
Technologies and Processes for the Advancement of Materials

JUNE 2021
thermalprocessing.com

FOCUSING ON 
ADVANCED PM 
MANUFACTURING 
METHODS

COMPANY PROFILE ///

ISSUE FOCUS ///

MadgeTech

POWDERMET PREVIEW / SINTERING

http://thermalprocessing.com


LEGENDARY
P E R F O R M A N C E

a 248-596-9000 
premierfurnace.com • beavermatic.com
sales@premierfurnace.com

PREMIER FURNACE SPECIALISTS, INC. 
IS YOUR TRUSTED SOURCE FOR YOUR 
THERMAL PROCESSING EQUIPMENT. 

FROM BEAVERMATIC STANDARD 
DESIGNS TO CUSTOM SOLUTIONS

23850 Freeway Park Drive
Farmington Hills, MI 48335

mailto:sales@premierfurnace.com?subject=Referred by Thermal Processing
http://premierfurnace.com
http://beavermatic.com


LEGENDARY
P E R F O R M A N C E

a 248-596-9000 
premierfurnace.com • beavermatic.com
sales@premierfurnace.com

PREMIER FURNACE SPECIALISTS, INC. 
IS YOUR TRUSTED SOURCE FOR YOUR 
THERMAL PROCESSING EQUIPMENT. 

FROM BEAVERMATIC STANDARD 
DESIGNS TO CUSTOM SOLUTIONS

23850 Freeway Park Drive
Farmington Hills, MI 48335



2  JUNE 2021

CONTENTS /// 

24

MICROSTRUCTURE  
AND PROPERTIES OF 
TUNGSTEN-HEAVY ALLOY 
CONNECTIONS
Research shows it is possible to bond under 
sintering conditions with the participation of a solid-
liquid phase of homonymous and dissimilar THA 
materials.

AC7102 CHECKLIST REVIEW, 
PART 3
This article will shine a spotlight on the sections of 
AC7102/2 that tend to challenge suppliers, including 
aluminum heat treating.  36

COMPANY PROFILE ///

COVER PHOTO: MPIF, SHUTTERSTOCK / ILLUSTRATION BY RICK FRENNEA

40

28

PROVIDING VALIDATION FOR 
COMPLIANCE AND UALITY 
CONTROL
MadgeTech is a leading manufacturer of data loggers 
backed by expert engineering and customer service.

FOCUSING ON ADVANCED PM 
MANUFACTURING METHODS
MPIF offers three dynamic powder metallurgy conferences 
in Orlando designed to attract the world’s leading industrial-
technical minds from more than 30 countries.



thermalprocessing.com  3

http://www.lindbergmph.com
mailto:lindbergmph@lindbergmph.com?subject=Referred by Thermal Processing


4  JUNE 2021

Thermal Processing is published monthly by Media Solutions, Inc., 266D Yeager Parkway Pelham, AL 35124. Phone (205) 380-1573 Fax (205) 380-1580 International subscription rates: 
$105.00 per year. Postage Paid at Pelham AL and at additional mailing offices. Printed in the USA. POSTMASTER: Send address changes to Thermal Processing magazine, P.O. Box 
1210 Pelham AL 35124. Return undeliverable Canadian addresses to P.O. Box 503 RPO West Beaver Creek Richmond Hill, ON L4B4R6. Copyright © 2006 by Media Solutions, Inc. All 
rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage-and-
retrieval system without permission in writing from the publisher. The views expressed by those not on the staff on Thermal Processing magazine, or who are not specifically employed 
by Media Solutions, Inc., are purely their own. All “Update” material has either been submitted by the subject company or pulled directly from their corporate website, which is assumed 
to be cleared for release. Comments and submissions are welcome and can be submitted to editor@thermalprocessing.com.

DEPARTMENTS ///

UPDATE ///
New Products, Trends, Services & Developments

Q& A ///

RESOURCES ///

JUNE 2021   VOLUME 10 / NUMBER 6

»Solar Manufacturing installs vacuum furnace.
»Sonflow selects Seco/Warwick technology.
»Ipsen brings education right to customers.

Marketplace  44
Advertiser index  47

8

STEVE MUELLER
BUSINESS DE VELOPMENT DIREC TOR  ///   
L INDE

HOT SEAT ///
The property data necessary for 
modeling and simulation includes 
three main areas: metallurgical, 
mechanical, and heat transfer. 20

QUALITY COUNTS ///
It takes the whole company to 
accomplish successful heat treating  
whether it involves making the 
rules or making the product. 22

METAL URGENCY ///
Simulation shows that temperature 
uniformity can be improved 
during induction tempering using 
simultaneous cooling. 18

48

International Federation for 
Heat Treatment (IFHTSE)

The international association 
whose primary interest is heat 
treatment and surface engineering 
shares news of its activities  
to promote collaboration  

on issues affecting the industry. 14
Industrial Heating Equipment 
Association (IHEA)

The national trade association 
representing the major segments 
of the industrial heat processing 
equipment industry shares  

news of it’s activities, training, and  
key developments in the industry. 16

mailto:editor@thermalprocessing.com?subject=Referred by Thermal Processing


SDB SERIES BATCH DRAW OVEN 
40 Standard Models • Electric or Gas Heat

Wisconsin Oven Corporation
2675 Main Street • PO Box 873  East Troy, WI 53120

sales@wisoven.com
262-642-3938

WISOVEN.COM

Wisconsin Oven is a brand of 
Thermal Product Solutions, LLC

•  Standard sizes to
match most heat
treat lines

•  Temperatures
to 1,400° F

•  High capacity
recirculation blower
for outstanding uniformity
and heating rates

•  Available hearths include pier, skid,
roller rails, & full width rollers

•  Chain guides, charge cars and quench
tanks also available

•  Available with our exclusive Energy
Efficient E-Pack™ oven upgrade (see
www.oven-epack.com for further info)

•  Built to Last! Backed by our Exclusive and
Unprecedented 3-Year WOW™ warranty

•  Additional sizes and features available
upon request

Available with 
DataSense 

Technologies™ IoT 
Based Performance 
Monitoring System

The Ultimate Draw Batch Oven:

2021 WOC SDB Ad 8.375x10.875.indd   1 5/19/21   8:38 AM

mailto:sales@wisoven.com?subject=Referred by Thermal Processing
http://www.oven-epack.com


6  JUNE 2021

FROM THE EDITOR ///

CALL FOR ARTICLES   Have a technical paper or other work with an educational 
angle? Let Thermal Processing publish it. Contact the editor, Kenneth Carter, at 
editor@thermalprocessing.com for how you can share your expertise with our readers.

Coop wants to use this one for the website

Vertical Logo Horizontal Logo

PUBLISHED BY MEDIA SOLUTIONS, INC.
P. O. BOX 1987  •  PELHAM, AL 35124

(800) 366-2185  •  (205) 380-1580 FAX

David C. Cooper
PRESIDENT

Teresa Cooper
OPERATIONS

David C. Cooper
PUBLISHER

 EDITORIAL
Kenneth Carter

EDITOR

Jennifer Jacobson
ASSOCIATE EDITOR

Joe Crowe
CONTRIBUTING EDITOR

SALES
Dave Gomez

NATIONAL SALES MANAGER

Ben Keaten
REGIONAL SALES MANAGER

 CIRCULATION
Teresa Cooper

MANAGER

Jamie Willett
ASSISTANT 

 DESIGN
Rick Frennea

CREATIVE DIRECTOR

Michele Hall
GRAPHIC DESIGNER

 CONTRIBUTING 
WRITERS

 JAMES P. ADAMS
OLGIERD GOROCH 

ZBIGNIEW GULBINOWICZ
SHAUN KIM

D. SCOTT MACKENZIE
JASON SCHULZE

JUSTIN SIMS
PAWEŁ SKOCZYLAS

KENNETH CARTER, EDITOR
editor@thermalprocessing.com
(800) 366-2185  x204

Time to move toward normal again
ast year was a wild ride not just for the heat-treat industry, but for the world 
at large.

Thermal Processing was not immune to the challenges that the pandemic 
forced on us, but now that millions are vaccinated, it really appears that much of the 
world is returning to some semblance of normalcy.

Case in point, PowderMet2021, AMPM2021, and Tungsten2021 will be hosting a hybrid 
tradeshow in Orlando June 20-23.

It’s a bold move, but what that does is, by pivoting to hybrid conferences, it ensures 
all speakers are provided the opportunity to present their work, and it allows delegates 
to advance their knowledge, regardless of travel restrictions that could have made par-
ticipating impossible.  In addition to live presentations, all recorded presentations will 
be available on-demand. 

And that’s a good thing. Virtual conferences helped keep the industry up to date 
on important developments, but it can’t replace one-on-one, face-to-face interaction. 
Watching a piece of equipment on a computer screen pales in comparison to observing 
ground-breaking technology live and in person.

To that end, this month’s Thermal Processing is shining a spotlight on PowderMet2021. In 
our cover story, James P. Adams, executive director/CEO for the Metal Powder Industries 
Federation and APMI International, discusses the upcoming trifecta of conferences 
planned and how it’s designed to attract the world’s leading industrial-technical minds 
from all over the world.

I’m also excited about presenting the third part of Jason Schulze’s five-part series on 
the AC7102/1 checklist review. Part three tackles sections of AC7102/2 that tend to chal-
lenge suppliers, particularly those involved with aluminum heat treating.

And make sure you check out our columnists. They’re always offering up must-know 
expertise on a variety of important heat-treating subjects.

As we take the plunge into a, hopefully, normal summer, I’d like to take this moment 
to remind you to let Thermal Processing be your eyes, ears, and, most importantly, your 
voice. Through the pandemic and beyond, we are here, first and foremost, to shine a 
spotlight on your valuable products, services, and know-how.

Whether it’s a powerful ad or an expert article, let us share your insights with the 
people who are searching for it.

Stay safe and healthy out there, and, as always, thanks for reading!

L

mailto:editor@thermalprocessing.com?subject=Referred by Thermal Processing
mailto:editor@thermalprocessing.com?subject=Referred by Thermal Processing
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MadgeTech data loggers are designed, manufactured 
and serviced in the USA and distributed worldwide.

RTD and thermocouples have important roles in temperature monitoring.  
Check out the chart below to determine which probe is best for your application!

17025 17025

TCTempX
• Measures Temperatures up to 1820 °C 

(Probe Dependent)
• Supports a Variety of Thermocouples
• Individual Cold Junction Compensation

MadgeTech’s brand new X-Series monitors up to 16 channels with just one device  
and features both thermocouple and RTD options to best fit your needs.

RTDTempX
• Accepts 2, 3 and 4-Wire RTDs
• Memory Capacity of 2,700,000+ Readings
• Measures Temperatures from -200 °C to 

+850 °C

(603) 456-2011
madgetech.com

6 Warner Road
Warner, NH 03303

THERMOCOUPLE RTD

Temperature Measure temperatures -270 °C to +2300 °C Measure temperatures -200 °C to +850 °C

Accuracy Typical accuracy of up to 1 °C with a wider 
temperature range 

An accuracy of 0.1 °C and repeatable results 
with a smaller temperature range  

Sensitivity Fast response time to change in temperature, 
about 3x faster than RTDs

Some are able to compete with 
thermocouples, but in general, are slower

Stability Over time, readings can drift due to oxidation 
to the sensor, etc.

Better for long time use as they remain stable 
and offer repeatable measurements

Cost Often less expensive and budget friendly for 
multi-probe applications

The accuracy of RTDs comes at a cost, 
running up to 3x higher than thermocouples 

http://madgetech.com
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Solar Manufacturing 
installs vacuum 
furnace 
Solar Manufacturing recently shipped and 
installed a vacuum heat-treating furnace for 
NexGen Advanced Fuel Systems, an Allied 
Power Group Company, based in Houston, 
Texas. 

NexGen, a premier gas turbine com-
ponent overhaul facility, ordered Solar 
Manufacturing’s new HFL-7472-2IQ furnace 
to help increase their capacity and reduce 
turnaround time for their heat-treating 
and brazing operations. Built specifically 
to heat treat land-based turbine equipment, 
with attention to specific cooling require-
ments required by NexGen’s customers, the 
furnace features a Solarvac Polaris Control 
System and a graphite hot zone accommo-
dating loads up to 48ʺ wide × 48ʺ high × 72ʺ 
deep. The furnace has a maximum load 
weight capacity of 6,000 pounds.

The furnace achieves a vacuum level of 
10-5 Torr, and reaches a maximum operating 

temperature of 2,400°F. A 300 HP gas fan will 
allow NexGen to quench a load from 2,150°F 
to 1,000°F in just three minutes, using only 
2-bar.  

“Our Solar vacuum furnace runs excep-
tionally well. The interface makes run-
ning the furnace easy for operators of all 
skill levels. For furnace installation and 
operation, Solar provides knowledgeable 
engineering and support staff. The Solar 
furnace has a robust design, with some 
nuances such as stainless-steel internals, 
brass fittings, made in USA valving, and 
in our case, a beefed-up blower allowing 
super-fast cooling abilities. Not only does 
Solar manufacture vacuum furnaces, but 
they also run them. Nothing beats an 
improvement feedback loop back to manu-
facturing than real life experience. Nexgen 
hopes business growth supports purchas-
ing a second Solar vacuum furnace,” said 
Mark Dion, president of Nexgen-AFS, and 
general manager of Allied Power Group 
Combustion Technologies.

MORE INFO nexgen-afs.com   
 www.solarmfg.com

Sonflow selects 
Seco/Warwick 
technology
 Seco/Warwick will deliver a vacuum fur-
nace to SonFlow for copper brazing adapted 
to the individual needs of European custom-
ers worldwide. A special nozzle design and 
electrical penetration assembly will ensure 
that the device is perfect for the produc-
tion of the latest, high-capacity plate heat 
exchangers for industrial, HVAC, off-shore, 
and sanitary purposes to be manufactured 
in the Kolding plant. 

SonFlow is a European manufacturer 
which has historically been known most-
ly for the manufacture of high-capacity 
industrial pumps. The company is expand-
ing into the plate heat exchanger business. 
Manufacturing state-of-the-art and power-
ful heat-exchangers has provided the incen-
tive for the plant to purchase a furnace that 
will satisfy the current production chal-
lenges associated with the brazing process

Seco/Warwick has delivered many vacu-
um solutions to multiple companies that use 
brazing technologies. This proven furnace 
is suitable for copper brazing processes for 
large-dimension heat-exchangers. The work-
ing area of the device (900 × 900 × 1,200) 
will enable the SonFlow plant to perform 
in-house brazing, without the need to out-
source work to third parties. Power savings, 
one of the pillars of the SonFlow mission, is 
ensured by the graphite chamber, and the 
shortened cycle time is guaranteed, thanks 
to the vacuum level of 10-3 mbar.

“Every new contract, customer, or indus-
try means numerous consultations and part-
nership dialog. The goal is always to respond 
to the customer’s needs and to adapt the 
furnace, process, and technology so that the 
solution is custom-made. This also applies 
to the brazing technology. Years of experi-
ence and the above approach have resulted 
in developing a special design of the cool-

NexGen, a premier gas turbine component overhaul facility, ordered Solar Manufacturing’s new HFL-7472-
2IQ furnace to help increase their capacity and reduce turnaround time for their heat-treating and brazing 
operation. (Courtesy: Solar Manufacturing)

http://www.solarmfg.com
mailto:editor@thermalprocessing.com?subject=Referred by Thermal Processing
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ing nozzles, optimum for brazing compa-
nies. This dedicated solution consisting of 
the special nozzle design for these radiator 
applications prevents excessive deposits of 
brazing residues in undesired areas of the 
heating chamber. With this design, the risk 
of damaging the device during the brazing 
process is eliminated,” said Maciej Korecki, 
VP, vacuum business segment at Seco/
Warwick Group. 

“We hold more than 60 technological 

patents, collaborate with dozens of techni-
cal universities and have our own metallog-
raphy laboratory — SECO/LAB® — all these 
elements guarantee real support for our cus-
tomers and for ourselves when it comes to 
solving problems and satisfying needs. This 
is a huge source of pride, but also a chal-
lenge,” Korecki said. 

The vacuum furnace on order is a proven 
design which has been operated in nearly 70 
countries around the world. The working 

area enables efficient heat treatment of the 
relatively large components of heat exchang-
ers that will be manufactured by SonFlow. 
Characteristic features of this design include 
a robust medium vacuum system based on 
two Leybold Root’s pumps.

The contract between Seco/Warwick and 
SonFlow is unique not only for the proper-
ties of the device purchased, but also for the 
processes associated with the order itself. As 
part of the contract implementation, Seco/
Warwick designed the external water-cool-
ing system of the furnace. This portion of the 
project will be executed directly by SonFlow, 
with the use of its pumps and heat-exchang-
ers for the fabrication. 

 “Heat exchangers require complex joints 
which can be achieved only with brazing 
technology. There are not many partners 
that are able not only to deliver the device, 
but also have extensive knowledge about the 
technology used and are willing to share it 
with others. We are very glad that our com-
panies developed such a synergy,” said Aage 
Søndergaard Nielsen, president and owner 
at SonFlow.

“Seco/Warwick is a renowned expert in 
copper brazing. The vacuum furnace ordered, 
with specially redesigned nozzles and elec-
trical penetration assemblies enabling safer 

Sonflow, the Scandinavian manufacturer of heat exchangers, selects Seco/Warwick vacuum furnace 
technology. (Courtesy: Seco/Warwick)
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copper brazing, will ensure a longer and 
more reliable operation for us during braz-
ing in industrial conditions,” Nielsen said.

 SonFlow specializes in the manufacture 
of high-capacity pumps in various sizes 
for many applications (industrial, waste-
water, off-shore and sanitary). It also mar-
kets a wide range of spare parts under the 
DanPumps brand. 

MORE INFO www.secowarwick.com

Ipsen brings 
education right  
to customers
In addition to classroom-style trainings at 
its manufacturing facility, Ipsen offers on-
site Ipsen U courses to accommodate large 
groups at customer facilities. Ipsen U is a 
course designed to teach heat treatment fun-
damentals, best practices, and new methods. 
Attendees receive an extensive overview of 
vacuum furnace equipment, processes, and 
maintenance.

For on-site trainings, customers can 
choose which topics to focus on, allowing 
for a customized, hands-on experience that 
follows safety protocols. Ipsen sends highly 
qualified technical resources, sometimes 
those who were directly involved with the 
build of the furnace they are training on.

The next Ipsen U class is scheduled for 
August 3-5, 2021, in Cherry Valley, Illinois. 
Attendees for the 3-day course have the advan-
tage of networking with other heat treaters 
and seeing how furnaces are built at Ipsen’s 
Vacuum Technology Excellence Center.

MORE INFO www.IpsenUSA.com/IpsenU

Thyssenkrupp  
to retrofit 
combustion system
Within the scope of a modernization project, 
thyssenkrupp Steel Europe AG will upgrade 
the combustion system of the FBA 8 galva-
nizing line, located at the Dortmund plant. 
The newly implemented heating system will 
provide drastically lower emissions.

The purchase order for delivery, assembly, 

and commissioning of 195 modernized self-
recuperative burners has been placed with 
WS Wärmeprozesstechnik GmbH. The heat-
ing system will achieve exceptionally low 
NOx emissions due to proven double P-tube 
design and the patented FLOX® combustion 
process. The retrofit is to be completed by 
mid-2022. Detailed planning will keep line 
down time to a minimum for the duration 
of the retrofit.

In the future, the tkSE plant in Dortmund 
will operate three vertical strip lines, posi-
tioning it as one of the most advanced and 
modern sites for annealing and surface treat-
ing of steel strip globally. Up to 2 million 
metric tons of steel can be processed annu-
ally, once all three lines are in full operation. 
tkSE employs and fully relies on proven and 
environmentally friendly heating technol-
ogy, a technology that even today is suitable 
for a future with green combustion gases. 
After the conversion, approximately 800 low 
emissions burners will be in operation at the 
Dortmund facility.

WS can rely on decades of experience 
with the highly awarded FLOX combustion 
technology. Experience is gained from tens 
of thousands of burners successfully in 
operation worldwide. FLOX enables highly 
efficient burners to operate while simultane-
ously maintaining very low NOx emissions. 

“It is our ambition at WS, to provide solu-
tions for all continuously operated strip lines 
which can reliably attain NOx emissions 
well below 100 mg/Nm, with simultaneously 

high combustion efficiency over 80 percent 
and which are, already today, suited for a 
future with green combustion gases,”, said 
Dr.-Ing. Joachim G. Wünning, president of 
WS Wärmeprozesstechnik GmbH.

MORE INFO www.thyssenkrupp-steel.com/en

Pemamek announces 
German subsidiary 
opening
As a part of the global company strategy and 
to reinforce its local presence and bring the 
services closer to its customers, Pemamek 
Ltd. has opened a daughter company in 
Germany. The official subsidiary, Pemamek 
GmbH, will be led by newly hired sales direc-
tor Oliver Decker.

The subsidiary, active since April 2021, 
is strategically located in the center of 
Germany, in Bad Arolsen. To lead the opera-
tions in Germany, Pemamek has hired an 
experienced sales professional and native 
German, Oliver Decker.

“We are currently in a strong growth 
phase and by opening a daughter company 
to a potential market area, we can support 
our future growth. Being locally present and 
close to our customer in selected areas is also 
a part of our long-term business strategy,” 
said CEO of Pemamek Ltd., Juha Mäkitalo. 

For decades Pemamek has provided cus-

Thyssenkrupp Steel Europe awarded WS Wärmeprozesstechnik GmbH an order to retrofit a FBA 8 
combustion system. (Courtesy: thyssenkrupp Steel Europe AG)

http://www.secowarwick.com
http://www.IpsenUSA.com/IpsenU
http://www.thyssenkrupp-steel.com/en
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tomized proven solutions for varied heavy 
industries globally, such as shipbuilding, 
wind energy, power generation, heavy equip-
ment, general fabrication, and offshore and 
process equipment globally. In Germany, the 
initial plan is to primarily focus on wind 
energy, general fabrication, and heavy equip-
ment sectors.

“We already have a strong global presence 
in certain sectors, such as shipbuilding. Now, 

with the new open-
ing, we target to 
grow our market 
share also in other 
segments,” Mäkitalo 
said. “We’re excited 
to have Oliver join-
ing the ranks of 
Pemamek, as he has 
a long experience 
in machine sales 

and profound knowledge from the German 
markets.”

“I am looking forward to improving 
Pemamek’s position in the German markets 
and develop the customer base. There is a lot 
of unused potential for high-quality PEMA 
products and solutions, so I’m sure that now 
by being locally present, we can make an 
even bigger impact,” said Decker.

In addition to having a subsidiary, 
Pemamek will continue maintaining and 
developing its local partner network and 
agents in Germany. 

MORE INFO www.pemamek.com

Nitrex names VP  
of sales heat-treating 
services
Mark Hemsath, former vice president of 
Seco/Vacuum Technologies LLC, is joining 
Nitrex’s heat treating services sales division. 
He will be taking on the role of vice president 
of Sales Heat Treating Services, Americas. 
His main responsibilities will include man-
aging the North American Heat Treatment 
Sales division and growing the business for 
key customers in target industries.

Hemsath has a Master’s degree in busi-
ness administration, Bachelor of Science, 
and a minor in manufacturing technology. 
He has more than 30 years’ experience in 

the industry. He has contributed to several 
technical publications and conferences over 
the years. His experience includes marketing 
and sales for technical industries; a strong 
engineering-based background in processes 
and materials such as heat-treating, metal-
lurgy, process gases, and high-temperature 
reactions; engineering expertise in furnace 
design and build, high-temperature alloys 
applications, advanced controls and automa-

tion, material han-
dling and conveyors, 
safety requirements, 
NFPA 86 issues, com-
bustion of gases 
and burners, and 
safely processing 
with reactive gases; 
legal expertise with 
contracts, and prod-
uct liability, deposi-

tions, and equipment safety. Throughout 
his career, he has worked for several key 
players in the industry, including Advanced 
Heat Treat Corp., Seco/Warwick Corp., and 
MH Thermal.

“Mark is a seasoned heat-treating profes-
sional with many years of sales-manage-
ment experience in the thermal processing 
industry. His expert technical and process 
knowledge will be a great asset to Nitrex 
and will help reinforce our position as the 
leading global provider of integrated heat 
treatment solutions. I am very pleased to 
welcome Mark to the Nitrex team,” said 
Jason Orosz, president of heat-treating ser-
vices at Nitrex Metal Inc.

 MORE INFO www.nitrex.com

Baowu Group places 
order with Tenova for 
automatic roll shop

China Baowu Steel Group Corporation 
Limited, leader in the global steel industry, 
awarded Tenova, a leading company special-
ized in sustainable solutions for the green 
transition of the metals industry, two con-
tracts for the revamping of a fully automatic 
roll shop for its silicon steel plant at Baoshan 
Iron and Steel, in Baoshan, Shanghai, China. 
The scope of the contract includes the dis-
assembly, relocation, and revamping of five 

Oliver Decker Mark Hemsath
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UPDATE /// HEAT TREATING INDUSTRY NEWS

Pomini roll grinders and two Pomini auto 
loaders with the complete automation sys-
tem.

In 2008, Pomini Tenova, a worldwide 
leader in the production of roll grinders, sup-
plied a fully automatic roll shop with five 
roll grinders and two auto loaders for the 
cold rolling mill of the group’s stainless-steel 

branch. With this revamping, the previous 
roll shop will be transferred to the Baoshan 
Silicon Plant, where the customer is expand-
ing its production of non-grain-oriented sili-
con steel coils.

The current roll shop will be completely 
upgraded with the most advanced automa-
tion system, which will integrate all grind-

ers and loaders and introduce innovative 
technological solutions ensuring the highest 
safety and quality standards.

Moreover, among others, three new fea-
tures will modernize Pomini’s equipment: 
the new NDT inspection system Inspekor3 
with eddy currents and creeping waves for 
on-line roll surface and subsurface defect 
inspection; the new continuous profile com-
pensation (CPC) for true and undisturbed in-
process measurement and correction of roll 
profile during grinding; and the innovative 
Pomini process monitoring (PPM), allowing 
to optimize the grinding process parameters 
to reach the desired roll surface quality. PPM 
is also part of the digital advanced solu-
tions provided by Tenova, offering the latest 
Industry 4.0 developments and including 
Tenova Edge, which enables process variable 
and data collection for machine condition 
monitoring and predictive maintenance.

“Since 2001, we have managed to create 
a long-lasting collaboration with Baosteel 
Group (now Baowu Group), witnessed by a 
total of 130 references, including 99 new roll 
grinders, 10 auto loaders, and 11 revamping. 
This new order is a remarkable confirmation 
of Baowu Group’s trust in Pomini, and we 
are proud to help the company achieve its 
goals through our reliable technology,” said 
Livio Taccani, Pomini Tenova commercial 
director.

The completion of the project is targeted 
for summer 2022.

MORE INFO www.tenova.com

The scope of China Baowu Steel Group’s Tenova 
contract includes the disassembly, relocation, and 
revamping of five Pomini roll grinders and two 
Pomini auto loaders with the complete automation 
system. (Courtesy: Tenova)

POWERFUL
• Supervisory Control 
• Precision Batching and Recipe Management
• Control multiple furnace lines from a centralized location
• Bulletproof Data Acquisition and Documentation  

(Nadcap / AMS2750E / CQI-9/ CFR-21)
• Store and Retrieve Data
• Reporting, Trending, Date & Time Stamping with 

Operator Signature capability

ADAPTABLE
• System is easily customized to meet your requirements
• Spectrum of service from simple Data Acquisition to Full 

Blown Automation and Control
• Touch Screen Capability

1-800-666-1165
www.kacsik.com

Conrad Kacsik SCADA
Powerful, Economical, and Adaptable
Let Conrad Kacsik show you how a customized SCADA system can positively impact the 
performance at your company. Our process starts with an engineering evaluation of your 
current controls and data acquisition system, then we’ll make recommendations that will 
enable you to achieve your goals and optimize performance.

Contact us today to help you  
with your SCADA system solution.

ECONOMICAL
Our SCADA solution can be implemented in phases in order to fit your budget. For example, begin 
with the data acquisition component, later add the supervisory control functionality to complete 
your SCADA System.

• Open Architecture
• Non-Proprietary System – customers are not bound to a single OEM
• Unlimited software “Tags” allow for maximum value when programming our system          

(minimizes software investment as compared to other HMI software packages)
• System will often work with existing instrumentation, via communication cards - minimizing 

investment in new equipment

http://www.tenova.com
http://www.kacsik.com
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Bodycote 
material improves 
performance
Extrusion processes are widely used in set-
tings where components can be subject to 
extreme abrasive wear. Bodycote’s Supermet 
Fe69 can improve resistance to abrasion and 
torque in these applications.

Traditional tool steels have their limita-
tions in these environments and can only 
offer basic functionality. These technical 
barriers can be overcome by adopting high-
performance alloys and deploying advanced 
manufacturing technologies and the life 
span of components extended.

By choosing an optimized material for 
extrusion, the process can increase through-
put and product quality at many different lev-
els. Hot Isostatic Pressing (HIP) technology is a 
powerful resource for industries where pow-
der metallurgy materials have been the gold 
standard for the extruder market for many 
years. The extruder features a so-called tribo-
logical system, built on the structure, that is, 
screw, barrel and material processes, and the 
load combination such as stress, motion, pres-
sure, and temperature; all these parameters 
affect the choice of a suitable material.

Based on their proven performance with 
challenging polymers and other extruded 
media, Bodycote presents Supermet Fe69 as 
the solution. Supermet Fe69 is a high alloyed 
vanadium cold work steel produced by pow-
der metallurgy. It is characterized by good 
wear resistance, low warping upon harden-
ing, and improved cutting-edge stability.

The adoption of HIP combination bar 
(combi bar), manufactured from Bodycote 

Supermet Fe69 enables the use of harder 
materials in the manufacture of screw seg-
ments without the risk of cracking, resulting 
in higher durability. Not only will the screw 
last longer and perform better, the soft core 
allows the use of broaching to reduce the 
time required to manufacture each part, ulti-
mately saving costs and improving lead times.

Bodycote is hosting a technical webinar 
where it will introduce the benefits of pow-
der metallurgy Supermet Fe69. The event 
will be May 12 at noon Eastern time. To reg-
ister to attend or to receive the recording, go 
to https://tinyurl.com/9ja2s8ub. 

MORE INFO www.bodycote.com

A broached extruder special screw segment 
showing the internal spline manufactured from 
Bodycote Supermet Fe69. (Courtesy: Bodycote)
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Some of the best and brightest in the 
industry make up IFHTSE’s officers 
DR. EVA TROELL, PRESIDENT
At the beginning of 2019, Dr. Eva Troell of Swerea AB, Mölndal, 
Sweden, holds the position of IFHTSE president. She has been 
involved in the heat-treatment and materials technology industries 

for more than 25 years. Troell has a 
master’s degree in materials tech-
nology from the Royal Institute of 
Technology in Stockholm. At Swerea 
IVF, she is responsible for the heat-
treatment area. She works as a senior 
researcher and project manager. Some 
main areas of interest are quenching 
as well as nitriding processes. She was 
one of the originators for the initia-

tion and startup of the Swedish Heat Treatment Centre, which has 
been active since 2006. The Centre is a network for heat-treatment 
research and development. Member companies include Scania, 
Volvo, Atlas Copco Secoroc, Curtis Wright, Gnutti Powertrain, 
EFD Induction, GKN Driveline, Teknoheat, AGA, Bodycote, Parker 
Hannifin, Ovako, Sandvik Mining, SKF, StressTech, Swepart, Sarlin 
Furnaces, and LEAX Group.

PROF. MASAHIRO OKUMIYA, VICE PRESIDENT
Prof. Masahiro Okumiya was elected IFHTSE vice president at  
the 48th Governing Council Assembly the day before the Congress. 
He had been a member of the executive committee since 2016 and 

was suggested for this position by the 
Japanese Society for Heat Treatment. 
Okumiya got his Ph.D. in 1994 in 
Materials Science and Engineering 
from Nagoya National University. He 
has worked at the Toyota Technological 
Institute since 1985. In 1996, he was a 
visiting researcher in BAM (Federal 
Institute for Materials Research and 
Testing, Berlin, Germany). Now, he 

studies about surface heat treatment, especially gas carburizing, 
nitriding, and high-temperature nitriding. Among the awards he 
received were the ASM International Award for Best Paper, Best Paper 
of The Japan Institute of Metals, Best Paper of The Japan Society for 
Heat Treatment, and Best Poster Presentation of IFHTSE 2014.

STEFAN HOCK, SECRETARY
Stefan Hock, Ph.D., secretary general of IFHTSE, graduated in 
mechanical engineering with specialization in materials science and 
engineering in 1978 and started working in the development of amor-

phous metals. In 1988, he finished the 
thesis of Dr. rer. nat. (Ph.D.) at the Max-
Planck-Institute, Stuttgart, Germany, 
and worked with sintered perma-
nent magnets. In 1991, he oversaw 
the Corporate Materials Technology 
department of ZF Friedrichshafen 
AG. In this corporate function, he was 
responsible for lab services and R&D 
exploration projects. He served in vari-

ous functions of the German Heat Treatment Association AWT, most 
notably as president for five years. In 2011, he took the position of 
director R&D of ZF Marine in Padua, Italy. Now he is retired and 
living in Padua.

IMRE FELDE, TREASURER
Imre Felde, Ph.D., is the vice rector for Industrial and Business 
Relations at Obuda University, where he is responsible for stra-
tegic cooperation, industrial relations, and business develop-

ment. Previously, he served as vice 
dean at Obuda University, Budapest, 
Hungary, and was part of the faculty 
of Informatics. He served as CEO of 
the Bay Zoltán Foundation for Applied 
Research in Budapest from 2008 to 
2012. This research facility is the larg-
est applied research organization in 
Hungary and investigates areas of 
material and laser technology, nano-

technology, biotechnology, ICT, logistics, and industrial production 
technologies. He received his Bachelor’s of Science in Computer 
Engineering at Budapest Polytechnic University and his Master’s 
of Science in Computer Engineering at Eötvös Lóránd University. 
In 2007, he received his Ph.D. in Materials Science and Technology 
from Miskolc University in Hungary. He served as treasurer for 
IFHTSE for the past six years.

INTERNATIONAL 
FEDERATION OF 
HEAT TREATMENT 
AND SURFACE 
ENGINEERING
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SPOTLIGHT ON A MEMBER ORGANIZATION: A3TS
IFHTSE is a federation of organizations, not individuals. There 
are three groups of members: scientific or technical societies and 
associations, universities and registered research institutes, and 
companies.

In this segment, we will highlight our members. This month, we 
look at the French Heat Treatment Society, Association de Traitement 
Thermique et de Traitement de Surface.

The Association de Traitement Thermique et de Traitement de 
Surface (A3TS) is a collaborative structure serving the dissemination 
of materials treatment technologies — heat treatments and surface 
treatments — in industrial sectors. Its focus is to bring industrial 
experts and researchers together in many different areas of tech-
nology, including heat treatment and surface engineering, coating, 
and thermochemical treatments. A3TS has a mixture of members, 
both industrial and academic, as well as equipment suppliers and 
educational institutions.

A3TS has an extensive training program and geared at differ-
ent levels. In person and online training is available. Courses are 
available from half day introductory courses to extensive multi-day 
programs on surface treatments, thermal treatments, and quality.

Due to the pandemic, many conferences planned for 2021 have 
either been delayed or canceled. Please watch this space for updates 
on current conference planning. 

SEPTEMBER 5–9
6th International Conference on Steels in Cars and Trucks
Milan, Italy I www.sct2020.com

SEPTEMBER 8–10
4th Mediterranean Conference on HTSE
Istanbul, Turkey I mchtse2020.com

SEPTEMBER 13–16 
ASM International Materials Applications & Technologies
St. Louis, MO, USA I www.asminternational.org/web/imat

SEPTEMBER 29–OCTOBER 1
14th HTS International Exhibition and Conference
Mumbai, India I www.htsindiaexpo.com

OCTOBER 26–28
HK 2021
HK is the largest materials technology industry meeting in Europe 
Cologne, Germany I www.hk-awt.de

APRIL 2022 
12th Tooling Conference & Exhibition (Tooling 2022)
Örebro, Sweden

SEPTEMBER 2022 
27th IFHTSE Congress / European Conference on Heat Treatment
Salzburg, Austria

APRIL 2023
5th International Conference on Heat Treatment and Surface 
Engineering of Tools and Dies
Liangzhu Dream Town, Hangzhou, China

NOVEMBER 13-16, 2023 
28th IFHTSE Congress
Yokohama, Japan

For details on IFHTSE events, go to www.ifhtse.org/events

IFHTSE 2021 EVENTS

Association de Traitement Thermique et de Traitement de Surface (A3TS)
The French Heat and Surface Treatment Society
71 rue Lafayette - 75009 Paris, France
www.a3ts.org • a3ts@a3ts.org

EXECUTIVE COMMITTEE
Eva Troell  I  President
RISE IVF Research Institutes of Sweden  I  Sweden

Dr. Scott MacKenzie  I  Past President
Houghton International Inc.  I  USA

Prof. Masahiro Okumiya  I  Vice President
Toyota Technological Institute  I  Japan

Dr. Stefan Hock  I  Secretary General
IFHTSE Italy

Dr. Imre Felde  I  Treasurer
Óbuda University  I  Hungary

OTHER MEMBERS
Prof. Rafael Colas  I  Universidad Autónoma de Nueva Leon  I  Mexico

Dr. Patrick Jacquot  I  Bodycote Belgium, France, Italy  I  France

Prof. Massimo Pellizzari  I  University of Trento  I  Italy

Prof. Larisa Petrova  I  MADI University  I  Russia

Prof. Reinhold Schneider  I  Univ. of Appl. Sciences Upper Austria  I  Austria

Prof. Marcel Somers  I  Technical University of Denmark  I  Denmark

Prof. Kewei Xu  I  Xi’an University  I  China

ONLINE  www.ifhtse.org  I  EMAIL  info@ifhtse.org

IFHTSE LEADERSHIP
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INDUSTRIAL HEATING 
EQUIPMENT ASSOCIATION

MEMBER SPOTLIGHT

Karl Dungs markets combustion controls

Karl Dungs, Inc, a subsidiary of Karl Dungs GmbH & Co. KG, was 
established in 1997 as the Dungs sales channel for the North 
American market. Dungs brought into the North American 

market combustion controls for gas-fired applications that included 
the DMV family of safety shutoff valves, gas and air pressure switches, 
regulators, and other accessory items required for safe combustion. 
Most recently, Karl Dungs, Inc. took over sales channel responsibil-
ity for Central and South America; Now, the subsidiary handles the 
entire Americas region. 

During the early years, Dungs USA primarily focused on low tem-
perature air heating applications, which included automotive paint 
finishing, textiles, and food. 

Dungs modular products quickly became accepted in these low-
temperature applications as the product of choice and is considered 
the standard of the industry still today. 

Number of employees. 
40 in the Americas region with 20-plus independent representatives 
across the same area.

Major industries served. 
Food, metals, paint finishing, textiles, and environmental.

When people hear your company name, what should come to 
mind?
Service, Service, Service. We started our brand in the U.S. with the 
idea that we could provide excellent customer service as a differentia-
tor. We have a huge inventory of parts for various applications and 
code requirements, and we offer customization of products to meet 
specific customer specifications.

What benefits/advantages do your products/services provide?
All Dungs products sold in North America are manufactured at our 
parent facility in Urbach, Germany. Dungs manufactures the DMV 
dual safety shutoff valve, MVD & SV single shutoff valves, FRI/FRS/
FRM gas pressure regulators, GAO/GMH/GML gas pressure switches, 
VPS/VDK valve proving systems, AA air pressure switches, and the 
MPA flame safety along with other accessory items for the Americas 
Industrial Heat Processing market. Our flexible designs and modular 
assembly capabilities provide the most compact functional product 

Dungs recently expanded its facility in Blaine, Minnesota, to allow for more space for larger systems. (Courtesy: Dungs)
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INDUSTRIAL HEATING EQUIPMENT ASSOCIATION
P.O. Box 679 I Independence, KY 41051

859-356-1575 I www.ihea.org

for most all applications. Most recently, Dungs introduced the MBE 
(Multi-Bloc version E) product to the Americas region — which brings 
us into the higher BTU burner capacity ranges (up to 6-inch diam-
eter). 

What specific types of technology are signature to your company 
and why?
Dungs is widely known in the low-temperature industrial heating 
market for our compact modular assemblies. These assemblies pro-
vide all of the pressure, flow, and safety requirements of a gas train 
in a modular form saving precious space and overall cost for the 
customer.

What are some special points of interest, some details of 
products specific to your company, and some details of product 
capabilities?
The new Dungs MBE, available in 1 1/2” to 6” sizes, is a motor oper-
ated dual safety shutoff valve with optional electronic regulator. The 
MBE is designed to allow the mounting of all of the standard Dungs 
modular items including the valve proving systems, pressure switch-
es, gauges, and other accessories. The MBE uses a pressure sensor 
downstream to provide a feedback signal to the regulating actuator 
allowing the actuator to open and close to provide a constant pres-
sure downstream during changes in flow. This design is the first of 
its kind to be UL approved as an electronic regulating device for use 
on larger burner systems. 

What makes your company unique?
Dungs is synonymous with quality. Our German engineered prod-
ucts and highly automated assembly processes with end-of-line prod-
uct testing provide for the ultimate in product quality.

Have there been any changes/acquisitions/special projects that 
have taken place over the past year?
The UL approval and sales release of the MBE has been the most 
significant event over the past year for Dungs USA. The product was 
introduced officially during the 2020 pandemic, which provided 
many challenges with the introduction, but the expectations are 
high for the product to reach much more customers in 2021.

What plans are in store for the company? How do you see the 
company evolving over the next five to 10 years?
Dungs is focusing a lot of R&D attention on electronics and smart 
technology as well as hydrogen-ready products. We understand the 
need for monitoring and predictive maintenance capability as well 
as the shift to hydrogen for minimizing our carbon footprint in the 
future.

Any additional points of interest about your company?
Most recently, Dungs has expanded our facility in Blaine, Minnesota, 
to allow for more space for larger systems. This allows us to provide 
full gas train packages with wiring and all necessary controls fully 
factory tested before being shipped to the customer. 

MORE INFO www.dungs.com/en

JULY 26–28
IHEA 2021 Annual Meeting
Don CeSar Hotel  I  St. Pete Beach, Florida

AUGUST 10–11
Powder Coating & Curing Processes Seminar
Alabama Power Technology Applications Center  I  Calera, Alabama

This day and a half Introduction to Powder Coating & Curing 
Processes Seminar will include classroom instruction and hands-on 
lab demonstrations. Registration is $325 for IHEA members, $425 
for non-members. Fee Includes: Seminar materials, Powder Coating 
Manual, Infrared Manual, breakfast and breaks both days, lunch Day 1, 
Networking Reception, Certificate of Completion.

For details on IHEA events, go to www.ihea.org/events

IHEA 2021 CALENDAR OF EVENTS
The new Dungs MBE, available in 1 1/2” to 6” sizes, is a motor operated dual 
safety shutoff valve with optional electronic regulator. (Courtesy: Dungs)

http://www.ihea.org
http://www.dungs.com/en
http://www.ihea.org/events
http://thermalprocessing.com
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METAL URGENCY ///
JUSTIN SIMS

MECHANICAL ENGINEER  ///  DAN T E SOL U TIONS

he final step in any steel heat-treatment quenching process 
which produces a martensitic microstructure is tempering. 
Martensite is a metastable phase and is extremely brittle 

due to the trapping of carbon as an interstitial solute. The trapped 
carbon atoms contort a body-centered cubic (BCC) crystal structure 
into a body-centered tetragonal (BCT) structure [1]. Martensite must 
be tempered before the component can be placed into service or 
there is a risk of premature failure. Raising the temperature of the 
martensite causes the material to seek an 
equilibrium state by ejecting carbon from 
the BCT structure, which will form car-
bides with other alloy elements and relax 
the BCT structure back to a BCC structure. 
Depending on the alloy content, different 
temperature ranges create different carbides 
and different properties, but generally, an 
increase in tempering temperature reduces 
the hardness and strength but increases 
ductility. Tool, and other high alloy steels 
go against this trend, gaining hardness and 
strength at higher tempering temperature 
ranges [2].

Tempering of steels has traditionally 
been conducted in furnaces, requiring many 
hours to complete a cycle due to the relatively 
slow heating rate. With induction hardening 
becoming a popular choice in industry, the 
use of induction for tempering seems like a 
logical choice to decrease processing time. 
However, unlike furnace heating, which 
produces a uniform temperature in the part 
once thermal equilibrium is achieved, induc-
tion heating produces a temperature gradi-
ent through the cross-section of a part. This 
is due to the Joule heating gradient induced 
by the induction coil. This temperature gra-
dient created by induction heating is accept-
able, even preferable, for quenching opera-
tions since it helps develop surface compres-
sive stresses by only transforming the near 
surface to austenite. However, a temperature 
gradient during tempering means a gradi-
ent in hardness, strength, and ductility since 
the part is effectively tempered at different 
temperatures. Figure 1 shows the predicted 
temperature profile, in Celsius, of a 50 mm 
(2-inch) bar tempered at 200°C (395°F) using 
induction heating; actual temperature pro-

files will vary depending on the frequency and power used. The heat-
treatment simulation software DANTE was used for the simulation 
and, for this particular case, it was assumed the Joule heating pen-
etrated to a depth of 3.6 mm (0.142-inch).

Heating using induction created a 40°C (77°F) difference in tem-
perature between the surface and core of the cylinder, as shown in 
Figure 1, with 200°C only being reached at one point at mid-radius. 
This gradient will create a softer, more ductile surface than the 

Simulation shows that temperature uniformity can be significantly  
improved during induction tempering using simultaneous cooling.

Improving temperature uniformity during tempering
T

Figure 1: Cross-sectional temperature profile of a 50 mm (2-inch) diameter bar created using induction 
heating.

Figure 2: Cross-sectional temperature profile of a 50 mm (2-inch) bar created using induction heating and 
simultaneously cooling during heating.
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core, possibly leading to in-service performance issues. In an effort 
to reduce the temperature gradient during induction tempering, 
DANTE was used to explore the possibility of simultaneously heat-
ing with induction and quenching. Using the same depth of heating 
(frequency), but with an increase to the power applied to achieve the 
desired tempering temperature, and a quench rate commonly asso-
ciated with spray quench systems used for induction hardening, a 
DANTE model was executed to evaluate the temperature uniformity. 
Figure 2 shows the resulting temperature profile, in Celsius, for this 
simulation. While there is still a 40°C (71°F) gradient, it is over a 
much smaller distance and it is inverse to the induction heated only 
part. This reversal of gradient can be preferable, as it will keep the 
surface slightly harder and stronger than the core.

The temperature gradient can be visualized much better as a line 
plot. Figure 3 shows the temperature profile from the surface to the 
core for both tempering conditions. As can be seen, the tempera-
ture is effectively uniform for the condition which simultaneously 
heated and cooled at a depth greater than 2 mm (0.079-inch). This 
is not the case for the component which was only heated; a uniform 
temperature is never achieved through the cross-section. The lack 
of nonuniformity means that compromises must be made as to the 
target tempering temperature, since the chosen temperature will 
only exist at one point within the part.

The final goal of any tempering process, from the view of the heat 
treater, is to achieve a given hardness at a given location. For induction 
tempering processes, a surface hardness measurement does not tell 
the entire story; since hardness is a strong function of temperature, a 
temperature gradient will lead to a hardness gradient. Figure 4 shows 
the hardness profiles for the two tempering conditions. Although the 
temperature gradient magnitudes are similar, the hardness is much 
more varied in the heating only case, with six HRC points separating 

the surface and the core. The simultaneously heated and cooled con-
dition only has a difference of two HRC points. This small difference 
only exists over a small distance from the surface, whereas the heated 
only condition has the highest hardness in the core and the lowest at 
the surface. A surface which is softer than its core may pose problems 
in service with respect to fatigue performance.

In conclusion, the temperature uniformity of an induction tem-
pered component can be significantly improved if the component 
is simultaneously cooled while being heated with the induction coil. 
DANTE modeling was used to show that although the magnitude 
of the temperature gradient is approximately the same between 
the two processes, they are inverse to each other. The cooled and 
heated condition creates the gradient over a small distance near 
the surface, whereas the heated only condition spreads the gradi-
ent out over the entire cross-sectional thickness. The differences in 
the two gradients are reflected in the hardness profiles; the cooled 
and heated condition produces a nearly uniform hardness profile, 
except for a slight increase near the surface. This is in contrast to the 
heated only condition, which produces a large hardness difference 
between the surface and the core, with the core being harder than 
the surface. This difference can have detrimental effects on fatigue 
performance. Heat-treatment simulation software, such as DANTE, 
can be used to optimize the process with respect to temperature 
uniformity by determining the appropriate frequency, power, and 
quench rate. Once optimized using simulation, induction tempering 
using simultaneous cooling can be an excellent choice to replace 
time intensive furnace tempering operations. 

REFERENCES
[ 1 ] [1] Hubertus Colpaert, Metallography of Steels; Interpretation of Structure and 

the effects of Processing, ASM, 2018, p 202 – 204.

[ 2 ] [2] Hubertus Colpaert, Metallography of Steels; Interpretation of Structure and 
the effects of Processing, ASM, 2018, p 321-325.

ABOUT THE AUTHOR
Justin Sims is a mechanical engineer with Dante Solutions, where he 
is an analyst of steel heat-treat processes and an expert modeler of 
quench hardening processes using Dante software. Project work includes 
development and execution of carburization and quench hardening 
simulations of steel components and analysis of heat-treat racks and fixtures. 
He has a mechanical engineering degree from Cleveland State University.

Figure 3: Temperature profile from the surface to the core of a 50 mm (2-inch) 
bar comparing induction tempering with and without cooling during heating.

Figure 4: Hardness profile from the surface to the core of a 50 mm (2-inch) bar 
comparing induction tempering with and without cooling during heating.

The final goal of any tempering process, 
from the view of the heat treater, is to 
achieve a given hardness at a given location. 
For induction tempering processes, a surface 
hardness measurement does not tell the 
entire story.

http://thermalprocessing.com
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HOT SEAT ///
D. SCOT T MACKENZIE, PH.D., FASM

SENIOR RESE ARCH SCIEN TIS T–ME TAL L URGY   ///   QUAKER HOUGH T ON INC.

odeling and simulation have become an important part 
of the design and manufacturing toolbox. Modeling and 
simulation are used in forging, casting, machining, form-

ing, and heat treatment. To be successful, an understanding of the 
data needed is necessary to execute a successful model or simulation. 
Once the proper boundary conditions and properties of system have 
been established, an accurate model can be achieved.

Focusing on heat treatment, the basic process is austenitize, 
quench, and temper (Figure 1).

The austenitize step can be a simple 
through hardening step or it could be a com-
plicated carburizing or carbonitriding cycle. 
Quenching could be in different quenchant, 
such as gas, oil, or salt, and be either martem-
pering, austempering, or standard quenching. 
Tempering is generally straightforward but 
may have single or double tempering. In each 
one of these processes, there is data needed 
to properly calculate the resultant properties, 
microstructure, and residual stress.

PROPERTIES NEEDED
The properties needed to properly model and 
simulate the heat-treating process are sum-
marized in Figure 2. There are three main areas where properties 
are needed: metallurgical, mechanical, and heat transfer or thermal.

METALLURGICAL
Metallurgically, data is needed regarding phase transformations. 
This is the basic information that is published in the Continuous 
Cooling Transformation (CCT) diagrams. It is the rate at which the 
different phases (ferrite, pearlite, and bainite) form for diffusive 
type of transformations, and the driving force for the non-diffusive 
martensitic transformation. This data can be measured directly or 
calculated from chemical data (JMATPro or similar). This data is 
needed as a function of temperature.

Much of this data is either determined by metallurgical examina-
tion using a Gleeble or can be calculated using software. Measured 
data is always preferred of calculated data.

MECHANICAL DATA
Mechanical data are the elastic and plastic strains and stresses that 
occur as the part is quenched. For instance, there is a volumetric 
change that occurs as austenite transforms to martensite. There are 
also other volume changes that occur as austenite transforms to 
ferrite, pearlite, and bainite. There are also the thermal stresses and 
strains that occur as the part changes temperature.

The strength of a material changes as a function of chemistry 

and temperature. Poisson’s ration, the Shear modulus, Bulk modulus, 
and Young’s modulus all change as a function of quench rate and 
temperature. These values are critical for calculating the elastic and 
plastic stresses and strains that occur within a material. The tensile 
strength and yield strength will change as a function of temperature 
and quench rate (Figure 3). This data is critical for a proper calcula-
tion of the strength and residual stresses present in the alloy after 
quenching.

HEAT TRANSFER OR THERMAL PROPERTIES
The heat-transfer data establish the boundary conditions for the cal-
culation. It is a function of many different properties, and varies as 
a function of time, agitation rate, surface temperature, and position. 
An example of the variation of the calculated heat transfer coeffi-

The property data necessary for these processes includes three main  
areas: metallurgical, mechanical, and heat transfer or thermal.

Finding data needed for modeling and simulation 
M

Figure 1: Basic heat-treating process.

Figure 2: Basic properties needed.
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cients as a function agitation rate is shown in Figure 4.
Besides the change in heat transfer as a function of surface tem-

perature and agitation rate, the agitation rate changes spatially 
along the surface of the part. To understand how the agitation rate 
or velocity changes as a function of position, a Computational Fluid 
Dynamics model is usually performed, or the flow is examined 
experimentally. Properties needed (as a function of temperature) 

for the fluid include density, dynamic viscosity, and thermal con-
ductivity. Properties also change as to whether it is a gas or a liquid 
for a quenchant. Gases are easier, as it is a single phase throughout 
the entire quenching process.

Similar data is needed for the part. In the part, the thermal data 
can also change as a function of quench rate. There are also the com-
plications of the latent heat of transformation for the various phases 
present. In addition, the thermal conductivity also changes as a func-
tion of quench rate. Data needed for the part is density, thermal con-
ductivity, enthalpy, specific heat, and the latent heat of formation 
for each of the expected microstructures.

WHERE TO FIND THE DATA?
Luckily, the physical property data, at least for thermal conductivity, 
does not change much as a function of chemistry. However, it does 
change as a function of the microstructure present and quench rate. 
Data for the alloy of the part can be calculated using JMATPro or 
similar software. While this calculated software is good, it is not 
as good as experimentally derived properties. Unfortunately, get-
ting accurate Gleeble or similar data as a function of temperature 
is expensive. 

Fluid data is much more difficult to obtain. It often is not available 
from the quenchant supplier and must be measured. Some textbook 
data can be used as a first approximation, but the accuracy will suffer. 
Water is well documented and measured, and the data is available 
from steam tables or similar.

CONCLUSIONS
In this short article, the necessary property data is described to cre-
ate a model or simulation of the heat-treating process properly and 
accurately. Unfortunately, not all the data is readily available, and 
must be measured. This is particularly true of fluids. 

Should you have any comments or questions regarding this brief 
article, or suggestions for further columns, please contact the author 
or the editor. 

ABOUT THE AUTHOR
D. Scott MacKenzie, Ph.D., FASM, is senior research scientist-
metallurgy at Quaker Houghton Inc. For more information, go to 
https://home.quakerhoughton.com/

Figure 3: Yield strength as a function of temperature and quench rate for an 
MIL-S-23284A Class 5 alloy, as calculated by JMATPro.

Figure 4: Effect of calculated heat transfer coefficients as a function of surface 
temperature and agitation for a medium speed quench oil.

https://home.quakerhoughton.com/
http://thermalprocessing.com


22  JUNE 2021

QUALITY COUNTS ///
SHAUN KIM

DIREC T OR OF QUALIT Y  ///  BYING T ON S T EEL T RE ATING, INC.

et me be honest about the elephant in the room that often 
exists in heat treating. In some cases, but certainly not 
all, quality and production departments in heat-treating 

facilities have a love/hate relationship with each other. To me, it’s 
obvious that isn’t the goal of any company wishing to be successful. 
Unfortunately, it exists more often than some would like to admit. 
I am sure some heads are nodding as you read. 

Speaking from the side of quality, no matter how passionate 
you are about bridging that relationship, it’s simply the nature of 
the beast when you — as a quality representative — have require-
ments that must be met. In my experience this is most visible in 
heat-treating facilities that have numerous standards they process 
and certify to because of the wide range of procedures needed. That 
said, my opinions are based on those experiences. This column will 
steer slightly away from the traditional technical content and focus 
on how to make the two departments interact more codependently 
rather than independently.

As the leader of the quality department, my goal is very straight-
forward: compliance to heat-treating specifications, regulatory and 
statutory requirements, and internal procedural activities. It sounds 
very simple as I write it but thinking about what that entails can be 
difficult. What I mean is you can perfect everything I mentioned, 
but getting your production team to execute is another story. In no 
way am I putting quality on a pedestal — because all departments 
are crucial to any heat-treating business — but the groundwork for 
process compliance and any applicable compliance in general begins 
and ends with quality. 

Quality will review processes to ensure compliance prior to pro-
cessing and check that the expected results are aligned with actual 
results before releasing the job. What happens in between expected 
and actual results? Heat treating. Who carries out the heat treating? 
Production. This is where your procedures are put to the test and, 
in my eyes, where the love/hate relationship manifests between the 
two departments.

There are many ways that companies ensure production is follow-
ing the procedures laid out for them, but the truth for all companies 
is it requires proper training. Training is the key to any company’s 
success in terms of process procedure compliance, but how you go 
about training is where you can bridge that relationship between the 
two departments. What I mean is that it’s counterproductive to lay 
out your training from the quality lens only. It can cause problems 
when you rule with an iron hand and do not allow input from pro-
duction on how you will execute. Procedurally, you can potentially 
force them into performing certain activities that make their job 
more difficult or inefficient. I am guilty of this and have learned you 
must include production in the conversation to make the activities 
work best for both departments. 

It is extremely important to understand that production person-

nel are on the floor heat treating and they have intimate knowledge 
of what works best for them. So, listen to them. Give them some 
input when you are building your procedures. There may not be any 
freedom to adjust to certain requirements, but there is always some 
wiggle room for others. You just need to figure a way to be creative 
to make both sides happy. 

I will not say it’s easy, but the reward of the process to get there 
will be worth it. Trust me when I say that production will be thank-
ful that you gave them a voice and are looking out for their best 
interests as well.

Whether you have a small operation or a larger one, every com-
pany will benefit from a good relationship between quality and pro-
duction. As I said, I’m confident no company wants friction between 
the two. It is inefficient and does nothing positive for your company 
morale. Involving production in key processes and procedures opens 
the conversation on how to execute activities in the most efficient 
way while also hitting your quality marks. These are goals you want 
to achieve, but there is a positive byproduct because of this. You are 
facilitating a good relationship between two key departments. 

If your departments are coexisting in harmony, then congratula-
tions. You have cleared a hurdle that can be painful to change. If you 
find yourself in this situation, then I hope you can see the value of 
cooperation and it points you in the right direction to improve.  

ABOUT THE AUTHOR
Shaun Kim is the Director of Quality at Byington Steel Treating, Inc. 
Contact him at skim@byingtonsteel.com.

It takes the whole company to accomplish successful heat treating  
whether it involves making the rules or making the product.

Quality and production are a team, not adversaries
L

Whether you have a small operation or a larger 
one, every company will benefit from a good 
relationship between quality and production. 
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AMPM2021  ›  June 20–23  |  Orlando, FL

PowderMet2021  ›  June 20–23  |  Orlando, FL

Tungsten2021  ›  June 20–23  |  Orlando, FL

AISTech2021  ›  June 29–July 1  |  Nashville, TN

Ceramics Expo USA  ›  August 30–September 1  |  Cleveland, OH

IMAT 2021  ›  September 13–16  |  St. Louis, MO

Heat Treat 2021  ›  September 14–16  |  St. Louis, MO

Motion+Power Technology  ›  September 14–16  |  St. Louis, MO 

HEAT TREAT  
EVENTS 2021

Look for bonus distribution of Thermal 
Processing at many of these shows. And 
we look forward to seeing you at select 
events this year.
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MPIF offers three dynamic powder metallurgy conferences  
in Orlando designed to attract the world’s leading  
industrial-technical minds from more than 30 countries.
By JAMES P. ADAMS

imes and conditions change so rapidly that we must 
keep our aim constantly focused on the future.” — Walt 
Disney

How appropriate. Over the years, the Metal Powder 
Industries Federation (MPIF) and APMI International sponsored 
conferences and exhibits have become the largest and most pres-
tigious conferences in the powder metallurgy (PM) industry. This 
year, MPIF and APMI welcome the global PM industry both in-per-
son at Orlando’s Walt Disney World Swan and Dolphin Resort and 
virtually, June 20-23. Disney’s focus was to build a home for Mickey 
Mouse and his other magical creations, but 
MPIF and APMI will focus on the future of 
manufacturing using metal powders. 

The future of manufacturing requires 
a sustainable process from cradle to grave. 
Sustainability is a far broader concept than 
just quality, the environment, energy, or 
recycling. It is the sum of all those things 
and their impact on employees, communi-
ties, and customers. The U.S. Department of 
Commerce defines sustainable manufactur-
ing as “the creation of manufactured prod-
ucts that use processes that are non-pollut-
ing, conserve energy and natural resources, 
and that are economically sound and safe 
for employees, communities, and consum-
ers.” Imagination and deployment of the 
fabrication and processing capabilities of 
PM bode well for technology in the future. 
Starting with recycled metal and uncom-
mon metallurgical and mechanical inge-
nuity, the use of PM as an energy-efficient 
and eco-friendly metal-forming technology 
should enable it to continue to exhibit its 
intrinsically sustainable advantages and benefits to the world for 
its use in the future.

POWDERMET2021
The entire PM industry will converge in June at PowderMet2021 — 
the International Conference on Powder Metallurgy & Particulate 
Materials. In addition, there are two co-located conferences: 
Additive Manufacturing with Powder Metallurgy (AMPM2021) 
and the International Conference on Tungsten, Refractory & 
Hardmaterials (Tungsten2021). The marriage of these conferences 
was inevitable. All three conferences focus on advanced manufac-
turing methods that have high-material utilization rates, relatively 
low-energy consumption, use recycled materials where possible, 
and provide a good work environment for employees while being 
economically responsible for shareholders. In many cases, no other 
manufacturing method is practical to produce these components. 

The three big conferences with one registration fee will attract 
the world’s leading industry-technical minds promoting PM tech-
nology advancements from more than 30 countries. Delegates will 
transfer knowledge as they attend technical sessions, special-inter-
est programs, and view the international poster display, in-person 
and online. The 100-booth marketplace exhibition will showcase 
leading suppliers of powder metallurgy and particulate materials 
processing equipment, powders, and products — one stop shopping 
for all. Special events include a keynote presentation by Edwin Pope, 
Principal Analyst, IHS Markit; the State of the North American PM 

Industry; the PM Design Excellence Awards featuring recipients of 
the 2021 awards; and the Great American BBQ closing event. 

AUTOMOTIVE INDUSTRY UPDATE
The keynote presentation will provide key information from the 
automotive industry.  From market-level volume impacts to pow-
ertrain and electrification trends, the outlook of the automotive 
industry and the potential cascading effects are numerous to the 
powder metal supply chain. Outlooks and trends discussed will 
include: global automotive market, propulsion system design, trans-
mission design, electrification, and metal 3D printing within the 
automotive sector.

MPIF is proud to celebrate its 57th year of the PM Design 
Excellence Award Competition program. The competition provides 
PM parts fabricators an opportunity to showcase the advantages of 
PM. The competition is divided into three major technology catego-

T
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FOCUSING ON 
ADVANCED PM 
MANUFACTURING 
METHODS

http://thermalprocessing.com


26  JUNE 2021

ries: conventional powder metallurgy, metal injection molding, and 
metal additive manufacturing.  Subcategories include automotive, 
aerospace, lawn and garden, hand tools, industrial motors, hard-
ware, medical, and electronics.  

TECHNOLOGY TRANSFER
PowderMet2021 is a hub for technology transfer for professionals 
from every part of the industry, including buyers and specifiers 
of metal powders, tooling and compacting presses, sintering fur-
naces, furnace belts, powder handling and blending equipment, 
quality-control and automation equipment, particle-size and 
powder-characterization equipment, consulting and research ser-
vices, and much more. Multiple technical sessions will take place 
concurrently. The special interest programs — oral presentations 
on cutting-edge R&D — will include discussions on improving pre-
cision, accuracy, and variation; characterizing powder flow and 
spreadability; and the Alan Lawley Memorial Symposium based 
on the outgrowth of research performed by one of the pioneers of 
atomization.   

Focusing on metal additive manufacturing (AM), or 3D printing, 
AMPM2021 will feature worldwide industry experts presenting the 
latest technology developments in this fast-growing field. This con-
ference is the only metal-specific AM conference in North America.  
Metal AM is a process of making three-dimensional solid objects 
by adding successive layers of material rather than by removing 
material, as is common in conventional methods such as cutting 
or drilling; 90 presentations from global industry experts from 
15 countries make this a truly international collaboration of the 

latest industry developments. Presentations will include the per-
spective of metal-powder producers, toll providers and end user of 
these processes, R&D programs from academia and consortiums, 
and equipment manufacturers. Topics include materials, processes, 
technical advances and barriers, and applications.

TUNGSTEN 2021
Tungsten 2021, the 10th International Conference on Tungsten, 
Refractory & Hardmaterials will showcase numerous developments 
that have taken place over the past seven years. One of the most 
notable has been the explosive development of AM using refractory 
metals and alloys and their carbides. There also has been a notable 
initiative, driven by concerns for environment, safety, and health 
(ESH), toward the development of cobalt-free carbide and alloy com-

2019 Technical Session presentation. (Courtesy: MPIF)

Focusing on metal additive 
manufacturing (AM), or 3D printing, 
AMPM2021 will feature worldwide 
industry experts presenting the 
latest technology developments in 
this fast-growing field.
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positions. Significant growth in the interest of field-assisted sinter-
ing technology (also called spark plasma sintering) of refractory 
metals and carbides has been witnessed during this period. Further, 
there has been advancement in the particle deposition method 
called cold spray for refractory materials. Interest in nanocrystal-
line materials remains high, and there have been several interest-
ing developments in nano-phase refractory metals and alloys. 

The National Science Foundation (NSF), CPMT/Axel Madsen, and 
MPIF Conference Grants provide students with the opportunity to 
participate and exchange ideas with leading researchers and engi-
neers from worldwide industry and governmental facilities, as well 
as the students and faculty from both domestic and international 
universities. The recipients attend the full conference, giving them 
the chance to learn the latest research areas and results in PM fields 
of interest. These opportunities will not only improve the students’ 
knowledge in the field, but they will also develop scientists and 
engineers who are ideally suited to create the next generation of 
designs in PM and metal AM that will push materials and manufac-
turing capabilities. Conference grants were awarded to 49 students 
this year from 25 universities. The students will present ongoing 
R&D at their universities through presentations and posters.  

SUSTAINABLE SOLUTIONS
There are unlimited opportunities for metal powders. Some of the 
most interesting research relates to sustainable solutions for our 
planet. One of the ongoing energy projects uses iron powder as an 
energy source. When iron powder is combusted with hot gases to 
drive an engine, the result is rust. The oxygen is extracted from the 

rust particles using hydrogen produced from sustainable electricity 
surpluses to turn it into iron powder again, and the process repeats. 

Another energy-focused project is a new infrastructure for stor-
ing zero-emission metal-hydride energy. This innovative, safe, and 
compact all-in-one renewable energy storage solution uses a metal 
alloy powder from hydrides. High-density PM pellets of the alloy 
are an efficient solid-state storage material for hydrogen gas, result-
ing in smaller tanks, operating at lower pressure and temperature, 
helping drive the global energy transition.      

Other non-traditional applications for metal powders include 
water purification. Not only is this of great benefit to community 
water sources, but it is also a humanitarian effort for developing 
countries that need to remove multiple contaminants from ground-
water and drinking water in a single step.

Don’t miss the opportunity to learn how metal powders and 
PM can be your metal-working solution. Join the PM industry in 
Orlando or online June 20-23. To learn more about this event, go to 
PowderMet2021.org, AMPM2021.org, or Tungsten2021.org. 

ABOUT THE AUTHOR
James P. Adams is executive director/CEO for the Metal Powder Industries 
Federation and APMI International, also serving as secretary/treasurer  
for the Center for Powder Metallurgy Technology. Adams joined MPIF in  
2004 and has held a variety of managerial positions before being named 
executive director/CEO in 2017. He was instrumental in the founding of the 
Association for Metal Additive Manufacturing. He has worked in the PM 
industry since 1985. 
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Research shows it is possible to bond under sintering 
conditions with the participation of a solid-liquid phase 
of homonymous and dissimilar THA materials.
By PAWEŁ SKOCZYLAS, ZBIGNIEW GULBINOWICZ, and OLGIERD GOROCH 

ungsten heavy alloys (THA) are used in the defense 
industry for subcaliber bullet cores due to their high 
density and strength. Typically, methods of joining tung-
sten-rod elements include: soldering, friction welding, or 

threaded-sleeve splicing. The properties of the joints were tested for 
three types of material containing 90.8, 96.2, and 98.2 wt.% tung-
sten, density from 17.3 to 18.4 g/cm3, and strength range 400-1,000 
MPa. Combination in the liquid phase at the sintering temperature 
was carried out in a vacuum furnace at a temperature of 1,520°C in 
a hydrogen atmosphere, and tests used pairs of both identical and 
dissimilar materials. After that, some of the bars were subjected to 
additional heat treatment at 1,100°C for 3 hours. The tests of the 
mechanical properties in the static tensile test and the measurement 
of impact strength showed the obtained strength of the joints was 
comparable to that of the parent material. The microstructure analy-
sis showed the resulting joint area, while maintaining the appropri-
ate roughness of the joined end faces of the bars, is homogeneous 
without areas of the solidified matrix of the joint line. Research 
showed it is possible to bond under sintering conditions with the 
participation of a solid-liquid phase of homonymous and dissimilar 
THA materials. The strength of joints in dissimilar materials was 
comparable to a tungsten-heavy alloy material with lower strength 
in the bonded pair while homonymous materials were comparable 
to the original material. The test results provided a good basis for 
further research in which the obtained pairs of joints will be sub-
jected to plastic working processes. 

1 INTRODUCTION
Tungsten-heavy alloys (THAs) are materials produced mostly by 
liquid-phase sintering. The two-phase microstructure consisting 
of tungsten grains and a binder causes these materials also to be 
referred to as tungsten composites [1-4]. The chemical composition 
of the matrix is a nickel solution with the addition of elements such 
as iron, cobalt, or copper. Tungsten-heavy alloys, due to their char-
acteristic properties such as high-density, high-strength, plasticity, 
and impact strength, are used, among others, for the production of 
radiation shields, balancing elements or sub-caliber bullet cores [5-7].

Tungsten-heavy alloys were invented by JC McLennan in 1935 [7]. 
Attempts to produce THA were carried out to replace lead in the 
production of radiation shields. In the initial period, the research 
focused on attempts to obtain products from powdered tungsten 
without alloying additives, but the production method was not suit-
able for the production of larger-sized elements. A breakthrough 
in the research was the use of nickel additive and reduction of the 
allowable sintering temperature. Nickel as the basic matrix compo-
nent ensures the wettability and solubility of tungsten in the liquid 
phase and the reduction of the sintering temperature from 3,420°C 
(for pure tungsten) to approximately 1,520°C for the W-Ni alloy. The 
matrix, usually as a solid solution with the main component, nickel, 
contains dissolved additives such as Fe, Co, Cu, Re, and Mo. In addi-

tion to them, the solid solution also contains tungsten, the concen-
tration of which in the Ni-W double alloy is 31% (16.5 at.%) [8]. In 
three and multi-component alloys, this depends on the amount of 
the aforementioned alloying elements. Tungsten enters the matrix 
as a result of the processes taking place during sintering with the 
participation of the liquid phase. The size of the tungsten grains 
after sintering with the participation of the liquid phase is 20-50 
µm and depends on the tungsten content in the alloy, the quality 
and quantity of alloying additives, as well as the temperature and 
time of the sintering process [9-12]. The produced alloys with the 
W-5Ni-5Cu composition were characterized by a density close to the 
theoretical one.

In 1938, Price, Smithells, and Williams [13] used THA in the com-
mercial production of radiation shields for the first time. The shields 
were made of a material with a Ni-Cu matrix composition and were 
characterized by low strength and brittleness. Subsequent attempts 
to replace copper with iron provide an increase in the solubility of 
tungsten in the matrix, and thus improvement of the mechanical 
properties of the alloys.

Tungsten-heavy alloys with different mechanical properties are 
used in the production of sub-caliber bullet cores [14-22]. The degree 
of armor penetration by sub-caliber bullets is influenced by many 
factors. Most are related to the construction of the penetrator, the 
mechanical properties of the applied materials, the speed, and, thus, 
the energy at the moment of impact [14].

The cores of sub-caliber bullets made of THA are subjected to heat 
and plastic treatments in order to improve their mechanical proper-
ties, in particular tensile strength and impact strength [23-32]. High-
strength parameters are necessary to prevent the core from damage 
during the movement of the projectile inside the barrel. They also 
affect the piercing capacity of the projectile. The effectiveness of the 
projectiles increases with their length [15,16]. The greater the ratio 
of the penetrator’s length to its diameter, the greater the energy 
that is concentrated on the cross-sectional area during hitting the 
target. Due to the improvement of armor penetration, the length of 
the currently manufactured sub-caliber shell cores is up to 30 times 
the diameter. It is also often necessary to use several different alloys 
in one element, for example, in segment penetrators. An example 
of a segment penetrator is a core made of two THA materials with 
different mechanical properties. Therefore, it is necessary to connect 
these materials, e.g., with a threaded sleeve made of high-strength 
steel. This design increases the penetration of both homogeneous 
and multi-layer armor.

Joining parts made of THA may create a detachable or non-detach-
able connection. The connection method is often determined by tech-
nological possibilities, the cost of its implementation, the durability 
of the link as well as the impact on the work and properties of the 
entire part.

Threaded connections belong to the group of detachable connec-
tions used to connect tungsten alloy rods. Thread milling is required 
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to make a threaded connection. Tungsten is difficult to cut due to 
its relatively high hardness and strength.

The technologies of permanent connections include: soldering, 
welding, friction-welding, and sintering with the participation of 
the liquid phase [1,33-37].

Soldering can be performed with the use of soft solders, i.e., solder-
ing of easily fusible metals, e.g., lead and tin, at a temperature of up 
to 450°C, or hard soldering, i.e., copper, gold, or silver soldering at a 
temperature of 400-2,000°C. Welding is another method of perma-
nent joining of sinters, but it is a technologically difficult operation, 
because THA is a poorly weldable material. Moreover, the susceptibil-
ity to oxidation of tungsten [the O-W (oxygen-tungsten) system] [6,8] 
at elevated temperature makes the obtained joints porous and not 
very durable. The welding process should take place in a protective 
atmosphere to protect the surfaces to be welded against oxidation, 
and therefore the welding of THA sinters is rarely used.

Frictional rotary welding of THA rods is a possible method. It 
is also possible to obtain THA connections with other materials. 
The paper [33-35] presents the results of research on friction rota-
ry welding of THA with aluminum (Al2Mg3). On the basis of the 
research results, it was found it is possible to obtain a durable joint 
by rotary welding. THA can also be used as a welding electrode in 
friction stir welding.

The paper presents the results of mechanical tests of connec-
tions of various THA made at the temperature used in the sinter-
ing process of tungsten-heavy alloys. Joining in the sintering pro-
cess will allow a segmented material to be 
obtained, which later will be heat and plas-
tic treated as a whole. This process elimi-
nates additional treatments and allows to 
combine technological materials (separable 
and inseparable connection). Therefore, the 
time of the entire technological process 
was shortened, reducing individual stages 
and lowering costs.

2 MATERIALS AND METHODS
Three tungsten-heavy alloys marked as 

THA-1, THA-2, and THA-3 were prepared. 
These materials differed in the content of 
tungsten and other components, i.e., Ni, Fe, 
and Co. The detailed composition of materi-
als is presented in Table 1.

Material was prepared by sintering from 
the liquid phase in the Laboratory of Heavy 
Alloys Institute of Mechanics and Printing 
at the Warsaw University of Technology (Warsaw, Poland). The 
material compositions selected for the tests allowed for obtaining 
the appropriate density (from 17.3 to 18.4 g/cm3). These are typi-
cal materials used in the production of THA rods. This composi-
tion results in different densities and mechanical properties of 
the materials. Materials with a density close to the lower range 
(17.40 g/cm3) show high plasticity and impact strength. The mate-
rials from the upper range (18.4 g/cm3) show lower strength, no 
plasticity in deformation, and no impact toughness. The process 
of preparing THA rods [23] included weighing appropriate powder 
blends containing alloying additives such as nickel, iron, cobalt, 
and tungsten in the amount of 90.8%, 96.2%, and 98.2% by weight. 
Sintering was carried out in a hydrogen atmosphere furnace. The 
sintering temperature, depending on the tungsten content in the 
mixture, ranged from 1,500 to 1,530°C. The bars obtained in this 
way, with a diameter of 18 mm and a length of 500 mm, were cut 

into sections of 30 mm. The front surfaces of the cut sections of the 
bar were sanded on 120 grating paper and degreased (the results 
of surface roughness prior to the merger in Table 2). The measure-
ments were carried out on the Form Talysurf Series 2 scanning 
profilometer. Then, two sections of bars (different configurations 
of THA) were placed in a vertical position one on top of the other 
(Figure 1) in a molybdenum bath with Al2O3 powder. In the case of 
combining dissimilar samples, the samples with the higher density 
were placed at the bottom and those with a lower density at the 
top. With this configuration, when the sample was plasticized at 
the sintering temperature, the sample with a lower density did not 
buckle, and the upper sample fell from the lower one. The upper 
and lower samples were pressed by the force of gravity, the mass 
of one sample was about 130 g.

The process of joining (sintering in the liquid phase) the sections 
of the bars was carried out in the same furnace as the sintering 

 THA-1  THA-2  THA-3
Density (g/cm3)  17.40  18.44  18.53
W(%)  90.8  96.2  98.2
Ni (%)  6.2  2.8  1.4
Fe (%)  1.2  0.8  0.4
Co (%)  1.8  0.2  0

Table 1: Composition of materials used for research on tungsten heavy alloys 
(THAs).

Table 2: The results of surface roughness prior to the merger.

Figure 1: The arrangement of the sections of rods in a molybdenum bath.

 THA-1  THA-2  THA-3

Ra (μm) 0.30 0.28 0.28

 0.32 0.31 0.32
 0.34 0.34 0.34

Rz (μm) 2.42 2.20 2.36

 2.51 2.49 2.47
 2.95 2.67 2.95

*Wa (μm) 0.28 0.27 0.27

 0.32 0.30 0.32
 0.33 0.34 0.57

* Wa—surface waviness measured at 10 mm
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process of the previously obtained THA bars. The process was car-
ried out at 1,520°C for 5 minutes in a hydrogen atmosphere. Figure 
2 shows the sintering temperature rise ramp. The temperature ramp 
to 1,450°C was 20°C/min while between 1,450-1,520°C, it was 5°C/
min. The sintered samples were freely cooled in a furnace to room 
temperature. The sections of the rods made of original materials 
were also kept at the same temperature in order to carry out later 
tests of mechanical properties. After the process, the joined rod sec-
tions and rod sections from original materials were heat treated. The 
heat treatment-annealing was carried out in a vacuum at 1,100°C 
for 180 minutes. Following this annealing process, the rods were 

removed and flash cooled in water. The final step was water cooling. 
Metallographic analysis of the joint area, tests of mechanical proper-
ties in the static tensile test, and Charpy impact tests were carried 
out on the samples obtained in the joining process.

The static tensile test was carried out on five-fold round samples 
with a nominal measuring diameter equal d0 = 3 mm in accordance 
with PN-91/H-04310 (PN-EN 10002-1) on an INSTRON model 1115 test-
ing machine (Instron, Norwood, Massachusetts) with a 100 kN head 
and a traverse speed of 1 mm/min.

Impact tests were performed on samples with dimensions of 10 
mm × 10 mm × 55 mm without a notch on a Charpy hammer (VEB 
Werkstoffprufmaschinen, Leipzig, Germany) with the impact energy 
of 100 and 300 J. The tests were carried out in accordance with the 
Stanag 4190 standards (STANAG 4190 — Test procedures for measur-
ing behind-armor effects of anti-armor ammunition) and the DIN 
50,115 standards [38,39].

The observations of the microstructure were carried out on the 
Nikon Eclipse MA-200 Microscope (Nikon Corporation, Tokyo, Japan) 
with the use of 50×, 100×, 200×, 500×, and 1,000× magnification lenses.

3 RESULTS

3.1 ANALYSIS OF THE  
MICROSTRUCTURE OF JOINTS
The analysis was performed on specimens 
along the main axis of the rod and per-
pendicular to the boundary of the joint 
obtained. Photographs of the microstruc-
ture were made in the magnification range 
of 50-1,000× on a Nikon Eclipse Ma-200 
microscope.

3.1.1 CONNECTION TYPE THA-1  
WITH THA-1
The border of the transition from one mate-
rial to another (Figure 3) is difficult to define 
in the observed samples. The microstructure 
in the joint area is homogeneous and com-
parable with the microstructure in the area 
distant from the joint boundary. At the bor-
der, there are both rounded tungsten grains 
in the matrix and grains joined by a “neck” 
from both combined samples, which indi-
cate the processes of dissolving and crystal-
lizing tungsten from the liquid phase and 
possible diffusion processes of tungsten 
atoms in the solid phase. The THA-1 mate-
rial contains less tungsten, so the percent-
age of matrix in the microstructure is the 
highest among the three analyzed alloys. 
This means that material undergoes the 

greatest plasticity at a combining temperature of 1,520°C. In the 
case of inaccurate preparation of the joined surfaces and the occur-
rence of gaps between the joined surfaces, these gaps are not filled 
by the solidified matrix, but supplemented by the material settling 
in volume during the process.

3.1.2 CONNECTION TYPE THA-2 WITH THA-2
Due to the higher content of tungsten than in the THA-1 sample, the 
material is less plastic, so there are visible areas of a solidified matrix 
filling the gaps between the joined surfaces at the side edges of the 
sample (joints) (Figure 4). If joined surfaces are well matched, there 

Figure 2: Join-process temperature diagram.

Figure 3: View of the microstructure of the THA-1 with THA-1 at a magnification of 200× (a) and 500× (b), 
[the connection line (joint) is shown by the arrow].

Figure 4: View of the microstructure of the THA-2 with THA-2 at a magnification of 200× (a) and 500× (b), 
[the connection line (joint) is shown by the arrow].
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is little to no precipitation of the binding 
phase in the joint. The connection boundary 
is homogeneous. New crystallized tungsten 
grains and primary tungsten grains from 
both materials connected to the neck in the 
joint area are visible in the border area.

3.1.3 CONNECTION TYPE THA-3  
WITH THA-3
This material contains the greatest amount 
of tungsten, which leads to a reduction of the 
matrix. The material is difficult to plasticize 
at the combining in the liquid phase at the 
sintering temperature. Small gaps between 
the surfaces are connected by the solidi-
fied matrix. In the case of a good match of 
the joined surfaces, the joint line is hardly 
noticeable, without the areas of the solidified 
matrix. Both materials (Figure 5) are con-
nected mainly by tungsten grains flattened 
at the joint with each other. The flattened 
tungsten grains at the joint with each other 
are probably separated by a thin matrix layer, 
the chemical composition of which may be 
different from that of the matrix in the par-
ent material. There are single tungsten grains 
jointed by a neck in the area of the matrix.

3.1.4 CONNECTION TYPE THA-1  
WITH THA-3
The first combination among mixed (dissim-
ilar) joints is where the joint line is clearly 
visible due to the microstructure and size 
of the tungsten grains in both materials. 
The tungsten grains in the THA-3 material 
are flattened at the point of contact with 
the solidified matrix of the THA-1 material 
(Figure 6). On the THA-1 side surfaces of the 
sample, areas with increased concentra-
tion of the matrix are visible. The joint line 
includes both contacting grains from both 
materials and tungsten grain-matrix joints. 
Crystallized rounded tungsten grains in the 
matrix of the THA-1 material are also visible. 
Due to the different amount of tungsten in 
both alloys, the THA-1 alloy has a visibly 
greater amount of matrix, while the THA-3 
alloy contains the largest amount of tungsten (grains). As a result, 
the amount of matrix is minimal, and the tungsten grains almost 
touch each other, and are not separated by the matrix. This makes it 
easier to recognize the boundary between the materials. The THA-1 
material is at the top and THA-3 is at the bottom of the picture.

3.1.5 CONNECTION TYPE THA-1 WITH THA-2
Due to the difference in tungsten grain size and share in both matrix 
materials, the boundary of the connection is clear and it is particu-
larly easy to observe the pictures at a magnification of 50×. There 
are crystallized tungsten grains and grains connected by a neck in 
the area of the joint (Figure 7). In the area of the joint in the THA-1 
material, there are flattened, solidified areas of the matrix with 
evenly spaced joint lines. THA-1 material is at the top, and THA-2 is 
at the bottom of the image.

Figure 5: View of the microstructure of the 
THA-3 with THA-3 at a magnification 500× [the 
connection line (joint) is shown by the arrow].

Figure 6: View of the microstructure of the THA-1 
with THA-3 (THA-1 on the top) at a magnification 
500× [the connection line (joint) is shown by the 
arrow].

Figure 7: View of the microstructure of the THA-1 with THA-2 (with THA-1 on the top) at a magnification of 
200× (a) and 500× (b), [the connection line (joint) is shown by the arrow].

Figure 8: View of the microstructure of the THA-2 with THA-3 (with THA-2 on the top) at a magnification of 
200× (a) and 500× (b), [the connection line (joint) is shown by the arrow].

A Sample
  Rm Rp0.2

 (MPa) (MPa)

THA-1/THA-1  980 ± 9  645 ± 7
THA-2/THA-2  945 ± 8  681 ± 6
THA-3/THA-3  655 ± 20  580 ± 8
THA-1/THA-2  942 ± 10  650 ± 8
THA-1/THA-3  675 ± 13  569 ± 11
THA-2/THA-3  670 ± 15  554 ± 12
THA-1  990 ± 6  647 ± 9
THA-2  944 ± 6  688 ± 9
THA-3  680 ± 15  585 ± 10

Table 3: The results of the strength properties research.
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3.1.6 CONNECTION TYPE THA-2 WITH THA-3
Connection line between the materials is clear (Figure 8). Areas with 
both matrix separations and without visible matrix separations can 
be observed at the border. If there are gaps between joined surfaces, 
they are filled by a matrix out of the THA-2 material. The tungsten 
grains in both materials are flattened at the interface with the 
matrix. THA-2 is at the top, and THA-3 is at the bottom.

3.2 STRENGTH TESTS

3.2.1 STATIC TENSILE TEST TESTING
The aim of the research was to determine the basic mechanical prop-
erties, i.e., tensile strength Rm, yield stress Rp0.2, elongation A5. The 
research was carried out on three samples from each state (Table 3).

One of the main problems of the tests 
was to determine the strength of the joint 
and whether the sample broke in the joint 
(Figures 9 and 10). The samples were pre-
pared in such a way that the connection area 
was in the middle of the sample measuring 
section.

The tensile strength of the samples from 
THA-1 material was 990 MPa, 944 MPa for 
THA-2, and 680 MPa for THA-3. The strength 
of the combined homonymous materials is 
comparable to the strength of samples from 
original materials. The THA-3 material (THA-
3 with THA-3 where the strength is about 
25 MPa lower than the strength of the base 
metal), due to its microstructure, has the 
largest dispersion of results in strength tests. 
For this material, a greater difference of the 
average value between the strength of the 
base material and the joint by nearly 25 MPa 
was noticed. This difference is within the 
error range, and, therefore, the materials 
are comparable.

On the basis of optical inspection, it was 
found there were only three breaks in the 
join or in its immediate vicinity among 27 
samples. These include two samples of THA-3 
with THA-3, and one sample THA-2 with 
THA-3. The probable cause of the breakage 
of sample THA-2 with THA-3 was the gap 
that was not filled with the matrix during 
the process.

For samples of dissimilar joints, the 
resulting strength is comparable to the 
strength of the material of lower strength 
used in a bonded pair, as evidenced by scrap 
present in these materials.

3.2.2 IMPACT TEST RESULTS
Impact tests were carried out on a Charpy 
pendulum hammer on samples with dimen-
sions of 10 mm × 10 mm × 55 mm without a 
notch. To determine the strength of the joint 
and the areas around the joint, the samples 
were hit with a beater at two points (lines): 
in the joint or 5 mm from the joint. To this 
end, the samples were ground and etched 
to determine the location of the joint. The 

apparent boundary between the two materials were determined by a 
red or blue border around the perimeter of the section of the sample. 
The results of the impact tests are presented in Table 4. Initially, the 
tests were carried out using a hammer with an energy of 150 J. Due 
to the fact some of the samples did not break, a second hammer with 
an energy of 300 J was used.

The highest impact toughness was achieved for THA-1 homony-
mous connections. In the first test, a hammer with an energy of 
150 J was used, hitting a line 5 mm from the joint at which the 
sample did not break (Charpy Impact Energy > 150 J/cm2). In the 
second test, a 300 J hammer was used to hit the joint, and the sample 
also did not break (Charpy Impact Energy > 300 J/cm2). In the third 
test, hitting the impactor with an energy of 300 J, the sample broke 
next to the place of impact, which means that the strength of the 

Figure 9: Sample THA-2 with THA-3 fractured in the joint line or in its immediate vicinity.

Figure 10: Sample THA-1 with THA-3 fractured in the zone distant from the joint line material THA-3.

Table 4: Impact test results.

Sample No.  Types of Combined Impact Strength Place of Place of 
 Materials (J/cm2)  Impact the Crack

1  THA-1 with THA-1  >150  5 mm from  It was not  
   joint broken
2  THA-1 with THA-1  >300  joint  It was not  
    broken
3  THA-1 with THA-1  190  joint  Next to the  
    point of  
    impact
4  THA-2 *  33  —  At the point 
    of impact
5  THA-2 *  36  —  At the point 
    of impact
6  THA-1 with THA-2  56  connector  At the point 
    of impact
7  THA-1 with THA-2  76  5 mm from At the point 
   joint of impact
8  THA-1 with THA-2  150  5 mm from joint At the point 
   on THA-1 side of impact
9  THA-2 with THA-2  15  joint  At the point 
    of impact
10 THA-2 with THA-2  32  5 mm from  At the point 
   joint of impact

* original material
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joint is higher than that of the area near the joint. A separation 
fracture was observed on the sample, the sample was bent, the crack 
occurred beyond the yield point, i.e., with significant permanent 
deformations. Significantly lower results were obtained for mate-
rial of the THA-2 type. Examination of the original material showed 
the impact strength of the order of 33-36 J/cm2. In case of the THA-2 
joint, the result was 15 J/cm2 hitting the joint and 32 J/cm2 hitting 
5 mm from the joint. The reason for the lower impact resistance 
against the joint is probably due to the inhomogeneity of the joint 
(gaps) obtained, the type of material and its hardness. In the case of 
testing dissimilar joints, THA-1 with THA-2, the result of impact on 
the joint was 56 J/cm2. The impact strength of dissimilar THA-1 with 
THA-2 joints depends on the place of impact. The result over 150 J/
cm2 were obtained in a case of hitting 5 mm from the joint THA-1 
and 76 J/cm2 for hitting the THA-2. More than twice the value of 
impact strength (between THA-1 and THA-2) is probably related to 
the heterogeneity of the material. A separating fracture was observed 
on the sample; the crack occurred beyond the yield point, i.e., with 
significant permanent deformations.

The THA-3 material is a brittle fracture material that does not 
show any plasticization before breaking in the tensile test. Due to its 
intended use, this material requires only a certain tensile strength, 
not impact strength.

The results of the impact test depend mainly on the chemical and 
phase composition of the metallic material, the type of hammer and 
sample, and the temperature of the test.

The low impact toughness of THA-1 with THA-2 and THA-2 with 
THA-2 is probably associated with a large extent of phase boundaries 
in contact with tungsten grains from both materials. The test results 
presented in the tables indicate that the samples usually broke at 
the point of impact.

The dimensions and shape of the impact samples have a large 
influence on the results of the impact test of the tested material. 
The results of the impact test depend mainly on the chemical and 
phase composition of the metallic material, the type of hammer 
and sample, and the temperature of the test. All the factors that 
contribute to the increase in the hardening of the structure also 
contribute to the reduction of toughness. The presence of brittle 
phases in the structure, separated from the grains, has a particu-
larly negative impact on the result of the impact tests. The effect of 
this is the occurrence of an intercrystalline fracture. Solid solutions 
have greater impact strength than mixtures and supersaturated or 
strain-hardened solutions.

4 DISCUSSION
The core of a sub-caliber projectile consists of several elements  
that can be joined, inter alia, by soldering, welding, or an inter-
mediate sleeve. A characteristic feature of this method of making 
connections is the use of THA rod sections with mechanical proper-
ties obtained by a combination of heat and plastic treatments. The 
aim of the research conducted was to determine the mechanical 
and structural properties of similar and dissimilar connections of  
THA materials. The combination of both materials was achieved 
using the temperature employed in sintering tungsten-heavy alloys. 
The tests conducted showed that, due to the maintenance of flat-
ness, parallelism of the joined surfaces and similar roughness, the 
joints obtained are structurally homogeneous, without the pres-
ence of gaps or the presence of a solidified matrix along the border 
line of the joint. The tests of mechanical properties in the static 
tensile test and in the impact tests showed that, in the case of hom-
onymous connections, the strength of the joint is comparable to 
that of the original material. However, in the case of dissimilar 

joints, the strength of the joint is comparable to the strength of 
the THA material with lower parameters used in the joined pair. 
In the case of properly prepared joint surfaces, the connection line  
for homonymous materials is difficult to define. For dissimilar 
materials, the joint line can be determined mainly by differences 
in the grain size and matrix amount of the parent materials. When 
used at the temperature of 1,530°C, the material becomes plasti-
cized and a liquid phase is formed. The processes of dissolution 
and crystallization of tungsten grains taking place in the liquid 
phase can lead to the formation of a homogeneous microstructure 
consisting of tungsten grains and a matrix without the additional 
presence of a solidified matrix layer. It is also possible that the 
binding phase layer is so thin that it has not been observed under 
microscopic observations.

Positive results are the basis for further research and analysis of 
joints obtained at the sintering temperature and then subjected to 
heat treatment and plastic working. The conducted tests are innova-
tive attempts to combine various types of tungsten-heavy alloys used 
in sub-caliber ammunition. The use of THA cores with gradually 
variable tensile strength, impact strength, plasticity, and density 
will allow the external and final ballistics properties of sub-caliber 
bullets to be improved.

5 CONCLUSIONS
Based on the research, it can be concluded that:

» It is possible to bond the same and dissimilar materials under 
sintering conditions with the participation of the liquid phase.

» In homonymous materials, the microstructure in the joint area 
is homogeneous and does not differ in morphological features from 
the area further from the joint area, which makes location difficult 
to determine correctly.

» The strength of the combination of homonymous materials is 
comparable to the original material. The strength of joints in dis-
similar materials is comparable to that of a tungsten-heavy alloy 
material with lower strength used in the joined pair.

» In the case of materials with properly prepared front surfaces 
(no gaps), a joint is obtained without a layer of solidified matrix.

» Determining the location of the connection line in dissimilar 
materials is easier to determine due to the size of tungsten grains 
in both materials and the amount of matrix.

» The results obtained constitute the basis for the continuation 
of further work, including subjecting the obtained joints to plastic 
cold forging.

» The homogeneity of the microstructure and the lack of a visible 
boundary between the materials are the result of dissolution and 
crystallization processes taking place in the liquid phase.
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This article will shine a spotlight on the sections  
of AC7102/2 that tend to challenge suppliers, including 
aluminum heat treating. 
By JASON SCHULZE

EDITOR’S NOTE » This is the third of a five-part series of articles that will 
deconstruct the requirements of AC7102. Each article will appear every other 
month through 2021. Part 1 was published in February. Part 2 appeared in 
April.

luminum heat treating is unique. Heat treatable alumi-
num alloys are those that contain magnesium, which 
provides solid-solution strengthening without decreas-
ing ductility. In addition, the 

magnesium offers strength and corrosion 
resistance. The successful heat treatment of 
aluminum is dependent on the dissolution 
of Mg2Si, which is ideally 10-15°F below the 
eutectic temperature. This is why most alu-
minum heat-treating furnaces are required 
to be a CL2 (±10°F) per AMS2750. If the 
temperature uniformity is not being met, 
there is a risk of incipient melting at the 
grain boundaries, which is not repairable; 
the aluminum would need to be scrapped. 
Being that aluminum heat treating is sen-
sitive yet widely performed, Nadcap has a 
separate checklist for aluminum heat treat-
ing: AC7102/2.

In the following article, we will discuss 
the challenges associated with AC7102/2, 
less the job audits. 

THE STRUCTURE OF AC7102/2
AC7102/2 has 13 sections, as shown below. In 
this article, we will visit areas of these sec-
tions that tend to challenge suppliers. 

There are several industry and prime 
specifications that apply directly to alumi-
num heat treating. The PRI Heat Treating 
task group has attempted to include those 
general requirements into AC7102/2. 

SECTION 1 — FACILITIES
This section is addressing the required fur-
nace class and instrumentation type for ther-
mal-processing equipment. Typically, this will be found in the industry 
or prime specification flowed down to suppliers via PO or print. As an 
example, if AMS2770 is flowed down when a solution heat treatment is 
required, the furnace used will need to be a Class 2 per AMS2750. This 
CL2 requirement is a direct result of the statement in the introduction. 

SECTION 2 — CONTROL OF HEATING  
ENVIRONMENT ABOVE 400°F
Section 2 addresses products of combustion entering the furnace as 

well as the use of protective compounds. It is important to realize 
that each question in this section uses the phrase “…when required 
by specification …” or “… when required …” This means if you pro-
cess in a heating environment over 400°F, the questions in this sec-
tion would need to be addressed even if all of them are marked N/A 
because they do not apply. As an example, heat treat only to AMS2770, 
which does not require either 3.1 or 3.2 in the checklist. If you heat 
treat to AMS2771, then both questions would apply. 

SECTION 3 — SALT BATHS
This section is straight forward and, since there are not many sup-
pliers who are heat treating aluminum in salt baths, we will skip 
this section. 

SECTION 4 — RACKS, FIXTURES, AND BASKETS
Question 5.1 in this section is similar to AC7102 question 9.14.1. The 
requirement states that when shop paperwork requires a specifi-
cally designed rack (should have some type of identification on the 

A
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rack), tooling must be used. 
Question 5.2 requires entrapped water within the fixture/rack 

cannot enter the furnace. This is specific to aluminum solution 
heat-treating furnaces where the basket in the furnace holding the 
parts is quenched directly into the quench water. Once the quench 
is completed, it is raised, and the parts removed. The same basket is 
then reloaded with parts and inserted into the furnace. This is where 
operators should be checking for entrapped water to ensure it does 
not enter the furnace. 

Question 5.3 states that procedures should have a statement 
regarding spacing. Both AMS2770 and AMS2771 are similar in that 
they state spacing has to be such that the free flow of quench and 
air is permitted. Prime specifications, such as BAC5602, are more 
specific regarding spacing. 

The spacing of parts during aluminum solution heat treating 
is critical. The quench process has three stages: vapor stage, boil-
ing stage, and convection stage. In the vapor stage, the parts are 
surrounded by a vapor where little heat transfer occurs. Proper 
agitation will remove this stable vapor blanket to ensure the boil-
ing stage begins. As the vapor decreases, the water gets closer to 
the surface of the parts causing the water near to boil. This is the 
fastest stage of the process and increases the heat transfer char-
acteristics. The boiling will stop once the quench medium falls 
below its boiling point. The final stage is the convection stage. This 
stage yields the slowest cooling rates and is where the majority of 
distortion occurs. 

SECTION 5 — QUENCH SYSTEMS
This entire section relates to quench delay. The quench delay is 
defined as the moment the doors open to the moment the parts are 
fully submerged in the quench solution. The quench delay require-
ment must be stated in your work instructions and verified during 

each quench. There are many systems in existence that can do this 
automatically or, in some cases, manually using a stopwatch. Quench 
delay is also required to be logged for each cycle as it is a critical 
process parameter. 

SECTION 6 — SPRAY QUENCH/FORCED AIR QUENCH
Due to the limited use of these quench types, we will focus on more 
widely used sections. 

SECTION 7 — QUENCH CONTROL
Aside from the three stages of the quench process, temperature and 
agitation are critical as well. This section addresses both. When the 
quench solution is required to be heated, it is typically done to mini-
mize distortion and prevent cracking. If this is required, this section 
states the temperature must be indicated on the work instructions 
and the quench solution be at the required temperature (or range) 
prior to part immersion. 

SECTION 8 — WATER/POLYMER QUENCHANT 
SOLUTIONS
This section applies only to suppliers using a water/polymer mix. 

The spacing of parts during 
aluminum solution heat treating 
is critical. The quench process has 
three stages: vapor stage, boiling 
stage, and convection stage.
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If you use only water to quench, this section should be marked NA. 
This section requires water/polymer solutions are certified in accor-
dance with AMS3025. This means a certificate should be on file for 
each batch and show evidence of review and approval. Additionally, 
concentration must be checked at a specified frequency. If a refrac-
tometer is used to verify concentration, the refractometer must be 
calibrated. 

SECTION 9 — WATER/POLYMER QUENCHANT USED  
IN CONJUNCTION WITH THE SALT BATHS
As stated before, salt baths are rarely used to heat treat aluminum. 
Therefore, we will skip this section. 

SECTION 10 — REFRIGERATION WHEN REQUIRED  
BY SPECIFICATION
Not all suppliers use refrigeration to retain tempers. Those that do 
are required to have clear instructions regarding time and tempera-
ture including the recording of the refrigeration cycle. It would also 
be required to calibrate the control and recording system as well as 
perform an SAT on the refrigeration unit. 

SECTION 11 — HANDLING FASTENERS
There is only one question in this section, so we will skip this. 

SECTION 12 — ALUMINUM SOLUTION HEAT TREATING 
FURNACES WITH THE HEAT SOURCE IN WALLS
This section has two parts to it. The first question requires that the 
heat source does not have a direct line of sight to the parts being 
processed. The second question relates to radiation survey testing. 
Throughout my consulting, whenever I visit a supplier who processes 

aluminum, it is typical that no evidence can be produced that a 
radiation survey was performed. In most cases, it was performed at 
some point, but the paperwork was lost. The radiation survey is a 
one-time test and is described in detail in AMS2750. If the radiation 
characteristics change, the test would need to be repeated. 

SECTION 13 — PERIODIC TESTING
Periodic testing is typically flowed down from the industry specifica-
tion or prime specifications. If this is flowed down to your facility, 
it would be necessary to document the frequency of those tests and 
keep evidence on file that the testing was completed at the required 
frequency. 

SUMMARY
Accounting for Nadcap checklists requirements is two-fold: 1) docu-
menting customer and checklist requirements and 2) showing evi-
dence the requirements are met. To do this, suppliers should under-
stand the checklist and interpret the requirements as clearly as 
possible. Our next article will explore Nadcap Checklist AC7102/5. 

ABOUT THE AUTHOR
Jason Schulze is the director of technical services at Conrad Kacsik Instrument 
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MadgeTech is a leading manufacturer of data loggers 
backed by expert engineering and customer service.
By KENNETH CARTER, Thermal Processing editor

n the heat-treating game, it’s paramount that tempera-
ture and other processes are closely monitored to ensure 
precision results.

And when those heat-treated parts are headed to the 
International Space Station or keeping an eye on the temperature 
of life-saving vaccines, then the role of the data logger becomes all 
too clear.

MadgeTech has been designing and manufacturing data loggers 
for a quarter of a century, and it’s with a sense of pride that company 
President Norm Carlson expresses his company’s strengths.

“Everything we sell, we design and manufacture right here in 
Warner, New Hampshire; we don’t outsource 
anything, and we’re privately owned,” he 
said. “All of our engineering and design is 
done in-house, as well as our production, 
manufacturing, sales, and marketing. We’re 
lean and mean.”

IMPRESSIVE RESUME
The long list of applications MadgeTech has 
been responsible for over the years is impres-
sive, and Sales Manager Ken LaPage echoes 
Carlson’s enthusiasm on what the company 
has accomplished.

“For me personally, I’m an applications 
guy, so when I get customers with different 
applications, that really excites me,” he said. 

“And for me, knowing that we have products 
on the International Space Station, and 
we’ve helped the Navy with jet fighters that 
were crashing, and we’re helping scientists 
cure cancer, these are things that are really 
huge that, at the end of the day, I like to hang 
my hat on to show we’re really making a dif-
ference in the world.”

MadgeTech’s data loggers are monitoring 
freezers and refrigerators storing COVID-19 
vaccines for Pfizer, for Moderna, and for 
Johnson & Johnson, according to LaPage.

“It’s all over the place,” he said. “And that’s one of the great things 
about working here is we get to touch so many different industries.”

DATA LOGGING ESSENTIALS
To Carlson and LaPage, every job is important, even if they don’t always 
come with a certain notoriety. And, according to LaPage, it boils down 
to the core function of the data loggers MadgeTech creates.

“We monitor temperature, humidity of the applications, and 
processes — whether that be ovens or ambient temperatures,” he 
said. “We monitor the extreme cold, minus-200 degrees C up to 
2,000 degrees C. Any application that comes up in this industry, 
we have a data logger that can handle those temperatures, moni-
tor them, and then display the data back to you with easy-to-read, 

user-friendly software.”
MadgeTech has a number of multi-channel thermocouple devices 

for mapping temperature gradients for a material or environment, 
which can be read in real time where a user can actually see the 
temperatures come through in a graph or a tabular format, accord-
ing to LaPage.

“If something does go wrong in the process, you can shut it down 
immediately and start again,” he said. “That way, you’re not wast-
ing parts.”

MadgeTech also produces data loggers that take full advantage of 
the Internet of Things, according to LaPage.

“We do have loggers that are wireless, that speak directly to the 
software,” he said. “They can be clouded, so you can access your data 
remotely from anywhere in real time. We are fully integrated with 
a lot of other programs. If you have a temperature excursion in the 
process, we’re able to send emails and text messages to your phone 
or smart device to let you know that you are having a problem with 
your process.”

CUSTOMER SERVICE
Part of MadgeTech’s success, in addition to its quality products, is 
how the company treats both its customers and employees, accord-
ing to Carlson.

“We always treat the employees well and treat the customers well,” 

I

The MadgeTech Titan S8 portable, 8-channel data acquisition system. (Courtesy: MadgeTech)
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he said. “I think if we get quality products to the customer as quick 
as possible that works for them and they’re satisfied with them, then 
we’re a happy company at the end of the day.”

LaPage also emphasized that it’s important that MadgeTech listen 
to its customers and implement their feedback into designing the 
latest data logging equipment.

“When you call the factory, you speak to a human being immedi-
ately, and we can talk about your application,” he said. “And if your 
logger is having issues, we can take care of it right there on the spot, 
hopefully eliminating downtime for that customer.”

READILY AVAILABLE EQUIPMENT
About 90 percent of MadgeTech’s products is considered off-the-shelf 
that the company has developed over the years, but LaPage said when 
the opportunity arises, that MadgeTech is willing and capable to 
custom design needed equipment.

“We are most certainly open to that,” he said. “We’re doing a couple 
of things right now with some new technologies that we can’t talk 
about, but it was driven by customer questions like: ‘Hey, can you 
do this for us?’ We jumped on it, and hopefully, we’ll be releasing 
that here pretty quick.”

Being able to quickly adapt to its customers’ needs has pushed 
MadgeTech beyond its original roots, according to Carlson.

“We’re a different company today than we were 25 years ago,” he 
said. “We really implement new technology as it becomes available 
and try to improve our designs all the time. We’re looking at the 

future every day, trying to see around corners, behind trees.”

TITAN LINE OF DATA LOGGERS
Part of MadgeTech’s innovative technology can be seen in the com-
pany’s Titan line of data loggers, according to LaPage.

“It’s multichannel and multi-sensory, so you can program indi-
vidual channels for specific kinds of sensors,” he said. “One day, a 
channel could be accepting inputs from the tech pay thermocouple. 
The next day, you could be entering voltage or current or resistance, 
which is really cool in the thermal-processing industry, because with 
that same device, you can monitor temperature and process controls 
that put out voltage current at the same time.”

The Titan, as well as MadgeTech’s X series of data loggers, are 
multi-channel, real-time devices, according to LaPage.

“That’s really big in the industry,” he said. “You don’t see a lot of 
those. You see individual loggers, but you don’t see that multi-chan-
nel, real-time instrument that’s giving you data for your validations. 
You’re seeing your data in real time, whether that be on a device, in 
the software on a computer screen, or on your phone, you’re actu-
ally seeing the temperature as the product is moving through the 
process. If there is something wrong with that process — such as 
temperatures are out of whack and it’s going to affect the quality 
of that part — you can shut that process down, immediately fix the 
problem, and then rerun parts through that process.”

And the data logger is also there to keep track of all that informa-
tion being created, according to LaPage.

“It’s a historical record,” he said. “In case there’s an audit or there 
is an issue with the parts in the future, the specs and the data from 
that product run can be pulled up for auditors to check to see if the 
product was subject to the correct time and temperature.”

Established in 1996, MadgeTech is celebrating 25 years of business. (Courtesy: MadgeTech)

The MadgeTech Titan S8 supports thermocouple, RTD, and thermistor probes. 
(Courtesy: MadgeTech)

“We’re a different company today 
than we were 25 years ago. We 
really implement new technology 
as it becomes available and try to 
improve our designs all the time.”
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ENGINEERING EXPERTISE
Along with the latest data logging technology MadgeTech offers its 
customers, it also has the engineering expertise to back it up, accord-
ing to LaPage.

“We have a team of customer specialists, real technical guys, and 
point-of-sales engineers, and they know everything there is to know 
about the data loggers and the applications,” he said. “They let us 
know their application, their times, their temperatures, and then 
we put a solution or multiple solutions together and let the customer 
choose from what we’ve offered them. After that, we can walk them 
through how to install software, where to put the data loggers for 
their validations — a complete solution for that customer. And again, 
it’s all customer driven. They let us know what they need. We’re not 
going to tell them what they need, but we’ll show them what will 
work good for their application.”

MadgeTech has a staff of 14 engineers with a combined experience 
exceeding 200 years, which translates into quick solutions for the 
company’s customers, according to Carlson.

“Customers will call in; they have an issue, and then we solve it,” 
he said. “That makes me feel really good: The fact that we solved it. 
Everything that we sell, we design here, but we do it in New England. 
We sell a lot to China, a lot to Europe, a lot to Asia, and it’s all manu-
factured here. We’re kind of doing the opposite of what a lot of com-
panies are doing.”

25TH ANNIVERSARY
MadgeTech opened its doors in 1996 and is celebrating 25 years of 
business this year, according to Carlson.

“We’ve grown little by little,” he said. “I think our staff is about 
83 people strong.”

And both Carlson and LaPage expect the next 25 years will keep 
MadgeTech on its toes as it continues to grow and offer the latest 
innovative data logging solutions to its customers.

“We’re watching our competitors very closely and listening to 
our customers,” he said. “With technology, things can change very 
quickly. I think the cloud is going to be a big part of our future.”

LaPage agreed while emphasizing that the bottom line for 
MadgeTech, no matter what the future may bring, is to be there for 
its customers.

“We have the technical expertise here with multiple, multiple 
applications in the thermal industry to have a really good idea of 
how to make a viable solution for that customer,” he said. 

MORE INFO www.madgetech.com

The X-Series monitors thermocouples, RTD, voltage, and current up to 16 
channels. (Courtesy: MadgeTech) 
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the next load of parts

(NO BURN OFF – NO WASTE)

• R.O.I. – 6 months

• Future savings are 
all profit

• 700 lb. gear 
carburized 18% faster

Send inquiries to George Barbour
517-523-3685  •  heavycarbon@frontiernet.net

 View on heavycarbon.com

mailto:furnace-sales@gasbarre.com?subject=Referred by Thermal Processing
http://www.gasbarre.com
mailto:heavycarbon@frontiernet.net?subject=Referred by Thermal Processing
http://www.vacuumresearch.com
mailto:VRC@vacuumresearch.com?subject=Referred by Thermal Processing
mailto:VRC@vacuumresearch.com?subject=Referred by Thermal Processing
http://thermalprocessing.com
http://heavycarbon.com
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860-623-9256
info@noblefurnace.com • noblefurnace.com

GAS, ELECTRIC | BOX, BELL, PIT, BELT, CAR BOTTOM, TUBE
ALL PROCESSES | SPECIALIZING IN VPA, VPC COATINGS

On-site repairs & maintenance – troubleshooting – burner tuning 
dismantling & relocation services

Designing & manufacturing custom  
industrial furnaces for over 45 years

HOW IT STARTED HOW IT IS NOW

Service, 
consumables  
and critical spares 
for all brands of 
equipment

Connect your company to the heat 
treating industry with a storefront in 
the Thermal Processing Community. 
Storefronts paint a portrait of your company with 
a 500-word description and include your logo, 
website link, phone number, email addresses, and 
videos. Your social media pages such as Twitter 
and Facebook are integrated with live updates, 
which may also be re-posted through our social 
media feeds. 

With a community storefront, your company also 
receives a premium listing in the annual Buyer’s 
Guide published each November. Premium 
listings feature graphic treatments to draw more 
attention to your company.

JOIN THE THERMAL PROCESSING

FOR ONLY
COMMUNITY

$350
PER YEAR

For information on how you can participate in the ThermalProcessing.com 
Community storefront, contact

Dave Gomez – national sales manager 
800.366.2185 ext. 207  •  dave@thermalprocessing.com

ARE YOU MAXIMIZING YOUR EXPOSURE?

mailto:dave@thermalprocessing.com?subject=Referred by Thermal Processing
mailto:info@noblefurnace.com?subject=Referred by Thermal Processing
http://www.tpsovens.com
http://thermalprocessing.com
http://noblefurnace.com
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ADVERTISER INDEX ///

GET 
CONNECTED

ThermalProcessing.com is 
your trusted online source 

for information and technical 
knowledge about the  

heat treating industry.

You’ll find topical articles, 
company profiles and 

interviews with industry  
insiders, and timely  

heat treat industry news. 

Get your FREE subscription, plus our online content, at  
www.thermalprocessing.com
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Noble Industrial Furnace ....................................................................46

Optris ................................................................................................... 11

Premier Furnace Specialists Inc. ....................................................IFC, 1

Thermal Product Solutions ................................................................46 

Vacuum Research Corp. ..................................................................... 45
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Wisconsin Oven .................................................................................... 5
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Q& A /// INTERVIEW WITH AN INDUSTRY INSIDER

Now that you are with Linde, what’s a typical day like for you?
We (Praxair) merged with Linde, and we are now all under the Linde 
brand. My role has really expanded a lot. The focus of my previous role, 
under our Praxair name, was mainly on heat treating. Today, I am the 
business development director for all of manufacturing in the United 
States. It is a large area to cover, and I’ll get involved with everything 
including metals for heat treating, additive manufacturing, plastics, 
and non-metallic areas like composites. I am also involved with some 
renewable-energy sectors, such as batteries. Another part of my role 
is from an applications standpoint, where I work closely with a lot of 
different groups internally. I work with our sales team, our regional 
business development managers, our global commercialization team, 
our R&D team, and our marketing communications team. 

So, a typical day for me is working to make the pieces come 
together and trying to move things forward, to get good help for 
our customers, and, ultimately, find ways to resolve their processing 
issues and improve their operations.

What is Linde’s involvement in the development of additive 
manufacturing, specifically with metal-powder manufacturing?
We are involved in many aspects of metal-powder manufacturing. In 
many cases, the initial part of additive manufacturing is the powder 
component. We provide our gases for the production of powder met-
als and are involved from a 3D-printing level where inerting gases 
are required. In addition to the gases, such as argon and hydrogen, 
we also have products, such as cabinets for powder storage. Another 
important factor for successful 3D printing is gas control. We get 
involved with different types of monitoring of gases internally to 
make sure the 3D printers are working the way they should, with 
the goal of trying to help our customers get better results.

We also play a role in the afterpart manufacturing — after the 
3D-printed part has been made, specifically in metals, hot isostatic 
pressing (HIP) is involved. The gases and the supply of those gases 
require high pressures and temperatures. We are very focused on 
that. Basically, from the very start to the final product, we play a role 
in the many steps required in the additive manufacturing process.

What makes hot isostatic pressing a necessary step in additive 
manufacturing?
Hot isostatic pressing is necessary in additive manufacturing because, 
once a part is produced by 3D printing, it can have some inconsis-
tencies. By putting metal-powder-based parts in a hot, pressure-tight 
volume, porosity is significantly reduced, thereby achieving a better 
density. With the advent of additive manufacturing, this process fits 
very well in taking 3D-printed parts and providing a finished, con-
sistent product. In addition to the reduction in porosity, this process 

reduces residual stress in the component and improves the mechanical 
properties. Argon is a common gas used in that area, and if the hot iso-
static pressing equipment does not have the proper supply equipment, 
we certainly can help with the gas availability, pressures, and supply 
components that are required to help those systems run properly.

Could you go into more detail about what Linde’s role is in the 
hot isostatic pressing process?
Our role is to make sure that the gas supply system is optimized. We 
want to make sure we can help our customers achieve better cycle 
times and better performance from their system, wherever we can. 
We look at a way to make sure the system components that are select-
ed — be it the tanks, high-pressure tubes, pumps, or compressors — 
really work well together. We also want to make sure we are doing 
what we can to try to limit capital costs, but it is very application 
dependent. We like to review the whole operation, learn more about 
the customer’s needs, and help them achieve their processing goals.

With the use of argon in HIP, how does Linde help make argon 
use both economically and environmentally sound?
There’s a couple of things that we do. We have designed a high iso-
static supply system program that will look at what the hot isostatic 
pressing furnace is doing. In other words: How is it being run? How 
big is the unit? What type of material is being run? And with all 
that information, we can design a specific system to meet customer 
requirements. That is important because, when sized correctly, we 
can look at ways to try to keep capital costs lower, as well as look for 
ways of improving cycle time and performance in general.

Environmentally, we offer argon produced using 100-percent, 
carbon-free energy. Linde believes in sustainability. It is one of our 
company values and providing argon that is certified to be produced 
from carbon-free energy is something we are proud to offer. If it is 
something a customer would like to look at, then we can help.

How is Linde continuing to advance the field of hot isostatic 
pressing?
We are always looking for ways to try to keep capital costs limited 
where we can, to make sure we have a good understanding of a cus-
tomer’s system and try to improve performance. If we can do this for 
our customers, we have a real opportunity to help them out. This is 
not only just for HIP, but it is for all the lines of additives from the 
powder manufacturing to the 3D printing to HIP — we have helped 
customers out in all of these areas.   

MORE INFO www.lindeus.com/heattreating 

“We are involved in many aspects of metal-powder 
manufacturing.”

S TE VE MUELLER /// BUSINESS DE VELOPMENT DIREC TOR /// LINDE

http://www.lindeus.com/heattreating


September 14-16, 2021  |  St. Louis, Missouri

HEAT TREAT 2021 IS THE EVENT THAT BRIDGES 
RESEARCH WITH INDUSTRY!

Heat Treat is the premier conference and expo for heat treating 
professionals, attracting global innovators, researchers, influencers, and 
decision makers from around the world. Next year’s conference and expo 
will feature:

• Three days of face-to-face networking opportunities with approximately 
200 heat treat exhibitors and companies. All of the top companies and 
big names in the heat treating industry will be represented!

• Latest research and industry insights will be offered during more than 
125 technical presentations

• “Basics of Heat Treating” education courses
• VIP guided industry tour
• Initiatives for students and emerging professionals
• Continued co-location with AGMA’s Motion + Power Technology  

Expo 2021
• And much more! 

WHAT’S NEW FOR 2021? 
Co-location with ASM’s Annual Meeting, International Materials, Applications, 
and Technologies (IMAT) Conference and Exposition, featuring:

• Access to 200 additional materials-related exhibitors in the co-located 
exhibit hall

• Access to an additional 600 technical presentations and workshops, 
featuring special crossover keynotes and sessions with Heat Treat

• Joint networking events
• Access to comprehensive programming and events for students and 

emerging professionals
• Joint Heat Treat / IMAT programming in the Solutions Center on the  

Show Floor

heattreatevent.org

http://heattreatevent.org
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Linde is here to help  
you look ahead
Optimizing efficiency and reproducibility  
in heat treating applications

Praxair and Linde — now one company under the Linde name — are committed to helping you remain 
competitive. Linde’s gas applications optimize your heat treating process to help you keep moving forward. 
Our industrial gases, technologies and products are used extensively in metal production and heat treating 
applications to lower cost, promote energy efficiency, enhance strength, and improve productivity.

Keep pace with tomorrow’s competition. Visit www.lindeus.com/heattreating or call 1.844.44LINDE to find  
out more about our heat treating applications.

http://www.lindeus.com/heattreating



