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Leaping into 2026!
s we enter 2026, please make sure you stay quiet and don’t make any sudden 
movements.

All kidding aside, we all have our fingers crossed that this year will bring 
some good things our way.

Ever since Thermal Processing began, we have always tried to confront the challenge 
head on of bringing you the best industrial heat-treat news, and this year should be no 
different. We will continue our promise to share all the latest facts and innovation about 
the heat-treating world.

And if you’re traveling to some of the big trade shows scheduled in 2026, make sure 
you look for Thermal Processing, as we plan to participate both in person and in spirit.

To get you primed for what’s sure to be a stellar year for the industry, our first issue of 
the year takes a look at vacuum heating and cryogenics.

Our cover story looks at vacuum heating and how to prevent discoloration in vacuum 
heat treatment. Janusz Kowalewski shares his expertise by offering guidelines for con-
tamination control. Contamination in vacuum furnace heat treatment can have a signifi-
cant impact on the final product’s quality, so operators must be aware of the potential 
sources of contamination, the chemical reactions involved, and the color identification 
for discoloration.

This issue’s second focus article looks at the effects of deep cryogenic treatment on 
M2 high speed steel. The effects of deep cryogenic treatment combined with various 
tempering times on the mechanical properties and the microstructural evolution of M2 
high speed steel show that deep cryogenic treatment can increase the steel hardness.

After you digest those articles, make sure you check out what our columnists have 
cooked up for January as well. They are always sharing some fascinating information.

And since it is the first of the year, I will take this opportunity to remind all of you that 
I am always on the lookout for articles and other submissions. It’s a great way to share 
your expertise while shining a spotlight on you and your company at the same time. Hit 
me up if you have an article idea.

Thanks again for helping us through 2025, and we look forward to making 2026 even 
better.

Happy New Year, and, as always, thanks for reading!

A
Use the powerful  
search tool on  
ThermalProcessing.com  
to find articles and 
companies that meet 
your business needs. 

FIND THE HEAT TREATING 
      INFORMATION YOU NEED

SUBSCRIBE FOR FREE
Use the QR code or go to  
www.thermalprocessing.com

ThermalProcessing.com has a wealth of 
information about the heat-treat industry. 
And our search tool gives you access to an 
extensive range of articles and businesses 
covering all aspects of heat treating. It’s there 
to help you find the information you need to 
support the success of your business.
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UPDATE /// HEAT TREATING INDUSTRY NEWS

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. 

Bodycote carbon 
footprint  
tools validated
Bodycote, a world leading provider of 
advanced heat treatment and specialist 
thermal processing services, has achieved 
independent validation by Bureau Veritas 
for its proprietary product carbon footprint 
(PCF) calculators across nine core processes 
representing approximately 80 percent of 
group revenues.

Customers can now request carbon-foot-
print data for the heat treatment of their 
products from a Bureau Veritas-validated 
calculator tool with the confidence that 
the methodology and tool used have been 
independently assured and calculations fol-
low recognized best practice. This data will 
enable customers to: 

» Measure and report product carbon 

footprints with confidence.
» Compare the carbon performance of 

different thermal-processing routes.
» Select lower-carbon options such as 

vacuum processing or low-pressure carbu-
rizing (LPC).

The validation was performed by Bureau 
Veritas, one of the world’s most respected pro-
viders of environmental verification services, 
in accordance with ISO 14064, the interna-
tionally recognized standard for greenhouse-
gas accounting, validation, and verification.

“Validating our product carbon foot-
print tools through Bureau Veritas reflects 
Bodycote’s commitment to scientific integri-
ty and leadership in sustainable manufactur-
ing,” said Jim Fairbairn, chief executive offi-
cer of Bodycote. “By providing robust, credi-
ble carbon data at the product level, Bodycote 
is helping manufacturers accelerate their 
journey to net-zero while also advancing our 
own strategic priorities — to optimize opera-

tions, perform efficiently, and grow revenues 
in lower-carbon service lines.”

“This initiative is a cornerstone of 
Bodycote’s sustainability and commercial 
strategy,” said Lily Heinemann, chief sus-
tainability officer at Bodycote. “The validated 
calculators represent a major step forward 
for a sector that has historically faced chal-
lenges in quantifying process-level emissions 
due to the technical complexity of thermal 
processing.” 

“Sustainability and corporate strategy 
go hand in hand,” said Heinemann. “As we 
expand our low-carbon process portfolio, 
validated carbon measurement becomes a 
powerful enabler for both.”

MORE INFO	  www.bodycote.com

Solar Atmospheres  
of Michigan earns 
merit status
Solar Atmospheres of Michigan Inc. has 
announced that it has earned Nadcap 
18-month merit status for heat treating and 
brazing — an honor awarded only to orga-
nizations that consistently demonstrate the 
highest levels of quality, process control, and 
specification compliance. With this achieve-
ment, every Solar Atmospheres location 
nationwide now holds Nadcap merit status.

“With the purchase, name change, and 
relocation of our Michigan business in 2022, 
the PRI Nadcap standards reverted back 
to annual audits,” said Solar Atmospheres 
President Bob Hill. “The achievement of zero 
major findings over the past three years of 
audits has allowed us to once again join all of 
our other Solar facilities across the country 
with Merit standing. This accomplishment 
further strengthens Solar Atmospheres’ 
promise to deliver reliable, world-class ther-
mal processing solutions to our customers in 
Michigan and across the nation.”

Solar Atmospheres of Michigan Inc. is 

Bodycote carbon footprint tools have been 
validated by Bureau Veritas, meaning 
customers can now measure and report on 
product carbon footprints across nine core 
processes. Data will support the transition to 
lower-emissions manufacturing by informing 
industry on lower-carbon heat treatment 
options. (Courtesy: Bodycote)
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part of the Solar Atmospheres family of com-
panies, offering a wide range of vacuum heat 
treating and brazing services. With a focus 
on quality, innovation, and customer satis-
faction, Solar Atmospheres serves industries 
including aerospace, defense, medical, power 
generation, and more.

MORE INFO	 www.solaratm.com

ProEnergy orders 
Ipsen furnaces for 
Houston operation 
ProEnergy, a vertically integrated manufac-
turer of power generation equipment and 
services, has placed an order for four Ipsen 
vacuum furnaces to help meet growing 
demand for new fast-start gas turbines and 
lifecycle maintenance. 

ProEnergy selected three Ipsen Titan 
furnaces and a TurboTreater for use at 
its new location in Houston, Texas. This 
455,000-square-foot Center for Excellence 
in Lifecycle Care will serve customers with 
turbine overhauls, maintenance, and onsite 
part repair capabilities. 

“ProEnergy customers demand high-quali-
ty turbine components to satisfy the exacting 
requirements of the fast-start power indus-
try,” said John Spilker, senior vice president 
of operations. “As we expand production of 
the PE6000 aeroderivative engine, we also 
needed additional vacuum furnace capac-
ity. Ipsen furnaces have served us well for 
years in both manufacturing and repairing 
turbine parts. Based on the accuracy and reli-
ability of these furnaces, we worked closely 
with the Ipsen team to meet operational 
requirements, optimize cost, and minimize 
lead time.” 

Included in this order: 
» One Titan H2 2-bar vacuum furnace 

with an 18 × 18 × 24-inch work zone and 
1,000-pound weight capacity. 

» Two Titan H6 2-bar vacuum furnaces, 
each with a 36 × 36 × 48-inch work zone and 
a 3,000-pound weight capacity. 

» One TurboTreater model H6672 featur-
ing a 48 × 48 × 72-inch work zone and a 3,500-
pound capacity. 

Ipsen USA will deliver and install these 
units, chosen for their efficiency and reliabil-
ity across several industrial sectors. 

“We have seen steady demand from cus-
tomers like ProEnergy who have come to rely 
on Ipsen for our extensive knowledge in heat 
treating high-tech alloys and regional service 
resources in place throughout the United 
States,” said Matt Clinite, Ipsen sales direc-

tor. “We are excited to work with ProEnergy 
as they continue to deliver fast-start dispatch-
able power solutions to customers looking for 
safe, reliable power.” 

MORE INFO	 www.ipsenglobal.com

Wisconsin Oven 
ships draw batch 
oven to the military
Wisconsin Oven shipped one electrically 
heated standard draw batch oven (SDB Series) 
to a United States military base. This indus-
trial oven will be used for heat treating vari-
ous aerospace components.

This equipment is engineered to meet 
the critical safety requirements of the cus-
tomer and stringent demands of aerospace 
heat treating. It has combination-style air-
flow (delivering both horizontal and verti-
cal upward flow) to ensure optimal heating 
rates and consistent temperature distribu-
tion across the product. Uniformity has been 
verified through a Class 1 temperature uni-
formity survey (TUS) conducted at Wisconsin 
Oven’s facility in accordance with pyrom-
etry specification AMS 2750H. The system 
achieved temperature uniformity of ±5° F at 
200°F, 700°F, and 1,200°F.

This SDB series oven is built with “CAN” 
style construction that includes a heavy plate 
exterior and 6 inches of high-temperature 
industrial insulation. This construction 
maximizes durability and thermal efficiency. 
A custom-designed portable load/unload cart 

allows operators to precisely stage the load in 
front of the oven before heating and remove 
it post-cycle for cooling.

The oven’s control panel is UL508A cer-
tified and equipped with a Eurotherm 3504 
programmable temperature controller with 
fast-acting advanced auto-tune and ethernet 
communication capabilities. A high-limit 
instrument is also included to prevent over-
temperature conditions during operation. 
Low voltage calibration TC jack plugs, and a 
variable frequency drive (VFD) for the recir-
culation blower were additional features 
included.

“This draw batch oven was designed with 
additional safety features for operators, 
tight uniformity, and compliance standards 
required by the U.S. military,” said Doug 
Christiansen, senior application engineer. 

“The temperature uniformity survey was per-
formed prior to shipment to verify compli-
ance with AMS 2750H Class 1 requirements.”

Unique features of this  oven include:
» Temperature uniformity of ±5°F at 

200°F, 700°F, and 1,200°F (AMS 2750H Class 
1 verified).

»Vertical lift pneumatically operated 
door with manual and automatically actuat-
ing door safety latches (to provide redundant 
vertical lift door safety features for person-
nel).

» Portable load/unload cart which is inter-
locked with the oven door to disable door 
actuation when the cart is being loaded or 
unloaded in front of the oven. 

» Eurotherm 3504 programmable tem-
perature controller with Ethernet commu-
nication.

» Motorized dampers on fresh air inlet 
and exhaust outlet to allow low temperature 
operation and faster cooling.

»15,000 CFM @ 10 HP recirculation sys-
tem using combination airflow and a VFD 
(for lowered noise level, and improved heat 
loss while the oven door is open).

» Low voltage calibration TC jack plugs 
connected to all thermocouple inputs to 
allow personnel to calibrate the analog ther-
mocouple inputs to alleviate the need for per-
sonnel to enter the high-voltage main control 
panel where arc flash PPE would be required. 

This draw batch oven was fully factory 
tested and adjusted prior to shipment from 
the Wisconsin Oven facility. All safety inter-
locks were checked for proper operation, and 
the equipment was operated at the normal 
and maximum operating temperatures. An 
extensive quality assurance check list was 
completed to ensure the equipment met all 
Wisconsin Oven quality standards. 

MORE INFO	 www.wisoven.com

Wisconsin Oven has shipped an electrically heated 
standard draw batch oven to a United States 
military base to be used for heat treating various 
aerospace components. (Courtesy: Wisconsin 
Oven)
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Lesley Frame is new IFHTSE  
president for 2026-2027 term
Lesley Frame will be serving as the new president of IFHTSE for 

2026-2027. Dr. Frame is associate professor of Materials Science 
and Engineering, past-UTC professor of Innovation, and direc-

tor of the Center for Materials Processing Data at the University of 
Connecticut.

Dr. Frame received her BS from the Department of Materials 
Science Engineering at MIT, and she received her MS and Ph.D. from 
University of Arizona in the same field. Upon completion of her Ph.D., 
she held postdoctoral positions at The Arizona Research Institute 
for Solar Energy, and then at Cardiff University and the Rutherford 
Appleton Laboratory as a Fulbright Scholar where she studied residual 
stresses using neutron diffraction.

Dr. Frame spent five years in industry at Thermatool Corp. leading 
product development projects, the materials characterization lab, cus-
tomer technical training seminars, and process improvement efforts 
for the tube and pipe industry. 

Her current research focuses on materials processing-structure-
property relationships and failure analysis related to metals manufac-
turing processes, residual stress formation, corrosion, and transient 
materials properties.

She is actively involved in ASM International; she is a past president 
of the Heat Treating Society, and she was the vice president for the 
International Federation for Heat Treatment and Surface Engineering 
(IFHTSE) for 2024-2025.

CONFERENCE UPDATES

BHTS’2026 
April 16-17 
Istanbul, Turkeye
BHTS’2026 – the 3rd Bosphorus International Heat Treatment 
Symposium will be April 16-17, 2026, at the Sabancı University 
Performing Arts Center in Istanbul, in collaboration with the Metal 
Heat Treatment Industrialists Association (MISAD) and UCTEA 
Chamber of Metallurgical and Materials Engineers’ Training Center 
(METEM). The chairman of the event is Nuri Kiziltan.

The symposium will provide a comprehensive platform to discuss 
heat treatment, one of the strategic fields of manufacturing, consider-
ing the latest technological and scientific developments. The goal is to 
bring together all stakeholders, including industry leaders, engineers, 
researchers, academics, and end users, to exchange knowledge, build 
collaborations, and shape the future of the field.

»For more info: info@bhtsheat.com or www.bhtsheat.com/en

31st IFHTSE World Congress 
October 13-15, 2026 
Cologne, Germany
Organized by AWT – Arbeitsgemeinschaft Wärmebehandlung 
+ Werkstofftechnik e. V., the 31st IFHTSE World Congress will be 
October 13-15, 2026, in Cologne, Germany, at the International 
Conference and trade fair. It will include three events: HK 2026, ECHT 
2026, and the 31st IHTSE World Congress

This will truly be a huge event. If you have never attended the AWT 
HK (HärtereiKongress) event, this is one of the largest (if not the larg-
est) heat treating trade show in the world. This, combined with ECHT 
2026 and the 31st World Congress, will be the ONE event to attend.

This large conference 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 registra-
tions, the congress event is planned as a three-day event. The language 
of the conference will be English.

Lesley Frame is associate professor of Materials Science and Engineering, past-
UTC professor of Innovation, and director of the Center for Materials Processing 
Data at the University of Connecticut.

INTERNATIONAL 
FEDERATION OF 
HEAT TREATMENT 
AND SURFACE 
ENGINEERING
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Abstracts are due March 15, 2026.
»More info: www.hk-awt.de

FREE PARTICIPATION AT THE NEXT  
IFHTSE WORLD CONGRESS 
Young researchers are invited to participate at the IFHTSE World 
Congress. The International Federation for Heat Treatment and 
Surface Engineering (IFHTSE) is dedicated to promoting the interna-
tional exchange in the field. To this end, the Federation will invite 
some researchers younger than 35 to participate for free at the IFHTSE 
World Congress in Cologne in 2026. The Federation will reimburse 
them for the travel, accommodation, and attendance provided they 
present a paper in the World Congress.

After the IFHTSE Executive Committee has selected the candi-
dates, they still need to submit an abstract to www.hk-awt.de/vor-
tragsanmeldungen by March 15, 2026.

Once they have presented their papers, the candidate’s actual costs 

will be reimbursed upon presentation of the tickets, invoices, etc, 
within the margin of the travel plan.

The 31st IFHTSE World Congress will be held in Cologne, Germany in 2026.

APRIL 16 -17
3rd Bosphorus International Heat Treatment Symposium
Sabancı University Performing Arts Center 
Tuzla, Istanbul 

OCTOBER 13-15
31st IFHTSE World Congress
Cologne, Germany

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

IFHTSE 2026 EVENTS

EXECUTIVE COMMITTEE
Prof. Massimo Pellizzari  I  President
University of Trento  I  Italy

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

Dr. Lesley Frame  I  Vice President
University of Connecticut  I  USA

Dr. Stefan Hock  I  Secretary General
IFHTSE  I  Italy

Dr. Imre Felde  I  Treasurer
Óbuda University  I  Hungary

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

Prof. Jianfeng Gu  I  Shanghai Jiao Tong University  I  China

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

Bernard Kuntzmann  I  Listemann AG  I  Switzerland

Dr. Scott Mackenzie  I  Quaker Houghton Inc  I  USA

Prof. Larisa Petrova  I  MADI University  I  Russia

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

Prof. Marcel Somers  I  Technical University of Denmark  I  Denmark

Prof. Mufu Yan  I  Harbin Institute of Technology  I  China

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

IFHTSE LEADERSHIP
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INDUSTRIAL HEATING 
EQUIPMENT ASSOCIATION

IHEA’s digital classroom: New  
webinars and online learning

IHEA’s webinar series continues in 2026: IHEA’s webinar series high-
lights carbon-producing heating processes and offers practical ways 
to improve their performance, lower energy use, and reduce over-

all emission intensity. The series continues in 2026 with new titles 
and expanded content to further support industry professionals in 
advancing their sustainability and decarbonization goals.

To register for any of the IHEA webinars, visit www.ihea.org, 
click on the Events & Training tab then scroll down to Sustainability 
Webinar Series where they will be listed in chronological order.

ENVIRONMENTAL RISK COMMUNICATION FOR THE 
THERMAL PROCESS INDUSTRY

January 22 | 11 a.m. Eastern 
Anthony J. Sadar, Environmental Science Communication, 
LLC and Geneva College
If you manage environmental issues for your company, it’s not a matter 

of if, but when you will be faced with risk communication challenges. 
Planning to meet these challenges means more than preparing for 
emergencies and dealing with contentious issues. With public trust 
on the decline and ever-changing news dynamics, successful strategy 
increasingly relies on solid foundational principles. This webinar will 
explore key principles along with practical advice and hard-hitting, 
real-world examples and solutions in this overview of environmental 
risk communication focused on the thermal processing industries.

BURNER LABORATORIES TO ADVANCE FUEL 
UTILIZATION FOR THERMAL ENERGY (BLAZE) – 
OVERVIEW OF A NEW US DOE TESTING PLATFORM

February 19 | 11 a.m. Eastern 
Kristyn Johnson May, Research General Engineer, National 
Energy Technology Laboratory, U.S. DOE
The new Burner Laboratories to Advance Fuel UtiliZation for Thermal 

IHEA’s webinar series highlights carbon-producing heating processes and offers practical ways to improve their performance, lower energy use, and reduce overall 
emission intensity. (Courtesy: Shutterstock)

http://www.ihea.org
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INDUSTRIAL HEATING EQUIPMENT ASSOCIATION
P.O. Box 679  I  Independence, KY 41051

859-356-1575  I  www.ihea.org

Energy (BLAZE) platform is designed to accelerate the commercial 
adoption of fuel-flexible combustion technologies within the ener-
gy-intensive industrial heating sector. BLAZE offers industry leaders 
unparalleled access to state-of-the-art testbed facilities and capabili-
ties uniquely offered within the U.S. Department of Energy National 
Laboratories. These facilities include test furnaces equipped with 
advanced instrumentation, enabling the rigorous evaluation and vali-
dation of novel combustion, sensor, and materials technologies, par-
ticularly for industrial heat applications using advanced fuel blends 
of natural gas, hydrogen, biogas, and ammonia.

This webinar will outline how testing and developing technology 
within the BLAZE platform can help U.S. industries enhance energy 
efficiency, reduce emissions, and boost competitiveness by enabling 
the use of a wider range of fuels. We will discuss the project’s capabili-
ties in leveraging computational modeling for retrofits and scaling, 
and the comprehensive Service Center providing access to critical 
information, and support in areas such as hydrogen safety, advanced 
sensors, and workforce development.

THE REALITIES OF AN ALL-ELECTRIC PAINT LINE

March 19 | 11 a.m. Eastern 
Julian Capriles, Manufacturing Project Manager, Siemens 
and Aaron Hughes, Executive Vice President, GAT Finishing 
Systems
The words “all-electric” likely cause people to pause when consider-
ing industrial processes. But that didn’t stop Siemens, who recently 
introduced its first all-electric paint line at its Grand Prairie, Texas, 
Electrical Products facility. With the goal of reducing natural gas 
and associated CO2 emissions, Siemens is sharing their experiences 
and thought processes through this webinar. Attendees will learn 
the process of making the decision to move to all-electric, the steps 
it took to design and install the system and most importantly, hear 
how Siemens reduced the facility’s gas consumption by more than 90 
percent. Much thought and planning went into the development of 
this system. While ensuring the new paint line maximized energy 
efficiency, other aspects of the process — including powder materials 
chemistry, heat reuse, and material characteristics — were trialed for 
improved efficiency as well.

IHEA webinars are free. IHEA also offers recordings of previous 
webinars that can be viewed at any time. Recorded webinars are 
at www.ihea.org, click the Sustainability tab, then scroll down to 
Sustainability Past Webinars for a listing by title.

LEVEL UP YOUR CAREER WITH IHEA’S 
FUNDAMENTALS ONLINE COURSE
IHEA’s online courses have been a successful source of high-level 
education for those who prefer a virtual learning experience. The 
Fundamentals of Industrial Process Heating will run from March 16 
through April 26, 2026. This extensive six-week course provides a 
basic understanding of process heating, and an engineering back-
ground is recommended to take this course. The curriculum includes 
the basics of heat transfer, fuels and combustion, energy use, furnace 
design, refractories, automatic control, and atmospheres as applied to 
industrial process heating. Weekly coursework, quizzes, and a final 
exam project are administered to guide students on their progress 
and evaluate their knowledge of the material. 

Moderator interaction is available during the weekly forum discus-
sions and via email for questions and to review the coursework. Dan 
Curry serves as moderator for the course. Curry , now retired, has 

experience in product development and management in industrial 
burners, burner control systems, temperature controls, and combus-
tion systems. Throughout his working career, he served on various 
technical committees for ISO TC244, NFPA 86, NFPA 87, CSA B149.3, 
and the Safety Standards & Code Committee of Industrial Heating 
Equipment Association.

Registration fee includes the online course materials sent elec-
tronically. A printed version can also be purchased. Students success-
fully completing the course will receive a certificate of completion 
noting 18 PDHs. The course fee is $775 for IHEA members; $950 for 
non-members. 

Group Discount Available: Register two or more people from the 
same company at the same time to receive discounted registration. 
The first person will receive the regular rate, and each additional 
attendee will receive a $125 discount.

For a complete listing of the topics covered and registration infor-
mation go to: www.ihea.org/event/FundamentalsSpring26. 

BECOME AN IHEA MEMBER TODAY
Help drive member success as we expand our knowledge base and 
authoritative industry voice!  Learn more at www.ihea.org/page/
Benefits. 

JANUARY 26-29, 2026
IHEA 2026 Annual Meeting
Location: Celebrity’s Reflection cruise ship, with stops at Key West and 
CocoCay, Bahamas 

FEBRUARY 19, 2026
Sustainability Webinar – Overview of a New US DOE Testing Platform

FEBRUARY 22, 2026
Sustainability Webinar – Environmental Risk Communication for the 
Thermal Process Industry

MARCH 19, 2026
Sustainability Webinar – The Realities of an All-Electric Paint Line

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

IHEA CALENDAR OF EVENTS

http://www.ihea.org
http://www.ihea.org
http://www.ihea.org/event/FundamentalsSpring26
http://www.ihea.org/page/benefits
http://www.ihea.org/events
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HOT SEAT ///
D. SCOT T MACKENZIE, PH.D., FASM

SENIOR RESE ARCH SCIEN TIS T–ME TAL L URGY, RE TIRED

emper embrittlement (TE) occurs in quenched and tem-
pered steels that increases the Ductile to Brittle Transition 
Temperature (DBTT) and reduces fracture toughness with 

tempering or service temperatures in the range of 375-575°C.

INTRODUCTION
In my previous column, I discussed tempered martensite embrittle-
ment (TME). Another type of embrittlement, temper embrittlement, 
may develop in steels tempered in the range of 375-575°C (707-1,070°F). 
While there are similarities in the effects of TME and TE, they are 
two separate phenomena due to the two different temperature ranges. 
Tempered martensite embrittlement occurs rapidly, usually within 
one hour, while temper embrittlement takes many hours to develop. 
Temper embrittlement is of major concern in thick sections that 
are tempered at elevated temperatures. Even if tempered above the 
critical range, the interior of the thick sections cools slowly from the 
tempering temperature through the range of temper embrittlement. 
It can also occur in large weldments of susceptible steel. TME occurs 
rapidly during tempering and is independent of section size or cool-
ing rate after tempering. TE is reversible by heating to above 575°C 
(1,070°F) after holding for only a few minutes at temperature [1], while 
TME is non-reversible [2].

Temper embrittlement shows itself as a loss of toughness, typi-
cally measured by a reduction in Charpy V‑notch impact energy 
and an upward shift of the ductile‑to‑brittle transition curve after 
exposure to specific temperature ranges (Figure 1). Fracture surfaces 
transition from predominantly ductile microvoid coalescence to 
intergranular or quasi‑cleavage appearance, indicating weakened 
grain‑boundary cohesion.

MECHANISM
The mechanism of temper embrittlement is unclear, but is associ-
ated with the segregation of impurities, such as phosphorus, to prior 
austenite grain boundaries [1] [3] [4] [2] [5] [6]. Auger electron spec-
troscopy (AES) shows high concentration of impurities segregated 
to grain boundaries, but also gradients of alloying elements such as 
nickel, which enhance the segregation of phosphorus to prior austen-
ite grain boundaries. In the case of nickel, grain boundary carbides 
reject nickel as the carbides grow, forming a nickel concentration 
gradient at the prior austenite grain boundaries [7]. Molybdenum sup-
ports the formation of (Mo,Fe)3P or Mo-P clusters which prevent the 
segregation of phosphorus to the grain boundaries [1] [8].

COMPOSITION EFFECTS
Temper embrittlement is most prominent in low‑alloy steels, espe-
cially Cr‑Ni grades used in heavy‑wall pressure vessels, reactors, rotors, 
and similar equipment. Weldments and the weld metal need to be 
considered, too, for susceptibility to temper embrittlement. 

The impurities most detrimental are antimony, phosphorus, tin, 
and arsenic. Low concentrations of less than 0.01 percent of these 
impurities can result in temper embrittlement [2]. Silicon and manga-
nese in high concentrations can also increase the susceptibility to TE 
[1]. For the most part, provided that the manganese content is below 
0.5 percent, plain carbon steels are not thought to be susceptible. 

Susceptibility depends strongly on steel chemistry and austenite 
grain size. Larger prior‑austenite grains, higher levels of retained aus-
tenite, and certain combinations of alloying and impurity elements 
promote severe embrittlement, whereas micro-alloy additions such 
as molybdenum [8], tungsten, vanadium [4], and rare‑earth elements 
can mitigate it [1].

The susceptibility of steels to temper embrittlement can be esti-
mated using two different compositional parameters: the Watanabe 
J factor [10] and the Bruscato X factor [3]

For the Watanabe J factor, the compositions are given in Wt%, and 
for the Bruscato X factor is given in ppm. To avoid compositions that 
risk temper embrittlement, the Watanabe J factor should be less than 
180 [11], or the Bruscato X factor should be less than 20.

A more general expression for avoiding embrittlement is provided 
by Sugiyama et al [12]: 

Where composition is given in weight percent. In general, PE less 
than 2.8-3.0 are adequate to avoid temper embrittlement. 

Unlike tempered martensite embrittlement, temper embrittlement is reversible.  
The use of small additions of molybdenum reduces the susceptibility of steels to TE.

Temper embrittlement in steels
T

Figure 1: Shift in impact transition temperature to a higher DBTT temperature 
because of temper embrittlement of SAE 3140 subjected to the critical range 
for temper embrittlement [1] [9]
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As indicated above, the impurity elements of phosphorus, anti-
mony, tin, and arsenic are all associated with temper embrittlement. 
Phosphorus is readily removed by modern steelmaking and ladle met-
allurgy. However, antimony, tin, and arsenic are not readily removed. 
Careful control of scrap is necessary to minimize these impurities 
prior to steel making. 

CONCLUSION
Temper embrittlement increases the Ductile to Brittle Transition 
Temperature (DBTT) and reduces fracture toughness with tempering 
or service temperatures in the range of 375-575°C. Unlike tempered 
martensite embrittlement, temper embrittlement is reversible. It is 
caused by segregation of impurity elements phosphorus, antimony, 
tin, and arsenic segregating to prior austenite grain boundaries. The 
use of small additions of molybdenum reduces the susceptibility of 
steels to temper embrittlement.

Should there be any questions regarding this article, or sugges-
tions for further articles, please contact the editor or myself. 
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QUALITY COUNTS ///
TONY TENAGLIER

QUALIT Y MANAGER  ///  AL CUME T

ast year, I started a podcast called “Work Sucks, But I Like 
It.” It was definitely inspired by the aerospace industry 
heat-treat requirements in that the work of adhering to 

the requirements of AMS2750 can “suck,” but there are also times 
when it doesn’t. 

In interviewing Victor Zacarias, the owner at GTS (Global 
Thermal Solutions, LLC) in episode 12 on the podcast, he reminded 
me that sometimes our best work isn’t 
necessarily because we chose to do it, but 
rather when we allow the work to pick 
us. Victor didn’t pick heat treating as the 
profession he particularly wanted to get 
into, but rather it picked him in that the 
opportunity came and he took it. From 
this he has gone on to lead this team and 
make this pyrometry service company 
very successful. 

So, as we head into another calendar 
year, even though we don’t really want 
to pick up AMS2750 and read it again, or 
study the Nadcap checklists we need to 
complete for the upcoming audit, we do 
need to start realizing that meaning in 
what we do extends beyond just identi-
fying how many nonconformances we 
have or receiving merit status after a suc-
cessful Nadcap audit. Instead, we need to 
let the work “pick us” — or, rather, allow 
these opportunities to be a part of the 
work we do based on feedback we get 
from our work. 

Heat treatment can be a high-pres-
sure environment. Parts need to be 
scheduled perfectly to fit the manu-
facturing cadence to meet the on-time 
delivery. Times and temperatures must be strictly adhered to, to 
meet the microstructural and mechanical properties required. This 
makes feedback tough sometimes. We don’t want to hear that we 
are behind with orders. We don’t want to hear the operator put 
the parts upside down and have now become distorted during the 
quench process. We don’t want to hear that the furnace failed TUS.

Every day can feel like an audit when you are working in qual-
ity. There are furnace failures when you live in a region with snow 
storms and potential power outages. And operator blunders when 
you have a third shift operation and not enough resources to prop-
erly support the team. All around there is high risk in aerospace 
heat treat. 

Quite recently I have been adopting a sense of focusing on the 

positives. This isn’t to say I have succumbed to the Pollyanna effect 
of everything is positive and fantastic, but rather that progress is 
made when you recognize the positives more than the negatives. 
Rather, I have changed my vocabulary to the point of the word “nega-
tive” being, instead, a “delta” — meaning that it is an opportunity 
for change and not just something bad that we can complain about. 
Why is this important? Because just as getting the terminology cor-

Turning deltas into directions that guide us  
in aerospace heat treating.

Feeding the feedback for heat treat success
L

When we stop resisting the parts of the job 
that “suck” and start recognizing them as 
feedback loops built into the craft, something 
shifts. We begin to see that AMS2750 isn’t just 
a requirement; it’s a roadmap. Nadcap isn’t 
just an audit; it’s a mirror. And the work itself 
isn’t a burden; it’s an opportunity to refine not 
just our processes, but ourselves.
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rect with instrumentation types and furnace classes for heat-treat 
pyrometry, we need to use the correct terminology with the team 
to be successful in the overall heat-treatment process. 

And when you start to make that shift, you start to realize a few 
things. First, you influence the safety of the product you are process-
ing. Second, you get to solve real problems. And third, there can be 
a deep satisfaction of completion and mastery of the requirements. 
From sensor requirements to temperature uniformity surveys, there 
are certainly points of friction — but they are also sources of oppor-
tunity.

So why does work sometimes feel like it can suck? That we 
don’t always have a chance to choose what we want to do? This is 
because we need to redefine how we look at work. Just like Victor, 
who allowed these opportunities to come to 
him, we need to be open to what comes our 
way with the work. We also need to get over 
the fact that some things are just going to 
be a part of the process. Like AMS 2750. Like 
Nadcap audits. 

A lot of my articles are focused on opti-
mizing a concept called flow. And when you 
start to think in terms of flow, it doesn’t 
really matter what you are doing. The fric-
tion of heat-treat requirements are over-
come. Whether it is performing an SAT 
or setting up a TUS or sourcing a signal to 
check the mV to °F conversion — when you 
establish a clear goal, determine the skills 
needed to overcome the challenges, and 
open up to the “immediate feedback,” we 
start to do our best work. 

Victor allowed the feedback from his 
world to help shape how he flowed into heat 
treat. And most of the time this is the most 
important element to consider as we are 
often quite aware of the goals. We are aware 
of the skills needed. Pyrometry technicians 
need to be trained and skilled on running 
TUS, calibrations, and SATs. Quality person-
nel must be skilled at reviewing and process-
ing maintenance order requests and then 
signing off for any appropriate testing.  

As we step into 2026, it serves us well to 
remember that heat treat doesn’t reward 
those who only chase perfection; it rewards 
those who stay open to feedback. Clear goals 
matter. Skills matter. But what ultimately 
shapes mastery is the courage to receive 
the “deltas” without defensiveness and to 
let those small course corrections guide us. 
Whether we choose this line of work — or 
it chooses us — is irrelevant once we realize 
that every TUS, every SAT, every checklist, 
and every unexpected furnace failure is 
simply the process nudging us toward bet-
ter flow.

When we stop resisting the parts of the 
job that “suck” and start recognizing them 
as feedback loops built into the craft, some-
thing shifts. We begin to see that AMS2750 
isn’t just a requirement; it’s a roadmap. 
Nadcap isn’t just an audit; it’s a mirror. And 

the work itself isn’t a burden; it’s an opportunity to refine not just 
our processes, but ourselves.

Heat treat will always come with pressure, risk, and complexity. 
But if we let the work pick us — if we feed on its feedback instead 
of fearing it — we find that we can flow every day in the heat-treat 
department.  
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PREVENTING DISCOLORATION 
IN VACUUM HEAT TREATMENT: 
GUIDELINES FOR 
CONTAMINATION 
CONTROL
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Contamination in vacuum furnace heat treatment can have a 
significant impact on the final product’s quality, so operators must 
be aware of the potential sources of contamination, the chemical 
reactions involved, and the color identification for discoloration.
By JANUSZ KOWALEWSKI

iscoloration in vacuum heat treatment can indicate 
contamination, leading to potential product quality 
issues and process inefficiencies. Even minor contami-
nation can compromise part integrity, causing oxidation, 

residue buildup, and surface defects. This article explores the key 
sources of contamination in vacuum furnaces, including outgas-
sing, backstreaming, leaks, and particle generation. Learn how to 
identify, evaluate, and prevent contamination using best practices 
for furnace maintenance, clean-up cycles, and process optimization. 
From understanding oxidation limits to identifying metal sublima-
tion effects, this article provides actionable insights for heat treaters 
looking to improve quality control. By implementing proper contami-
nation prevention techniques, manufacturers can enhance process 
reliability, extend furnace life, and ensure high-quality, defect-free 
heat-treated parts.

INTRODUCTION
Vacuum furnace heat treatment is critical in many industries, includ-
ing aerospace, medical, nuclear, additive manufacturing, automotive, 
and commercial heat treatment. It involves heating materials in a vac-
uum with optional specialized gas environments to achieve specific 
mechanical, physical, and metallurgical properties. However, con-
tamination may compromise the process, which can negatively affect 
the final product’s quality, reliability, and performance. Preventing 
contamination is crucial for ensuring the quality and reliability of 
heat-treated materials and the repeatability of the vacuum furnace 
functionality. This article provides an overview of several sources 
of contamination that vacuum furnaces are exposed to. The follow-
ing are several contamination-related issues — often identified by 
changes in color within the visual spectrum — along with strategies 
to understand and prevent them.

Contamination Fundamentals
Vacuum furnace contamination is a physical or chemical occurrence 
during heat-treatment operations. Contamination can occur through 
leaks (real or virtual), diffusion pump backstreaming, outgassing 
substances from parts or fixture surfaces and cavities, process gas 
impurities, alloy sublimation, and air permeation through seals and 
washers. It’s important to consider how contamination affects the 
hot zone’s physical condition, the integrity of the load surface, and 
process duration during heat-treatment processes.

It’s also important to consider the evaporation of alloys during 
high temperatures and vacuum conditions. When temperatures 
and vacuum levels are elevated, alloy evaporation can speed up and 
cause alterations in the metal’s chemical composition, color chang-
es, and decreased or uneven hardness. This excessive evaporation 
can cause hot-zone components such as ceramic insulators, power 
feedthroughs, insulation, and heating elements to have a shorter lifes-

pan. Additionally, it can reduce the accuracy and lifespan of gauges.
Locating vacuum leaks in furnaces can be a challenging and time-

consuming task for service engineers, as there are numerous poten-
tial sources for leaks (see Figures 1 and 2)

POSSIBLE SOURCES OF CONTAMINATION

Air Contamination
The primary source of contamination from air is leakage. Even a tiny 
amount of air leaking into the furnace can cause significant contami-
nation, as the air contains oxygen, nitrogen, and other gases that can 
react with the heat-treating processes; e.g., argon purity problems 
caused by air leaks present as yellow/straw, dark yellow, or blue. At 
the same time, nitrogen air leaks appear as blue/dark blue or black. 
Leaks can occur at various points in the vacuum furnace system, 
including the chamber, seals, valves, inert gas supply service/lines, 
and leaking pumps.

Other sources of contamination from air include inadequate purg-

D

Figure 2: This picture illustrates at least 16 possible sources of leaks in gas 
partial pressure and cooling systems if not maintained correctly. (Courtesy: 
Ipsen)

Figure 1: Possible sources of leaks in a vacuum furnace. [1]

http://thermalprocessing.com
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ing of the vacuum chamber and incomplete evacuation of residual 
gases. These sources can lead to surface contamination or the diffu-
sion of unwanted gases into the material.

Process or Cooling Gas Contamination
Cooling and partial pressure gases are sources of discoloration in the 
vacuum furnace. The requirement for vacuum furnace is high gas 
purity. The low purity may come from the gas supplier (very unlikely), 
or more likely from leaks in the piping, or buffer tank. The internal 
condition of the buffer tank is important to be free from rust, grease, 
paint chips, or any other contaminants. It is recommended to purge 
the buffer tank before first used.

Water Contamination
Small water leaks can be difficult to troubleshoot, whereas a cata-
strophic leak is obvious and most likely to damage the hot zone 
beyond repair. If the small water leak is constant, it is most likely 
heat induced; you will not be able to pump down below a certain 
pressure, and your leak up rate will be affected. The furnace will run, 
but the parts and hot zone will become contaminated with every run.

The most common potential water leak locations are the heat 
exchanger and internal welds. In the heat exchanger, there are many 
brazed joints that see both hot and cold environments.

This causes the solder connections to become porous. Internal 
cracks happen and may eventually leak over time.

Very small leaks will open during the cooling process or quench-
ing, allowing water to vaporize into the hot furnace. The best way to 
identify the leak is to standardize testing procedures.

Water contamination in vacuum furnaces may also come from 
residual moisture on the parts surface or cavities. When the parts are 
heated, the moisture evaporates and reacts with the metal, causing 
surface defects, discoloration, or even changes in mechanical proper-
ties. Other sources of water contamination are leaks on water cooled 
power feedthroughs and, although less likely, water-cooled convec-
tion fan motor or internal vessel welds such as thermocouple ports as 
shown in Figure 7. Typically, water leaks produce dark green/purple 
or black discoloration. In standardizing load material, the discolor-
ation is more constant. Note: 304 SS reacts green and can be used as 
an indicator.

One way to identify sources of contamination is to repeat the pro-
duction cycle that resulted in discolored parts but use vacuum cooling 
instead of gas cooling to prevent any gas from entering the furnace 
while it is hot. If the pieces come out cleaner with vacuum cooling, 
it may suggest contamination from impure gas or a water leak. To 
confirm, proceed with the next step of the process to determine if 
there is a water or air leak. Run the same cycle with a maximum 
soak temperature of 1,000°F and use force cool. If the parts are clean, 
the gas system can be ruled out as the cause of contamination, and 
the water leak is the most likely culprit. It’s worth noting that low-
temperature cycles may not clean up as well as high-temperature 
cycles. If the material processed at a lower temperature with the same 
gas produces cleaner parts than at high temperatures, a heat-induced 
water leak is usually the cause.

Material Contamination – Pre-Heating Operation
Inadequate cleaning or preparation of the material before introduc-
ing it into the vacuum furnace leads to contamination from the 
materials in heat treatment. The materials may retain residual oils, 
greases, and other contaminants, which can vaporize and cause sur-
face defects or severe damage during the heat treatment. Some ques-
tions to ask include:

» Before heat treatment, has the fixture undergone sandblasting? 

Figure 3: Vapor pressure curves for various elements. [2]

Figure 4: Zinc oxide dust on furnace hot zone shell. (Courtesy: Ipsen)

Figure 5: This graph shows the actual vacuum leak and outgassing behavior. [3]
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If so, what type of shot material was used, and have any other materi-
als been previously run through the sandblasting system that could 
lead to cross-contamination?

» Is the shop fork truck transporting items that could contami-
nate or damage the fixtures?

» Could contaminants from the upstream parts washers affect 
the parts before entering the furnace?

Contamination of parts and hot zones can occur between 200°C 
and 260°C (400°F -500°F), as well as during the cooling phase. At high-
er temperatures (600-800°C and above), contaminants may evaporate 
from parts, contaminating the hot zone insulation or fixtures. If 
boron is present in the cooling fluid during machining before heat 
treatment, it can lead to soft spots and slight discoloration on the 
parts after low-pressure carburizing.

Properly cleaning parts and fixtures is essential in preventing 
discoloration, spats, softness issues, contamination, and unneces-
sary extension of the chamber evacuation time. All organic (non-
polar) contaminants should be cleaned with solvents (hydrocarbons, 
modified alcohols, or a mixture of both). For cleaning all inorganics 
(polar) contaminants such as salts, soaps, emulsions, coolants, pol-
ishing pastes, protective paints, dirty hand marks, dust, scale, rust, 
grinding, abrasive and blasting residues, and even chips themselves, 
aqueous solutions will work.

All state-of-the-art cleaning machines are hermetically closed-
safe systems, using vacuum technology for cleaning and drying, and 
distillation with limited sewage disposal, and emission-free. While 
solvents effectively remove grease and oils (degreasing) but never salts, 
organic contaminants will always remain if you use only aqueous 
cleaning media. Therefore, if you do not precisely know all impurities 
on the surface of your parts before HT (commercial heat treater), the 
best cleaning technology will be a mixture of both, called a hybrid.

Material Contamination – Oil, Grease, and Filler
The color of the vacuum furnace depends on several factors, includ-
ing the brazing material used, partial pressure, and temperature. 
Typically, a reddish/copper color is seen during vacuum copper braz-
ing processes, while a silver color indicates a clean furnace without 
leaks when using nickel brazing in a high vacuum.

During the investigation, good questions to ask are:
»Which types of O-ring greases, oil valves, and cooling motor 

fan grease are used?
» Do the stop-off paint or fiber materials used for part separation 

contain boron nitrate?
During vacuum processes, parts, fixtures, and metal parts can 

stick together or become contaminated due to metal-to-metal transfer. 
This process is known as diffusion and requires specific conditions 
to occur:

» Metals that are soluble in each other.
» High temperatures.
» Low furnace pressure (high vacuum).
» Some contact pressure (which may be the weight of the part 

itself).
The exact condition is a function of all of these and needs to be 

analyzed on a case-by-case basis. This can be avoided by keeping the 
parts separated with a proper metal using a ceramic as outlined in 
prevention of eutectics or utilization of partial pressure to negate 
sticking.

Color Identification
Contamination often appears in different colors depending on its 
type and source. For example, gray or black discoloration may suggest 
carbon contamination, while green or blue hues can indicate the pres-

Figure 9: Discoloration caused by copper material during the brazing process. 
(Courtesy: Ipsen)

Figure 8: This picture shows the difference between only aqueous a 
hydrocarbon and hybrid cleaning results. (Courtesy: HEMO)

Figure 7: Left — internal vessel weld. Right — Graphite hot zone exhibits 
significant water damage caused by a heat exchanger leak, resulting in 
prominent forest green discoloration. (Courtesy: Ipsen)

Figure 6: Sample of stainless-steel parts contaminated by gas from the rusty 
inside of a buffer tank. (Courtesy: Ipsen)
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ence of copper. Recognizing these color variations is crucial, as they 
help pinpoint the source of contamination and enable customers to 
take the necessary steps to prevent future occurrences.

Contamination layers less than 0.1 μm are transparent, and 
human eyes cannot distinguish the color correctly. Customers can 
identify discoloration based on the thickness of the contamination 
layer in the heating chamber or the part. Tool steels are less sensitive 
and can be heat-treated under a low vacuum level. Stainless steel and 
super alloys are susceptible to even the slightest traces of oxygen in 
the vacuum system.

Testing vacuum levels on various materials produced the follow-
ing results: A standard furnace (not equipped with high vacuum) can 
produce bright D2 and M2 parts, although discoloration may occur 
if the furnace is contaminated. In contrast, a high-vacuum furnace 
consistently delivers bright results across all tested materials once 
the 10-⁵ Torr range is achieved. No burnout is required before heat 
treatment, and high-vacuum cycles evacuate more quickly, resulting 
in shorter overall cycle times.

Below is a general guideline during vacuum heat treatment to 
avoid contamination due to improper vacuum level(s).

Air Contamination
Observing specific colors during the heat-treatment process helps 
identify the presence of air leaks. For argon purity problems resulting 
from air leaks, one may see yellow/straw, dark yellow, or blue colors. 
Conversely, air leaks involving nitrogen manifest as blue/dark blue 
or black colors. These distinct colors act as visual indicators, enabling 
operators to promptly identify and address the source of the leaks, 
thus detecting potential air contamination.

Water Contamination
Water contamination is a common issue in vacuum furnace heat 
treatment, as it can lead to the formation of undesirable colors on 
the surface of the treated parts. The presence of water in the vacuum 
furnace can form various oxides, including iron oxide and chromium 
oxide (silver and green), which can cause the sections to become dis-
colored. These oxides can also lead to reduced corrosion resistance 
and other adverse effects on the properties of the treated parts. 
Following a water leak, iron compounds FeO and Fe3O4 are identi-
fied by their respective dark brown and black hues, whereas Fe2O3 
exhibits a red shade. Commonly, water leaks result in the appearance 
of brown (small leaks) or black stains (severe or prolonged leaks). The 
discoloration remains relatively consistent within the same batch of 
material.

Material Contamination
Outgassing is a phenomenon that occurs in vacuum furnace heat 
treatment where volatile substances are released or evaporated from 
materials being heated in a vacuum environment. These substances 
can include residual gases, water vapor, solvents, lubricants, and other 
volatile components present in the material. Outgassing can have 
significant implications for the heat-treatment process and the qual-
ity of the treated materials.

Contamination Prevention
To prevent contamination in vacuum furnace heat treatment, oper-
ators must minimize all potential sources of contamination. This 
includes:

Air Contamination
Use the following steps to prevent air contamination:

Proper Sealing and Vacuum System Maintenance: Ensure the vac-

uum furnace and its components are properly sealed to prevent air 
ingress. Regularly inspect and maintain the seals, gaskets, valves, and 
other details to ensure their effectiveness. Conduct routine mainte-
nance and testing of the vacuum system, including checking for leaks 
and verifying the efficiency of pumps and valves. Address any issues 
promptly to maintain a high-quality vacuum environment.

Purging and Backfilling with Inert Gas: Purge the furnace chamber 
with an inert gas, such as argon or nitrogen, before starting the heat-
treatment process. This purging displaces residual air and helps create 
a clean, oxygen-free environment. Backfill the furnace chamber with 
the same inert gas after purging to maintain the desired atmosphere 
during the heat treatment. This prevents air from re-entering the 
chamber and contaminating the materials.

Monitoring and Control: Install pressure sensors and leak detectors 
in the vacuum system to continuously monitor the chamber pressure 
and detect potential leaks. Regularly calibrate and maintain these 
monitoring devices for accurate readings. Use an oxygen analyzer to 
measure the oxygen content in the backfill system and verify that it 
remains within the desired low levels. Implement appropriate process 
controls to ensure consistent and reliable vacuum conditions through-
out the heat treatment.

Water Contamination
Preventing water contamination in vacuum furnace heat treatment is 
crucial to maintaining the quality and integrity of the treated materi-
als. Follow these steps to avoid water contamination:

Thorough Drying of Materials: Before placing materials in the vacu-
um furnace, thoroughly dry them to eliminate any moisture content.

Effective Vacuum System Design and Maintenance: Ensure the 
vacuum system is adequately equipped with moisture traps, condens-
ers, and other components to remove and collect any moisture that 
may be present in the chamber. Regularly inspect and maintain the 
vacuum system, including checking for leaks, to prevent the entry of 
moisture-laden air.

Controlled Heating Rates: Implement controlled and gradual heat-

Figure 10: Example of discoloration of the hot zone with passing time: The 
oxidation process in the metal hot zone takes a long time, and the first thing 
seen in the chamber will be intermediate colors. Later, the color of molybdenum 
changes from green to dark brown (MoO3 light green, MoO2 – dark brown).
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ing rates during the heat-treatment process. Doing so allows sufficient 
time for any residual moisture to evaporate without causing excessive 
water vapor accumulation in the furnace chamber.

Vacuum Pumping and Purging: Use efficient vacuum pumping tech-
niques to evacuate moisture and other gases from the furnace chamber 
before the heat treatment begins. Employ purging with dry and inert 
gases, such as argon or nitrogen, to displace any remaining moisture 
and create a dry atmosphere within the chamber.

Monitoring and Control: Install moisture sensors or dew point ana-
lyzers to monitor and control the moisture levels within the backfill 
system during the heat treatment process. Regularly calibrate and 
maintain these monitoring devices to ensure accurate readings.

Proper Workspace Environment: Maintain a clean and dry working 
environment around the vacuum furnace to minimize the potential 
introduction of water sources that could contaminate the process.

Material Contamination
Establishing measures that effectively avert material contamination 
during vacuum furnace heat treatment is crucial to safeguarding the 
integrity and quality of treated products. To achieve this objective, 
one can implement the following actions:

Material Selection and Certification: Choose materials specifically 
designed and certified for vacuum heat-treatment processes. Consult 
material suppliers or manufacturers to ensure the materials are suit-
able for the intended application and free from contaminants that 
could cause issues during the heat treatment.

Proper Material Handling and Storage: Implement appropriate han-
dling procedures to prevent the introduction of contaminants onto 
the material’s surface. Use clean gloves, tools, and equipment during 
material handling to avoid contact with substances that could con-
taminate the materials. Store materials in controlled environments, 
i.e., clean and dry storage areas, to minimize exposure to potential 
contaminants.

Controlled Furnace Atmosphere: Establish and maintain a con-
trolled atmosphere within the vacuum furnace. This may involve purg-
ing the furnace chamber with inert gases, such as argon or nitrogen, 
to displace residual air and minimize the potential for contamination. 
Regularly monitor and control the gas composition and purity within 
the furnace to maintain the desired atmosphere throughout the heat-
treatment process.

Inspection and Quality Control: Implement rigorous inspection and 
quality control procedures to detect material contamination before, 
during, and after heat treatment. Use non-destructive testing tech-
niques, visual inspections, and analytical methods to identify any 
surface defects, contamination, or irregularities.

Operator Training and Awareness: Provide comprehensive training 
to operators on proper handling, cleaning, and packaging procedures 
to minimize the risk of material contamination. Foster a culture of 
awareness and attention to detail among operators to ensure they are 
vigilant in identifying and preventing contamination.

CLEAN-UP CYCLE PROCEDURE [4]
Use the following steps to perform a clean-up cycle in your vacuum 
furnace, ensuring it is properly outgassed and vacuum-tight before 
processing critical loads.

CAUTION — Make sure all foreign materials are out of the furnace. 
Close the furnace and pump down to a high vacuum. Perform a leak 
check using a helium mass spectrometer or suitable rough checking 
means.

CAUTION — Do not proceed with the clean-up cycle until all gross 
leaks have been repaired. Heat the furnace to 100°F (56°C) above your 
normal continuous operating temperature (refer to manual for details) 

and hold for at least 2 hours using partial pressure of 1,000 microns, 
then 2 more hours under a high vacuum condition but not less than 
2,100°F.

CAUTION — Do not exceed the furnace’s maximum continuous 
operating temperature. Turn off the element power and allow to vac-
uum-cool to 150°F (66°C) or less. Allow the furnace to cool overnight 
if possible.

After the clean-up cycle, immediately check the furnace leak rate 
by closing the vacuum valves and timing the rate of rise in vacuum 
level. A furnace is considered vacuum tight and outgassed when the 
leak rate averages 5 microns (0.665 PA) per hour, or less, during a 
4-hour period.

If the leak rate is excessive, after thorough cleaning and outgassing, 
check for vacuum leaks using a helium mass spectrometer. (A fitting 
to connect the mass spectrometer to the furnace is provided at the 
roughing pump inlet connection.)

If a mass spectrometer is not available, a rough check can be made 
by evacuating the chamber and spraying the suspected fittings and 
joints with acetone and noting any changes in system pressure on 
the vacuum gauge. A repeatable change in the indicated pressure 
indicates a leak in the effective 1,000- to 5,000-micron range. If the 
range cannot be achieved, backfill positive pressure and snoop for 
significant leaks.

CONCLUSION
Contamination in vacuum furnace heat treatment can have a signifi-
cant impact on the final product’s quality. Operators must be aware 
of the potential sources of contamination, the chemical reactions 
involved, and the color identification for discoloration. Prevention 
through proper cleaning, vacuum level, temperature, and appropri-
ate materials and seals is critical to ensure a successful heat-treatment 
process. Regular maintenance and inspection are necessary to ensure 
the vacuum furnace’s integrity and prevent contamination. All hot 
zones run to fruition, and their specific life cycle end. Maintaining 
your leak rates, watching for process changes, and running scheduled 
cleanup cycles (tailored around your specific trace elements) can sig-
nificantly increase overall operational equipment efficiency (OEE) 
and profit. 
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The effects of deep cryogenic treatment combined with 
various tempering times on the mechanical properties and the 
microstructural evolution of M2 high speed steel show that deep 
cryogenic treatment can increase the steel hardness.
By ZEJU WENG, KAIXUAN GU, CHEN CUI, MINGLI ZHANG, LIUBIAO CHEN, and JUNJIE WANG

eep cryogenic treatment has been reported to be a ben-
eficial process for improving the properties and micro-
structure of steels. Generally, deep cryogenic treatment 
should be combined with tempering to achieve the opti-

mal effects on steels. However, the microscale relationship between 
deep cryogenic treatment and subsequent tempering is unclear. 
Therefore, the effects of deep cryogenic treatment combined with 
various tempering treatments on the mechanical properties and the 
microstructural evolution of M2 high speed steel are investigated 
in this work. 

The results showed the hardness was increased by deep cryogenic 
treatment. Furthermore, deep cryogenic treatment improved the 
thermal stability of steel as the red hardness was maintained to be 
relatively higher after multiple times of tempering. Deep cryogenic 
treatment induced the transformation of retained austenite to mar-
tensite, which provided more nucleation sites for the precipitation 
of carbides during the subsequent tempering, and consequently 
promoted the dispersedly distribution of ultra-fine carbides in the 
microstructure. The strengthening effects of phase transformation 
and carbides precipitation were the main reasons for the improve-
ment of mechanical properties of M2 high speed steel.

1 INTRODUCTION
Deep cryogenic treatment (DCT) is the process of subjecting materi-
als at ultra-low temperature (generally below minus-100℃) for certain 
time to optimize the service performance through changing the 
microstructure irreversibly. It has been well proved that deep cryo-
genic treatment is beneficial to the mechanical properties, wear 
resistance, and dimensional stability of ferrous metals, including 
tool steels, carburized steels, alloy structural steels, and stainless 
steels. Benefiting from the progress of cryogenic technology and 
test methods, the application of deep cryogenic treatment has been 
extended to nonferrous metals and compound materials [1-9].

For many steels, DCT is usually conducted after quenching to 
reduce the content of retained austenite [10-12]. Tempering is gen-
erally necessary to achieve a more stable and equilibrium state for 
the iron-based alloys after quenching. The main microstructure 
changes of a quenched steel during tempering are concluded to 
be the decreased tetragonality of martensite, increased precipita-
tion of carbides, and decomposition of retained austenite. In many 
researches, the conduction of DCT is usually combined with temper-
ing to obtain better effects on steels than single DCT or tempering, 
where DCT most of the time is conducted prior to tempering [13-15]. 
Enhanced carbide precipitation during tempering of cryogenically 
treated samples has been found in a lot of research works. As for 
the mechanisms, it is assumed the martensitic transformation dur-
ing DCT occurs in connection with a noteworthy transformation 
strain and may introduce lattice defects and a new state of stress in 

the material. However, current interpretations of the enhancement 
of DCT on tempering remain phenomenological. The mechanism 
responsible for the modification of the precipitation characteristics 
and process is still not clarified.

Therefore, the effects of deep cryogenic treatment combined 
with various tempering times on the mechanical properties and 
the microstructural evolution of M2 high speed steel are investi-
gated in this article.

2 EXPERIMENTAL PROCEDURE

2.1 Material preparation
M2 HSS was chosen for studying the effect of deep cryogenic treat-
ment in conjunction with tempering. The chemical composition 
of specimens as analyzed by spark emission spectrometer (Model 
DV-6 Baird USA) is as follows (wt.%): C-0.88, Mn-0.22, Si-0.45, Cr-4.50, 
Ni-0.20, Mo-5.45, W-6.55, V-2.10, Fe-balance. Commercially available 
M2 HSS tool bits of size 10 ´ 10 ´ 50 mm were procured and used 
as experimental material specimens for the study.

2.2 Heat and deep cryogenic treatments
High temperature quenching (Q) treatment was conducted by using 
a vacuum quenching furnace. Partial pressure method was used for 
preventing the volatilization of some alloying elements at high tem-
perature. After being held at 1,200°C for a certain time, specimens 
were quenched to room temperature with water as shown in Figure 
1a. The DC-B15/13 type high temperature resistance furnace was 
employed for tempering (T). As presented in Figure 1b, tempering 
temperature was 540°C and the holding time was 2 hours. After that, 
specimens were taken out for natural recovery at room temperature.

Deep cryogenic treatment was carried out in a program-con-
trolled SLX-150 cryogenic system. As shown in Figure 1c, various 
temperature gradients were employed to ensure specimens had 
been cooled down thoroughly during the cooling process. Specimens 
were cooled down to minus-80°C with 20 minutes of soaking time 
and then cooled down to minus-120°C with 30 minutes of soaking 
time, respectively. Finally, the minimum cryogenic temperature 
was minus-160°C and the holding time was 2 hours. The cooling rate 
in the whole cooling process was 2°C/min constantly.

In order to investigate the effects of deep cryogenic treatment 
on the process of tempering, different sequences between deep 
cryogenic treatment and tempering with various tempering times 
were adopted. All 12 combinations were divided into five groups 
based on the tempering times as shown in Table 1. “Q,” “C,” and “T” 
refer to the quenching treatment, deep cryogenic treatment, and 
tempering treatment respectively. It can be clearly indicated that 
the sequence of these characters is the practical order in which the 
treatments were conducted.

D
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2.3 Mechanical property tests
The hardness measurement was conducted 
in an SHBRV-187.5 Digital Brinell Rockwell & 
Vickers Hardness Tester with an error range 
of ±2%. The loading force for the test was 
200 N, and the duration time was 10 seconds. 
Five points were tested for each sample, and 
the average values were recorded. Impact 
toughness was tested by a JB-30A impact test 
device with standard Charpy U-notch (CUN) 
specimens at room temperature, according 
to the standard of GB/T 229-2007. Three 
specimens were used for each process, and 
the average values were calculated as the 
final result.

Specimens were heated to 600°C and 
then cooled down by air-cooling after 2 
hours holding time. After that, the hardness 
of specimens was measured in complying 
with the method mentioned above, whose 
value was defined as the red hardness of the 
M2 high speed steel.

2.4 Microstructure analysis methods
For the purpose of investigating the changes in microstructure, 
specimens were ground in abrasive papers with meshes from 400 
to 2,000, and then conducted mechanical polishing. After that, the 
polished surfaces were etched in a 6% nital solution for 10 seconds. 
An optical microscope (OM) (Olympus BX53M) and scanning elec-
tron microscope (SEM) (Hitachi SU1510) were used for detecting the 
microstructure morphology. The content of retained austenite was 
measured via magnetization method.

3 RESULTS AND DISCUSSIONS
The hardness measurement results of M2 HSS specimens subjected 
to different processes are shown in Figure 2a. It can be seen that 
hardness is decreased with the increase of tempering times in most 
processes, which accords with a general law that multiple temper-
ing would be detrimental to the hardness of steel. We also found 
the changes of hardness have a close relation with the sequence 
between deep cryogenic treatment and tempering at certain tem-
pering times. For instance, deep cryogenic treatment can increase 
the hardness when there is no tempering treatment participating 
in, as presented in the results of Q and QC; when there is a sin-
gle tempering, the addition of deep cryogenic treatment can also 
improve the hardness, and specimen treated by QTC shows higher 
hardness than QCT; when the tempering times are increased twice, 
however, the introduction of deep cryogenic treatment has reduced 
the hardness as comparing QTT with QTCT and QCTT, and there is 
no obvious difference between the results of QTCT and QCTT; when 
the tempering times are elevated to three, whether deep cryogenic 

treatment is beneficial for the hardness depends on the sequence 
between deep cryogenic treatment and tempering. Conducting deep 
cryogenic treatment after tempering can increase the hardness of 
specimen while implementing deep cryogenic treatment prior to 
tempering produces poor effect, as comparing the results of QTTT 
with QTCTT and QCTTT.

The red hardness of M2 HSS specimens treated by different pro-
cesses are exhibited in Figure 2b. There are significant reductions in 
red hardness with increasing the tempering times. However, inflec-
tion points of red hardness values can be found with the increase of 
tempering times, which are also related to the sequence of between 
deep cryogenic and tempering. For instance, without conducting 
deep cryogenic treatment, the inflection point appears at three 
tempering times; as conducting deep cryogenic treatment after 
quenching and prior to tempering, red hardness is decreased first 

	Tempering Times	 Index
	 0	 Q/QC
	 1	 QT/QTC/QCT
	 2	 QTT/QTCT/QCTT
	 3	 QTTT/QTCTT/QCTTT
	 4	 QTTTT

Table 1: Different combinations of deep cryogenic 
treatment and traditional heat treatment.

Figure 3: SEM graphs of (a) QT specimen and (b) QCT specimen. (c) is the result of magnetization for 
retained austenite measurement.

Figure 1: Schematic diagram of (a) quenching treatment, (b) tempering treatment, and (c) deep cryogenic 
treatment.

Figure 2: Measurement results of (a) hardness, (b) red hardness, and (c) impact toughness.

The induction of martensitic 
transformation after deep cryogenic 
treatment is also a reason for 
increasing the hardness of the M2 
HSS specimens. 
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with the increase of tempering times and starts increasing after two 
tempering times; when deep cryogenic treatment follows with tem-
pering, the inflection point can be found after only one tempering 
time. Furthermore, despite the tempering times, the execution of 
deep cryogenic treatment after quenching and prior to tempering 
has an obvious effect on improving the red hardness as compared 
to the simple quenching and tempering, and the effects show better 
than that of conducting deep cryogenic treatment after temper-
ing. These results indicate the addition of deep cryogenic treatment 
makes the contribution to maintain a relatively high red hardness 
after multiple tempering times. In order to ensure a positive effect, 
deep cryogenic treatment should be conducted after quenching 
directly, and the tempering times should not exceed twice that in 
the meantime.

It can be seen from Figure 2c that deep cryogenic treatment 
can also improve the impact toughness of M2 HSS as the tough-
ness value of QCT is higher than that of QT. This result implies that 
deep cryogenic treatment has the potential to enhance the hardness 
and toughness concurrently, whose effects are closely relevant to 
the tempering times and the processing sequence combined with 
tempering.

SEM graphs of the microstructure evolution of M2 HSS speci-
mens after QT and QCT are shown in Figure 3a and 3b. It can be 
observed that the original austenite grain boundaries are clear 
and nano-acicular martensite is in the austenite grains. Carbides 
are precipitated from quenched martensite as shown in white par-
ticle morphology. By comparison, it can be found there exists more 
nanoscale superfine carbide particles with disperse distribution in 
the QCT specimen. 

The promotion of carbide precipitation makes contribution to 
enhance the hardness and red hardness of M2 HSS. Figure 3c shows 
the changes in retained austenite content after deep cryogenic treat-
ment and different tempering times. It can be found that the magne-
tization of the deep cryogenically treated specimen is higher than 
that of the untreated one, which indicates a fact that deep cryogenic 
treatment can promote the transformation of retained austenite to 
martensite. 

The induction of martensitic transformation after deep cryo-
genic treatment is also a reason for increasing the hardness of the 
M2 HSS specimens. Furthermore, the new formed martensite after 
cryogenic treatment will increase the lattice defects such as dis-
tortion and internal stress, which helps to form more nucleation 
site for the precipitation of carbides. Consequently, deep cryogenic 
treatment promotes the formation of carbide precipitates in the fol-
lowing tempering process and improves the precipitation strength-
ening effects for M2 HSS material.

4 CONCLUSIONS
The effects of deep cryogenic treatment combined with various 
tempering times on the mechanical properties and the micro-
structural evolution of M2 high speed steel are investigated in this 
work. Deep cryogenic treatment can increase the hardness of the 
steel. Especially, deep cryogenic treatment can improve the thermal 
stability of steel as cryogenic steel maintains relatively higher red 
hardness after multiple times of tempering. Deep cryogenic treat-
ment triggers the transformation of retained austenite to martens-
ite, which provides more nucleation sites for the precipitation of 
carbides during the subsequent tempering, and consequently pro-
motes the dispersed distribution of ultra-fine carbides in the micro-
structure. The strengthening effects of phase transformation and 
carbide precipitation are the main reasons for the improvement of 
mechanical properties of M2 high speed steel. 
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For 110 years, Surface Combustion has provided thermal systems 
and equipment to enhance the physical properties and surface 
characteristics of the materials used in gearing and more and 
improve the performance and competitiveness of customers’ 
products.
BY KENNETH CARTER, THERMAL PROCESSING EDITOR

company doesn’t just make a ripple in the industrial sec-
tor after more than a century in business — it makes a 
splash.

Surface Combustion celebrated is 110th year in 2025, 
and it’s come a long way from its humble beginnings of a couple of 
scientists working on a joint patent.

Now, the company is a fully integrated supplier of furnaces and 
services that aid many industries, including the gear-manufacturing 
industry, where Surface Combustion can assist in many different 
steps in that process, according to Ben Bernard, vice president for 
global sales and marketing with Surface Combustion.

VITAL STEP IN GEAR PRODUCTION
“In the gear-blanking start of production, once you have a forged form 
of a gear, we can help normalize those gear blanks to get them ready 
for the gear-cutting process,” he said. “Depending on the volume of 
production, we would then have a continuous normalizing furnace. It 
could be an isothermal annealing function, just to make sure that you 
have the quality of the gear ready for gear cutting, to extending gear 
cutting life, whether it be hobbing, broaching, or rolling — whatever 
the processes might be — all the way through to the shaving.”

In the middle of the value stream offered by Surface Combustion 
is the traditional heat treatment that most people think about — for 
example, neutral hardening or carburizing, according to Bernard.

“Surface combustion has a full line of batch and continuous fur-
naces, as well as atmosphere generator equipment, that enables the 
heat treatment of the gears to the final specifications after hardening, 
and then the final tempered requirements for the hardness,” he said. 

“And then from heat treating, you would go to final grinding, and then 
you’d have a finished gear.”

FULL LINE OF FURNACES
Surface Combustion has a full line of thermal processing furnaces 
and atmosphere furnaces, according to Bernard, and those furnaces 
can be continuous batch atmosphere heat treatment or be built for 
vacuum heat treatment.

“We have a full line of vacuum hardening and vacuum carburizing 
furnaces as well,” he said.

Although Surface Combustion doesn’t make gears outright, 
Bernard said the equipment designed and built by the company is 
an integral part in the successful creation of essential gearing.

“We are an equipment supplier and equipment OEM where we 
actually manufacture the heat-treat thermal processing equipment 
that would sit on a gear manufacturer’s floor — or forge shop’s floor 
if it’s the gear blanks — they would blank the gears and then they 
would heat treat them before they ship them off to the gear-cutting 

manufacturing facility, whether that’s aerospace, mining gears, or 
automotive,” he said. “They would have a heat-treat area with Surface 
Combustion equipment in it. That would become a step in the process 
where you would either have the gears batch loaded or in bins going 
to the furnace, and from there, to final form shaping.”

INTEGRITY, TRADITION, AND TECHNOLOGY
Over its 110-year history, Surface Combustion has — and continues 
to — take pride in its family-owned roots, according to Bernard.

“We value integrity, tradition, and technology,” he said. “We stand 
by our customers, and we do everything in our power to make sure 
the customer has what they need to have a successful project. We’re 
with you every step of the way with our full staff of support, aftermar-
ket parts, and services. We are a leader in this industry with over 650 
process patents, and we also have some of the most notable registered 
trademarks in the industry, whether it be AllCase® for batch inertial 
quench furnaces or RX® endothermic gas generators, which is the 
baseline carbon potential inside of carborizing furnaces. We have 
a strong tradition here in a large market share, so we have a large 
installed base and capabilities through our references.”

That tradition paves the way for Surface Combustion to be a lead-
ing contender when it comes to technology, according to Bernard.

“We’re always looking at the newest technologies — taking feed-
back from our customers and looking for the next opportunity to 
evolve what we have into a larger format,” he said. “For example, wind 
gears — you have to take a traditional pit size furnace and make it 
larger to fit the form of the product that they’re trying to cut in a 
gear industry. Or, you have smaller components, like fasteners. We 
have to figure out how to get small parts through the same furnace, 
so we always use our technology to adapt to what the customers pres-
ent to us.”

CYCLICAL SECTOR
When it comes to how the company has kept pace with an ever-evolv-
ing industry, Bernard points out that an advantage to that has been 
the cyclical nature of the sector.

“We have technologies that were developed in the ’70s that could 
be coming out again as fresh themes — electrification of furnaces is 
one,” he said. “We had to have electric heating capabilities developed 
back in the ’70s when there was an energy crunch, so we have some of 
those same technologies today that we can apply to the ever-evolving 
green technology push. We have those challenges as well, and we 
have solutions for those.”

Cleaner working environments are also a challenge that Surface 
Combustion has been tackling, according to Bernard.

“Vacuum hardening is another instance where we’ve done that, 

A
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and also for vacuum ion nitriding where we have created alternative 
ways to nitride without the use of ammonia in order to make it a 
little bit more approachable,” he said. “We have so many different 
markets that we support, whether it be mining or primary steel pro-
duction down to medical and aerospace. We have to be able to adapt 
and understand the specific requirements for each industry and adapt 
our furnaces to their specifications.”

CUSTOMER RESOURCE
And that means being a resource its customers can draw upon — a 
resource with extensive knowledge and history and references har-
nessed by a full engineering staff, according to Bernard.

“When a customer comes to us, we really want to understand the 
work description and the process needed,” he said. “We ask them 
questions like: What is the cycle timing? If they don’t know that, 
then we ask what kind of material grade are they using? What are 
the final heat  treatment specs that they’re doing? That’s the kind of 
information we need to understand. We want to know the total avail-

able operating hours per year, and whether 
it’s going to be a continuous process. If it’s a 
batch process, we need to know what works 
for their own company process flow.”

Another aspect of satisfying a customer 
is not just the equipment and what it can do, 
but how it will be integrated into the custom-
er’s work space, according to Bernard.

“We’re talking form, fit, and function: 
Where’s it going to fit? What’s the available 
space? Is it replacing something? Is it going 
into a greenfield?” he said. “And also, from 
the materials and process standpoint, we 
want to understand what kind of operating 

temperature range is needed, what types of different pieces of equip-
ment are required, in addition to very specific things to the equip-
ment: What type of heat source are they looking for — electric or 
gas heated, direct fired, indirect heat in the case of an atmosphere 
furnace. This also includes what types of controls and systems they 
need in place in order to maintain the quality in their furnaces.”

110 YEARS
Surface Combustion began in 1915 when scientists Dr. William 
Arthur Bone of London and Charles Edward Luck of New York col-
laborated on a joint patent. The scientists were experimenting with 
fuel gas, and they determined that, by mixing air prior to combustion 
with just enough air to support that combustion, it resulted in a much 
hotter and efficient flameless combustion, according to Bernard.

“At that time, it was the surface combustion,” he said. “They had a 
joint patent together, and then they got together with industrialist 
Henry Doherty, and they formed the company Surface Combustion 

Over its 110-year history, Surface Combustion has — and continues to — take pride in its family-owned 
roots. (Courtesy: Surface Combustion)

Surface Combustion has a full line of thermal processing furnaces and atmosphere furnaces. (Courtesy: Surface Combustion)
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in 1915.” Through those decades, Surface 
Combustion has been involved with many 
achievements that have pushed the industry 
forward, but one that sticks out for Bernard 
is when the company created and supplied 
roller hearth furnaces used to destroy chemi-
cal weapons.

 “We supplied four of them to demilitarize 
chemical weapons in Russia,” he said. “That 
was a bipartisan project through the UK 
MOD, Canadian DFAIT, and the U.S. govern-
ment where we supplied four large 60 x 60 
base tray roller hearths to get rid of millions 
in the stockpile of projectiles in the early 
2000s. We supplied that, and all those stock-
piles are gone.”

As a testament to the longevity of the equipment Surface 
Combustion manufactures, Bernard pointed out the company has 
produced continuous stainless-steel strip lines used for annealing 
that are still running.

“We also have brass continuous strip lines, and we have alumi-
num continuous strip lines that are floaters that we have patents for,” 
he said. “Floaters mean the aluminum in the heating section never 
comes in contact with any moving member or mechanical damage. 
That is a critical process in making an airplane fuselage. And just 
celebrating 110 years is a great milestone. It’s gone by really fast. To 
be a family-owned company and be able to say that we’re USA-owned 
and primarily getting all our vendors and supply base for the USA as 
well, we’re really proud of that fact, too.”

LOOKING TO THE FUTURE
Bernard expects Surface Combustion’s importance in the industry 

to continue to grow as he sees the growth of nearshoring in the U.S.
“As some of the industrial base comes back to the U.S., new chal-

lenges might come up, so we’re always adapting to new industries that 
might have some need, whether it be from energy to aerospace and 
even to outer space,” he said. “There are people who are looking for 
projects in order to heat treat components that are used in those areas, 
and we’re able to adapt into those marketplaces with our references. 

Since we have a broad market presence, we can continue to be a 
resource to the industry in the next 10 years, sharing our knowledge 
and our experience through our references. We see that as a resource 
to industry. We ask customers to start with Surface Combustion, and 
then we can assist them as a family-owned, made-in-the-USA com-
pany with a strong presence and support.”  	

MORE INFO  www.surfacecombustion.com

Surface Combustion is an equipment supplier and equipment OEM that manufactures the heat-treat 
thermal processing equipment that would sit on a gear manufacturer’s floor. (Courtesy: Surface 
Combustion)

Although Surface Combustion doesn’t make gears out right, the equipment designed and built by the company is an integral part in the successful creation of 
essential gearing. (Courtesy: Surface Combustion)
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education, and speed.
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Arrow Tank and Engineering is a fabricator 
of pressure vessels – ASME, custom 
machinery and weldments. 
We have two direct fired natural gas 
furnaces capable of stress relieving and 
lower temperature processes such as 
aging and annealing.

• Phone: 763-552-8229 • Fax: 763-689-1263 
• E-mail: james@arrowtank.com 

For more information:
email@protectioncontrolsinc.com

www.protectioncontrolsinc.com

Dual/Redundant Self-Check

Ultraviolet Flame Sensor and Flame Safeguard 
Control for safety on 24-hour continuous 
burner application.
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Some of Thermal Product Solutions’ ovens are used 
in semiconductor manufacturing. What types of oven 
configurations work best in this sector?
Thermal Product Solutions (TPS) has two lines of industrial ovens used 
for semiconductor manufacturing. One is our Gruenberg oven brand, 
which lends itself to being more custom in nature. Our Gruenberg 
ovens are built for a multitude of different industries: aerospace, semi-
conductor, electronics, medical device, pharmaceutical, you name it. 
And Gruenberg is the brand that fits when a standard offering isn’t 
available to meet the process requirements. The other TPS oven brand 
that serves the industry is Blue M. Blue M was founded in the 1960s to 
meet the unique manufacturing needs of the emerging semiconduc-
tor industry. If you look at some of the different models and family 
series within Blue M, what you’ll find is that the interior dimensions 
actually fit the form factor of the semiconductor products at that time. 
That’s kind of how Blue M came to be. So, the majority of our semi-
conductor offerings that we have or that we fulfill for those needs 
are through the Blue M standard product line. They’ve got a heavy 
global presence and supply ovens to a wide range of customers. Blue 
M’s customer base includes a lot of niche semiconductor companies, 
contract fab semiconductor players, along with some of the top-tier 
manufacturers in the industry. 

The Blue M ovens are batch ovens. We sell those ovens for various 
semiconductor processes where they use very high heat to attach an 
IHS or integrated heat spreader to the device, and lesser heat KW 
models to cure epoxy or resins.

Why is a sterile environment needed in an oven?
A sterile oven environment is needed to prevent contamination 
from particulates during processing and ensure the products pass 
QA requirements. Sterilization is an area that Gruenberg does really 
well. Their sterilization technology was actually designed to meet 
FDA regulations in the pharmaceutical sector and is one of the oven 
brands that we have that will guarantee a class 100 sterile environ-
ment inside. We typically install a port on the front of the door where 
customers can install an electronic particle detector inside the oven 
and use HEPA filtration to minimize contaminants. While the unit is 
running, the detector samples the air to confirm the sterile classifica-
tion of the oven interior. Airflow uniformity in an oven is important. 
All Blue M oven airflow is horizontal, but with Gruenberg, we can do 
three types of airflow: horizontal, vertical, or a combination of both.

How is a Gruenberg oven made compatible with a cleanroom and 
why is that necessary?
To achieve the clean room design, Gruenberg and Blue M fully weld 
the inner liner and direct the airflow through a filter box contain-

ing a recirculation HEPA filter. If we’re drying the board, since most 
boards go through a washer, they’ll come through our ovens. We also 
facilitate epoxy curing. Picture where they’re administering that 
sticky epoxy. What you really don’t want is any foreign material fly-
ing around inside the oven that’s going to stick to that, because now 
you’ve got a quality issue that can cause failure to the chip. That’s 
where the clean room models of our Blue M ovens — as well as our 
Gruenberg ovens —are needed.

We also offer ovens with inert atmosphere capabilities. Anytime 
you heat copper or some precious metals, it oxidizes, and with oxida-
tion, the connectivity gets lost. That’s a big no-no in electronics. With 
inert capability, the customer can connect gaseous nitrogen to the 
oven, which floods the interior of the oven to force most of the oxygen 
out of it. With our inert ovens, there’s a 99.9 percent chance there’s 
going to be no oxidation. 

What types of continuous process options does Gruenberg 
offer?
Some companies want continuous process, where they will have an 
engineering house automate a loading and unloading device to just 
constantly keep feeding this conveyor. For our continuous ovens, 
design considerations include the speed of the conveyor, the width 
of the conveyor, and the total length of the conveyor. These factors 
are determined by the units per hour and the process parameters the 
customer needs to process through the oven. We do have the luxury 
at TPS to kind of bounce between the two product lines to cover a 
multitude of customers’ products and/or production styles.

What types of applications for semiconductor manufacturing 
are met by Gruenberg’s ovens?
We’re helping to make chips for everything from wearable technology 
to microprocessors in your tablet or your laptop. We do have custom-
ers who deal in nothing but automotive electronics. There are so many 
custom Gruenberg ovens that are one of a kind and only built for 
that company and their product. We will take your product and work 
backwards to design an offering that fits your specific application.  

Anything else you’d like to mention that we didn’t talk about?
Temperature uniformity is very important so you can have even 
curing, even drying, and even processing throughout the entire rack. 
We have a rigid set of standard tests that we run on every oven we 
manufacture. This ensures the equipment leaves our facility perform-
ing to our customer’s process specifications.   

MORE INFO  www.gruenberg.com

“We have a rigid set of standard tests that we run  
on every oven we manufacture.”

JASON CILLO  /// DIREC TOR OF INTERNATIONAL SALES  ///  GRUENBERG AND BLUE M

http://www.gruenberg.com
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more about our vacuum  
furnace ingenuity.
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