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Strategic upgrades ta controls, hydraulics, attematien, and monitoring
systems enhance productivity, improve reliability, and-enable older forging
presses to perform with capabilities comparable to-newer equipment.

ELECTROLYTIC-PLASMA NITRIDING OF AUSTENITIC STAINLESS
STEELS AFTER MECHANICAL SURFACE TREATMENT
A combined process — preliminary shot peening followed by electrolytic-plasma nitriding — was developed

and investigated, providing a significant enhancement of nitrogen diffusion efficiency and the formation of
expanded austenite in AlSI 321 steel.
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FROM THE EDITOR ///

Forging and nitriding take center stage

and the end of the cycle.

Nitriding is an important process that can increase the hardness of an alloy
by diffusing nitrogen into the surface. But, if you're a seasoned heat-treater, then you
don’t need me to tell you that.

Not being a seasoned heat treater myself, sometimes I have to quiz myself on heat-
treating processes, and nitriding is no exception.

This month’s cover article tackles forging, but with an angle that is sometimes over-
looked. In the article, Ethan Elliott looks at transforming aging forging presses into high-
performance assets.

On the subject of nitriding, Bauyrzhan Rakhadilov, Zarina Satbayeva, Almasbek Maulit,
Nurlat Kadyrbolat, and Anuar Rustemov take a deep dive into the electrolytic-plasma
nitriding of austenitic stainless steels after mechanical surface treatment.

And be sure and check out our Q&A with Ipsen CEO Geoffrey Somary as he talks about
how Ipsen is expanding its TITAN assembly line and what it means for the company.

Along with all these important features, don’t miss our monthly columnists as well. I
feel certain the information they’re sharing will come in handy.

You’ll find that and more in this month’s issue of Thermal Processing. I hope you find it
all as fascinating as I did.

As always, thanks for reading!

H orging and nitriding are processes that involve heat-treating at the beginning

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

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.

4 AUGUST 2026

Thermal$

processing

David C. Cooper
FOUNDER

Teresa Cooper
PUBLISHER
EDITORIAL

Kenneth Carter
EDITOR

Jennifer Jacobson
ASSOCIATE EDITOR

Joe Crowe
ASSOCIATE EDITOR | SOCIAL MEDIA
SALES
Ben Keaten

VICE PRESIDENT | SALES & MARKETING

Kendall DeVane
SALES & MARKETING

DESIGN

Michele Hall
GRAPHIC DESIGNER

CONTRIBUTING
WRITERS

ETHAN ELLIOTT
NURLAT KADYRBOLAT
D. SCOTT MACKENZIE

ALMASBEK MAULIT
BAUYRZHAN RAKHADILOV
ANUAR RUSTEMOV
ZARINA SATBAYEVA
TONY TENAGLIER

PUBLISHED BY MMSC GROUP LLC
P.0.B0X 1987 « PELHAM, AL 35124
(800) 366-2185 -« (205) 380-1580 FAX

Teresa Cooper
PRESIDENT



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

EXPAND YOUR REACH

Advertise with us in print
and online, and you can
reach 40,000 potential
readers — many who are
key decision makers at
their companies.

GEARSoluTionsE

To learn more, contact
our sales team at
sales@gearsolutions.com
or call 800.366.2185


mailto:sales@gearsolutions.com?subject=Referred by Thermal Processing

UPDATE /// HEAT TREATING INDUSTRY NEWS

Wisconsin Oven Corporation has announced the availability of in-house parts testing under a nitrogen
atmosphere for customers considering the purchase of an atmosphere batch oven. (Courtesy: Wisconsin

Oven)

Wisconsin Oven has
in-house nitrogen
process validation

Wisconsin Oven Corporation has announced
the availability of in-house parts testing
under a nitrogen atmosphere for customers
considering the purchase of an atmosphere
batch oven (ABO Series). The new testing
service allows customers to validate their
process and verify part quality before their
equipment is purchased.

With Wisconsin Oven’s new in-house
testing capabilities, customers can submit
sample parts for processing under a nitro-
gen atmosphere. After testing, the results
are reviewed by Wisconsin Oven’s team to
verify surface quality and ensure the final
oven design is suitable for the application,

reducing overall project risk.

Wisconsin Oven’s ABO Series is designed
for processing oxidation-sensitive materials
such as steel, aluminum, PTFE, UHMW, and
other materials that require an inert atmo-
sphere to minimize surface oxidation.

These inert gas ovens are available with
maximum temperature ratings up to 1,250°F
and can be designed to meet demanding
industry specifications such as AMS-2750,
AMS-2770, and BAC-5621.

“Validating a customer’s nitrogen atmo-
sphere process before designing their equip-
ment helps ensure the inert gas oven we
provide fully meets their requirements,” said
Mike Grande, vice president of sales.

“By testing customer parts prior to engi-
neering, we can verify surface quality before

manufacturing begins, reducing project risk.”

MORE INFO www.wisoven.com

Progress continues
at Solar Atmospheres
Connecticut facility

Construction and refurbishment are mov-
ing forward as the future home of Solar
Atmospheres Connecticut continues to take
shape. Several vacuum furnaces have been
setin place, the office areas are nearing com-
pletion, and work is actively progressing on
the facility’s piping, electrical systems, and
supporting infrastructure.

The 28,000-square-foot facility in Spruce
Brook Industrial Park remains on schedule
for a fourth-quarter 2026 opening and will
significantly expand Solar Atmospheres’
vacuum heat-treating capabilities through-
out the Northeast.

This newest location represents contin-
ued growth and commitment to serving
customers with advanced vacuum heat
treating technology, increased capacity, and
the reliable service that has defined Solar
Atmospheres for decades.

MORE INFO

P
I

www.solaratm.com

Several vacuum furnaces have been set in

place at the future home of Solar Atmospheres
Connecticut, which has an expected fourth-quarter
2026 opening. (Courtesy: Solar Atmospheres)

SEND US YOUR NEWS Companies wishing to submit materials for inclusion in Thermal Processing’s Update section should contact
the editor, Kenneth Carter, at editor@thermalprocessing.com. Releases accompanied by color images will be given first consideration.
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By transforming Ipsen’s former showroom into a
dedicated Titan assembly area, the new expansion
will optimize production flow while keeping
engineering, manufacturing, and assembly under
one roof. (Courtesy: Ipsen)

Ipsen expands Titan
assembly line
at Excellence Center

Ipsen USA is expanding the Titan assembly
line at its Vacuum Technology Excellence
Center in Cherry Valley, Illinois. This major
investment is expected to increase produc-
tion capacity from 36 Titan vacuum furnaces
per year to 60, allowing the company to bet-
ter meet growing global demand.

The expansion comes on the heels of a
record-breaking month; in May alone, Ipsen
received orders for 21 Titan furnaces, driven
by continued investment in the aerospace
and energy sectors.

Since its debut in 2009, the Titan platform
has become one of Ipsen’s most successful
product lines, with more than 450 systems
installed worldwide. Engineered with stan-
dardized features, competitive pricing, and
shortened delivery times, Titan provides
manufacturers with a reliable and cost-effec-
tive vacuum heat-treating solution.

By transforming Ipsen’s former show-
room into a dedicated Titan assembly area,
the expansion optimizes production flow
while keeping engineering, manufacturing,
and assembly under one roof. The project
adds approximately 7,000 square feet of pro-
duction space, with customer orders already
scheduled to be built in the new area starting
in July. This added capacity positions Ipsen to
support rapid growth without compromising
on quality or performance.

“We continue to see strong demand for
the Titan product line, and we’re investing
today to ensure we can support our custom-
ers tomorrow,” said Geoffrey Somary, CEO
of Ipsen.

As Ipsen builds on nearly eight decades
of innovation in thermal processing tech-
nology, this project reflects a broader com-

mitment to investing in its facilities, prod-
ucts, and people. The Cherry Valley campus
serves as Ipsen’s Global Vacuum Technology
Excellence Center.

The expanded Titan assembly area was
expected to be fully operational by late July
2026.

MORE INFO www.ipsenusa.com

Fabtech returns
to Las Vegas after
a decade away

Fabtech returns to Las Vegas October 21-23
at the Las Vegas Convention Center, where
manufacturing professionals will gather
to explore the latest technologies, industry
trends, and business opportunities shaping
the future of metal fabrication and finishing.

Coinciding with Fabtech 2026, CCAI
will unveil its rebranding to the Industrial
Finishing and Coating Association (IFCA),
signaling a renewed commitment to serving
the evolving industrial finishing and coating
marketplace.

“Changing an association name and
rebranding is a major undertaking, and
one we take very seriously,” said CCAI/IFCA
executive director Anne Goyer. “But our
board and members believe that our new
name, the Industrial Finishing & Coating
Association, much better reflects who we are
today. We are working hard to bring new and
much needed benefits to the industry, and
we think the IFCA brand will carry our mes-
sages further than in the past.”

CCAI/IFCA’s Finishing Pavilion and
Conference continue to thrive and offer great
educational opportunities on all aspects of
industrial surface finishing. Whether a com-
panyisjust getting into finishing, looking to
solve existing challenges, or upgrading their
finishing lines, Fabtech provides a wealth of
products and services to help companies
meet their finishing needs.

Ongoing education and workforce devel-
opment remain central to CCAI/IFCA’s mis-
sion. The CCAI/IFCA FINISHING Conference
Program at Fabtech provides an important
platform for members to share their exper-
tise and deliver practical insights for both
emerging and experienced finishing profes-
sionals. Led by respected industry experts,
the FINISHING technical conference pro-
gram consistently earns high marks from
attendees and is designed to provide knowl-
edge that participants can apply to improve
finishing processes, enhance operational
performance, and stay current with evolv-

Attendees explore the industry’s largest assembly
of finishing suppliers at the CCAI/IFCA FINISHING
Pavilion. (Courtesy: CCAI/IFCA)

ing industry trends. This year’s FINISHING
Conference includes 21 sessions covering a
wide range of topics from fundamental to
advanced concepts designed to engage and
inform all levels of finishing professionals.
For complete descriptions of each finishing
session and registration information, visit
the expo website. Conference fees are sepa-
rate from the exhibition.

Since 2017, CCAI/IFCA has brought the
FAB to FINISH production experience to the
Fabtech show floor, where it has become a
highly anticipated annual attraction. This
interactive program gives attendees a first-
hand look at the complete manufacturing
journey of a metal part through the finish-
ing process.

Participants follow a designated produc-
tion path to participating FINISHING exhibi-
tors’ booths, where they experience each
stage, including cleaning, powder coating,
curing, and quality testing.

Year after year, the program continues to
gain momentum, attracting growing interest
and participation from both exhibitors and
attendees. §

MORE INFO www.fabtechexpo.com
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INTERNATIONAL
FEDERATION OF
HEAT TREATMENT
AND SURFACE
ENGINEERING

IFHTSE

Dr. Scott MacKenzie appointed IFHTSE

honorary

president
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4

y

Dr. Scott MacKenzie visiting Tianrun Crankshaft in China. (Courtesy: Scott MacKenzie)

The Executive Committee has awarded Dr. Scott MacKenzie the hon-
orary presidency “In recognition of his exceptional and enduring
service to IFHTSE, far exceeding duties as president, his intercon-
necting role in the global heat-treatment community, his significant
technical contributions, and his generous mentorship to generations
of professionals.”

This is an exceptional honor for an exceptional service. In its more
than 50 years of existence, IFHTSE has appointed only three honorary
presidents. He is now the fourth. He will receive the award during the
opening ceremony of the 31st IFHTSE World Congress in Cologne,
Germany, October 13, 2026.

LEADERSHIP AND SERVICE TO IFHTSE

MacKenzie served on the IFHTSE executive committee for six years
following his term as president of IFHTSE (2018-2019), and between
2012 and 2025 he organized and chaired with much personal com-
mitment no less than five IFHTSE conferences.

He was a constant supporter of IFHTSE within the ASM Heat
Treating Society, and with his service as a hub, he kept the relation-
ship between IFHTSE and ASM alive and working. In uncountable
occasions, he carried findings from the international community
to the U.S. and vice versa, establishing numerous new cooperations.
Likewise, he took care of the membership of Quaker Houghton in
IFHTSE from the beginning and organized its sponsoring of all the
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plaques for IFHTSE awards.

He is just the right person for IFHTSE’s international Federation
with his global mindset and his outstanding curiosity and respect for
business, technology, and life in countries around the world.

TECHNICAL CONTRIBUTIONS

MacKenzie has published more than 100 articles in peer reviewed
journals and conference proceedings, has contributed dozens of
articles to industry magazines (including Thermal Processing and Gear
Solutions) and online professional sources, and he still takes the burden
of a recurring deadline for the regular column he writes in Thermal
Processing to publicize and feature the news and activities of IFHTSE.
He has also presented talks at 17 IFHTSE-affiliated conferences since
1996. This is especially noticeable in parallel to his demanding job in
industry throughout this time.

For the international Quenching Database Project, which system-
atically collected data and made them available to the community,
MacKenzie contributed numerous cooling curves and provided char-
acteristic quenchant samples to eight laboratories in four continents
for a round-robin-test.

His contributions to understanding quenching technology and
modeling of quenching process have informed current industrial
practice, development of modeling software, and inspired new
research in the field of heat treating.



MENTORSHIP

MacKenzie has been a mentor to dozens (if not hundreds) of young
heat treaters. He takes time to talk to students and young profes-
sionals at conferences; he always volunteers as a judge for poster
competitions and student research presentation competitions; he
provides thoughtful guidance when students reach out with unique
heat-treating challenges, and he encourages early and mid-career pro-
fessionals to become more involved in both the heat-treating industry
and heat-treating professional societies. His constant mentorship has
helped to grow the community and build international collabora-
tions and discussions in quenching and distortion control and heat
treating in general.

CONFERENCE UPDATES

7th Asian Conference on Heat Treatment and Surface
Engineering

September 10-12, 2026

Chengdu, China

The 7th Asian Conference on Heat Treatment and Surface Engineering
of Materials (JACHTSE2026) will be in Chengdu, Sichuan Province,
China, September 10-12, 2026. The conference will focus on the latest
research progress, technological frontiers, and future trends in the
field of material heat treatment and surface engineering and is com-
mitted to promoting deep integration and collaborative innovation
in this field in the Asian region.

The Asian Conference on Heat Treatment and Surface Engineering
of Materials (ACHTSE) is an important series of international confer-
ences jointly initiated by China, Japan, South Korea, and other coun-
tries. It focuses on the latest research and developments in surface
engineering and heat treatment.

DEADLINES
»»Early bird registration: August 31, 2026.

31st IFHTSE World Congress

October 13-15, 2026

Cologne, Germany

The 31st IFHTSE World Congress is organized by AWT -
Arbeitsgemeinschaft Warmebehandlung + Werkstofftechnik e. V.and

IFHTSE LEADERSHIP

will be in Cologne, Germany, October 13-15, 2026, at the International
Conference and Trade Fair.

In addition to the World Congress, the event will also feature HK
2026 and the European Conference on Heat Treatment 2026.

This will truly be a huge event. If you have never attended the
AWT HK (HartereiKongress) event, this is one of the largest (if not the
largest) heat-treating trade show in the world.

This, combined with ECHT 2026 and the 31st World Congress, will
be the one event to attend.

The largest European congress on topics of heat treatment and
materials technology, manufacturing and process engineering in
2026 is organized in cooperation with the International Federation
for Heat Treatment and Surface Engineering (IFHTSE) as well as
the European heat treatment associations from France, Austria,
Switzerland, the Czech Republic, Slovakia, and the Benelux countries.
Due to the expected number of lecture registrations, the congress
eventis planned as a three-day event. The language of the conference
will be English.

MORE INFO www.hk-awt.de

32nd IFHTSE World Congress | ECHT 2027
Milan, Italy
April 14-16, 2027

Organized by Associazione Italiana di Metallurgia, this event com-
bines the IFHTSE World Congress and ECHT. The event is dedicated
to researchers, engineers, metallurgists, and industry leaders seek-
ing to bridge the gap between laboratory innovation and large-scale
industrial application.

»» Conference Chair: Prof. Massimo Pellizzari.

» Co-Chair: Lesley Frame (IFHTSE President).

DEADLINES
> Abstract Submission Deadline: November 20, 2026.
» Notification of Acceptance: January 15, 2027.
»»Early Bird Registration: February 5, 2027.
» Full paper or extended abstract: March 5, 2027.

MORE INFO www.aimnet.it/eng/echt2027-32ifhtse.shtml

OTHER MEMBERS

EXECUTIVE COMMITTEE

Lesley Frame | President
University of Connecticut | USA

Massimo Pellizzari | Past President
University of Trento | Italy

Jianfeng Gu | Vice President
Shanghai Jiao Tong University | China

Dr. Stefan Hock | Secretary General
IFHTSE | Germany

Sabina Kuntzmann | Treasurer
Geschaftsstellenleiterin SVW | Switzerland

Prof. Rainer Fechte-Heinen | Leibniz-IWT | Germany

Prof. Imre Felde | University of Obuda | Hungary

Bernard Kuntzmann | Listemann AG | Switzerland

Prof. Masahiro Okumiya | Toyota Technological Institute | Japan

Prof. Bojan Podgornik | Institute of Metals and Technology | Slovenia
Prof. Reinhold Schneider | Univ. of Appl. Sciences Upper Austria | Austria
Prof. Marcel Somers | Technical University of Denmark | Denmark
Christophe Stocky | R&D Centre of ABS Acciaierie Bertoli Safau | France
Eva Troell | RISE IVF Research Institutes of Sweden | Sweden

Prof. Mufu Yan | Harbin Institute of Technology | China

ONLINE www.ifhtse.org | EMAIL info@ifhtse.org
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INDUSTRIAL HEATING

IHEA ' EQUIPMENT ASSOCIATION

IHEA energy management SUMMIT to
explore future of energy performance

“IHEA Energy
Management

FORGING A
SUSTAINABLE PATH
FOR MANUFACTURING

DECEMBER 2-3 DELIVERED VIRTUALLY

THEA’s annual SUMMIT that has previously focused on decarboniza-
tion returns this year with a few twists. It will focus on overall energy
management, and it will be virtual on December 2, concluding with a
half day on December 3. It will provide practical strategies for improv-
ing efficiency, reducing energy costs, and preparing manufacturing
operations for the future.

As manufacturers continue to navigate rising energy costs, evolv-
ing sustainability goals, and rapidly changing technologies, staying
informed has never been more important. That’s why the Industrial
Heating Equipment Association (IHEA) is bringing its annual Energy
Management SUMMIT to a virtual audience December 2-3, 2026.

Designed for engineers, plant managers, energy professionals, and
manufacturing leaders, this year’s virtual format makes it easier to
participate without the time and expense of travel.

“While we strongly believe in the value of in-person events, we
also understand the uncertainties that many in the manufacturing
world have felt this year, leading the IHEA board to the decision that
offering a virtual event would be a great idea this year,” said IHEA
Executive Vice President Anne Goyer.

The schedule allows attendees to gain valuable insights while
minimizing time away from the office.

A featured presentation from the U.S. Department of Energy’s
Industrial Technology Office (ITO) will explore what’s on the horizon
for industrial energy initiatives, workforce development, and techni-
cal assistance available to manufacturers.

Attendees will also receive a comprehensive review of today’s ener-
gy management fundamentals, including ISO 50001, energy-manage-
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ment partners, and the latest programs and tools available to help
facilities identify savings opportunities and improve performance.

As industries continue exploring alternatives to traditional fuel
sources, the SUMMIT will feature sessions on optimizing combustion
efficiency while examining emerging technologies such as hydrogen.
Experts will also provide updates on initiatives shaping the future of
industrial process heating.

One of the program’s highlights will be a panel discussion dedi-
cated to electrification technologies. Industry specialists will discuss
the latest advancements in induction melting, induction heating,
resistance heating, and infrared heating, providing attendees with
practical perspectives on where electrification makes sense — and
where challenges remain.

The path toward net-zero manufacturing will also be addressed
through discussions on developing sustainability strategies and an
introduction to the emerging ISO 50100 standard, giving attendees
a look at how future standards may influence energy management
practices.

In addition, the program will examine the growing role of indus-
trial automation and digital technologies, highlighting how smarter
controls, connected systems, and operational data can improve both
energy efficiency and overall plant performance.

WHAT TO EXPECT

The 2026 IHEA Energy Management SUMMIT will feature sessions
covering today’s most important energy management challenges and
emerging technologies, including tentative topics:



» Opening Keynote: DOE’s Industrial Technology Office - What’s
Coming Next?

» Energy Management Basics, Programs, and Tools.

» Alternatives to Fossil Fuel Use.

» Electrification Panel.

» Achieving Net-Zero.

»Industrial Automation Insights.

»Industrial Panel - Stories from the Field.

Among the program’s most valuable features are real-world case
studies presented by manufacturers who have successfully imple-
mented energy-saving initiatives. Companies will share their expe-
riences, lessons learned, and measurable results from their energy
management efforts.

“Energy performance is now a strategic advantage,” said Michael
Stowe, IHEA board member and Energy Management SUMMIT chair-
person. “The IHEA Energy Management SUMMIT equips industrial
leaders with the knowledge, tools, and peer insights needed to navi-
gate rising energy costs, regulatory pressure, and the shift toward
electrification. It’s not just a conference, it’s a catalyst for smarter,
more resilient operations.”

Whether your goal is lowering energy costs, improving opera-
tional efficiency, reducing emissions, or preparing your facility for
the next generation of manufacturing technologies, the 2026 IHEA
Energy Management SUMMIT offers practical knowledge that can be
applied immediately.

Sponsorship opportunities are available for companies seeking to

increase their visibility among industrial heating and energy man-
agement professionals. Sponsors receive a comprehensive package of
benefits, including two complimentary event registrations, recogni-
tion on the SUMMIT website, inclusion in all promotional eblasts and
the event brochure, logo placement on welcome slides during the

virtual event, and monthly recognition across IHEA’s social media

channels. IHEA members also receive discounted sponsorship rates,
providing added value for member companies looking to showcase
their commitment to energy management and industry leadership.

Mark your calendar for December 2-3 and plan to join industry
experts and manufacturing professionals from around the world as
they explore the technologies, strategies, and success stories shap-
ing the future of industrial energy management. Complete program
details and registration will open in August.

Watch for details and registration information at summit.ihea.org.

INDUSTRIAL HEATING EQUIPMENT ASSOCIATION

P.O. Box 679 | Independence, KY 41051
859-356-1575 | www.ihea.org
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thermalprocessing.com
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OT SEAT ///

D. SCOTT MACKENZIE, PH.D., FASM
SENIOR RESEARCH SCIENTIST-METALLURGY, RETIRED

Martempering: When is it appropriate?
This hardening method is a specialized process that should be used when distortion and high
residual stress are an issue, and the cost of rework is higher than the cost of the heat-treating

process itself.

NORMAL QUENCHING AND MARTEMPERING

The most common method of hardening steel in industry today con-
sists of heating the steel component to the austenitizing temperature,
quenching in a suitable quenchant, and tempering to the desired
hardness. This is shown schematically in Figure 1 [1].

In this example, the part is austenitized and then quenched in a
quenchant fast enough that the surface and center of the part miss the
‘nose” of the TTT curve and are completely through hardened. The
slowest possible quench to achieve through hardening corresponds
to the quench rate enough to just miss the “nose” of the TTT curve.
Slower quench rates than the minimum will result in the formation
of non-martensitic transformation products of ferrite, pearlite, and
bainite. It should be noted that the TTT curve has no bearing on the
tempering reaction.

For most applications, the austenitizing temperature is approxi-
mately 25-30°C above the A.; temperature. After properly soaking
at temperature, the part is then quenched rapidly into brine, water,
polymer, or oil. The quenchant is generally less than 80°C for oil,
and at ambient temperature for the water-based quenchants (water,
brine, and polymer). This rapid quenching ensures that the part
meets hardness requirements but also creates a steep temperature
gradient between the surface and the core. The result can be higher
internal stress, more warpage, and a greater risk of quench cracking,
especially in parts with abrupt section changes or tight tolerances

Martempering is a specialized process that should only be used
when distortion and high residual stress are an issue. In this pro-
cess, parts are quenched from the austenitizing temperature into hot
oil or molten salt at the approximate martensite start temperature
(100-200°C). The part is held at the oil temperature until the surface
and center temperatures of the part are nearly the same. Once the
center of the part has reached the quenchant temperature, the part
is removed from the quenchant and allowed to cool in any conve-
nient manner (usually air cooling). This minimizes the formation
of thermal stresses due to unequal cooling between the center and
surface (Figure 2) [1]. It also reduces the transformation stresses due
to martensite transformation occurring at different times.

If complete hardening is to occur, the austenite must cool suf-
ficiently fast to allow the center cooling rate to miss the “nose” of
the TTT diagram. Since the TTT diagram shows the martensite start
temperature, Mg, the TTT diagram is useful for selecting the optimal
quenchant temperature and estimating the time the part must be
held at temperature to prevent the formation of bainite.

Martempering makes the most sense when distortion control,
crack avoidance, and dimensional consistency matter more than

n this column, I will discuss martempering, and when it
should be selected for quenching steel parts.
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minimizing processing cost. It is especially valuable for parts with
complex geometry, changing cross sections, tight tolerances, or
expensive machining that would make rework costly [2].

The main advantage of martempering is that it interrupts the
steep surface-to-core temperature differences that drive distortion.
In direct quenching, the surface cools and transforms first while the
core remains hot, creating a mismatch in contraction and transforma-
tion strain. Martempering gives the section time to come closer to a
uniform temperature before the martensitic transformation begins,
which reduces internal stress and makes the final shape more pre-
dictable.

That benefit is most useful when the part has a high penalty for
dimensional change. Gears, shafts, tooling, dies, bearings, and other
precision components are common candidates because even small
distortion can create costly downstream problems. Martempering
is also useful for carburized parts, where the carbon-rich case and
lower-carbon core respond differently during quenching and can
magnify distortion if the quench is too severe.

WHEN IS MARTEMPERING APPROPRIATE?
Martempering makes sense to use if the cost of distortion and rework
ishigher than the cost of the heat-treating process itself. Long, slender
shafts, gears, tooling, bearing rings and rollers, precision mechanical
parts, and components with abrupt changes in section often benefit
the most. These parts tend to show the greatest amount of distortion,
and the cost of rework (or replacement when cracking occurs) is high.
One criterion for the applicability of martempering is the tenden-
cy of a part to crack or distort. This is based on the carbon equivalent,
or CE. The carbon equivalent is calculated in Equation 1 [6, 4, 1]:
WaMn SRS %N WOr Wlu %Mo %l
CE=%04+——4+ — H T+T+T+—

16 23 .
Equation1

Where concentrations are given in weight percent. In each case,
quenching cracking was determined to be a problem if the carbon
equivalent (CE) > 0.52%. If the carbon equivalent of the steel is greater
than 0.50%, then the steel is a good candidate for martempering.

The limitations of section thickness must also be considered for
suitability for martempering. With a given severity of quench, there
is a limit in section thickness, where the steel will no longer harden
fully or transform to martensite. However, depending on the appli-
cation, it may be acceptable for the center of the part not to be com-
pletely transformed to martensite.

Often it is acceptable that the core hardness is less than the sur-
face hardness. If this is the case, then the size for martempering
can be increased. The effect of the resulting mixed microstructure
on the mechanical properties would have to be evaluated for each
application.
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Figure 1: Schematic representing typical quench and tempering to a typical TTT
curve.

Martempering is not the best answer for every hardening problem.
It usually costs more than conventional quenching because it requires
tighter process control, additional hold time, and often specialized
media such as hot oil or molten salt. If the part is simple, and is not
prone to distortion or cracking, the added cost of martempering may
not be justified.

CONCLUSION
Martempering is a viable technique for reducing distortion and mini-
mizing residual stresses in heat-treated parts. However, it is more
expensive on a per part basis than traditional quench and temper
operations. Martempering should be used when the cost of rework is
more expensive than the cost of the process
itself.

Should there be any comments or ques-
tions regarding this article, please contact
the editor or myself. §
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Employees work hard making the company successful; the company should work hard to help

employees make themselves successful.

Examining external vs. internal work

the automotive and aerospace industry as a process engineer,

quality engineer, and quality manager. During our careers,
we are often measured in terms of how many years we have put in,
or what sort of position or title we can now add to our resume. These
measures, though important, aren’t the com-
plete picture of the work required today or
what has also really been achieved.

The workplace is changing. And as a mil-
lennial studying industrial organizational
psychology for my Ph.D., I have seen first-
hand the different generations at work and
the criteria for performance and success
evolving. Employees show up to work for a
paycheck, but they want something more.
They want to grow. They want to be a part of
something bigger than themselves. One per-
son alone cannot run the heat-treat depart-
ment. It takes a team. A team with individu-
als who have various skills that, when added
together, can perform at greater levels than
if they act individually.

But I want to separate something out in
terms of work. There are two basic catego-
ries that [ have been exploring on the podcast

“Work Sucks, But I Like It”. There is what I
will call the external work — the work you
do to make the world better, and the internal
work — the work you do to improve your life.

Corporate cultures sometimes adopt ten-
dencies to focus only on the external work.
The internal work is a sort of afterthought,
buried in a footnote section of the employee
handbook indicating yoga classes or therapy
are up to the employees outside work hours.
From the multiple companies I have worked
at over the years, small to large, there has
only been one company that actually started
to embrace the importance of this “internal
work.” They had an onsite therapist, onsite
gym, and restaurant that transitioned to
healthier foods.

. his month, I am reflecting on the 15-plus years I have been in

IMPORTANCE OF GROWTH

Today’s workplace culture needs to focus on this integration of provid-
ing resources for the internal work concept in order for employees to

grow. Think of placing aluminum alloy parts into a heat-treat oven.
The goal here is to put elements like silicon and magnesium back into
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solution from the as-cast state to eventually age them to a more desir-
able condition. There is much work and effort to design and maintain
heat-treat furnaces to do this. There is even a specification, the AMS
2750 for pyrometry, to achieve this. This internal work is then audited
by external parties such as the customer or Nadcap to further keep

an eye on the consistency, quality, and performance. By performing
reviews of the jobs and technical information flowed down by the cus-
tomers and subscribers, heat-treat parts are transformed for service
— the internal work to rearrange the microstructure to the desirable
condition, to then perform the external work when put into place.
Companies have the potential to allow people to come to the work-



place and “transform” themselves into something amazing. I have
seen this firsthand through taking people from backgrounds such
as the service industry to making them competent heat-treat and
pyrometry experts. And it isn’t by offering more training programs
for AMS2750 or lectures on binary phase diagrams. That is part of it,
but there are also the more subtle points of how to draft an email,
how to present your material, how to handle a problem and respond
rather than react. But first, you must be able to recognize what needs
to be transformed.

In interviews on the podcast, I have asked these questions to vari-
ous managers and leaders in different industries. Their responses are
always very similar, whether you are talking about manufacturing
or helping those with dyslexia. It is the art and science of focusing
on each individual.

If companies want to grow and evolve today, more than ever they
must be investing in their time spent with employees, understand-
ing what motivates them. Deciding how they can best provide the
resources for this internal work so they can show up each day and
perform at their best.

I have suggested examples of this internal work that include
telling employees to journal at home and express their frustrations
of work when things get to them. Or to see a therapist to help sort
these things out (because I am not one). I have even suggested dif-
ferent books, podcasts, and YouTube channels as resources. Because,
sometimes, the problem isn’t the external work of heat treating or
processing parts. Sometimes, the problem is the fact that workplace
cultures overlook the employees and their goals, overlooks them as
people versus assets. We all know stress doesn’t stop when we leave
work. If someone is also under extra stress off the job, it makes sense
that the extra stress will also come to the job with them. That’s where,

YOU'VE, Gﬁ tT
Y.

%,

perhaps, some internal work in an on-site stretching class or therapist
session could ease issues in both situations.

Further, the recognition of goals allows for proper awareness of
the internal work required. Heat-treat operators wanting to learn
more about thermodynamics and kinetic phenomena to transition
into an engineer one day. Quality engineers learning how to “manage
people” so they can take that leadership role one day.

Over the span of my career in the manufacturing industry, I have
seen that when I focus on both my internal work and external work
I have been able to perform during high-stakes projects. The fear
sometimes of this internal work is that is called self-“help” indicating
that we need help to fix ourselves. The problem is that help is viewed
sometimes as weakness or inefficient. Compound this with self-help
becoming very cliche today with LinkedIn AI generated posts indi-
cating we should “seize the day” and “find your passion and you will
never work another day in your life.”

And one would think after writing multiple self-help books that I
would not be criticizing such efforts. The distinction here with inter-
nalwork is that we must first recognize it (even ifit is cliché). Then get
the goal from each member of your team beyond what the heat-treat
goals are. Treat this like recognizing how a controller needs tuning
prior to a TUS. And then get to work on actually tuning the param-
eters so these employees can truly perform when put to the test. §
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Strategic upgrades to controls, hydraulics, automation, and
monitoring systems enhance productivity, improve reliability,
and enable older forging presses to perform with capabilities

comparable to newer equipment.

By ETHAN ELLIOTT

emand for new or modernized forging equipment is ris-

ing globally as requirements surge for the forged parts

needed to replace depleted stockpiles of items such as

artillery shells, tanks, aircraft parts, and other military
equipment.

According to the Forging Industry Association, “Forged compo-
nents are found in virtually every defense implement, from rifle
triggers to nuclear submarine drive shafts. Heavy tanks, missiles,
armored personnel carriers, shells, and other heavy artillery are
common defense-related applications of forged components.”

Additional applications in modern military systems include rifle
bolts, naval propulsion parts, and structural and engine components
used in rockets and aircraft.

To meet this demand, forgers are modernizing existing equipment
that in many cases is several decades old.

Modernizing a forging press often involves removing major
machine components and repairing or replacing them with OEM
parts to restore the equipment to its original manufacturer speci-
fications.

Because the heavy-duty steel frames of many older forging presses
remain structurally intact and continue to function after decades
of service, modernization of a forging press is a relatively low-cost
alternative to purchasing a completely new piece of equipment.

The ability to quickly move into production with upgrades is a
major advantage, as opposed to purchasing a brand-new forging press,
as the delivery and commissioning of a new press may take up to
a year or longer. In addition, many modernization projects can be
completed while the forging press remains stationary on site, reduc-
ing disruption.

Another benefit of upgrading an existing forging press is increas-
ing its lifespan, enabling the machine to run dependably for many
more years. A typical refurbishment will extend the production life
of the forging press by 20 to 30 years.

In many cases, modernization can also result in performance
improvements nearly equivalent to those obtained with a new
machine. Modern digital controls, improved sensors, enhanced auto-
mation features, and modern hydraulic systems enable an older forg-
ing press to achieve better precision, greater efficiency, and higher
reliability than the older configuration.

AUTOMATION AND MATERIAL HANDLING
Automation is now one of the most common features in modernized
forging lines. Many older presses relied heavily on manual handling
of billets and forged parts, which limits production speed and exposes
workers to high-temperature materials.

Today’s systems, like ones offered by Ajax-CECO-Erie Press, include
automated manipulation systems, robotic billet and part handling
systems, and transfer mechanisms that move parts between furnaces

and presses. These automations improve consistency and increase
productivity while reducing operator fatigue and safety risks.

By automating forging operations to perform some of the tasks of
a human operator, productivity can increase from several hundred
pieces per hour up to 3,000, depending on the type of products being
forged.

MODERN CONTROL SYSTEMS (PLCS AND HMIS)
Another area of modernization for these forging machines is the con-
trol system. Many of the older forging presses were manufactured
using relay logic or early electronic control systems that are no longer
in service.

Control systems now typically include programmable logic con-
trollers (PLCs) and digital operator interfaces that provide diagnos-
tics and alarm reporting to alert operators when problems occur,
enabling faster troubleshooting and reducing downtime.

Modern Human-Machine Interfaces (HMIs) provide operators with
a graphical control system for monitoring and managing forging
equipment. Displayed on touchscreen or computer terminals, HMIs
present real-time machine status, alarms, and operating parameters
that allow operators to control the press and quickly diagnose prob-
lems. Forging presses with advanced HMI capabilities can help opera-
tors see equipment performance.

This is accomplished with dynamic animated models and schemat-
ics, live trending, and diagrams. For example, operators can quickly

“drill down” from a top-level animated schematic to review the per-
formance of specific components, such as valves and pumps, and to
locate information on part numbers and wiring schemes.

Even less experienced personnel can look at a well-designed
HMI screen, watch the press run, and then learn how it functions.
Operators can monitor live press positional and force data as the
machine transitions through the production cycle.

When something is out of sequence or stops abruptly mid-cycle,
they can quickly troubleshoot because the HMI provides a graphical
window into the machine control system and its processes, identify-
ing problem areas.

With the HMI, operators get access to a library of data sheets that
include electrical schematics, hydraulic schematics, and mechanical
assembly drawings.

The data sheets are in PDF format, which enables keyword search-
ing within the document. Instead of spending days trying to locate
the right technical documentation and reading through data sheets
or wiring schematics that can be 100 pages long, the data is searchable
and immediately available to operators.

REBUILDING HYDRAULIC SYSTEMS
Typically, a modernization project includes a new pump, servo valves,
filters, and a new cooling system. This will provide more precise con-
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With rising demand for forged components, manufacturers are looking at what they can do to optimize their existing forging equipment. (Courtesy: Ajax-CECO-Erie

Press)

Instead of waiting months for delivery on new high-tonnage presses, many forgers are opting for
modernization programs to restore and improve performance of their existing machines. (Courtesy: Ajax-
CECO-Erie Press)

the cylinder. The closed-loop system allows
precise regulation of ram speed, position,
and pressure during the stroke, improving
performance and reducing wear.

REFURBISHMENT OF RAM AND
MECHANICAL COMPONENTS

When a forging press is modernized, its
mechanical components are often repaired
or rebuilt at the same time because the ram,
guide systems, and wear surfaces are subject-
ed to extremely heavy loads during operation.
This process may involve reboring the ram
guides, replacing wear plates and gibs, repair-
ing structural components, and installing
improved lubrication systems.

Sourcing parts from the original OEM can
offer advantages compared with having com-
ponents reverse-engineered and produced by
independent machine shops.

Machine shops often do not have access to
critical specifications about high wear parts,
including the material grade of the steel, the
heat-treating process used, and tolerances —
all of which were engineered specifically for
that piece of equipment.

trol over hydraulic pressures needed for forging and reduces heat ADDING SENSORS AND MONITORING EQUIPMENT
buildup. The servo-hydraulic system can be added to an existing forg- ~ Sensors and machine monitoring equipment are also often added as
ing press as electronic motion control that regulates hydraulicflowto  part of forging press upgrades. Sensors that measure hydraulic pres-
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Modernizing a forging press often involves removing major machine
components and repairing or replacing them with OEM parts to restore the
equipment to its original manufacturer specifications. (Courtesy: Ajax-CECO-
Erie Press)

sure, oil condition, vibration levels, temperature, and ram position
permit the operators and maintenance personnel to continuously
monitor the machine from any location.

Using this type of system provides the opportunity for predictive
maintenance, giving forgers the ability to detect emerging issues
before they result in unplanned downtime.

UPGRADING SAFETY SYSTEMS

A major area of consideration in modernizing forging equipment is
safety. Many modernized systems include safety-rated control cir-
cuitry, interlock guard systems, emergency stops, and safety sensors
such as light curtains or laser scanners to ensure that forging opera-
tions meet all current regulatory standards and minimize the risk
of injury to employees.

IMPROVING ENERGY EFFICIENCY
There are also opportunities to improve the efficiency of forging
equipment, particularly with older hydraulic systems, which tend
to be less efficient than newer versions.

Newer forging equipment is often installed with variable frequen-

Strategic upgrades to controls, hydraulics, automation, and monitoring
systems enhance productivity, improve reliability, and modernize capabilities.
(Courtesy: Ajax-CECO-Erie Press)

cy drive technology, improved hydraulic pump design, and advanced
cooling systems. Together, these technologies result in significant
energy savings and enhanced operating efficiency for the machine.

MODERNIZATION AS THE NEXT STEP FOR FORGING
OPERATIONS

With rising demand for forged components from the aerospace and
defense industries, and other heavy industry sectors, manufacturers
are looking at what they can do to optimize their existing forging
equipment.

Instead of waiting months for delivery on new high-tonnage press-
es, many forgers are opting for modernization programs to restore
performance of their existing machines while incorporating the
same level of control, monitoring, and reliability that is now standard
in most manufacturing environments. §
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A combined process — preliminary shot peening followed by
electrolytic-plasma nitriding — was developed and investigated,
providing a significant enhancement of nitrogen diffusion
efficiency and the formation of expanded austenite in AlSI 321

steel,

By BAUYRZHAN RAKHADILOV, ZARINA/SATBAYEVA, ALMASBEK MAULIT,

NURLAT KADYRBOLAT, and ANUAR RUSTEMOV

n this work, the effect of preliminary mechanical sur-
face treatment on the kinetics of formation, phase com-
position, and functional properties of the nitrided layer
during electrolytic-plasma nitriding (EPN) of austenitic
stainless steel 12Kh18N10T (AISI 321) was investigated. In contrast
to traditional approaches, for the first time, this work establishes a
direct correlation between the degree of surface deformation induced
by shot peening and the formation of the expanded austenite (yN)
phase under low-temperature plasma conditions. Quantitative X-ray
phase analysis revealed a lattice parameter expansion of Aajay = 1.4—
1.8% and a gradual transformation of y-Fe - yN without the forma-
tion of CrN nitrides at moderate intensity of preliminary treatment.
According to SEM/EDS data and microhardness profiles, a multilayer
structure was formed, consisting of a thin surface film of CrN/Fe,N, a
developed yN zone with a thickness of 1215 pm, and a stable austen-
itic y-Fe matrix. The surface microhardness increases to 880 + 20 HV,
while the friction coefficient decreases to 0.35-0.40, corresponding
to a wear reduction of approximately 55% compared to the initial
steel. The results provide a mechanistic understanding of nitrogen
diffusion through defect-enriched subsurface layers and show that
optimal preliminary deformation (d = 6 mm, v =40 Hz, t = 20 min)
promotes controlled formation of the yN phase with minimal lattice
instability. The proposed combined approach — shot peening + EPN
— is an effective method for producing wear- and corrosion-resistant
surfaces of austenitic steels under atmospheric plasma conditions.

TINTRODUCTION
Austenitic stainless steels are widely used in power engineering,
chemical machinery, and biomedical systems due to their high cor-
rosion resistance, ductility, and structural stability during operation
over a wide temperature range [1]. However, the low surface hardness
and insufficient wear resistance limit their use in friction units, and
in chloride-containing environments, localized corrosion (pitting and
crevice) may occur [2,3]. Enhancing the durability of such materials
requires the improvement of surface engineering methods aimed at
strengthening while preserving corrosion resistance. One of the most
effective methods of surface modification is nitriding — a process of
diffusion saturation with nitrogen that leads to the formation of hard
nitride phases and supersaturated solid solutions [4]. However, dur-
ing conventional high-temperature nitriding (500-580°C), chromium
nitrides precipitate, causing local depletion of Cr in the matrix and a
reduction in passivating properties [5,6]. In addition, the dense FCC
lattice of austenite slows down nitrogen diffusion, making the pro-
cess less efficient without additional activation methods [2].

To prevent chromium nitride precipitation, low-temperature

nitriding (<450°C) has been developed, in which nitrogen dissolves
in the austenite lattice, forming a metastable supersaturated phase

— expanded austenite (S-phase) [7]. This structure combines high
hardness (~1,000-1,200 HV) with retained corrosion resistance, as it
is not accompanied by CrN formation [8,9]. Borgioli [2] showed that
the stability and formation of the S-phase are determined by the bal-
ance between the nitrogen diffusion rate and its chemical bonding;
however, the mechanisms of these processes under different types
of plasma treatment have not been fully studied [7]. Among nitriding
technologies, the most widely used are gas nitriding, plasma (ion)
nitriding, and electrolytic-plasma nitriding. Gas nitriding is carried
out in an ammonia atmosphere but often leads to the formation
of coarse nitride phases and a reduction in corrosion resistance [5].
Plasma nitriding, based on glow discharge in a vacuum, provides
more uniform saturation at lower temperatures [9,10]; however, it
requires complex equipment and is limited by the size of the treated
parts.

An alternative is electrolytic-plasma nitriding (EPN), in which
plasma is formed in the near-surface layer of the electrolyte under
the action of pulsed discharges [11,12]. The method combines electro-
chemical action and local plasma heating, providing a high density of
active species, accelerated saturation, and a reduced processing time
compared to gas and vacuum-plasma nitriding [13]. In addition, EPN
is carried out at atmospheric pressure, which makes the technology
suitable for treating large-sized components [14].

Nevertheless, during EPN of austenitic steels, the hardened layer
thickness is limited, which is attributed to the presence of a passive
oxide film and the low diffusion mobility of nitrogen [14]. To increase
the efficiency of the process, methods of preliminary mechanical
treatment are actively used, creating a defective and nanostructured
surface that promotes accelerated mass transfer [15,16,17,18]. In par-
ticular, shot peening and ultrasonic impact treatment form a zone
with a high density of defects and residual stresses, which reduces
the activation energy of diffusion and increases the saturation rate
[17,19]. Shen et al. [15] showed that preliminary shot peening dou-
bles the thickness of the nitrided layer during plasma nitriding of
AISI 304, while Hashemi et al. [18] observed an increase in surface
microhardness by 10-15%. Similar patterns have also been observed
for nanostructured surfaces obtained by the SMAT method, where
the growth of the nitrided layer reaches 40-50% [19]. Despite this,
most studies have been carried out for vacuum-plasma technologies,
whereas investigations on the effect of preliminary work hardening
on electrolytic-plasma nitriding are extremely limited [11,14,20,21,22].
In particular, quantitative relationships between shot peening param-
eters, the degree of surface defectiveness, and the kinetics of S-phase
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formation during EPN have not been established.

Despite extensive studies on gas and ion nitriding of austenitic
steels [1-10, 15-19], the effect of preliminary mechanical surface treat-
ment on the kinetics of electrolytic-plasma nitriding (EPN) remains
poorly understood. Most published studies are devoted to vacuum-
plasma or ion methods, whereas systematic investigations of EPN of
pre-strained surfaces are practically absent. To date, a quantitative
relationship between the defect structure of the surface, the char-
acteristics of the plasma discharge, and the nitrogen diffusion rate
during EPN has not been established. Thus, there is a clear scientific
gaprelated to the influence of preliminary work hardening on the for-
mation of the phase composition and properties of coatings obtained
by the EPN method.

The present work is aimed at filling this scientific gap: The goal
is to study the effect of preliminary shot peening on the saturation
kinetics, structure, and properties of layers formed during electro-
lytic-plasma nitriding of 12Kh18N10T steel. This will make it possible
to optimize combined processing modes and ensure an increase in
surface hardness and wear resistance.

2 MATERIALS AND METHODS

Samples made of austenitic stainless steel 12Kh18N10T (foreign

equivalent — AISI 321) with dimensions of 60 X 60 X 20 mm were

used for preliminary mechanical surface treatment. Hot-rolled sheet
steel was used. The chemical composition of 12Kh18N10T steel is

as follows: iron (Fe) 70.67%, chromium (Cr) 18.57%, nickel (Ni) 9.7%,
manganese (Mn) 0.19%, titanium (Ti) 0.21%, silicon (Si) 0.23%, copper
(Cu) 0.29%, carbon (C) 0.12%, phosphorus (P) 0.01%, sulfur (S) 0.01%.
Before treatment, the surfaces of the samples were ground and then

rinsed with distilled water to remove abrasive residues and contami-
nants. The preliminary mechanical treatment was carried out on a

universal vibration stand SVU-2 (Figure 1), at the Engineering Center
«Strengthening Technologies and Coatings». The stand is a single-mass

sub-resonant-type unit. Structurally, the unit consists of stationary
and vibrating parts. The oscillating part is designed as two parallel

platforms to which an inertia-type vibration exciter is attached. The

exciting force is generated by a system of unbalanced masses rotat-
ing by means of an electric motor. The SVU-2 unit is equipped with a

control panel featuring a timer that allows setting the treatment dura-
tion over a wide range (from 0.1 seconds to 24 days) and a frequency
controller that enables adjustment of vibration frequency from 1 to

50 Hz. The design includes eight vibration chambers made of ShKh15

steel, each with a volume of 100 cm?, allowing simultaneous process-
ing of several samples under different conditions.

The essence of the preliminary mechanical surface treatment
method lies in the impact of metallic balls with diameters ranging
from 1 to 15 mm on the sample, placed in a chamber that is set into
oscillatory motion within a specified frequency range by a vibration
exciter. The vibration energy causes chaotic movement and repeated
impacts of the balls on the sample surface, resulting in its strength-
ening and modification of the microrelief. To determine the optimal
parameters of the preliminary mechanical treatment, the ball diam-
eter (3, 4, 6, and 7.5 mm), treatment time, and vibration frequency
were varied. The chamber was filled with metallic balls to approxi-
mately 80% of its volume. Based on the analysis of surface roughness
and microhardness, the optimal treatment mode was selected. Next,
for the electrolytic-plasma nitriding process, cubic samples with
dimensions of 20 X 20 X 20 mm were prepared (Figure 2). Before
the process, the samples were thoroughly rinsed with distilled water
to remove abrasive residues and contaminants. An aqueous solution
consisting of 10% sodium carbonate (Na;COj3), 20% urea (CO(NH,)y),
and 70% distilled water was used as the electrolyte, providing stable
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Figure 1: Diagram of the experimental setup for vibro-impact mechanical
surface treatment (SVU-2 stand).

plasma burning and effective
nitrogen diffusion into the
surface layer of the material.

The experiment was car-
ried out on an electrolytic-
plasma thermochemical treat-
ment unit equipped with a 40
kW DC power supply and a
specialized processing cham-
ber containing a plasma torch,
as shown in Figure 3.

The nitriding process of
the samples was carried out
as follows: First, the working
bath (5) was filled with the
electrolyte; using a pump
(4) installed at the bottom of
the bath; the electrolyte was
directed through pipelines (8)
into the plasma torch (3)in the
processing chamber (2); after
passing through the plasma
torch, the liquid returned to
the bath through drain openings, ensuring a closed circulation loop;
the electrolyte flow rate was maintained within 4-7 L/min, while the
cooling water in the heat exchanger circulated at a rate of 3-6 L/min,
allowing the electrolyte temperature to be kept within 40-50°C as
the samples were heated to 500-550°C; the sample (6) was fixed in
the holder so its working area was at a distance of 2-3 mm from the
opening of the conical partition, through which the electrolyte jet
entered, serving as a cooling and temperature-stabilizing medium;
the anode (7) was connected to the positive pole of the power supply
(1), and the samples, serving as the cathode, were connected to the
negative pole. At the initial stage, a voltage of 320 V was applied for
10 seconds to rapidly heat the samples to the saturation temperature.
Then, the voltage was reduced to 180 V, and the treatment was car-
ried out for 10 minutes, maintaining the sample temperature within
500-550°C by adjusting the electrolyte circulation rate [23].

The surface roughness parameter Ra was measured using an
HY2300 profilometer (Anytester, Hefei Co., Ltd., Hefei, China). X-ray
phase analysis was performed on an Xpert PRO PANalytical diffrac-
tometer (PANalytical BV, Almelo, The Netherlands) at an anode volt-
age of 40 kV and a current of 30 mA, using Cu-Ke radiation (4 = 1.541
A) in the 26 range of 30-90°, with a step size of 0.02° and an acquisi-
tion time of 0.5 seconds per step. Phase processing and identification
were carried out using the HighScore Plus v3.0.5 software package.

Figure 2: Samples after mechanical
treatment prepared for electrolytic-
plasma nitriding.
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Figure 4. SEM microstructure of the cross-section of 12Kh18N10T (AISI
321) steel after electrolytic-plasma nitriding: (a) after mechanical surface
treatment, (b) before mechanical surface treatment.

Figure 5: SEM microstructure of the cross-section of 12Kh18N10T (AISI
321) steel after preliminary mechanical surface treatment and subsequent
electrolytic-plasma nitriding (sample 3), x300 magnification: | — nitride
zone; Il — transition zone; Ill - initial structure. (a-c) — SEM images of the
corresponding layers at x2000 magnification.

Figure 6: Local EDS analysis along the depth of the nitrided layer (sample 3) of
austenitic stainless steel 12Kh18N10T (AISI 321).

To study the microstructure of the nitrided samples, after etching in
a 10% oxalic acid solution, a scanning electron microscope SEM3200
(CIQTEK Co., Ltd., Hefei, China) was used. Microhardness was mea-
sured using a FISCHERSCOPE HM2000 instrument (Helmut Fischer

Sample o, mm £, min v, Hz Filling Ra, pm HV
1 30 0 40 B0% 443 452
2 40 20 40 8% AL 3869
3 6.0 0 40 B0% 205 4978
4 6.0 10 ) B 1 4599
5 6.0 30 40 B0% 4.5 5749
L] 6.0 0 50 80% M 514.6
7 6.0 20 30 B0% 181 3962
] 75 0 40 Bl 303 515.6

Note In all experionents, the contamners were filled with metallic balls up to 8% of ther volume. The selected
medes (samyples 3, &, and &) for subsegaent electrolytic-plasma nitriding are kaghlighted in bold.

Table 1: Effect of metallic ball mechanical treatment parameters on surface
roughness and microhardness (80% filling).

GmbH, Sindelfingen, Germany) under a load of 100 mN. Friction tests
were carried out on a universal tribological tester TRB3 (Anton Paar,
North Ryde, Austria) using the “ball-on-disk” method in accordance
with ASTM G99 standard [24]. The test was conducted under dry fric-
tion conditions at a temperature of 25+ 1°Cand a sliding speed of 0.05
my/s. A 100Cr6 steel ball was used as the counterbody under a load of
10 N, and the friction coefficient was determined after the sample
had traveled a distance of 60 m.

3 RESULTS AND DISCUSSION

3.1 Microstructure and Elemental Gradient

Comparison of the parameters of the preliminary mechanical treat-
ment showed that the optimal mode should provide a compromise
between the reduction in surface roughness and the increase in
microhardness, both necessary for stable microarc ignition and accel-
erated nitrogen diffusion during EPN (Table 1). Compared to the ini-
tial surface (Ra=3.93 um; HV = 236), the best balance is achieved in
three optimal modes: sample 3 (d =6 mm, t=20 min, v=40 Hz, filling
80%), which provides the minimum roughness Ra=2.05 pm with high
microhardness HV =497.8; sample 6 (d =6 mm, t =20 min, v=50 Hz),
where a moderate Ra = 2.54 pm is accompanied by increased work
hardening HV = 514.6; and sample 8 (d = 7.5 mm, t = 20 min, v =40
Hz), demonstrating a combination of Ra=3.03 pm and the maximum
HV =515.6 among the selected modes, reflecting the higher impact
energy of larger balls. The remaining variants are inferior in terms
of combined criteria: For example, increasing the treatment time to
30 minutes (sample 5) yields a peak hardness of HV = 574.9 but is
accompanied by an unacceptable increase in roughness (Ra = 4.96
pm), while reducing the frequency to 30 Hz (sample 7) worsens both
parameters. Therefore, for subsequent electrolytic-plasma nitriding,
samples 3, 6, and 8 were selected as the most appropriate, providing
a smooth yet work-hardened surface (Ra = 2.0-3.0 pm; HV = 500-516),
favorable for uniform microarc discharge and the formation of a high-
quality nitride layer.

In Figure 4a, a uniform and dense surface layer with a thickness
of about 12-15 pm is observed, corresponding to the expanded aus-
tenite (yN) zone. The structure is characterized by uniform contrast,
absence of pores and nitride phase precipitates, indicating a meta-
stable solid solution of nitrogen in the y-Fe lattice. The surface of the
layer exhibits a more developed morphology with rounded craters
caused by microplasma discharges, but without signs of overheating
or local melting. The formation of a thickeryN layer after mechanical
treatment is associated with an increased defect density of the crystal
lattice and a higher dislocation density, which facilitates nitrogen dif-
fusion into the metal. Similar results were reported in studies [25,26],
where mechanical surface strengthening prior to nitriding promoted
accelerated growth of expanded austenite.

In contrast, in Figure 4b, for the sample without preliminary
mechanical treatment, the thickness of the hardened layer is only
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5-7 um, while the structure is less contrasted and contains individual
microdefects along the layer boundary. The absence of active diffu-
sion centers and the lower surface energy limit nitrogen penetration,
leading to the formation of a thinneryN zone. A slight inhomogeneity
is also observed in the near-surface region, indicating local variations
in the plasma exposure intensity. Mechanical surface treatment prior
to electrolytic-plasma nitriding has a significant effect on the nitro-
gen diffusion kinetics and the thickness of the formed hardened layer.
The increase in the yN zone thickness to 12-15 pm after preliminary
work hardening is explained by the higher number of crystal lattice
defects and the formation of a substructure that facilitates accelerated
interstitial nitrogen penetration.

Figure 5 shows the SEM microstructure of the cross-section of
12Kh18N10T (AISI 321) steel after preliminary mechanical surface
treatment and subsequent electrolytic-plasma nitriding at a tem-
perature of 500°C, voltage of 180 V, and duration of 10 minutes. The
microstructure of the hardened layer exhibits a clearly defined zonal
morphology and consists of three regions: I — nitride zone, Il — tran-
sition zone, and III — initial austenitic structure. Detailed images of
these zones at X2,000 magnification are shown in fragments (a-c).

The upper part of the layer (zone I) is represented by a dense and
continuous near-surface structure about 1-2 pm thick, exhibiting
increased contrast. This zone is characterized by the formation of a
thin nitride film containing fine-dispersed chromium and iron par-
ticles (CrN, Fe4N), which are formed as a result of surface supersatura-
tion with active nitrogen ions. The uniformity and absence of pores
indicate the stability of the plasma discharge and the uniformity of
nitriding in the near-surface region. Such microstructural features
are typical of low-temperature electrolytic-plasma saturation modes,
where intense surface interaction occurs without significant melting
or metal erosion.

Beneath the surface nitride zone lies the transition zone (II), about
10-15 pm thick, which constitutes the main hardened region. Here,
the expanded austenite (yN) phase is formed — a metastable solid
solution of nitrogen in the y-Fe lattice, free from chromium nitride
precipitates. The microstructure of this zone is characterized by fine
grains and uniform contrast, reflecting the high defect density of the
crystal lattice and the presence of significant internal compressive
stresses. Such features are caused by the interstitial incorporation of
nitrogen atoms, which leads to an increase in the lattice parameter
and the formation of expanded austenite. The observed subgrain
boundaries and characteristic diffusion flow lines in micrographs (b)
indicate active atomic migration processes in the near-surface region.
The thickness of this zone is consistent with the results obtained
at similar temperatures in studies [27,28], where the formation of a
yN structure without CrN precipitates was also observed at tempera-
tures up to 550°C. During EPN, microdischarges are localized at the
protrusions of the surface microrelief and produce short-term local
melting/boiling; when polished across this zone, such craters are cut
and appear as rounded dark cavities with a diameter of about 0.5-2
pm, arranged in a band parallel to the surface. Below in depth (region
III), the matrix without pores is observed, showing characteristic slip
traces.

Below lies zone III, corresponding to the original austenitic struc-
ture. Itis characterized by a coarse-grained morphology, low contrast,
and the absence of phase transformations. The transition between
layers IT and III is gradual, confirming the diffusion nature of the
hardened layer formation and the good metallurgical bonding of the
modified zone with the substrate. Residual traces of plastic deforma-
tion caused by mechanical treatment are observed in this region;
however, they do not compromise the integrity of the layer.

A comparison of the zone structures allows the conclusion that
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Figure 7: X-ray diffraction patterns of 12Kh18N10T(AISI 321) steel after
electrolytic-plasma nitriding under different modes of preliminary mechanical
treatment: (a) sample 6; (b) sample 8; (c) sample 3.
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Figure 8: Distribution of microhardness HV0.1 as a function of distance from
the surface of the hardened layer for samples 3, 8, and 6 after electrolytic-
plasma nitriding. The vertical “whiskers” indicate the standard deviation (SD)
based on a series of measurements (n = 5) at each point.

preliminary mechanical surface treatment significantly enhances
the nitriding processes. The increased dislocation density, along with
the presence of microrelief and microcracks after treatment, creates
additional pathways for interstitial nitrogen diffusion, promoting the
growth of the yN zone and a more uniform nitrogen distribution with
depth. As a result, a multilayer system is formed: a thin nitride film,
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Figure 9: Friction coefficient (p) as a function of sliding distance for the initial
12Kh18N10T (AISI 321) steel and samples 3, 8, and 6 after electrolytic-plasma
nitriding.
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Figure 10: Cross-sectional profilograms of wear tracks of 12Kh18N10T (AISI 321) steel after tribological
tests in the initial state and after electrolytic-plasma nitriding under different modes of preliminary

mechanical treatment. (a) initial, (b) sample 6, (c) sample 8, (d) sample 3.

a developed expanded austenite region, and a stable austenitic sub-
strate. Such a combination provides an optimal balance between high
surface hardness, adhesion, and preservation of corrosion resistance.

In Figure 5, the SEM study of the cross-section of 12Kh18N10T
(AISI 321) steel after electrolytic-plasma nitriding shows a clearly pro-
nounced zonal structure, indicating the diffusion nature of satura-
tion. In the near-surface region, a dense, porous-granular layer with
pronounced contrast is observed, corresponding to the yN-phase of
supersaturated austenite. Deeper in the layer, the structure gradu-
ally becomes more homogeneous, with a decrease in the number of
micropores and dislocation accumulations, indicating a transition
to the sublayer of deformed y-austenite and further to the original
y-matrix. Such a gradient structure of the layer confirms the diffu-
sion mechanism of nitrogen incorporation during electrolytic-plasma
treatment and the preservation of a smooth structural transition

between the hardened zone and the substrate, which ensures high
adhesion strength of the coating.

The results of the EDS analysis (Figure 6) show a gradual decrease
in nitrogen concentration from 11.36 at.% at the surface to 1.6 at.% at
adepth of ~10-12 pm, and its almost complete absence in the core. At
the same time, the proportion of iron and chromium increases, while
the content of nickel and titanium remains stable. The obtained data
indicate the formation of a stable chemical and structural gradient
characteristic of low-temperature nitriding. The high nitrogen con-
tent in the near-surface zone leads to an expansion of the y-phase lat-
tice parameter and an increase in microhardness, while the gradual
decrease in concentration toward the substrate prevents the forma-
tion of brittle CrN nitrides. Thus, the developed nitrogen distribu-
tion gradient confirms the effectiveness of the selected EPN mode
and its compliance with the optimal conditions for the formation of
functional yN layers with enhanced wear and corrosion resistance.

According to SEM data (Figure 4 and Figure 5), the structure of
the modified layer exhibits a multilayer configuration typical of low-
temperature EPN:

¥ Surface nitride film 1-2 pm thick (CrN/Fe4N),

» Transition zone 10-15 pm thick consisting of expanded austenite
(¥N),

» Stable y-Fe substrate.

The transition zone is characterized by a fine-grained structure
and high contrast, indicating intense lat-
tice distortions. The Cr and Ni contents
remain virtually unchanged, confirming
the absence of local chromium depletion
| that could impair corrosion resistance. Such

a distribution ensures a smooth transition

| of mechanical properties and high adhesion

between the modified layer and the base
metal. As seen from the elemental distri-
bution profile, the nitrogen concentration
decreases from 17 at.% at the surface to less
than 1 at.% at a depth of 20 pm, which cor-
responds to a diffusion saturation mecha-
nism. However, the EDS method has limited
sensitivity to low atomic number elements
and does not allow detailed visualization of
local enrichment and depletion regions. In a
recent study [29], it was shown that the use
of EPMA provides high spatial resolution for
elemental distribution mapping. In future
work, EPMA is planned to be used to refine
the structure of the yN layer.

3.2 Phase Evolution During EPN

X-ray phase analysis shows that, in all cases, the matrix retains its
austenitic FCC structure: Intense y-Fe reflections are observed at 26 =
43°,50° and 74°, corresponding to the (111), (200), and (220) planes. At
the low-angle side of the (111) peak, a broadened shoulder is observed
in the region of 20 =~ 41-42°, which is characteristic of expanded aus-
tenite yN (S-phase), formed as a result of supersaturation of the y-Fe
lattice with nitrogen atoms. For sample 3 (Figure 7a), the y-Fe peaks
remain sharp, and theyN shoulder is weakly expressed; nitride phases
such as CrN are absent.

This indicates the predominance of nitrogen in solid solution and
the formation of a stable single-phase y-Fe(N) structure without chro-
mium nitride precipitates. Such an X-ray pattern indicates a uniform
nitrogen distribution under limited saturation, which is typical for
moderate surface work hardening that creates optimal conditions
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for diffusion without local supersaturation. In sample 8 (Figure 7b),
the yN shoulder becomes more pronounced, and a weak CrN (111)
reflection appears in the region of 26 = 37°. The increase in the yN
peakintensity reflects a higher degree of nitrogen incorporation into
the y-Fe lattice, while the appearance of the nitride phase indicates
the onset of local CrN precipitation under increased surface defect
density. Such behavior is associated with the larger ball size used
during mechanical treatment (d = 7.5 mm), which promotes deeper
work hardening and increases dislocation density, thereby accelerat-
ing nitrogen diffusion into the metal.

The most pronounced changes were recorded for sample 6 (Figure
7c), which was treated at an increased vibration frequency (v = 50
Hz). The yN peak becomes more intense and shifts toward lower
angles, indicating a significant lattice parameter expansion due to
the high concentration of interstitial nitrogen. At the same time, a
weak appearance of CrN (111) is observed, with its intensity remain-
ing significantly lower than that of the y-Fe peaks. This indicates
the partial nucleation of nitride inclusions while maintaining the
dominant yN phase, representing a state close to the solubility limit
of nitrogen in austenite.

A comparison of the samples demonstrates a consistent evolu-
tion of the phase composition: from y-Fe + weak yN (without CrN) in
sample 3 toy-Fe +yN + traces of CrN in samples 8 and 6. The enhance-
ment of yN reflections and the appearance of CrN correlate with the
increased energy intensity of mechanical treatment, which leads to
higher defect density, accelerated nitrogen diffusion, and a greater
degree of lattice supersaturation. At the same time, in all cases, the
main y-Fe matrix is preserved, confirming the metastable nature of
the yN phase and the absence of global austenite decomposition.

X-ray phase analysis (Figure 7) showed that, after nitriding, all
samples retain the austenitic y-Fe lattice of the FCC type. The forma-
tion of expanded austenite (yN) is confirmed by the systematic shift
in the (111) reflection toward lower diffraction angles (A26 =~ 1.3-1.6°).
The corresponding lattice parameter expansion amounted to Aafag
~ 1.4-1.8%, indicating supersaturation of y-Fe with nitrogen atoms
incorporated into interstitial sites.

For sample No. 3, the diffraction pattern is characterized by a
single-phase y-Fe(N) structure with a pronounced yN shoulder and
no CrN peaks. For samples No. 6 and No. 8, weak CrN (111) reflec-
tions are observed at 260 = 37°, indicating partial nitride formation at
higher deformation energy. This pattern demonstrates the presence
of a threshold energy, the exceeding of which leads to local overheat-
ing and nitrogen segregation with the formation of CrN. The sequence
of phase transformations can be expressed in Equation 1:

y— Fe EPN
Ndl_l‘,l'rd:ilmlr T =500

550°C ¥N(5 — phase) + (CrN)ice
Equation 1

Thus, moderate preliminary deformation (d = 6 mm, 40 Hz) pro-
motes predominant formation of the yN phase, whereas excessive
treatment leads to local decomposition of the supersaturated solid

solution.

3.3 Mechanical Properties After EPN

Microhardness profiles (Figure 8) along the depth (HV0.1) for the three
modes show pronounced surface hardening followed by a monotonic
decrease to the substrate level (~260-300 HV) at a depth of 70-90 pm.
Sample 3 (d = 6 mm, 20 min, 40 Hz) exhibits a maximum surface
hardness of =880 HV at 5 pm and maintains =600 HV up to ~35 um;
the effective depth of the hardened layer (dlown to ~300 HV) is =58-60
pm. Sample 8 (d = 7.5 mm, 20 minutes, 40 Hz) shows a slightly lower
surface hardness of =750-780 HV but a comparable layer depth (=58-60
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pm), while maintaining 450-500 HV in the 30-45 pm range. Sample
6 (d =6 mm, 20 minutes, 50 Hz) is characterized by the lowest values:
surface hardness of ~600-620 HV and a sharp “break” in the curve
at 20-25 pm, dropping to =320 HV, resulting in a layer thickness of
~25-30 pm. The obtained hierarchy (3 > 8 > 6 in terms of hardening
level and depth) is consistent with the XRD phase analysis: samples
3 and 8 exhibit a more pronounced yN phase (expanded austenite),
providing higher hardness and greater hardening depth, whereas
sample 6 contains a smaller fraction of yN and forms a thinner layer.

Microhardness profiles (Figure 8) exhibit an exponential decrease
with depth, which can be described by Equation 2:

HV(x) = HV, + (HV, H'lf'_.,]lexp( 3)
Equation 2

where HVj is the surface hardness, HV is the substrate hardness,
and 0 is the effective diffusion depth (~60 um for sample No. 3). The
surface hardness reaches 880 + 20 HV, which is 3.7 times higher than
that of the initial state. The increase in hardness directly correlates
with the fraction of the yN phase, confirming that strengthening is
caused by lattice expansion and interstitial incorporation of nitrogen.

The behavior of the friction coefficient (1) under dry sliding clearly
distinguishes the initial steel from the nitrided samples, as shown
in Figure 9. After a short running-in stage (first ~1-2 m), the initial
state exhibits a high and noisy plateau with 1 = 0.80-0.90, indicating
intense formation and rupture of an oxide-abrasive third body. For
sample 6, a lower and more stable level of 1 = 0.55-0.60 is established;
however, the amplitude of fluctuations remains noticeable, and a
tendency for an increase is observed at 40-60 m, which corresponds
to the smaller thickness of the hardened layer (~25-30 pm) and the
earlier involvement of the substrate in contact. Sample 8 exhibits
intermediate behavior with a plateau of 1 = 0.45-0.50, stable through-
out the entire track length, reflecting a deeper hardened layer (~60
pm) and stable tribofilm formation.

The best result is shown by sample 3: after the running-in stage,
the lowest plateau of p =~ 0.35-0.40 is formed with minimal signal
noise, indicating stable performance of the yN surface layer and a
low proportion of adhesive/abrasive events. Compared to the initial
state, the reduction in friction level is approximately 55% (sample 3),
45% (sample 8), and 35% (sample 6). Overall, this is consistent with
the XRD and microhardness results: samples 3 and 8, which have a
higher fraction of expanded austenite yN and a thicker layer, provide
lower and more stable friction, whereas sample 6, with a thinner
modified layer, exhibits higher 1 values and greater instability dur-
ing prolonged sliding.

Figure 10 presents the cross-sectional profilograms of wear
tracks obtained after tribological tests of austenitic stainless steel
12Kh18N10T samples in the initial state (a) and after electrolytic-
plasma nitriding under different modes of preliminary mechanical
treatment: sample 6 (b), sample 8 (c), and sample 3 (d). For the initial
steel (Figure 10a), a wide and deep wear track profile is characteristic,
with a wear area of ~1.76 x 10* um? and significant bottom rough-
ness. Such morphology indicates the predominance of an adhesive-
abrasive wear mechanism with plastic metal flow along the edges
of the groove.

After electrolytic-plasma nitriding, a significant reduction in wear
area and smoothing of the profile are observed. For sample 6 (Figure
10b), the depth of the wear track decreases by almost 1.5 times (S =2.67
x 10% x 1.95 x 10* um?), which is associated with the formation of a
hardened layer 25-30 pm thick. However, the profile shape remains
asymmetric, indicating partial destruction of the yN layer in the cen-
tral contact zone due to insufficient thickness and local involvement
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Figure 11: Mechanism of nitrogen diffusion through the defected subsurface
layer during electrolytic-plasma nitriding of pre-strained austenitic steel
12Kh18N10T (AISI 321).

of the substrate in friction. For sample 8 (Figure 10c), the wear depth
and area are even smaller (S =2.19 x 10* um?); the profile contour
is symmetrical, and the track edges show no pronounced bulging.
This confirms the stability and uniformity of the tribofilm, which
is consistent with the optimal yN layer thickness (~60 pm) and high
microhardness (~750-780 HV). The most favorable profile is exhibited
by sample 3 (Figure 10d): minimal wear depth (~10 pm), narrow con-
tact zone (S =1.95 x 10* um?), and smooth contours, indicating high
wear resistance and stable friction without seizure.

This confirms that under moderate preliminary mechanical
treatment parameters (d = 6 mm, v =40 Hz, t = 20 min), an optimal
expanded austenite yN layer is formed, providing a combination
of high hardness, plasticity, and low friction coefficient (n = 0.35-
0.40). Comparison of the profilograms confirms a direct correlation
between wear morphology and the microstructural state of the
layer: as the profile depth and track area decrease, the fraction of yN
phase increases, CrN decreases, and the stability of the tribosystem
improves. Wear profiles showed a decrease in wear track area from
1.76 x 10* pm? (initial state) to 1.95 x 10% pm? (sample No. 3) and a
change in the dominant mechanism from adhesive—abrasive to mild
oxidative wear, characterized by the formation of a stable tribofilm.
The main mechanism of improved wear resistance and reduced fric-
tion is defect-assisted diffusion, which ensures stabilization of the
yN phase and the formation of a selflubricating surface layer during
friction.

The specific volumetric wear () was calculated using the classical
tribological relationship in Equation 3:

V
F=x5

=
Equation 3

where
% : specific volumetric wear, mm?3/(N-m).
% V:volume of the worn material, mm?3, determined by integrating

the wear profile area.

» F: applied load, N.

» S: total sliding distance, m.

Analysis of the wear track profilograms (Figure 10) showed that
electrolytic-plasma nitriding significantly reduces the depth and area
of wear compared to the initial 122Kh18N10T (AISI 321) steel. The great-
est reduction in wear parameters is observed for sample No. 3, which
underwent preliminary mechanical treatment with optimal inten-
sity (d =6 mm, v=40 Hz). This effect is attributed to the formation of
a uniform and ductile yN phase possessing increased hardness and
resistance to adhesive-abrasive damage.

Samples No. 6 and No. 8 show an intermediate reduction in wear,
which is associated with partial formation of nitride phases and local
reduction in the plasticity of the surface layer under more intense
mechanical treatment. The calculation of specific volumetric wear
showed a decrease in p from 1.40 X 10~ mm?/(N-m) for the initial
state to 0.92 x 10~ mm?3/(N-m) for sample No. 3, corresponding to
approximately a 35% reduction in material loss.

The obtained results confirm that moderate mechanical activa-
tion of the surface prior to EPN is a key factor in enhancing the wear
resistance of austenitic steel.

3.4 Mechanism of Defect-Assisted Nitrogen Diffusion
Schematically, the mechanism of nitrogen transport during EPN
(Figure 11) can be represented as follows:

1. Defect generation stage: Preliminary shot peening creates a high
density of dislocations and grain boundaries that serve as channels
for fast diffusion.

2. Activation stage: Cathodic discharges in the electrolyte gener-
ate active species N,*, NH, and Ha with energies of 3-5 eV, which are
adsorbed on the defect sites of the surface.

3. Diffusion stage: Nitrogen atoms migrate along dislocation net-
works and sub-boundaries, reducing the effective activation energy of
diffusion by approximately 0.5 eV compared to the untreated surface.

4. Phase stabilization stage: Residual compressive stresses sup-
press CrN precipitation and stabilize the supersaturated yN lattice up
to 550°C.

This mechanism explains the accelerated layer growth and lattice
expansion in pre-deformed samples and confirms that mechanical
activation enhances both the thermodynamic and kinetic compo-
nents of the plasma diffusion process

4 CONCLUSIONS

1. A combined process — preliminary shot peening followed by
electrolytic-plasma nitriding (EPN) — was developed and investigated,
providing a significant enhancement of nitrogen diffusion efficiency
and the formation of expanded austenite (yN) in 12Kh18N10T (AISI
321) steel.

2. Mechanical treatment creates a defect-enriched subsurface layer
with a high dislocation density and residual compressive stresses,
which reduces the activation energy of nitrogen diffusion. As a result,
the growth rate of the modified layer increases by more than two times
compared to the untreated steel.

3. Under optimal preliminary treatment parameters (d =6 mm, v=
40 Hz, t=20 minutes), a 12-15 um thick layer is formed with a uniform
nitrogen distribution and without chromium nitride precipitation.
The surface microhardness reaches ~880 HV, and the effective harden-
ing depth is ~60 pm.

4, The fraction of the yN phase directly correlates with the improve-
ment of tribological characteristics: The friction coefficient decreases
to 0.35-0.40 (-55% compared to the initial state), and the wear track
depth decreases from ~25 to ~10 pm.
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5. Increasing the vibration frequency (=50 Hz) or ball diameter (>7.5
mm) causes excessive lattice deformation and partial formation of CrN,
which reduces the plasticity and stability of the layer; therefore, a
moderate level of mechanical activation is preferable.

6. The established relationship between deformation intensity,
defect density, and nitrogen diffusion provides a basis for optimizing
EPN parameters. The combined treatment enhances hardness, wear,
and friction resistance without loss of corrosion resistance, opening
prospects for its application in power engineering, mechanical engi-
neering, and medical equipment. §
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Q&A /// INTERVIEW WITH AN INDUSTRY INSIDER

Ipsen is expanding its TITAN assembly line at its Vacuum
Technology Excellence Center in lllinois. What was the reason for
the expansion?

As our customers continue to invest in manufacturing, demand for
the TITAN platform has accelerated significantly. We recently expe-
rienced our strongest month on record for TITAN orders, fueled by
growth in the aerospace and energy industries. At the same time,
we are building several large custom furnace projects that require
significant manufacturing space and resources. The expansion
addresses both needs. By creating a dedicated assembly area for the
TITAN product line, we can increase production of our standardized
platform while freeing up capacity in our existing assembly bays for
larger, highly engineered systems. This allows us to optimize produc-
tion flow across the entire facility and better serve customers with
both standard and custom solutions. We have always believed that if
customers place their trustin Ipsen, it is our responsibility to be ready
to deliver. This investment ensures we can meet growing demand
with the quality and responsiveness our customers expect.

What are some of the expansion details?

The project converts our former showroom into a dedicated TITAN
assembly area, adding approximately 7,000 square feet of production
space at our Vacuum Technology Excellence Center in Cherry Valley,
Illinois. With this expansion, we will increase annual TITAN pro-
duction capacity from 36 furnaces to 60. The first customer systems
began moving through the new assembly line in July.

What makes the TITAN platform so successful for Ipsen?

TITAN was designed to meet our customers’ evolving needs by com-
bining excellent performance, standardized features, competitive
pricing, and shorter delivery times in a high-quality vacuum furnace.
Those features have made TITAN one of the most successful platforms
in Ipsen’s history. Since its introduction in 2009, we have installed
more than 450 systems around the world.

Equally important, TITAN benefits from everything Ipsen has
learned over decades of vacuum furnace innovation. Customers
receive proven technology backed by a global organization that
understands not only how to build vacuum furnaces, but also how
to support them throughout their entire lifecycle.

How does the TITAN vacuum furnace compare to its
competitors?

We believe no competitor offers the same combination of TITAN’s size
variations, features, and short lead time. It is backed by hundreds of
installations and nearly two decades of continuous refinement, giv-
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“By creating a dedicated assembly area for the TITAN product
line, we can increase production of our standardized platform
while freeing up capacity in our existing assembly bays.”

ing customers confidence in a platform proven across a wide range
of industries and applications.

What was involved in transforming Ipsen’s former showroom
into a dedicated TITAN assembly area?

The project required much more than simply repurposing an existing
space. To transform our former showroom into a dedicated manu-
facturing area, we removed a wall, reinforced the foundation to sup-
port equipment, and completely redesigned the layout to create a
purpose-built assembly environment. This transformation included
a new closed-loop water system and piping to each assembly station,
including power drops and quench gas connections.

What does this added capacity mean for Ipsen and the industry
as awhole?

For Ipsen, this expansion reflects our confidence in the future of
manufacturing and our commitment to long-term investment. We
believe demand for advanced thermal processing technology will
continue to grow as new technologies emerge, innovative companies
enter the market, and manufacturers continue pushing the bound-
aries of what’s possible. Our responsibility is to ensure Ipsen has the
capacity, expertise, and technology to support that growth.

This expansion is part of a much broader strategy. We are invest-
ing in our facilities, expanding our service organization, developing
new products, advancing digital technologies, and introducing new
service offerings that create even greater value for our customers. For
our customers, this investment also means greater production capac-
ity, improved delivery times, and the confidence that Ipsen is grow-
ing alongside them. More broadly, I believe this reflects the strength
of manufacturing itself. We continue to see significant investment
across aerospace, defense, energy, and other advanced industries.

Those industries depend on reliable thermal processing technol-
ogy to bring new innovations to market. As they continue to grow and
evolve, Ipsen will continue investing in the solutions and expertise
that help our customers succeed. §
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