L. Bramfitt, doi: 10.1007/BF02642799

• “The Influence of Alloying, Temperature, and Related 
E� ects on the Stacking Fault Energy,” P.C.J.  Gallagher, 
doi: 10.1007/BF03038370

• “The Temperature Dependence of the Flow Stress of 
the γ’ Phase Based upon Ni3Al,” P.H. Thornton, R.G. 
Davies, and T.L. Johnston, doi: 10.1007/BF02819263

• “The Origin of Freckles in Unidirectionally Solidified 
Castings,” S.M. Copley, A.F. Giamei, S.M. Johnson and 
M.F. Hornbecker, doi: 10.1007/BF02643435

• “The Martensite Phases in 304 Stainless Steel,” P.L. 
Mangonon and G. Thomas, doi: 10.1007/BF02642003

• “The Role of Dislocations in the Flow Stress Grain Size 
Relationships,” J.C.M. Li and Y.T. Chou, doi: 10.1007/
BF02900225

• “Interdendritic Fluid Flow and Macrosegregation; 
Influence of Gravity,” R. Mehrabian, M. Keane, and M.C. 
Flemings, doi: 10.1007/BF02900233

• “The Role of Oxide Microstructure and Growth 
Stresses in the High-Temperature Scaling of Nickel,” 
F.N. Rhines and J.S. Wolf, doi:10.1007/BF02642020

*This is an excerpt from T. Pollock, et al., “Editorial: 50 
Years of High Impact Research,” Metall. Mater. Trans. A, 
2020, doi:10.1007/S11661-020-05756-7.

Original 1970 Metallurgical Transactions cover, as pictured in a 
fall 1969 promotion.
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Nominations Sought for 2021 
ASM/TMS Distinguished Lectureship 
in Materials & Society

Nominations are currently being taken for the 
ASM/TMS Distinguished Lectureship in Materials & Society. 
The lecture was established in 1971 and is jointly sponsored 
by The Minerals, Metals & Materials Society (TMS) and ASM 
International. The topic of the lecture shall fall within these 
objectives: To clarify the role of materials science and engi-
neering in technology and in society in its broadest sense; 
present an evaluation of progress made in developing new 
technology for the ever changing needs of technology and 
society; and define new frontiers for materials science and 
engineering.

Nominations may be proposed by any member of 
either Society. Submit your nominations by September 1 
for consideration.

View sample forms, rules, and past recipients at 
http://www.asminternational.org/membership/awards/ 
nominate. To nominate someone for any of these awards, 
contact christine.hoover@asminternational.org for a uni-
que nomination link. You may also contact Deborah Hixon 
at TMS Headquarters, hixon@tms.org.

ASM-IIM Accepting Nominations for 
Lectureship Awards
ASM-IIM Visiting Lectureship Award in India

Every year, many members of ASM International who 
study or work outside of India make brief personal visits to 
India. The visiting lectureship brings together such qualified 
visitors and the appropriate organizations in India and pro-
vides an honorarium for travel within India. This cooperative 
program of ASM and the Indian Institute of Materials (IIM) is 
intended to promote international cooperation and provide 
a useful service to ASM members.

ASM-IIM North American Visiting Lectureship
Following the success of the ASM-IIM Visiting Lecture-

ship program, ASM and IIM jointly established and funded a 
new ASM-IIM program in 2013. The lectureship provides an 
honorarium of $2000 for qualified IIM members to travel to 
the United States and Canada.

Nomination deadline is June 15. Access a sam-
ple form, rules, and request a unique nomination link at 
asminternational.org/membership/awards/nominate.

FROM THE FOUNDATION
Plans for Virtual Camps

I want to express my great appre-
ciation for the ASM Materials Education 
Foundation staff, volunteers, master 
teachers, and everyone connected 
with the Materials Camp program for 
both teachers and students.

The current COVID-19 crisis shows 
the importance of nations being able 
to produce what they need, including 
advanced fabrics for personal protec-
tive equipment, ventilators, and medications. This self-re-
liance starts with the talented people who can develop 
materials, optimize processes, and build the industries of 
today and tomorrow. Because of its scale and demonstrated 
impact, the ASM Materials Education Foundation’s Materials 
Camp for Teachers is arguably the most effective program 
available to engage the next generation in these important 
areas.

Once it became clear that we needed to “go virtual,” 
everyone jumped into action and began to plan this sum-
mer’s program. Not only will this be a great way to safely 
deliver content this summer, but the Foundation will also 
be piloting online curriculum and content that teachers will 
be able to learn from and teach with throughout the school 
year.

Our team is also developing an opportunity for stu-
dents to participate in an online version of the very hands-on 
student camp experience. Combining the enthusiasm of our 
Eisenman mentors with the experience of our master teach-
ers will provide a unique opportunity for students to experi-
ence from their own homes.

The current situation only points out how critical the 
ASM Foundation’s mission is. We will not shy away from it 
in this difficult time, but will rise to it and help move us all 
forward. We ask that you please continue your support of 
this important mission. Thank you all.

Glenn S. Daehn, FASM
Chair, ASM Materials Education Foundation

Daehn

Seeking Nominations for Thermal Spray 
Hall of Fame

The Thermal Spray Hall of Fame, established in 1993 by 
the Thermal Spray Society of ASM International, recognizes 
and honors outstanding leaders who have made significant 
contributions to the science, technology, practice, educa-
tion, management, and advancement of thermal spray. For 
a copy of the rules, nomination form, and list of previous 
recipients, visit tss.asminternational.org or contact mary-
anne.jerson@asminternational.org. Nominations are due 
September 30.

  MET TRANS ANNIVERSARY   FROM THE FOUNDATION

http://www.asminternational.org/membership/awards/
mailto:christine.hoover@asminternational.org
mailto:hixon@tms.org
http://asminternational.org/membership/awards/nominate.
http://tss.asminternational.org/
mailto:maryanne.jerson@asminternational.org
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CONTRIBUTOR 
SPOTLIGHT
Dehua Yang, FASM, Ph.D.
Ebatco

Dr. Dehua Yang is a Fellow of ASM 
International and a renowned, award- 
winning materials scientist, accom-
plished corporate executive, and foun-
der of a successful nanotechnology 
development and services company. He 
has over 30 years of experience span-
ning critical areas in higher education, 
research and development, national and international busi-
ness development, sales and marketing, engineering, man-
ufacturing, customer service, and organizational growth. He 
is the founder and president of Ebatco, which provides ISO/
IEC 17025:2017 accredited and comprehensive advanced 
and critical analyses, and measurement and testing of 
materials and devices. Prior to founding Ebatco, Yang was 
the vice president of commercialization for Hysitron Inc., a 
manufacturer of nanomechanical testing instruments.

Dr. Yang, a native Chinese naturalized U.S. citizen, 
obtained his permanent residence in the United States 
through a petition in the immigration category of extraor-
dinary ability. He holds a Ph.D. in physical chemistry from 
Lanzhou Institute of Chemical Physics, Chinese Academy of 
Sciences, an M.S. in solid state physics, and a B.S. in metal 
physics from Lanzhou University.

Prior to immigrating to the U.S., Yang was a recipient 
of the Chinese Academy of Sciences top-ranked presidential 
award and natural science research award. The products he 
designed and managed at Hysitron, including the nanoTen-
sile 5000 and 3D OmniProbe, won the 2007 Micro/Nano 25 
Award and 2005 Nano 50 Award, respectively. In addition, 
Yang has authored or co-authored more than 60 peer-re-
viewed publications on nanoscience and nanotechnology, 
tribology and surface science, and other engineering topics. 
He is an inventor or co-inventor of seven U.S. utility patents 
and has given more than 20 invited talks at research institu-
tions and scientific conferences. 

Dr. Yang is currently a member of the ASM Handbook 
Committee, a member and past chair of the ASM Technical 
Book Committee, and a board member and past chair of the 
ASM Minnesota Chapter. He has also served numerous times 
as a U.S. National Science Foundation grant review panelist, 
journal referee, and international conference organizer and 
session chair. 

As an ASM Handbook Committee Member since 2016, 
Yang has been providing technical insights on handbook 
revisions and new additions. As a division editor, he has 
enthusiastically promoted and successfully directed “Sur-
face Analysis,” a new division to the 2019 edition of ASM 

Handbook, Volume 10: Materials Characterization. This divi-
sion includes newly developed surface analysis techniques 
such as scanning probe and atomic force microscopy. 

View the table of contents and abstracts for all the ASM 
Handbook volumes in ASM Handbooks Online in the ASM 
Digital Library. If you are interested in becoming a volunteer 
author or editor for ASM Handbooks, contact handbooks@
asminternational.org.

EMERGING 
PROFESSIONALS
Shaping Tomorrow’s ASM
Jonathan Healy, EPC Co-chair

As an emerging professional (EP), 
it is all too easy to become engulfed 
in the near-term and lose sight of the 
long-term. Being professionally active, 
starting a social life in a new city, and 
working a professional job—for the first 
time for many of us—can entrench us in 
the mindset of the present. However, 
long-term efforts and strategic plan-
ning are equally as important to our demographic.

Recently, in mid-April, I was able to serve on the ASM 
Nominating Committee, the group charged with selecting 
ASM’s next three members of the Board of Trustees and nom-
inee for Vice President. In this role, our group of 10 members 
ultimately holds the power of shaping ASM’s strategic align-
ment by virtue of Board composition. ASM’s membership 
is fairly diverse and, from a recent survey, 72% come from 
industry, 20% from academia, and 8% from government. 
When selecting a Board for any organization, it is crucially 
important to ensure the Board represents your membership 
base and their interests. Therefore, it is critical that ASM’s 
Board contain trustees who represent the interests of each 
segment of our membership.

One group that typically is not represented on the 
surface of our Board are EPs, due to the level of experience 
required. Yet, what is on the surface does not always hold 
true. Therefore, for the past several years, the Emerging Pro-
fessionals Committee (EPC) has selected an individual to 
serve on the ASM Nominating Committee to help represent 
EP interests and back candidates that include EPs in their 
vision of ASM’s future.

This can only happen if we continually field EPs who 
are willing to step up, take charge, and put aside the pres-
ent in favor of helping shape ASM’s strategic vision. I would 
therefore charge you, the emerging professional, to step up 
and take charge. Take charge in ASM, take charge in your 
workplace. In the words of Winston Churchill, “History will 
be kind to me for I intend to write it.” The future is ours, 
should we choose to answer the call.

mailto:handbooks@asminternational.org
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CHAPTERS IN THE NEWS
Detroit Holds Sustaining Member Night

On February 10, the ASM Detroit Chapter held a tech-
nical meeting at St. John’s Armenian Banquet Center. The 
speaker, John Bonnen, group leader at AGC Automotive 
America, presented a talk on the latest developments in 
glass materials for advanced automotive applications. ASM 
past president Frederick Schmidt, FASM, was on hand to 
award membership certificates for those reaching mile-
stones, including life members.

Trustee Jason Sebastian (second from left) meets with Mexico 
Chapter officers (from left) Fabian Mendez (treasurer), Carlos 
Carrasco (chair), and Victor Zacarias (vice chair).

Attendees at Detroit’s February meeting receiving membership 
awards include (from left): Rick Gundlach, William St. Thomas, 
Edward Rolinski, John Tartaglia, Michael Biddle, Robert 
VanderLaan, and Valery Rudnev. Also pictured are Chapter chair 
James Boileau (front row, left) and ASM past president Frederick 
Schmidt (far right).

Mexico Hosts Sebastian
ASM Trustee Jason Sebastian attended the ASM Mexico 

Chapter meeting on March 2 and was present for the open-
ing of the Heat Treat Mexico conference on Tuesday morn-
ing, March 3, in Queretaro. Sebastian is president of QuesTek 
Innovations LLC in Evanston, Illinois.

  EMERGING PROFESSIONALS   MEMBERS IN THE NEWS

MEMBERS IN THE NEWS
ASM Members among TMS Award 
Recipients

The Minerals, Metals & Materials Society (TMS) 
announced recipients of its awards for 2020. Winners were 
celebrated during the TMS Annual Meeting & Exhibition held 
in San Diego, February 23-27. Congratulations to the ASM 
members among the winners:

TMS Fellows–Class of 2020: Rodney Boyer, FASM, RBTi 
Consulting; Diana Farkas, FASM, Virginia Polytechnic Insti-
tute; Karl Ulrich Kainer, Helmholtz-Zentrum Geesthacht; 
David McDowell, FASM, Georgia Institute of Technology; and 
Neville Moody, Sandia National Laboratories.

AIME Champion H. Mathewson Award, Peter C. Collins, 
Iowa State University and Hamish L. Fraser, FASM, The Ohio 
State University.

Alexander Scott Distinguished Service Award: Elizabeth 
Holm, FASM, Carnegie Mellon University.

Brimacombe Medalists–Class of 2020: Brad Boyce, 
Sandia National Laboratories; Amy Clarke, FASM, Colorado 
School of Mines; and Nikhil Gupta, New York University.

Cyril Stanley Smith Award: Yunzhi Wang, The Ohio State 
University.

Ellen Swallow Richards Diversity Award: Oscar Marcelo 
Suarez, FASM, University of Puerto Rico-Mayaguez.

Frank Crossley Diversity Award: Raul Rebak, FASM, GE 
Global Research.

Institute of Metals/Robert Franklin Mehl Award: Yuntian 
Zhu, FASM, North Carolina State University.

Julia and Johannes Weertman Educator Award: Andrea 
Hodge, University of Southern California.

Oleg D. Sherby Award: Farghalli Mohamed, FASM, Uni-
versity of California, Irvine.

TMS/ASM Joint Distinguished Lectureship in Materi-
als and Society Award: Charles H. Ward, FASM, Air Force 
Research Laboratory.

William D. Nix Award: Robert Ritchie, FASM, University 
of California, Berkeley.

William Hume-Rothery Award: Ursula Kattner, FASM, 
National Institute of Standards and Technology (NIST).

Pune Goes Virtual
The Pune Chapter conducted their first virtual Techni-

cal Program meeting on April 21 using Ring Central/Zoom 
software. Mr. D.S. Kulkarni, principal, Government Polytech-
nic, Nagpur, formally inaugurated the Technical Lecture 

Series for Diploma students from the Government Polytech-
nics, Nagpur. Attendees from Pune and Kolhapur (all Maha-
rashtra State) also logged on and participated. ASM Trustee 
Prem Aurora was an honored guest. After a formal welcome, 
Vineet Marathe from Vinarc Engineers (Pune Chapter) deliv-
ered a technical talk on welding. Students participated 
enthusiastically in the question and answer session. The 
Chapter’s first virtual meeting was enjoyed by the partici-
pants and deemed a success!
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IN MEMORIAM
Erhard Hornbogen, FASM, who was born in Greiz, Germany, died on April 16 at age 90. He stud-

ied metal physics at the University of Clausthal, where he worked on his Ph.D. thesis and was the first 
to discover the shape memory effect in Cu-based alloys in 1956. Later he worked at the Max Planck 
Institute for Metals Research in Stuttgart, where he tackled the effect of lattice defects on nucleation 
events in solids. His work applied new TEM methods to study particle strengthened alloys. This led to 
the understanding and design of superalloys that are the basis for modern aircraft engines. He was a 
professor for metal physics at the University of Goettingen, 1965-1967. Hornbogen founded the Insti-
tute for Materials at Ruhr-University Bochum, where he was chair of materials science, 1968-1995. 
His studies provided the basis for understanding the structures and properties of grain boundaries in 
metals. Hornbogen was an elected member of the North Rhine-Westphalia Academy of Sciences and 
of the German Academy of Technical Sciences. He was also the recipient of the TMS Mehl Award, honorary membership of 
the Japanese Institute for Materials, and an honorary doctorate from the University of Miskolc.

Kent L. Johnson, FASM, died on April 4 in Raleigh, N.C., at age 79. He was a well-respected con-
sultant with an expertise in metallurgical failure analysis and was president and founder of Materials 
Consulting & Engineering Ltd. He received his B.S. and Ph.D. in metallurgical engineering from the 
Illinois Institute of Technology in 1965 and 1972, respectively, and was a licensed Professional Engi-
neer in Illinois, Arkansas, and Wisconsin. He was a frequent instructor with ASM International and 
the American Welding Society, having previously been a part-time faculty in metallurgy at the Illinois 
Institute of Technology in Chicago. Johnson specialized in investigative evaluations while working 
with numerous Illinois companies including Engineering Systems Inc. in Aurora, Bodycote Materials 
Testing Group in Skokie, and Parker Engineering Inc. in Naperville, among others. He became an ASM 
Fellow in 2006 and was cited “for pioneering leadership and significant contributions in advanced 

welding metallurgy and flexible manufacturing automation technologies including flaw detection/failure analysis in pres-
sure containment vessels.” Johnson served as chair of the ASM Handbook Committee 2008-2010 and was a member of the 
Committee starting in 1999. He also frequently served as a peer reviewer. Johnson was a member of the Chicago Regional 
Chapter and past chair of the previous Chicago Western Chapter.

Bozidar Liscic, FASM, passed away on April 19 at age 91. Liscic was a full professor of mechani-
cal engineering at the University of Zagreb in Croatia, 1982-1999, and a member of the Croatian Acad-
emy of Science and Art since 1997. He served as president of the International Federation for Heat 
Treatment and Surface Engineering (IFHTSE), 2004-2005. Liscic was well known globally, serving as 
a visiting professor at the University of Cincinnati and as expert for heat treatment for the United 
Nations Development Programme and International Labor Organization. Liscic made numerous vital 
and lasting contributions to the fundamental understanding of quenching and heat treating technol-
ogy. Much of his work has been memorialized in “Theory and Technology of Quenching,” an author-
itative handbook co-edited by B. Liscic, H.M. Tensi, and W. Luty. Liscic was the long-time chairman 
of the IFHTSE Quenching and Cooling Committee from 1977 until his retirement. He was elected as a 
Fellow of ASM International and IFHTSE. The International Conference on Quenching and Control of Distortion in Honor of 
Professors Bozidar Liscic and Hans M. Tensi was held in Indianapolis in 2001.

George T. Murray, 93, died on March 22, in Pacific Palisades, Calif. He was a professor of mate-
rials engineering at Cal Poly San Luis Obispo and served as chair of the department, retiring in 1993. 
Murray graduated as valedictorian from his high school at the age of 16 and entered Eastern State 
Teachers College in Richmond, Ky., as a math/physics major, after scoring in the top one percent 
on the state mathematics exam. In 1944, Murray transferred to the University of Kentucky (UK) to 
pursue a degree in engineering. After two years in the Navy, he returned to UK and received his B.S. 
in metallurgical engineering. He later received an M.S. from the University of Tennessee and a Ph.D. 
from Columbia University. Murray co-founded Materials Research Corp., where he served as director 
of research and later corporate vice president. In 1978, he started a second career at Cal Poly. Murray 
authored “Introduction to Engineering Materials” by CRC Press, as well as an ASM Handbook Volume 
2 article, “Preparation and Characterization of Pure Metals.”

Hornbogen

Johnson

Liscic

Murray
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EDITORIAL PREVIEW
JULY/AUGUST 2020
Metal Additive Manufacturing

Highlighting:
• Machine Learning and AM
• 3D Printing Techniques
• Automotive Aluminum
• Show Previews for IMAT and North American Cold Spray

Advertising Bonus:
• Show issue for IMAT 2020

Special Supplements:
• International Thermal Spray and Surface Engineering 

newsletter covering coatings in the aerospace and 
defense industries, along with TSS news and initiatives.

Bonus Distribution:
• IMAT – September 14-17, Cleveland, OH
• North American Cold Spray – September 15-16, 

Cleveland, OH

Advertising closes June 15

SEPTEMBER 2020
Nondestructive Testing & Failure Analysis

Highlighting:
• NDE by Microwave of Non-Metallics
• NDT & FA with X-Ray CT
• Advanced High-Strength Steels
• IMAT Program Highlights

Advertising Bonus:
• ISTFA 2020 – November 15-19, Pasadena, CA

Special Supplements:
• HTPro newsletter covering heat treating technology, 

processes, materials, and equipment, along with Heat 
Treating Society news and initiatives.

Advertising closes August 7

Subscriptions/Customer Service:
800.336.5152
MemberServiceCenter@asminternational.org

Information on Advertising and Sponsorships:
Kelly Johanns - 440.318.4702
kelly.johanns@asminternational.org

Download the Media Kit at:
asminternational.org/advertise-webform

The ad index is published as a service. Every care is taken to make it accurate, but 
Advanced Materials & Processes assumes no responsibility for errors or omissions.

AD INDEX
Advertiser Page
Centorr Vacuum Industries Inc. 9
Inductoheat Inc. 63
Mager Scientific Inc. IFC
Master Bond Inc. 9
Thermo-Calc Software AB BC
Tinius Olsen 11
Westmoreland Mechanical Testing &    
  Research Inc. 79

ZwickRoell 31

Job seekers and employers alike, use the CareerHub to post 
resumes and job descriptions and to conduct searches. For more 
information, visit careercenter.asminternational.org today.

mailto:MemberServiceCenter@asminternational.org
mailto:kelly.johanns@asminternational.org
http://asminternational.org/advertise-webform
http://careercenter.asminternational.org/


AD
VA

N
CE

D
 M

AT
ER

IA
LS

 &
 P

RO
CE

SS
ES

 |
 M

AY
/J

U
N

E 
20

20
8 0

3D PRINTSHOP

Medical workers can now get mass 
customized, 3D-printed protective 
eyewear for free. Courtesy of Fitz Frames.

3D-PRINTED METAL FILTERS 
EXTEND LIFE OF RESPIRATORS

Reusable porous metal filters 3D 
printed with technology from ExOne, 
Huntingdon, Pa., were manufactured 
to fit inside a plastic respirator car-
tridge designed by the University of 
Pittsburgh. ExOne’s binder jetting tech- 
nology is a high-speed form of 3D print-
ing that can produce metal parts with 
specific porosity levels that can effec-
tively filter out contaminants while al-
lowing airflow.

ExOne has 3D printed respirator 
filters in two metals—copper and 316L 
stainless steel—and a range of porosity 
levels for use inside a unique cartridge 
designed by the Mechanical Engineer-
ing & Materials Science department in 
Pitt’s Swanson School of Engineering. 
Initial testing for airflow and filtration 
efficiency is currently underway, and 
the filters are being optimized with the 
goal of adhering to an N95 respirator 
standard.

“Our team has been working ur-
gently to expedite this promising and 
reusable solution for medical person-
nel on the frontlines of fighting the 
COVID-19 pandemic,” says John Hart-
ner, ExOne CEO. “Once approved, we 
can print these filters in a variety of siz-
es for respirators, ventilators, anesthe-
sia masks, or other equipment.” exone.
com, engineering.pitt.edu.

REUSABLE 3D-PRINTED 
FACE MASKS

Rowan University engi-
neering and medical students 
have developed a prototype 
for a durable, lightweight, 
reusable face mask to aug-
ment the supply of masks 
during the current shortage 
of personal protective equip- 
ment (PPE) due to the 
COVID-19 outbreak. The mask 
is provided “as-is” and pri-

marily acts as a mechanical barrier. It is 
not a replacement for N95 masks.

Developed in collaboration with 
medical professionals, the mask pro-
totype may serve in clinical and field 
use. If printed, used, and maintained 
correctly, the mask provides a durable, 
reusable mechanical barrier.

The prototype provides two com-
ponents: a contoured mask and filter 
housing. The contoured mask may 
be more closely molded to the user’s 
face by submerging the edges in hot 
water and pressing it to reform the 
shape against the face. The replace- 
able nonwoven filter materials recom-
mended for the filter housing are wide- 
ly available.

A team of Rowan University faculty 
and students is racing against the cur-
rent pandemic to create 3D-printed face 
masks to address the shortage of PPE 

for South Jersey’s health care workers 
and emergency responders. Their de-
signs are now available for public use. 
rowan.edu/mask.

REIMAGINED CUSTOM 
GLASSES

Fitz Frames, California makers of 
kids’ glasses, has shifted their manu-
facturing to focus on making protective 
eyewear for medical personnel. The 
3D-printed glasses are manufactured in 
Ohio, through the Youngstown Business 
Incubator group. The goal is to get this 
eyewear into the hands of medical pro-
fessionals as quickly as possible at no 
cost to them. Donations offset the costs.

Medical personnel can sterilize the metal filters from 
ExOne for repeated reuse, eliminating waste.

These 3D-printed masks come in three 
sizes, all with the same size filter housing. 
Courtesy of Rowan University.

An augmented reality iPhone app 
makes it possible to try on styles and 
colors virtually, upload the lens pre-
scription, and then order frames of ex-
actly the right size. The glasses, offered 
in both prescription and non-prescrip-
tion options, are custom fitted, thanks 
to the front-facing camera and app 
technology, which measures over 1000 
points on each face.

The frames are additively manu-
factured using selective laser sintering 
(SLS) and a bed of polymer powder to 
build up each layer. As a bonus, these 
frames cannot break at the traditional 
fail point—the hinge—because there are 
no metal parts. fitzframes.com

http://engineering.pitt.edu/
http://rowan.edu/mask.
http://fitzframes.com/


http://www.smstevent.org/


http://www.thermocalc.com/
http://www.thermocalc.com/
mailto:info@thermocalc.com
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