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For us, 2020 is not only  
hindsight, but foresight

ears ending with a zero always seem to bring out the nostalgia in people as they 
look back at what was and plan for what will be.

Ever since Thermal Processing began sharing some of the best heat-treat infor-
mation with the industry, we have constantly changed and morphed to better serve 
you, our readers.

We’ve added some new topics to this year’s editorial calendar, and we’re excited about 
tackling those angles and, hopefully, bring you some new facts and innovation about 
the heat-treating world.

And if you’re traveling to some of the big trade shows scheduled in 2020, make sure 
you look for Thermal Processing, as we plan to be participating in quite a few of them.

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 cryogenics and vacuum heating.

An article from Frederick Diekman focuses on deep cryogenic treatment, and how 
this process is proving to be advantageous to creating longer lasting products and tools 
that cost less.

In the world of vacuum heating, TAV Vacuum Furnace explains how vacuum heating 
will be essential when dealing with additive manufacturing.

And in our Q&A section, I had the pleasure of speaking with Justin Sims, a mechanical 
engineer with Dante Solutions. In the feature, he stresses how important their software 
is to helping with not only troubleshooting problems, but it also can aid in design before 
problems ever crop up.

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 making 2019 a great year for us, and we look forward to making 
2020 even better.

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

Y

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

Manufacturer 
expands with Seco/
Warwick equipment
A steady increase in global demand along 
with advances in precision technology capa-
bility has fueled the expansion of a major 
producer of aviation engines in China.

Seco/Warwick designed, manufactured, 
and commissioned a 25-kilogram (55 
pounds) single crystal furnace and a 50-kilo-
gram (110 pounds) equiax vacuum melting 
and casting furnace for the production of 
high quality, premium castings.

A third furnace is included in the recent 
purchase, adding a Seco/Warwick signature 
vacuum high-temperature gas quenching 
furnace to the production line to be used for 
scale and pollution-free thermal treatment of 
a wide variety of metals. Professional techni-
cal services are included to assure the smooth 
start-up and operation of the equipment.

 In 2019 the company installed in Asia 

vacuum metallurgy equipment, including 
advanced JetCaster® technology, that is the 
first installation of this kind on the Chinese 
mainland. “Vacuum metallurgical equip-
ment is manufactured for our customers 
all around the world, and is installed at the 
regions with the highest demand for high-
melting and foundry technologies. Since 
2006, Seco/Warwick Group offers compre-
hensive solutions and access to a wide range 
of in-house resources, including technology, 
material, and process development, enabling 
manufacturers expansion and improvement 
of production processes,” said Sl⁄awomir 
Woźniak, Seco/Warwick Group CEO.

A 25-kilogram single crystal furnace is 
characterized by advanced Jet Caster tech-
nology for more efficient production of 
the castings with oriented or single crystal 
structure. The additional gas cooling in the 
JetCaster system is a result of cooperation 
between Seco/Warwick’s experts and scien-
tists from finest universities, thus this single 
crystal furnace for aviation blades casting 
is the state-of-the-art technology. The fur-

nace allows faster and more effective mass 
production process without any quality loss, 
which significantly increases the amount of 
manufactured parts per one work shift.

A 50-kilogram equiax vacuum melting 
and casting furnace was designed ideally 
for high-quality equiax castings. The fur-
nace will be comprised of three chambers 
with two chambers stacked vertically, and 
separated by an isolation valve. The third 
chamber will be used for loading ingots into 
the furnace crucible and, to ease the produc-
tion process, the furnace will be capable of 
direct melting in a crucible or using single 
shot liners.

A vacuum high temperature gas quench 
furnace will be used for scale-free and pol-
lution-free thermal treatment, which will 
concern a wide range of materials, from 
superalloy through stainless steel or tita-
nium alloy, ending with partial structural 
steel components.

MORE INFO www.secowarwick.com

Wisconsin Oven 
ships heat treating 
batch oven
Wisconsin Oven Corporation has shipped 
one indirect gas fired heavy duty walk-in 
series oven to a manufacturer in the tech-
nology industry. The walk-in oven will be 
used for heat treating materials used in the 
production of vehicle batteries.

The walk-in oven has a maximum oven 
operating temperature of 350°F and work 
chamber dimensions of 12’0” wide x 6’0” 
long x 10’6” high. Guaranteed temperature 
uniformity of ±10°F at 190°F was document-
ed with a nine-point temperature uniformi-
ty survey in an empty oven chamber under 
static operating conditions.

This batch oven is fully tested and adjust-
ed at normal and maximum temperatures 
before shipment. To ensure heating rates and 

An aviation manufacturer in China has expanded production with equipment from Seco/Warwick. 
(Courtesy: Seco/Warwick)

http://www.secowarwick.com
mailto:editor@thermalprocessing.com?subject=Referred by Thermal Processing
http://thermalprocessing.com
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temperature uniformity, it is equipped with 
combination airflow which includes a com-
bustion air blower and combustion airflow 
switch.

 “We have supplied this customer with 
over 35 similar units to several of their 
facilities. This oven comes with a complete 
turnkey installation package which includes 
start-up and employee training,” said Steve 
Bertschinger, service sales manager.

Features of this Wisconsin Oven walk-in 
oven include:

›› Burner rating of 420,000 BTU per hour 
at full load.

›› 16,000 CFM @ 15 HP blower.
››Allen-Bradley MicroLogix 1100 PLC and 

PanelView Plus 200 color touchscreen.
›› Bi-parting, side-hinged, horizontal 

swing doors.
›› Digital Eurotherm 3216 temperature 

controller.
›› Tongue and groove panel assemblies.
›› Total oven dimensions of 15’6” wide x 

7’0” long 16’2” high.
›› One Eclipse Series ImmersoPak burner.
››Access ladder with safety swing gate to 

top of oven.
›› Complete turnkey installation.

This batch oven was fully factory tested 
and adjusted before shipping. All safety 
interlocks were checked for proper opera-

tion and the equipment was operated at the 
normal and maximum operating tempera-
tures. An extensive quality assurance check 
list was completed to ensure the equipment 
met all Wisconsin Oven quality standards. 

MORE INFO www.wisoven.com

Registration open  
for Heat Treat  
Mexico 2020
Registration is open for the ASM Heat 
Treating Society’s Heat Treat Mexico 2020, 
scheduled for March 3-5, 2020 in Queretaro, 
Mexico. The conference is designed to attract 
maintenance supervisors, metallurgists and 
production engineering staff, and will pro-
vide a bridge for relevant new technology for 
thermal processing and how it is applied to 
the production environment in Mexico.

This year’s conference will focus on the 
following topics:

›› Origin of CQI-9 standard applied to 
automotive manufacturing.

›› Origin of NADCAP for the aerospace 
industry.

›› Carburizing Furnace: maintenance, 
safety systems, combustion, quenching.

›› Vacuum Furnace/Autoclave: vacuum 
performance, heating performance and cool-
ing system performance.

›› Induction Heating Systems: coil main-
tenance, maintaining a healthy induction 
machine; managing process settings.

››At the end of the courses, attendees will 
obtain a DC-3 official job skills accreditation, 
valid for the STPS.

Registered conference attendees will 
receive:

›› Two-and-a-half-day heat treating sym-
posium.

›› Daily lunch and refreshments breaks.
›› Welcome reception with exhibitors.
›› Special networking event, with open bar
›› Dedicated networking times with 

exhibitors to learn about the latest products, 
trends, and technology.

›› Conference sessions offered in English 
and Spanish.

›› Free one-year membership in ASM/HTS 
for non-members located in Mexico.

MORE INFO www.asminternational.org

Voestalpine adds 
special nitriding 
capabilities
The High Performance Metals Division of 
Voestalpine AG in the Czech Republic has 
expanded its heat-treatment capabilities 
with the addition of a Nitrex system for 
nitriding and surface hardening stainless 
steel for various applications.

Nitrex Metal has entered into an exclu-
sive agreement with Voestalpine AG to bring 
innovations in stainless steel hardening 
technologies to the Czech market. The new 
nitriding system, model NX-820, is config-
ured to process 31.5” diameter by 78.75” high 
(800 mm by 2000 mm) workloads that weigh 
up to 3,850 pounds (1750 kg) and comple-
ments a prior Nitrex system installed in 2008 
that combined Nitreg®-C gas nitrocarburiz-
ing technology with ONC® post- oxidizing 
technology for processing firearms.

Capable of treating 304, 316, and 412 
grade stainless steels, the new system with 
integral process technologies Nitreg®-S and 
Nano-S™ optimizes the mechanical per-
formance and economic return by making 
these steels extremely wear- and corrosion-
resistant and capable of achieving a longer 
useful life. Like all Nitreg® brand technolo-
gies, post cleaning of treated parts and 

A walk-in oven from Wisconsin Oven will be used 
to heat treat materials used in the production of 
vehicle batteries. (Courtesy: Wisconsin Oven)

Nitrex Metal has entered into an exclusive 
agreement with Voestalpine AG to bring 
innovations in stainless steel hardening 
technologies to the Czech market. (Courtesy: 
Nitrex)

http://www.wisoven.com
http://www.asminternational.org
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added production steps such as machining 
are eliminated.

As part of the new system order, 
Voestalpine and Nitrex have expanded their 
cooperation, granting Voestalpine the exclu-
sive rights to commercialize Nitreg-S and 
Nano-S technologies in the Czech Republic. 

“The agreement builds on a strong partner-
ship and confirms the market potential of 
hardening technologies for stainless steels. 
Under the terms of the license, Nitrex will 
work closely with Voestalpine to help meet 
their customer demands with research and 
process development for a variety of applica-
tions, materials, and markets,” said Marcin 
Stoklosa, special projects manager of Nitrex 
Metal.

“We are excited about bringing these 
innovative heat-treat processes to the 
Czech Republic market. With this license, 
Voestalpine will continue to enlarge the size 
of its prospective customer base and provide 
the local manufacturing community with 
much needed access to comprehensive tech-

nologies. Nitrex’s proven technologies offer 
numerous benefits to our industrial custom-
ers looking to maximize the life span and 
quality of their engineered parts and compo-
nents,” said Zbyněk Drda, Voestalpine heat 
treatment manager.

The High Performance Metals Division of 
Voestalpine Group specializes in high-per-
formance materials and customer-specific 
services including heat treatment, surface 
treatments, and additive manufacturing 
processes to the aerospace, automobile, 
consumer goods, oil and gas, and tooling 
industries. Since 2005, Nitrex Metal has been 
building a lifelong customer relationship 
with Voestalpine and its affiliates – Assab, 
Assab Steels, Assab Tooling, and Böhler- 
Uddeholm. The company operates twelve 
Nitrex nitriding and nitrocarburizing sys-
tems in nine countries including China, the 
Czech Republic, Hungary, Indonesia, Poland, 
Slovakia, Taiwan, Thailand, and Turkey.

MORE INFO www.nitrex.com

Gasbarre consolidates 
thermal processing 
systems production
Gasbarre Products, Inc. reports that at the 
end of 2019 all thermal processing systems 
will be manufactured in its 50,000-square-
foot facility in St. Mary’s, Pennsylvania.

In 2011, Gasbarre acquired the JL Becker 
brand of industrial furnace equipment. Over 
the last eight years, Gasbarre has run par-
allel manufacturing facilities in Michigan 
and Pennsylvania for its furnace equipment. 
Consolidating the manufacturing of its com-
mon product lines allows for the most effi-
cient use of its floor space, equipment, and 
manufacturing processes.

Gasbarre CEO Alex Gasbarre said, “This 
move is not only beneficial to our current 
operations, but it will directly impact our 
customers. Our St. Mary’s facility has a track 
record of on-time delivery, quality, safety, and 

Aerospace Testing & Pyrometry, Inc. is an ISO/IEC 17025 accredited 
company specializing in the onsite calibration of temperature processing 
instrumentation, calibration of vacuum measuring systems and temperature 
uniformity surveys for thermal processing equipment. We specialize in value 
added services such as: Laboratory calibrations for field test & secondary 
test instruments, consulting and training in Pyrometry specifications, 
Heat Treat Consulting & Procedure Writing and Consulting for Nadcap 
Accreditations in Heat Treating, Non-Destructive Testing (NDT), Welding, 
Brazing & Materials Test Laboratories

PYROMETRY SERVICES
PYROMETRY TRAINING
NADCAP & HEAT TREAT CONSULTING
METROLOGY LABORATORY CALIBRATIONS

REGIONAL OFFICES
Easton, PA • Hartford, CT • Tulsa, OK • Cleveland, OH • Muskegon, MI  

Los Angeles, CA • Bedford, OH – Calibration Laboratory

Profit from Our Knowledge because
Quality is Our Standard 

EMAIL: sales@atp-cal.com
WEBSITE: www.atp-cal.com

CORPORATE OFFICE: 4371 SARATOGA DRIVE BETHLEHEM, PA 18020

844-828-7225

One Machine. Multiple Uses.

www.cryosystems.com | 1•800•851•7302 |  info@cryosystems.com

Multiple Tempers 
1 Cycle  

+1200°F 
to -300°F  

99% UPTIME 

1 DATA Report

 Pick a Size
 Pick a Door
 Pick a Temperature
Call Us and Inquire Today!

http://www.nitrex.com
mailto:sales@atp-cal.com?subject=Referred by Thermal Processing
http://www.atp-cal.com
http://www.cryosystems.com
mailto:info@cryosystems.com?subject=Referred by Thermal Processing
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efficient processing. Those factors will drive 
competitive pricing with quick delivery.”

Gasbarre will maintain a strong presence 
in the Detroit area with a sales, engineering, 
and service facility. Ben Gasbarre will retain 
his leadership role within the Plymouth, 
Michigan, location. Gasbarre has plans not 
only to design and service its equipment but 

to eventually establish a technical center for 
process testing and demonstration purposes.

“The move will allow us to better utilize 
our highly-skilled personnel to accelerate 
advancements to our products, technology 
and services,” said Ben Gasbarre.

Expansion in St. Mary’s will be necessary, 
so plans have begun for an additional 12,000 

square feet of manufacturing space with 
additional office and conference room capac-
ity. This will be a significant investment in 
the furnace operations to drive manufactur-
ing, technology, and growth into the future.

Additionally, Gasbarre recently installed 
its new vacuum purge nitriding furnace 
for the growing demand in the U.S. market. 
This system has been fully developed by the 
Gasbarre team partnered with SSI for the 
furnace control system.

It gives the domestic market a fully inte-
grated system, designed and supported in 
the United States.

MORE INFO www.gasbarre.com

Solar Manufacturing 
builds MuShield’s 
first vacuum furnace 
The MuShield Co. of Londonderry, New 
Hampshire, has commissioned Solar 
Manufacturing to design its first vacuum 
furnace. 

The furnace, built with a SolarVac® 
Polaris control system and fully compliant 
to AMS2750E pyrometric specification, is 
designed to accommodate loads up to 36” 
wide x 36” high x 72” deep, and a maximum 
weight of 5,000 pounds. The Solar furnace 
operates at a vacuum level of 10-5 Torr with 
the capability of maximum temperatures up 
to 2,400°F, and features an external quench 
system designed for pressures up to two 
bar. MuShield is expanding with additional 
space that will house the new Solar furnace. 
The company aims to better serve the mag-
netic shielding industry by providing mate-
rial designed to protect sensitive electronics 
from magnetic fields. 

“MuShield was already aware of our excel-
lent reputation in the industry, and they were 
impressed with our facility when they visited 
earlier this year,” said Jason Davidson, Solar 
Manufacturing’s Northeast regional sales 
manager. “They were also impressed with 
results of testing performed for them by 
Solar Atmospheres, so we’re pleased they have 
placed confidence in Solar Manufacturing to 
provide their first vacuum furnace.”

Solar Manufacturing designs and manu-
factures a wide variety of vacuum heat treat-
ing, sintering, and brazing furnaces and 

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

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

Operator Signature capability

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

Blown Automation and Control
• Touch Screen Capability

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

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

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

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

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

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

investment in new equipment

http://www.gasbarre.com
http://www.kacsik.com
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offers replacement hot zones, spare parts, 
and professional service.  

MORE INFO www.solarmfg.com

Tenova and Chalco 
Ruimin sign FACs 
for aluminum lines
Tenova and Chalco Ruimin Co., Ltd officially 
signed the Final Acceptance Certificates for 
a continuous annealing line and a chemical 
pre-treatment line for processing aluminum 
strip coils. 

The new plant is located in the Fuzhou 
Economic Technical Development Area, on 
China’s South Eastern Coast. Chalco Ruimin 
Co., Ltd, is a company belonging to Aluminium 
Corporation of China (Chinalco), one of the 
world’s largest aluminum producers.

The two new lines process automotive 
and aerospace industry grade aluminum 
alloys (series 5XXX, 6XXX, and 7XXX), with 
strip width ranging from 1,000 up to 2,200 
mm and thickness ranging from 0.5 up to 
4 mm.

The total production rate for the continu-
ous annealing line is 100,000 tons/year with 
a process speed of 80 m/min, whereas the 
chemical line production rate is 120,000 
tons/year, with a process speed of 60 m/min.

Both lines are equipped with the latest 
state-of-the-art technologies for producing 
qualities and grades requested by automo-
tive and aerospace industry top applications.

Tenova exceeded Chalco’s expectations by 
commissioning and starting-up both lines 
well ahead of the planned schedule. 

“This project confirms Tenova’s experience 

and reliability in supplying leading technol-
ogies and plants for the aluminum and steel 
strip processing industry. With more than 
10 reference plants supplied in the last few 
years for auto and aerospace highest grades 
applications, Tenova confirms its leading 
position in the market,” said Nicola Cavero, 
senior vice president Tenova Italimpianti. “In 

the next couple of years, several additional 
lines we are currently supplying will start 
their production, further strengthening our 
leading position. We are ready to continue to 
provide our customers with our experience 
and our technology.” 

MORE INFO www.tenova.com

The two new lines process automotive and 
aerospace industry grade aluminum alloys (series 
5XXX,6XXX and 7XXX), with strip width ranging 
from 1,000 up to 2,200 mm and thickness ranging 
from 0.5 up to 4 mm. (Courtesy: Tenova) Heat on Demand!

Thermcraft is an international 
leading manufacturer of thermal 

processing equipment.  With 
over 40 years of experience, 

we can work with you to find a 
solution that fits your needs.  At 
Thermcraft, customer service is 

our #1 priority!

+1-336-784-4800
www.thermcraftinc.com 
info@thermcraftinc.com

High Temperature Heating Elements
• Ceramic Refractory Heating Elements
• Vacuum Formed Ceramic Fiber Heating Elements
• Heavy Duty Cast Refractory Plate Heating Elements
• Replacement Heating Elements for all OEM’s
• Vacuum Formed Insulation Packages
• Custom CNC Machined Insulation Shapes
• Custom Designed Heating Elements for R&D 

Applications
• Heating Elements can be used for Custom Built 

Furnace  Applications
• Made in the USA
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http://www.solarmfg.com
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INDUSTRIAL HEATING 
EQUIPMENT ASSOCIATION

Great programming, great networking  
at the 2020 Annual Meeting

Get ready to sail! IHEA’s 2020’s Annual Meeting promises to deliv-
er important and timely presentations and as always, enter-
taining networking opportunities on board Royal Caribbean’s 

Brilliance of the Seas. Scheduled for March 12–16, 2020, members 
will enjoy a cost-effective meeting while gaining all the benefits of 
a land-based event. The ship offers ideal meeting space for IHEA to 
bring in outstanding general session speakers, as well as breakout 
rooms for IHEA’s committee meetings. Attendees will hear from the 
following experts and will benefit from having them on board to 
continue conversations and gain additional insight from them dur-
ing the social activities.

CHRIS KUEHL, ARMADA 
CORPORATE INTELLIGENCE
Economic Update: Does the Roller 
Coaster Continue?

An annual favorite, IHEA’s economist Chris 
Kuehl will give an economic update with 
his take on what lies ahead in a presidential 

election year! Will the economy continue on its roller coaster ride 
in 2020?

OMAR NASHASHIBI, THE 
FRANKLIN PARTNERSHIP
The Race for the White House: How 
Manufacturing is Adapting to Tariffs 
and the Outlook for Trade 

Omar Nashashibi will present two impor-
tant sessions. With all eyes and ears on 

Washington as the 2020 presidential election unfolds, Nashashibi 
will give an election watch rundown from an “insider’s” perspective. 
Nashashibi’s second presentation will focus on how manufacturing 
is adapting to tariffs and the outlook for trade. 

CHIEF MASTER SGT. (RET.) 
BOB VASQUEZ, UNITED STATES 
AIR FORCE
The Power of SUPERvision

One of IHEA’s most popular speakers, Chief 
Master Sgt. Bob Vasquez returns with a new 
presentation based on his recently published 

book: The Power of SUPERvision! Every supervisor who aspires to 
become a SUPERvisor needs SUPERvision! SUPERvision starts with 
how you see yourself. What you see is what you’ll be. How do you see 
those people entrusted to you? How you see them is how they’ll be. 
How do they see you? They’re watching. You can count on that. Vision 
is important. SUPERvision is critical.

Go to www.ihea.org/event/AM2020 to view the 2020 Annual 
Meeting registration brochure that provides complete details. Follow 
the links in the brochure to register and book your cabin online. 

We have planned a great mix of business meetings and social 
gatherings to bring industry peers together. Here is a glimpse of the 
Annual Meeting itinerary:

Thursday, March 12: Tampa, Florida
Noon Attendees Board Brilliance of the Seas
4 p.m. Sailaway - Casual Gathering
7:15 p.m. Welcome Get Together 
8:30 p.m. Dinner

Friday, March 13: At Sea
8:30 a.m. – noon General Session 
8:30 a.m. Spouse/Guest Breakfast 
Noon – 1 p.m.  Attendees Free for Lunch
1:15 – 5 p.m. Committee Meetings 
7:15 – 8:15 p.m. President’s Reception 
8:30 p.m. Dinner

Saturday, March 14: Cozumel
8 a.m. – 6 p.m. Explore Cozumel on your own
8:30 p.m. Dinner

Sunday, March 15: At Sea
8:30 a.m. – Noon General Session
Noon – 1:30 p.m. Lunch
1:30 – 3 p.m. Mini golf tournament
7:15 – 8:15 p.m. Pre-Dinner Drinks 
8:30 p.m. Farewell Dinner

Monday, March 16: Disembark
8:30 a.m. Guests Disembark 

This unique meeting venue is perfect for IHEA members to gather 
and enjoy meeting new members and reconnecting with old friends. 
Don’t miss the 2020 Annual Meeting on board Royal Caribbean’s 

http://www.ihea.org/event/AM2020
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INDUSTRIAL HEATING EQUIPMENT ASSOCIATION
P.O. Box 679 I Independence, KY 41051

859-356-1575 I www.ihea.org

Brilliance of the Seas. 
Become a member. Join IHEA today at www.ihea.org.

ABOUT THE INDUSTRIAL HEATING EQUIPMENT 
ASSOCIATION 
The Industrial Heating Equipment Association (IHEA) is a voluntary 
trade association representing the major segments of the industrial 
heat processing equipment industry. Established in 1929 to meet 
the need for effective group action in promoting the interests of 
industrial furnace manufacturers, the organization has expanded 
and currently includes designers, manufacturers, and end users of 
all types of industrial heat processing equipment and serves as the 
knowledge base and authoritative voice for industrial process heating 
worldwide. For more information, visit www.ihea.org. 

MARCH 12–16
IHEA 2020 Annual Meeting
IHEA’s 91st Annual Meeting will be held on Royal Caribbean’s Brilliance 
of the Seas, sailing from Tampa, Florida. In addition to IHEA’s committee 
meetings, business presentations and networking opportunities, the 
itinerary includes a day to enjoy Cozumel, Mexico.

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

IHEA 2020 CALENDAR OF EVENTS

The pool deck on Brilliance of the Seas is the perfect place to network between 
meetings during IHEA’s 2020 Annual Meeting.

IHEA’s 2020 Annual Meeting sets sail on board Brilliance of the Seas.

http://www.ihea.org
http://www.ihea.org
http://www.ihea.org
http://www.ihea.org/events
http://thermalprocessing.com
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METAL URGENCY /// LEE ROTHLEUTNER
GROUP L E ADER F OR MAT ERIAL CON V ERSION  ///

T HE TIMKEN COMPAN Y

rain size is a critical metallurgical characteristic, signifi-
cantly influencing design parameters such as strength and 
toughness. Austenite grain size (often referred to as prior-

austenite grain size) is of particular interest to users of heat-treated 
plain-carbon and low-alloy steel components — so much so that indus-
try standards such as ASTM E-112 [1] and ISO:643 [2] outline a variety 
of procedures for determining austenite grain size.

Techniques include delineation of austenite grains with pro-eutec-
toid phases (ferrite and cementite), selective oxidation or etching 
of austenite grain boundaries, and analysis of electron backscatter 
diffraction (EBSD) data of finely polished metallurgical specimens [3]. 
Each method has its benefits and limitations, but some techniques 
may characterize your heat-treatment process better than others. 
For example, the Kohn oxidation method [2] and the McQuaid-Ehn 
carburization method [1, 2] require atmospheres and heat treatments 
that may not be representative of the process requiring characteriza-
tion. As a result, selective etching techniques are considerably more 
appealing. 

Figures 1–4 show examples of some of the more widely used tech-
niques. Figure 1 shows a specimen of modified 15V41 that was forced-
air cooled from forging temperature, held for 30 minutes at 700°C, 
then quenched to room temperature and etched using 2 percent 
nital. Figures 2–4 represent examples of specimens that underwent 
no special heat treatment but use an etchant similar to Brownrigg 
et al. [7] to reveal the austenite grain size. Figure 2 shows the case 
region of an induction hardened 10V45 shaft. Figure 3 shows the 
core of a furnace-austenitized and quenched-modified 8620 speci-
men. Figure 4 shows an isothermally transformed bainitic modified 
52100 specimen.

SELECTIVE ETCHING TECHNIQUES
Selective etching techniques such as the Bechet-Beaujard method [2] 
and its variants [7, 8] as well as a variety of other etchants [9–11] 
have distinct benefits over all other techniques. These etchants 
allow through hardened (both martensitic or bainitic) specimens 
to be examined with no additional heat-treatment steps that can 
bias the true austenite grain size of the process. However, achiev-
ing results that can be easily interpreted is far from a trivial task. 
Often each alloy and heat treatment requires a slightly modified 
methodology. 

EXAMPLE ETCHANT AND GUIDELINES
The simplest austenite grain size etchant is water-based saturated 
picric acid solution but slight variations in the etchant, sample 
preparation, and methodology can dramatically improve results. It 
is believed that this etchant attacks trace elements such as phospho-
rus (P) that segregate to austenite grain boundaries at austenitizing 
temperatures. Therefore, special temper embrittlement heat treat-

ments have been shown to improve etching results in alloys with 
low P content [8]. One instance in which this step is necessary is 
laboratory heats of steel that have very low P content. Another factor 
that is often overlooked is the specimen polish. A freshly polished 
metallographic specimen (1 µm or finer) provides the best results. 
Below are an etchant and general procedure as well as a list of con-
siderations developed from a review of the literature [7–11] that will 
provide a starting point for developing a procedure that will work 
for your process.

ETCHANT
1. 13 g/L picric acid in deionized (DI) water 
›› This is slightly above the solubility limit to ensure the solution 

is saturated.
2. 3% Teepol
›› Wetting agent. Substitutions can be made depending on avail-

ability of Teepol.
›› Increasing the concentration for lower carbon levels (i.e. 0.2 wt.% 

C) has been shown to improve results.
3. 1% hydrochloric acid
›› Exact concentration depends on alloy. Sometimes this addition 

is not needed.

PROCEDURE
1. Heat etchant to 65°C while stirring with magnetic stirrer. 

Keep etchant covered while not in use to prolong life.
›› Each batch of etchant typically only lasts 2–3 specimens.
›› Temperature can be reduced if etchant is observed to be too 

aggressive.
2. Immerse specimen in etchant for 5–10 seconds. Specimen will 

tarnish significantly.
›› Preheating the specimen on the hot plate or with a heat gun 

improves results.
3. Rinse with DI water followed by ethanol.
4. Lightly polish specimen by hand on a stationary medium- to 

high-nap polishing cloth with 1 µm or finer diamond compound.
›› Counting the number of revolutions around the pad helps 

repeatability. Less than 10 revolutions are typically all that is neces-
sary.

5. Clean with ethanol and dry with clean compressed gas.
6. Inspect with light microscope.
›› Try dark-field illumination to reveal the grain boundaries if 

bright-field produces marginal results.
7. Repeat steps 2–6 until acceptable results are achieved. 

REFERENCES
[ 1 ] Standard Test Method for Determining Average Grain Size, ASTM E112-13, 
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Grain size is a critical metallurgical characteristic. Several techniques  
are available for assessing that, but there are pros and cons to each.

Determining austenite grain size
G
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Figure 1: Optical micrograph showing austenite grain boundary delineation 
using isothermally transformed ferrite in a modified 15V41 [4]

Figure 2: Optical micrograph showing selective etching of austenite grain 
boundaries in an 10V45 induction hardened case [5]

Figure 3: Optical micrograph showing selective etching of austenite grain 
boundaries in a quenched and tempered modified 8620.

Figure 4: Optical micrograph showing selective etching of austenite grain 
boundaries in a bainitic modified 52100 [6].

mailto:lee.rothleutner@timken.com?subject=Referred by Thermal Processing
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HOT SEAT ///
D. SCOT T MACKENZIE, PH.D., FASM

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

he Jominy end quench test [1][2] (ASTM A255 [3]) is an 
extremely simple and useful test that is applicable to many 
materials besides steel [4][5]. This test can provide basic infor-

mation on the hardenability of a material and be used for specifying 
incoming material for heat treatment. It can also be used to predict 
the expected hardness of an as-quenched heat-treated part [6] as well 
as specifying materials during initial product design [7].

The Jominy end quench test consists of a simple bar 25 mm in 
diameter by 100 mm long. A small flange is machined at the end of the 
specimen for support. The bar is heat treated at normal austenitizing 
temperatures for the specific alloy for approximately one hour. The 
specimen is removed from the furnace, and hung in a special fixture 
(Figure 1).

As soon as the specimen has been hung in the fixture, a water valve 
is turned on, allowing water to cool the bottom of the specimen (the 
quenched end). A gradient of quench rates occurs along the length 
of the sample, with the quenched end exhibiting the highest quench 
rate and distances away from the quenched end showing progressively 
slower quench rates (Figure 2).

Once the specimen has cooled, two flats the length of the specimen 
are machined on opposite sides of the bar. Harness measurements are 
taken at either 1mm- or 1/16-inch intervals along the length of the bar, 
starting from the quenched end. This data is then plotted as a function 
of distance from the quenched end. An example of the Jominy end 
quench plots for several alloys is shown in Figure 3.

In Figure 3, it can be observed that, at identical quench rates (or 
distance from the quenched end of the Jominy end quench specimen), 
the hardness of each of the alloys is different. This very clearly shows 
the differences in hardenability of the different alloys.

There will be a range of Jominy data depending on the chemistry 
of the alloy. This is illustrated in Figure 4.

This data can be useful for determining the minimum hardenabil-
ity needed for parts. To determine this, it would be necessary to consult 
the Lamont [8] charts. In these charts, the hardness of round bars of dif-
ferent thickness is correlated to the Jominy end quench data (Figure 5). 
For instance, if the needed as-quenched hardness at the center of a 2.0” 
diameter bar is needed to be HRC 50, and the quench media is a fast 
quench oil (H = 0.7), then the incoming material would be specified as 
requiring a hardness of HRC 50 at J8. One of the drawbacks of this is 
the value of the Grossman H-value [9]. Often it is not known. However, 
it usually can be determined from cooling curve data or from your oil 
supplier. This will be the subject of another article. 

Assuming that the Grossman H-Value is known either from cal-
culation or from the quenchant supplier, this data can be used to 
predict the expected hardness, or to select an alloy to be used for a 
possible part. For instance, say the part is 2 inches in diameter and is 
quenched in water (H= 1.0). From Figure 5, the surface hardness would 
correspond to J4, and the center hardness would correspond to J9. A 

tabulation of Jominy end quench data would be examined [10], and an 
alloy would be chosen that satisfies the required surface and center 
hardnesses at those distances from the quenched end.

In the same fashion, after a material has been chosen, the data can 
also be used to select a quenchant to be used to achieve the desired 
surface and core properties. This is useful to ensure that, once the 
part has been designed, it can be manufactured and not be prone to 
cracking or distortion.

This powerful, data-rich test method that can  
ensure that a part is made to specification.

Understanding the Jominy end quench test
T

Figure 1: Jominy apparatus per ASTM A255. 
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CONCLUSION
In this short article, the Jominy end quench test has been described. 
The method of conducting the test has been briefly discussed. The 
practical application of the data provided in the Jominy end quench 
test to specifying minimum hardenability requirements for incoming 
material for heat-treated parts was illustrated using Lamont charts. 
The selection of material for a part, based on the center and surface 
hardness, and a typical quenchant were also illustrated.

In summary, the Jominy end quench test is a powerful and data-
rich test method that can be used by heat treaters, quality engineers, 
and designers to ensure that a part is made to specification.

Should there be any questions on this, or if you have suggestions 
for topics to be discussed, please contact the editor or myself. 
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Figure 2: Quench rates at 704°C as a function of distance from the quenched 
end for the Jominy end quench.

Figure 4: Range of Jominy end quench data for AISI 4140H. Data taken from 
[11].

Figure 3: Jominy end quench hardness data for several typical alloys. Data 
extracted from [11].

Figure 5: Lamont charts for different size diameter round bars, correlated to 
Jominy end quench distance. Graph taken from [11].
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JASON SCHUL ZE

ME TAL L URGICAL ENGINEER  ///  CONR AD K ACSIK

ith the fast pace of change in the heat-treat industry, it is 
understandable that more automation is in demand. This 
automation inevitably improves repeatability and reduces 

quality risks. Automation can include control-based automation, 
where the furnace control system automatically cycles temperature 
and associated events based on pre-programmed parameters. It is 
more common now for engineers to document the required param-
eters based on material and customer requirements and flow this 
down to the heat treater who operates the furnace. It seems heat 
treaters are becoming less common and furnace operators are taking 
their place. By this I mean that furnace operators are running the 
furnace but not necessarily determining parameters based on the 
requirements from customers. With this comes a different approach 
to training. In this article we will discuss more modern methods of 
operator training that are in line with the changes in the heat-treat 
industry.

TECHNICAL TRAINING
Before the rise of furnace automation, heat treaters typically oper-
ated the furnace and, at times, determined process parameters based 
on material and customer requirements, albeit more commonly in 
the commercial heat-treating industry. When I started in the aero-
space heat-treat industry, it was not uncommon for a heat treater to 
receive, say, A2 with a requested hardness and nothing more. The 
heat treater would then choose the temperature and time needed 
to achieve the required hardness. The heat treater would typically 
check hardness as well. Heat treaters who performed these tasks 
required training that included some level of metallurgy as well as 
furnace operation and maintenance. 

OPERATIONAL TRAINING
As furnace operators take the place of heat treaters, the training 
required for furnace operators will differ greatly than that of a heat 
treater. For a furnace operator, a good training plan will include in-
house procedures and less industry specification and metallurgical 
training. Training can be focused on internal procedures that specify 
not just how to operate a furnace, but how to charge a load, place load 
thermocouples, and what to do with out-of-tolerance conditions. No 
level of metallurgical knowledge is necessary any longer. This is due 
to engineering documenting the process parameters on standard 
work (i.e. procedure, router, work instruction, etc.) and flowing this 
down to furnace operators. With the rise of furnace automation, it is 
simply a matter of furnace operators selecting the furnace program 
that is stated on the standard work since the programs stated are 
pre-set with process parameters that apply. 

NADCAP TRAINING REQUIREMENTS – HEAT TREAT
There are several questions within the Nadcap baseline heat-treat 

checklist that address training. For those who are Nadcap accredited, 
it is important to read each question in detail to ensure compliance. 

Paragraph 4.1.1: Are there training procedures that assure per-
sonnel performing contract review, job planning, heat treating, 
and associated quality and test functions are competent to perform 
assigned tasks?

Reading this question carefully, you can see there are several 
requirements within this single question. Do personnel performing 
1) contract review, 2) job planning, 3) heat treating, and 4) quality-
related tasks receive training that ensures they are 5) competent 
to perform the task? In this article we are discussing training for 

furnace operators, but as you can see, this question includes train-
ing for other areas that have the potential to affect heat treat. The 
way question number five is worded should push us more toward 
competency training that would include internal procedures and 
policies, less metallurgy, and industry/prime specifications. 

SUMMARY
Of course, training furnace operators will have its challenges. It is 
important to find furnace operators with the approach that is best 
for your operations. Assuming the training plan is sufficient for 
furnace operators to perform their job successfully, operator error 
should be seen as an opportunity for engineering, quality, and man-
agement to re-examine their training program to mitigate possible 
mistakes. 

ABOUT THE AUTHOR
Jason Schulze is the director of technical services at Conrad Kacsik 
Instrument Systems, Inc. As a metallurgical engineer with 20-plus 
years in aerospace, he assists potential and existing Nadcap suppliers 
in conformance as well as metallurgical consulting. He is contracted by 
eQualearn to teach multiple PRI courses, including pyrometry, RCCA, 
and Checklists Review for heat treat. Contact him at jschulze@kacsik.
com.

As furnace operators take the place of heat treaters, there is less need  
for metallurgical knowledge and more emphasis on internal procedures.

Determining heat-treat operator training
W

 It is more common now for engineers to 
document the required parameters based on 
material and customer requirements and flow 
this down to the heat treater who operates the 
furnace. It seems heat treaters are becoming 
less common and furnace operators are taking 
their place.
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SOLUTIONS THROUGH INGENUITY

Solar Manufacturing designs and manufactures high performance, 
technically advanced and energy efficient vacuum heat treat furnaces. 
Models range from compact R&D size furnaces to mid-size horizontal 
production furnaces to huge car-bottom vacuum furnaces for large heavy 
workloads. No matter what the application or size of workload, Solar 
Manufacturing has the versatile, feature-rich vacuum furnace solution to 
fit your needs. We back it all up with outstanding Aftermarket support: 
spare parts, service and replacement hot zones. 

VACUUM HEAT TREATING 
FURNACES

PROUDLY MADE IN THE USA

267.384.5040
sales@solarmfg.com

solarmfg.com

THE  BR IGHTEST  SOLUT IONS  THROUGH INGENUIT Y

Give us a call to learn  
more about our vacuum  
furnace ingenuity.

HCB High capacity, car bottom loading

EQ Production ready, external quench VBL Vertical bottom loading

MIQ Compact, internal quench

IQ Production ready, internal quench

SM TP Corporate FPg.indd   1 9/18/2019   11:07:10 AM
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Research being done on this process is showing that it 
can be advantageous to creating longer-lasting products 
and tools that cost less.
By FREDERICK DIEKMAN

What is happening in the world of Deep Cryogenic 
Treatment (DCT)? Research into this field is exploding. 
Research is coming from companies and major uni-
versities in China, India, Hungary, Turkey, Pakistan, 

Poland, Iran, Italy, the United Arab Republic, Korea, and others. 
The research is covering many facets of DCT. There are three major 
research topics now.

1. DOES IT WORK?
The first topic is the perennial theme of determining if DCT “works” 
and what it works on. The present papers are well written and 
include research into tool performance, use of DCT on grinding 
and EDM situations, the use of DCT on various automotive com-
ponents and tooling components, electrical components, and in a 
variety of situations. Many different tests are performed to estab-
lish what can be expected of the process. Tests include fatigue tests, 
abrasive tests, corrosion tests. wear tests, electrical tests, and more. 
Originally thought to only work on hardened steel, DCT has now 
been absolutely proven by formal research to work on a wide variety 
of materials and a large variety of uses. 

An example of this is a research paper analyzing the results 
of DCT Kevlar fibers. The title of the article is “Modification of 
tensile, wear, and interfacial properties of Kevlar fibers under cryo-
genic treatment” [1]. This research paper tested fibers treated with 
two time/temperature profiles of treatment. It then tested tensile 
strength, surface morphology, interfacial shear strength (IFSS), 
molecular structural changes, and abrasion resistance. They found 
tensile strength increased 24.9 percent, morphology changes that 
increased the IFSS 18.9 percent, and abrasion resistance enhanced 
more than 50 percent.

Another example is “Influence of Deep Cryogenic Treatment 
(DCT) on Thermo Mechanical Performance of AISI H13 Tool Steel” 
[2]. This paper explores thermal mechanical performance of H13 
using pin-on-disc high temperature wear testing and stress rup-
ture tests. Stress rupture time increased by more than 11 percent, 
impact resistance was improved by 18 percent, and wear rate was 
reduced by 32 percent when compared to conventional heat-treated 
sample.

Tests like these are being done on many alloys of steel, copper, 
stainless steel, and other materials. They are also being done on 
cutting tools and on EDM situations.

2. WHY DOES DCT WORK?
The second topic of research is investigating why DCT works. DCT 
was originally thought by rather uninformed metallurgists to only 
work due to the conversion of austenite to martensite in ferrous 
metals. But that did not account for it working on various met-
als, carbide, plastics, and other materials. Austenite-to-martensite 
conversion does not account for treated brake rotors lasting seven 
times as long as untreated as in the U.S. Postal Service tests done in 

the laboratory. Normal cast-iron brake rotors have pearlitic micro-
structure and no detectable austenite. It does not account for the 
increase in sound acuity achieved by treated vacuum tubes and 
other sound reproduction gear. It does not account for the sub-
stantial increase in strength available in Kevlar and other fibers. 
So, something else is happening to the structure. A lot of research 
is being done on carbide formation, the precipitation of elements 
in the crystal structure, and the movement of atoms in the crys-
tal structure. Researchers are trying to find out precisely why the 

W

Research is pouring in from all over the world proving that deep cryogenic 
treatment is the finishing touch to products that makes them perform head 
and shoulders above untreated products. (Courtesy: Frederick Diekman)
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process works so they can optimize the results.
An example of a paper that illustrates this second topic is: “Effect 

of deep cryogenic treatment on internal friction behaviors of cold 
work die steel and their experimental explanation by coupling 
model” [3].

This paper looks into the internal friction behavior in cold work 
tool steel. It is tested before and after DCT. The experimental results 
include the Snoek relaxation and its dependence on carbon con-
centration with the soaking time at liquid nitrogen temperatures. 
It discusses the Snoek–Ke–Koster (SKK) relaxation and explains by 
coupling model, which is based on the considering of the coopera-
tive migration of the foreign interstitial atoms C, N, O (FIAs) caused 
by two kinds of interactions. These interactions include the FIAs 
themselves and interactions between the FIAs with time-dependent 
strain field of dislocations. The decreasing of the Snoek peak height 
is indicated by the solute C amount in matrix being reduced after 
DCT treating. Moreover, the carbon atoms segregated to nearby 
dislocations, producing a strong Snoek–Ke–Koster relaxation. The 
paper concludes:

“In this paper, the experimental features of Snoek relaxation and Snoek–
Ke–Koster relaxation in cold work die steel carrying out DCT treating are 
investigated. The decreasing of Snoek peak height demonstrated that the 
solute carbon amount in matrix is reduced after DCT treating as well as 
increasing soaking duration at the lowest temperature. Moreover, a suc-
cessfully application of the coupling model to explain the Snoek–Ke–Koster 
relaxation and the motion of dislocations dragging along the Cottrell cloud 
of FIAs is presented. The results were shown that the interstitial carbon 
atoms segregate to nearby dislocations in the process of deep cryogenic 
treatment. These segregated carbon atoms nearby the dislocations act as 
growing into nuclei for carbide during tempering.”

Much work is being done on the movement of carbon atoms and 
other alloying elements. This is helping to explain the formation of 
carbides, the relief of residual stresses, and changes in the crystal 
structure. It is making it clear the changes done by DCT are often 
in the crystal structure, not just in the microstructure.

3. THE OPTIMIZATION OF THE DCT PROCESS 
PARAMETERS
The third topic of the research that we are now seeing is the opti-
mization of DCT. Research is being done in order to find the opti-
mum time/temperature profile to run on a given material. It turns 
out that some materials perform better with long soak times, and 
some are better with short times. It is also being found that some 
materials such as fibers respond better when the initial decrease in 
temperature is drastic. Some testing is being done so the shortest 
processing time can be done for production purposes. 

An example of this is: “Tensile Properties and Microstructures of 
a 2024 T351 Aluminum Alloy Subjected to Cryogenic Treatment” [4]. 
This paper tested tensile properties of samples treated with a hold 
of 2, 4, 6, 8, and 12 hours. This paper found that the improvements 
of tensile properties were related to the time spent at the low tem-
perature point but started to decrease after a six-hour hold. It also 
found that grains in treated specimens were more uniform. Thus, 
a hold of six hours was the optimum for these tested properties.

TAKE A NEW LOOK AT THIS PROCESS
Look at DCT with both your production processes and your product 
design in mind. Why? Because research is pouring in from all over 
the world proving that DCT is the finishing touch to products that 
makes them perform head and shoulders above untreated products. 
Many companies are finding that by offering superior products that 
last longer and reduce customer expense, they can take over market 

share. A number of these companies are moving into markets where 
they have little-or-no current participation in. This minimizes the 
effect DCT has on their own present sales at the expense of the 
sales of their competition. If their competition does not respond 
with improved products, the competition will lose market share. 
The fact that many of these companies are using DCT to penetrate 
markets that are not producing in the U.S. makes it difficult for 
U.S. companies in their current effort to make American products 
the best available.

There are other reasons to look into DCT. Currently, climate 
change is a hot topic with many people. Making products last longer 
goes a long way in mediating the effect that building the product 
has on the environment. DCT reduces the energy, raw materials, 
and the labor needed to accomplish the same job an untreated 
component does. 

Currently The Cryogenic Society of America’s data base on DCT 
research articles contains 178 peer reviewed scientific papers from 
major colleges, universities, and government laboratories. Many 
more await review, and the influx of new papers is accelerating. 
DCT is a process that will make a huge difference in the future of 
many products. The data base is available at cryogenictreatment-
database.org.

If your goal is to make excellent, long-lasting products, as well 
as reducing your tooling costs, take a new look at this wonderful 
and useful process. 
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VACUUM HEAT 
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FOR ADDITIVE MANUFACTURING

Figure 2: Detail of a TAV furnace 
hot chamber in molybdenum.



thermalprocessing.com  23

Vacuum heat treatment is a necessary post process  
step when specific components and materials processed  
with SLM technology are taken into consideration.
By ALESSANDRO FIORESE

dditive manufacturing means any technology capable of 
obtaining a final component starting from a 3D CAD file 
and adding material layer by layer. At a theoretical level, 
additive manufacturing only coincides with the 3D-part 

construction phase. In reality, in order to fully understand this tech-
nology, a series of other preprinting and postprinting activities must 
be considered, which constitute the entire supply chain of additive 
manufacturing.

In this article we will analyze the activities that precede and fol-
low 3D printing, paying particular attention to the requirements of 
the materials and the processes necessary to obtain a high quality 
production.

THE PREPRINTING PHASE
If we limit the field of additive manufacturing to the single and more 
widespread powder bed technology selective laser melting (SLM), dur-
ing the entire supply chain it is essential to take care of the atmosphere 
that surrounds the material in all its production steps.

For example, considering the production of powders as a preprint-
ing phase, it is necessary to pay a lot of attention to how they are pro-
duced. If the powders were obtained through an atomization process 
in an unsuitable atmosphere, we could find, in the printing phase, oxi-
dized powders, which could be particularly difficult to melt or could 
melt generating defects inside the material of the molded component.

Assuming that the starting point of the powders is optimal, that 
is that the powders have been produced correctly in terms of geom-
etry and absence of oxides, even during the process of 3D printing it 
is essential to control the atmosphere inside the accretion chamber. 
This is easily understood since 3D SLM printing can be compared to a 
continuous welding process in which the fused pool must be continu-
ously protected by inert gas. Despite the inertization of the interface 
between the molten pool and the chamber environment, small resi-
dues of oxygen or slight impurities contained in the gas, not perfectly 
pure, can result in unwanted inclusions within the final piece with 
consequent unacceptable colors and a deterioration of mechanical 
performance in a future use.

Also, the postprinting phase is important to optimize the mechani-
cal properties of the components. TAV Vacuum Furnaces has achieved 
some interesting results in the lab using vacuum heat treatments.

THE POSTPRINTING PHASE
After 3D printing, most of the materials that can be printed with SLM 
technology always need a heat treatment. This heat treatment can be 
de-tensioning (to release most of the internal tensions accumulated 
in the material during the printing phase) or of another type (to try 
to optimize the mechanical properties of the component according 
to its specific application).

Usually these treatments are carried out in air or in a controlled 
atmosphere.

In reality, TAV Vacuum Furnaces has experimented in its internal 

A

Figure 1: The TAV Vacuum Furnaces R&D Laboratory.

Figure 3: SLM samples in 316 L steel before heat treatment. The samples were 
printed by SAIEM and analyzed by the University of Genoa (DCCI).
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Figure 4: SLM samples in 316 L steel after heat treatment. The samples were printed by SAIEM.

Figure 5: SLM samples in Ti6Al4V before heat treatment printed at the CNR, 
Institute of Chemistry of Condensed Materials and Energy Technologies, CNR 
ICMATE, Lecco site.

Figure 6: SLM samples in Ti6Al4V after heat treatment printed at the CNR, 
Institute of Chemistry of Condensed Materials and Technologies for Energy, 
CNR ICMATE, Lecco site.
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laboratory (Figures 1 and 2) that on specific components and materials, 
such as stainless steel (Figures 3 and 4), titanium superalloys (Figures 
5, 6, 7 and 8), superalloys of nickel and CoCr alloys, the use of vacuum 
is required.

In the case of titanium, even a low vacuum level around 10-3 mbar 
is not sufficient.

CONCLUSIONS
Our experience, resulting from collaborations with our customers and 
different universities, teaches us that vacuum is able to:

›› Minimize surface contamination at high heat treatment tem-
peratures, leading to a consequent improvement in the mechanical 
response of the component.

›› Make mechanical and corrosion verification tests of the various 
printed components extremely repeatable.

›› In some cases, it can clean up the samples surfaces contaminated 
by printing processes, making them shine, that, as we have already 
seen, take place in a controlled atmosphere but not in total absence 
of oxygen.

In addition to these benefits, there is also the fact that the materials 

mentioned are mostly used for aerospace and medical applications, in 
which very strict rules must be respected to reduce surface contamina-
tion and to maximize mechanical properties.

For what has been presented so far, the vacuum heat treatment 
turns out to be a mandatory post process step when specific compo-
nents and materials processed with SLM technology are taken into 
consideration. 
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Figure 7: SLM samples in Ti6Al4V for pre-heat treatment fatigue tests. Figure 8: SLM samples in Ti6Al4V for post-heat treatment fatigue tests. 

If we limit the field of additive manufacturing to the single 
and more widespread powder bed technology selective laser 
melting (SLM), during the entire supply chain it is essential to 
take care of the atmosphere that surrounds the material in all 
its production steps.
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Industrial Heat Treating’s large 
capacity aluminum furnaces can 
accommodate a wide variety 
of customer needs. (Courtesy: 
Shutterstock)
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Industrial Heat Treating — one of the largest aluminum 
heat treaters in the New England area —  has been offering 
commercial heat-treating services to a myriad of industries 
for more than 75 years.
By KENNETH CARTER, Thermal Processing editor

ndustrial Heat Treating has been heat treating metal for 
decades, and the company is packed with experience 
to make sure jobs are done right, done efficiently, and 
done quickly.

And Industrial Heat Treating has made quite the reputation for 
being able to tackle just about any job, according to Brian Fisher, CEO 
and CTO of Industrial Heat Treating.

Industrial Heat Treating offers a diverse selection of processes to 
meet today’s growing industry and technology. The company’s large 
capacity aluminum furnaces can accommodate a wide variety of 
customer needs, and it is one of the largest aluminum heat treaters 
in the New England area.

The company does a lot of aluminum heat treating and has a car 
bottom furnace for treating big orders of steel such as billets. It has 
atmospheric furnaces, induction furnaces, and vacuum furnaces. 
Essentially, no part is too big or too small for Industrial Heat Treating 
to process, according to Fisher.

SERVING MANY INDUSTRIES
Industrial Heat Treating’s customer base encompasses many indus-
tries such as medical, auto, government, power generation, musical 
instruments, food industry, safety and alarm systems, electronics, 
and many more.

“Medical parts go in the vacuum furnace, because they’re very 
clean and shiny,” Fisher said. “Anything you want very, very, very 
shiny has to go in the vac, because it gets quenched with nitrogen. 
The nitrogen is delivered in liquid form, but when it goes in that tank, 
we have a vaporizer to change it into a gas. As soon as the furnace 
shuts off, the nitrogen gets pumped in. And instantaneously, the 
temperature goes from 2,250 Fahrenheit to 50 degrees.”

The car bottom furnace can get up to 2,000 degrees Fahrenheit, 
and Industrial Heat Treating’s atmospheric furnaces can get up to 
1,900 degrees Fahrenheit, according to Fisher.

“Those are generally for smaller parts,” he said. “And they have 
an internal quench tank, so that once the time is over for the heat 
process, the door will open internally, and two chains will take the 
basket and bring it further into the furnace where the oil quench 
tank is. There’s an elevator that lowers it into the tank to quench the 

parts. That’s all self-contained.”
Although Industrial Heat Treating mainly deals with alumi-

num and steel, Fisher said bronze is also something the company is 
equipped to process.

“We don’t do a lot of bronze, but we advertise that we could do 
any metal, and I believe it,” he said. “I would say the person with 
the least experience here has 35 years of experience, and the person 
with the most has 40.”

EFFICIENCY IS THE GOAL
That experience is vital to the efficiency that Industrial Heat Treating 
boasts, according to Fisher.

“When the truck pulls up, they don’t even have to look at the 
paperwork,” he said. “They know just by looking at it who it belongs 
to. They come up with a forklift, and they take what they know is 
theirs — especially aluminum.”

To that end, Fisher points out that nothing is ever done really 
wrong.

“We have quality control; we test everything for hardness, and 
basically that’s what we sell: hardness,” he said. “Or if it’s annealed, 
then softness. But you still can test that. We have all kinds of quality-
testing machines for hardness. So, if I can add speed — get it back a 
day or two sooner than normal — then they’re happy.”

Quality control experts survey and calibrate the company’s equip-
ment each week, according to Fisher.

“They give us a third-party report that’s available if the customers 
want to see it,” he said.

Industrial Heat Treating takes pride in its ability to offer qual-
ity and service, but Fisher likes to add one more item to that list: 
efficiency.

“I know we can get it done faster than a lot of people, because the 
guys here have been here so long,” he said.

TAKING CARE OF CUSTOMERS
With all the jobs that are well within Industrial Heat Treating’s area 
of expertise, occasionally, a job may not fall into that window. But 
Fisher said it’s important that a customer know that up front.

“There is some work we can’t do,” he said. “Customers usually 

I
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want every job quoted. I’ll get an email; the quote will come in, and 
I’ll bring it downstairs. Basically, what I’m looking for is numbers: 
What’s it going to cost? Sometimes, they put, ‘NQ’ — no quote. And 
then I say, ‘Well, why?’ And they say, “Well, here’s the story: If I try to 
get it to that hardness, I’m going to destroy the parts. They’re going 
to get destroyed.’”

To that end, it’s important to his customers to ultimately get their 
job done, so part of Fisher’s routine is to suggest the names of other 
potential heat-treaters — but with a caveat.

“I would tell them: Don’t send them everything,” he said. “Send 
them one or two parts, especially with something that’s intricately 
machined. That costs a lot of money for the guy. And I think they 
appreciate that. Honesty is the big thing. To me, a job isn’t as impor-
tant as keeping the customer. You’ve got to keep the customer happy, 
so he’ll come back. If you think you can gouge them, that’s not a good 
relationship. You’ve got to be honest with them. You’ve got to be fair.”

STARTED IN 1942
Being located near Boston, Massachusetts, Industrial Heat Treating 
began its long history in 1942 where they used to aid in building 
ships for the U.S. Navy. The company set up shop on the Neponset 
River, which empties into the Atlantic Ocean. In the beginning, 
barges would bring the ships’ massive gun barrels in to be treated. 
And since the parts were so large, the company had to treat the 
metal using sodium cyanide or potassium cyanide, according to 
Fisher.

“If you had a part that you couldn’t get in a furnace, you made a 
bed of this sodium or potassium cyanide, and you put the metal in 
it and you just kept turning it,” he said. “And the reaction made the 
metal hard.”

Industrial Heat Treating is a third-generation, family-owned and 
operated business that reaches customers throughout the U.S. The 
company has continued to build on that reputation in the decades 
that followed World War II, and Fisher said since he has taken over 
the company, he has strived to make improvements that will only 
help make the services he offers even more lucrative.

TIME, TEMPERATURE, AND QUENCH
“Wherever the industry is going, I know what I’m trying to do,” he 
said. “I’m trying to make sure the furnaces that we have are run-
ning. And it’s time, temperature, and quench. And it’s always going 
to be metal.”

And although Industrial Heat Treating doesn’t implement the lat-
est, most-advanced furnaces, Fisher said he more than makes up for 
it with what the company can offer its customers on a daily basis.

 “I’d say honesty and experience are the two major things here,” 
he said. “And we have a huge customer base — huge. When we do it, 
it’s done right. It doesn’t come back. That’s important.”

Fisher said his team at Industrial Heat Treating prides itself in 
having outstanding customer service and quick turnaround.

“As part of the manufacturing process, we encourage our custom-
ers to allow us to participate with them in the production of a better 
product for their consumer,” he said. “It is our goal to join our cus-
tomer in delivering a superior product by choosing the right material 
from the start. Our employees are knowledgeable and experienced 
in the industry and are available to offer recommendations and sug-
gestions to improve the end product.” 

MORE INFO www.indht.com

Industrial Heat Treating’s customer base encompasses many industries including medical in which equipment is treated in a vacuum furnace, because it needs to be 
very clean and shiny. (Courtesy: Shutterstock)
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Q& A /// INTERVIEW WITH AN INDUSTRY INSIDER

Who is Dante Solutions, and what do you do 
with the company?
Dante Solutions is an engineering company 
with a main focus on improving heat treatment 
processes by application of sophisticated model-
ing tools. We do this so we can better understand 
the metal’s response to heat treatment. This pro-
vides part-performance improvement through 
control of dimensions, control of microstruc-
ture, and control of final part stress state.

Our Dante software is a big part of this com-
pany, though it’s far from who we are as a whole. 
As a whole, we’re a group of mechanical engi-
neers, process engineers, and software engineers, and we all have back-
grounds in manufacturing processes, metallurgy, and failure analysis.

I’m a mechanical engineer here, and my job duties are generally 
principal engineer on consulting projects and training new Dante 
users. But I also do marketing, sales, IT, a little bit of everything. 

What does Dante do for the heat treat industry?
We really have two main avenues to help the industry: Our first is 
our flagship software Dante. The second is our consulting services for 
troubleshooting existing processing problems or by taking more of a 
proactive approach and actually helping in process design. The tools 
and services we offer allow for faster implementation of new alloys 
and processes. They also help make part performance more reliable 
by having more dimensionally consistent parts from the processes, 
as well as consistent microstructure and hardness, while avoiding 
detrimental heat-treat related issues such as quench cracking, car-
bide formation, poor case depths, and bad residual stress profiles. 

What is the Dante Flagship software, and how is it beneficial to 
the heat-treat industry?
Our flagship software is called Dante, which is an acronym for 
Distortion Analysis for Thermal Engineering. It’s used to predict the 
metallurgical phase fractions, hardness, distortion, and residual stress 
from a thermal process. Our software also has a large database of 
materials that gives us a leg up over the competition. Chances are users 
won’t even have to supply their own data, which is really significant 
because this isn’t like a normal stress simulation where you just need 
room temperature values. We have to collect data over an entire range 
of temperatures all the way from room temperature to 2,000 F. Having 
that data on hand for our customers is really big. 

The Dante software can be a tremendous help to the industry 
where it can be used for troubleshooting and root cause failure analy-
sis from quench cracking. But while that’s a great use, we also like to 
see it used as a design tool. By using the software, green shapes can 
be fine-tuned for current processes or processes can be fine-tuned for 

a specific geometry. Grind stock can be deter-
mined accurately because you’ll know the final 
dimensions after heat treat. Materials can be 
determined based on processing options and 
cross-sectional thickness. If you’re stuck with 
one process, then what materials can I use? We 
even consider the carbide growth and dissolu-
tion for materials with strong carbide forming 
elements, so we’re beyond Fick’s second law of 
mass diffusion. But as far as troubleshooting of 
the heat-treat process goes, the biggest benefit is 
that it removes that black box.

What is the black box?
In the past in heat treating, you know what goes in as far as micro-
structure and dimensions, and you know what comes out, but you 
really have no idea what happens in between. It’s basically a mystery. 
That’s the “black box.” By using the Dante software, one is able to 
see what happens during heat treatment in terms of thermal and 
microstructural stresses and strains. And then one’s able to deter-
mine where the stresses and strains come from, which are usually 
related to phase transformation timings. Then you’re able to use 
the software to conduct virtual trials to eliminate or reduce these 
unwanted stresses and strains. The software really does allow for a 
fundamental understanding of the heat treat process.

Where do you see heat treat in 10-20 years, and Dante’s place in 
that future?
With respect to the heat-treatment simulation software, which is 
really where we want to be, we still want to offer consulting services 
just to stay current and to help those customers who don’t have the 
capabilities to run the software. But we really want our focus to be on 
the software side. In the next decade or two, we see a big movement 
toward making modeling part of the heat-treat process path defini-
tion. And what I mean by that is we see part designers beginning to 
use the software to actually define the heat treatment of their parts 
as opposed to providing specifications. The downside then becomes: 
Where does the heat treater stand in all this? And the heat treater can 
turn around and use simulation to essentially advance the technology.

By using the software, they can run virtual trials instead of actual 
physical experiments to optimize processes, which reduces cost and 
time tremendously. But heat treaters can also use the software as a 
training tool for new hires as a way to offset “brain drain” from those 
experienced personnel who are retiring. We really feel that that’s one 
of the big benefits of simulation. 

MORE INFO dante-solutions.com

“The Dante software can be a tremendous help to the industry where it can be 
used for troubleshooting and root cause failure analysis from quench cracking.”

JUS TIN SIMS /// MECHANICAL ENGINEER /// DANTE SOLUTIONS

http://dante-solutions.com
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Technologies and Processes for the Advancement of Materials

THERMOCOUPLES / INDUSTRIAL GASES

COMPANY PROFILE /// McLaughlin Furnace Group
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THE ADVANTAGES OF AN 

ALL-METAL VACUUM 

FURNACE HOT ZONE

COMPANY PROFILE ///
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Super Systems Incorporated

VACUUM HEATING / CRYOGENICS
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HIGH-EFFICIENCY GAS BURNERS MAKE GOOD ECONOMIC SENSECOMPANY PROFILE ///

ISSUE FOCUS ///

Paulo

Technologies and Processes for the Advancement of Materials

BURNERS & COMBUSTION / INSULATING MATERIALS

Thermal Processing magazine is a 
trusted source for the heat treating 
industry, offering both technical and 
educational information for gear 
manufacturers since 2012. 
Each issue, Thermal Processing offers its readers 
the latest, most valuable content available from 
companies, large and small, as well as critical 
thoughts on what this information means for the 
future of the heat treating industry.

Best of all, it’s free to you. All you need to do is 
subscribe. On ThermalProcessing.com, we have paired 

our vast technical archives with the latest web 
technologies to develop the most efficient, 
streamlined, user-friendly web experience in the 
gear industry. 

YOUR INDUSTRY NEWS SOURCE

SUBSCRIBE FOR FREE 
www.thermalprocessing.com

JOIN THE THERMAL PROCESSING

FOR ONLY
COMMUNITY

$350
PER YEAR

http://www.thermalprocessing.com


AcrossInternational.com 
888-988-0899

@acrossinternational

HIGH TEMPERATURE HEAT 
TREATMENT IS OUR SPECIALTY. 
Across International equipment features targeted and 
precise temperature control, high quality components, 

and sophisticated features, all at a great price. 

For all your heat treatment needs, 
choose Across International.

http://acrossinternational.com



