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Horizontal Quench System

2675 Main Street • PO Box 873 • East Troy, WI 53120 USA
www.wisoven.com • sales@wisoven.com • 262-642-3938

A Cost Effective Option for Your Solution Treatment Process
The Horizontal Quench System utilizes an electrically operated pusher/extractor 
mechanism providing a quench time as low as 7 seconds, which combined with a 
load capacity of up to 6,000 lbs, makes it ideal for a wide range of applications.

Wisconsin Oven is a brand of 
Thermal Product Solutions, LLC

Benefits:
•  5 standard sizes
•  Custom sizes available
• Gas fired or electrically heated
•  Cost effective alternative to a drop bottom furnace
•  Ideal for castings, extrusions, forgings, and other aluminum
•  Automated controls available for easier operation
•  AMS2750E compliance available
•  Fully factory assembled and tested prior to shipment to 

reduce installation and start-up time

Standard Features:
•  High capacity recirculation system
•  Quench tank water agitation pump with distribution manifold
• Combination airflow through oven chamber
•  Standard temperature uniformity of +/- 15° F, tighter tolerances 

available upon request
•  Air operated vertical lift oven door & quench platform

WO HQS Ad 8.375 x 10.875.indd   1 2/22/21   6:19 PM
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Finally, some light at the end of the tunnel
ith more than 200 million vaccines administered as of press time (and probably 
millions more by the time you read this), it looks like we might be moving ever 
closer to a calming sense of normalcy.

That’s good, because that — hopefully — will mean we can all start going to trade-
shows once again.

Virtual shows, although a great format to introduce new products, isn’t the same as 
meeting the movers and shakers of the heat-treat industry and gazing upon your amaz-
ing merchandise live and in person.

As we inch toward the familiar, let this month’s issue of Thermal Processing be a way 
to cover you with heat-treating innovations like a warm blanket. (Sorry, I got carried 
away with my metaphors.)

Our May issue looks at thermocouples and medical applications.
With half the world’s products needing some kind of heat-treating, medical tech is 

no exception. Two of our articles in this issue look at how some innovative heat-treating 
techniques are used for medical devices such as orthopedic and dental implants.

In the world of thermocouples, a comprehensive article from Pelican Wire takes a 
deep dive in not just what thermocouples are useful in certain applications, but it also 
begins with a fascinating history of the thermocouple and how it evolved into an integral 
part of what makes heat-treating accurate and uniform.

In addition to these features, be sure to check out our monthly columnists as they 
tackle a variety of subjects vital to heat treating.

I hope you enjoy this month’s content, and if you’d like to contribute to a future issue, 
please don’t hesitate to contact me. I’m always on the lookout for expert advice that 
furthers the advancement of the heat-treat industry.

Yes, May is finally here. With any luck and vaccination persistence, a “normal” sum-
mer could be right around the corner.

So, grab our latest issue and take it to the deck. It may not keep you cool, but the 
information inside certainly is. 

As always, thanks for reading!

W

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

The MadgeTech Titan S8 is a portable, multi-use data logger  
with eight input channels, one configurable alarm output and  

a user-friendly touchscreen interface.

17025

This versatile logger can measure multiple 
parameters in real-time including temperature, 
current, voltage, pulse, and frequency. It also 
supports thermocouple, RTD, or thermistor 
probes. This adaptability and power make  
Titan S8 the perfect companion for any industrial 
engineer, quality assurance professional, 
compliance officer, or automotive technician.

FEATURES
• Simultaneously Records 8 Different Parameters
• Download Data Via USB
• 1 GB Internal Memory
• Real-Time FFT
• Programmable Engineering Units
• No Required Software
• Rechargeable Battery
• Charger Included
• 1 Configurable Alarm Output

(603) 456-2011
madgetech.com

6 Warner Road
Warner, NH 03303
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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 tackles 
ocean energy with 
CorPower deal
Bodycote, a worldwide provider of heat treat-
ments and specialist thermal processing 
services, is targeting the marine renewables 
sector after securing work with wave energy 
pioneer CorPower Ocean.

The UK-headquartered firm, which has 
built a long-term track record in automotive, 
aerospace, energy, and broader industrial 
sectors, is now breaking into ocean energy 
after helping Swedish developer CorPower 
optimize key components in its Wave Energy 
Converters (WECs).

CorPower’s high-eff iciency WECs, 
inspired by the pumping principles of the 
human heart, offer five times more energy 
per ton of device compared to previously 

known technologies. Incorporating a series 
of unique features to boost storm survivabil-
ity and power capture, the WECs also benefit 
from thermochemical treatment to protect 
against the harshest marine conditions.

CorPower Ocean Senior Procurement 
and Quality Engineer Thomas Lindahl said, 

“After our initial collaboration we have 
now worked with Bodycote at a number of 
plant locations across Sweden to develop 
mechanical components for our WECs using 
Corr-I-Dur®. This thermochemical treat-
ment simultaneously improves corrosion 
resistance and wear properties by generat-
ing an iron nitride-oxide compound layer. 
Durability and robustness are of paramount 
importance in the wave energy sector, and 
effective protection of devices in the hostile 
ocean environment has always presented a 
major challenge to our industry. Corr-I-Dur 
has proved a particularly favorable solution 
being specifically designed for components 

subjected to a corrosive environment in com-
bination with wear. From a commercial per-
spective, solid proof of the long-term resil-
ience of our WECs makes them infinitely 
more valuable. We believe this collabora-
tion will play a crucial role protecting our 
WECs during our next phase of testing in the 
Atlantic Ocean, and for the years to come.”

Bodycote President for Northern and 
Eastern Europe Paul Clough said, “We are 
pleased to be contributing to the marine 
renewable energy industry by making com-
ponents last longer in extreme conditions. 
By using Corr-I-Dur, CorPower was able to 
design mechanical components such as pis-
tons, guides, and linkages, that are suitable 
for the world’s harshest environments for 
metal. Our customers value Corr-I-Dur for 
its ability to provide superior material prop-
erties such as wear and corrosion resistance, 
reducing maintenance costs and downtime 
for hard to access equipment. CorPower was 
looking to push the performance of their 
metal components through durability and 
corrosion resistance.”

CorPower Ocean is aiming to bring reli-
able and competitive wave energy technol-
ogy to the world, unlocking one of the larg-
est untapped sources of renewable energy — 
harnessing the natural power of the oceans 
to help tackle climate change and achieve a 
sustainable low-carbon future.

The firm is now ramping up operations 
for its flagship HiWave-5 demonstration 
project in northern Portugal to propel its 
wave technology to a bankable product 
offering by 2024 — proving the survivability, 
performance, and economics of a grid-con-
nected array of WECs. The 16MEUR project 
includes investment to build a world-class 
wave energy hub in the Port of Viana do 
Castelo, involving R&D, manufacturing and 
servicing facilities for the long-term devel-
opment of supply, and service capacity for 
commercial wave energy farms.

MORE INFO www.bodycote.com   
 www.corpowerocean.com

C3 in Scapa Flow, Orkney Islands. (Courtesy: CorPower)

http://www.bodycote.com
http://www.corpowerocean.com
mailto:editor@thermalprocessing.com?subject=Referred by Thermal Processing
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JTL acquires  
Can-Eng Furnaces 
International
Victor Oreskovich, owner of JTL Integrated 
Machine Ltd. and Trenergy Inc., has acquired 
Can-Eng Furnaces International Limited.

The acquisition expands Oreskovich’s 
family of companies to further enhance and 
leverage each group’s ability to include cus-
tomized engineered solutions. With the addi-
tion of Can-Eng, the combined resources will 
increase to more than 250 associates operat-
ing at four separate locations, consisting of 
a total of more than 300,000 square feet of 
available floorspace, outfitted with the most 
modern manufacturing capabilities. With 
this potential, Can-Eng will be positioned for 
growth and development activity in thermal 
processing and heat treatment markets pre-
viously not explored.

Can-Eng is a leading global designer 
and manufacturer of thermal processing 
equipment for ferrous and non-ferrous met-
als. Since 1964, Can-Eng has focused on the 
development of high volume, automated 
industrial furnace systems for challeng-
ing applications. Over these years, Can-Eng 

has gained an international reputation for 
design innovation, quality workmanship 
and dedication to service. 

JTL is one of the largest machining facili-
ties and fabrication shops in North America. 
Established in 1964, JTL offers full-service 
precision component manufacturing capa-
bilities that include the large CNC machines, 
heavy metal fabrication, assembly, surface 
finishing, high accuracy laser inspection, 
and testing metrology capabilities.

Trenergy is a global supplier of infrastruc-
ture critical, code specified pressure vessels, 
drums, superheaters, economizers, waste 
heat boilers, heat exchangers, gas coolers, 
and moisture separators. 

MORE INFO www.can-eng.com.

ECM USA adds 
Banish for crystal 
growth market
ECM USA hired Gordon Banish as technical 
sales engineer for the North, Central, and 
South American thermal process markets. 
Banish joins ECM USA with a background 
in various induction/resistive equipment 

systems and heat-treat applications, such as 
large ferrous and non-ferrous alloy melting 
equipment up to 20mw power. Working pri-
marily as a national/global sales manager in 
crystal growth furnaces (including PV/solar) 
with various global companies for 20 years, 

including Cyberstar 
since 2004, Banish’s 
experience also 
expands into the 
automotive indus-
try with automation 
systems for custom-
designed tooling 
w it h induct ion 
and heat-transfer 
applications. He is a 

graduate of Wayne State University (Detroit, 
Michigan) with a degree in electrical engi-
neering.

Banish will primarily be working with 
ECM’s Cyberstar division. Cyberstar is a 
manufacturer of furnaces for crystal growth 
equipment (Czochralski, Bridgman, float-
ing zone, liquid phase epitaxy, and mirror 
furnaces — infrared or laser heating—, pho-
tovoltaics (PV) Si furnaces, sapphire crystal 
furnaces, gamma, and X-ray detectors. Their 
crystal growth furnaces are known for reli-
ability and performance in many R&D labo-

Gordon Banish

HeatAd_3_5x4_625_Layout 1  2/8/17  2:12 PM  Page 2

Handle High Temperatures 
and Harsh Operating 
Conditions with Ease.

GRAPHALLOY® Bearings…
We Go to Extremes

Yonkers, NY  USA

• Survives when others fail
• Run hot, cold, wet or dry
• Corrosion resistant
• Self-lubricating
• Low maintenance
• -400˚F to 1000˚F (-240˚C to 535˚C)
• Ovens, furnaces, conveyors, 

mixers, dampers

Handle High Temperatures
and Harsh Operating
Conditions with Ease.

+1.914.968.8400 •    www.GRAPHALLOY.com

Yonkers, NY  USA

GRAPHALLOY® Bearings 
Work Where Others Won’t

H2
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H1

SERIES 3150 BOX FURNACE 
FOR AMS 2750 TESTING

The 3150 furnace is made for AMS 2750 testing 
and is designed with an exclusive ceramic tube port 
feature that reduces damage to insulation which in 
turn, increases the furnace’s accuracy. 

When uniformity is on the line, the standard 
off-the-shelf furnace won’t do. Turn to ATS 
to gaurantee consistency and accuracy.

The Series 3150 features a 
maximum temperature of 1200°C 

www.atspa.com
+1-724-283-1212
sales@atspa.com

http://www.can-eng.com
http://www.GRAPHALLOY.com
http://www.atspa.com
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ratories and industrial companies in the 
medical, laser, LED and medical imagery 
fields. Additional responsibilities will be 
for VPA (Vapor Phase Aluminization), VIM 
(Vacuum Induction Melting), and other vac-
uum processing equipment sold under the 
ECM Group name.

ECM Technologies is a low-pressure 
vacuum furnace manufacturer with head-
quarters in Grenoble, France, with subsidiar-
ies and ventures around the world, includ-
ing ECM USA located in Pleasant Prairie, 
Wisconsin. With versatile product lines and 
service capabilities, ECM is a furnace system 
supplier for heat treatment processes rang-
ing from rapid thermal processing (RTP) to 
low pressure vacuum carburizing (LPC). 

MORE INFO www.ecm-usa.com   
 www.ecm-furnaces.com

Southwick & Meister 
adds Lucifer Furnaces 
GT box furnace
Southwick & Meister, Inc, Meriden, 
Connecticut, added a third Lucifer Furnaces 
GT box furnace to its production capabilities. 

As a major manufacturer of premium-
quality collets, bushings, cutting tools, and 
more, Southwick & Meister uses Lucifer’s 
furnaces to heat treat under nitrogen atmo-
sphere. 

Model 7GT-H18 is fabricated from 
10-gauge sheet steel-reinforced with struc-
tural steel members continuously welded 
to form a solid shell for operation with a 
positive flow of inert atmosphere. The 9” H 
x 12” W x 18” L chamber is lined with five 
inches of a combination of lightweight fire-
brick hotface backed with coldface mineral 
wool for energy efficient operation and low 
outside shell temperature. Powered with 9.5 
KW and heating to 2,100°F, the furnace heats 
by heavy-gauge coiled wire elements sup-
ported in high temperature cast monolithic 
holders which are easily replaced. A one-inch 
thick cast hearth plate protects floor brick 
and supports the workload. Temperature is 
regulated with a Honeywell DC2500 digital 
controller. Add-on features include an over-
temperature safety system for unattended 
operation and a seven-day timer. 

A representative of Southwick & Meister 

said, “it’s been a great relationship for many 
years,” referencing Lucifer’s products and 
strong customer support. 

MORE INFO www.luciferfurnaces.com

Fluoramics works  
to prevent cryogenic 
leaks and corrosion
Cryogenic liquids such as oxygen, nitrogen, 
and argon are not only important now to 
keep vaccines extremely cold, they are also 
used in other applications including indus-
trial, cannabis, and medical.  

No matter the application, the cryogen-
ic world is a tough one. Not only do harsh 
chemicals such as liquid nitrogen, hydrogen, 
or oxygen make it difficult to maintain leak-
free seals, cryogenics create constant mois-
ture which leads to rust.

Fluoramics offers solutions engineered to 
correct both issues.

LOX-8 is oxygen-compatible and imper-
vious to liquid nitrogen, CO2, and other 
harsh chemicals, plus it is high density and 
remains in place. It is specifically formulated 
for wet conditions so that it retains its resil-
iency and eliminates the risk of cold flow.

The vapors and gases released from cryo-
genic liquids are very cold. They condense 
the moisture in air, creating a highly visible 

fog. Rust forms because of the high levels of 
moisture. Fluoramics’ HinderRUST prevents 
rust by displacing water, allowing rust-inhib-
iting agents to bond to treated surfaces and 
form a boundary film between moisture and 
metal. Solvent free, HinderRUST lubricates 
as it stops rust, plus it is the first rust stop-
per approved for weld-through. No primer 
is needed.

MORE INFO www.fluoramics.com

Seco/Warwick 
makes quick  
delivery in Brazil
 It took Seco/Warwick only eight weeks to 
complete the manufacture and delivery of a 
Vector® vacuum furnace to an international 
arms and military equipment manufacturer 
in Brazil. This was a quick completion of an 
order, exceptional in the vacuum furnace 
manufacturing industry. 

The contract covered the delivery of the 
most versatile and universal vacuum fur-
nace offered by Seco/Warwick ¬— the Vector® 
furnace. It is a single-chamber vacuum fur-
nace that uses gas quenching and can be 
used for multiple metal heat-treatment appli-
cations and processes. In this configuration, 
equipped with a round graphite heating 
chamber, the Vector may be used for most 
standard processes including hardening, 
tempering, annealing, solutionizing, braz-
ing, and sintering. This furnace is a popular 
choice with both the military and aviation 
industries.

Due to an increase in production, the cli-
ent began looking for a reliable and trusted 
partner to quickly deliver a high-quality 
multi-purpose vacuum furnace. 

“A situation where we have a product 
almost ready to be collected is rare. This 
time, the customer was indeed looking for a 
standard solution: our flagship vacuum fur-
nace, hundreds of which are in operation in 
70 countries around the world,” said Maciej 
Korecki, vice president of the vacuum furnace 
segment at the Seco/Warwick Group.

“We are pleased that we could meet our 
client’s expectations, both in terms of the 
parameters and quality of the delivered 
device and, what was most important in this 
case, a short completion time. This was yet 

Lucifer Furnaces provided a third furnace to 
Southwick & Meister, Inc. (Courtesy: Lucifer 
Furnaces)

http://www.ecm-usa.com
http://www.ecm-furnaces.com
http://www.luciferfurnaces.com
http://www.fluoramics.com
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another contract with a defense sector com-
pany. The trust that this partner and this 
industry have repeatedly placed in us is very 
gratifying,” said Korecki. 

Last year Seco/Warwick supplied Vector 
furnaces to some of the biggest military 
companies in the world. This is the industry 
that, along with the aviation and automotive, 
most readily takes advantage of the oppor-
tunities offered by this vacuum furnace 
technology to really improve the efficiency 
of their heat treatment departments.

MORE INFO www.secowarwick.com

Thermal-Vac teams 
with Gasbarre  
to add nitriding, FNC
Thermal-Vac Technology recently partnered 
with Gasbarre Thermal Processing Systems 
to add precision nitriding and FNC capa-
bilities to its facility in Orange, California. 
The electrically heated furnace uses Super 
Systems, Inc. controls for automatic KN and 
KC control to AMS 2759/10 and 2759/12 speci-
fications. The furnace is designed to meet 
AMS 2750/F as a Class 2 furnace, which 
allows it to be used to perform nitrogen 
tempering and stress-relieving processes. For 
cycle time improvements and consistent pro-

cess control, the furnace is equipped with 
a vacuum pump for purging processes, pre- 
and post-oxidation capabilities, and acceler-
ated air and atmosphere cooling systems. 
The furnace also comes with an ammonia 
dissociator to achieve zero white layer pro-
cesses. It is capable of processing workloads 
that are 48” wide by 72” long by 40” high 
and weigh up to 7,000 pounds. The Gasbarre 
system  is engineered, manufactured, and 
serviced out of its United States locations. 

With locations in Livonia, Michigan, 
Cranston, Rhode Island and St. Marys, 
Pennsylvania, Gasbarre Thermal Processing 
Systems has been designing, manufactur-
ing, and servicing a full line of industrial 
thermal processing equipment for nearly 50 
years. Gasbarre’s equipment is designed for 
the customers’ process by experienced engi-
neers and metallurgists.

Thermal-Vac Technology is Southern 
California’s premier brazing, heat-treating, 
and finishing facility. Thermal-Vac offers 
first-class services to a wide customer base. 
For more than three decades, Thermal-Vac 
has been sought out by customers who 
require innovative solutions for challeng-
ing project needs.

“Adding a new piece of equipment to 
our shop is always a big process,” Heather 
Falcone, CEO of Thermal-Vac said. “We’re 
thrilled to bring the capabilities of the 
Gasbarre nitrider to our customers. It’s going 
to be a game-changer for them.”

MORE INFO www.gasbarre.com  
www.thermalvac.com

Heat treater offers 
smart solutions  
to auto industry
2020 was an extremely challenging year for 
companies in the automotive sector. Priming 
for a rebound, the automotive industry is 
actively looking for solutions that will lead 
to real reductions in production costs with-
out sacrificing quality. This is reflected in 
the increase in orders from the automotive 
industry for metal processing solutions pro-
vided by Seco/Warwick.

Heat treatment is used by the automo-
tive industry to manufacture gears, bear-
ings, shafts, rings, sleeves, and batteries 

Thermal-Vac Technology has added a Gasbarre 
Thermal Processing Systems to add precision 
nitriding and FNC capabilities to its facility in 
Orange, California. (Courtesy: Gasbarre)

Innovative Infrared  
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for electric cars. What is most important to 
this sector is the reliability of solutions, their 
efficiency, and process repeatability. This is 
why the solutions addressed for this mar-
ket sector must take into consideration the 
need to reduce distortion, lower the process 
costs, shorten the process time, use efficient 
and effective carburizing technologies, and 
lower CO2 emissions.

After a difficult first and second quarter 
of 2020, the automotive industry is slowly 
beginning to rebuild its production capacity. 
This can also be seen in increased interest in 
new metal treatment technologies.

“The ACEA report shows that as much as 
29 percent of all EU R&D spending in the 
year preceding the pandemic was made 
by automotive players. This is an industry 
that is open to novelties, which is why 
we are actively looking for solutions that 
will effectively support production in the 
automotive area,” said Sławomir Woźniak, 
CEO, Seco/Warwick Group. “The flagship 
solutions for this sector include our vacuum 
furnaces, in particular the CMe® line of 
furnaces, the Pit-LPC® pit furnace, and 
the 4D® Quench®, our ground-breaking 
vacuum heat-treatment system designed 
for individual nitrogen quenching of single 
elements. The segment of electric cars and 
the enormous contribution of the Seco/
Warwick Group to the manufacturing of 
such vehicles cannot be overlooked either.”

The family of CaseMaster Evolution vacu-
um furnaces is designed for semi-continuous 
case hardening by means of low-pressure car-

burizing and quenching in oil or gas, as well 
as for through hardening. The CaseMaster 
Evolution – T (CMe-T) three-chamber vac-
uum furnace hardens surfaces using low-
pressure carburizing and high-pressure 
nitrogen quenching technologies. The CMe-T 
furnace can replace the existing lines and 
generators used for mass heat-treatment 
in controlled atmosphere and oil quench-
ing, while ensuring higher precision and 
process repeatability. The distinguishing 
feature of this solution is improved process 
quality improvement and cost reduction. 
Thanks to doubling the performance and 
higher production flexibility, it has become 
a viable solution for the automotive industry. 
Last year, this was a top solution in India, 
chosen by an Indian manufacturer of heat 
exchangers, among many others.

The Pit- LPC technology is popular among 
those manufacturers who need to carburize 
massive or longitudinal elements, such as 
gears, bearings, and other pieces requiring 
thick carburizing layers. This equipment 
guarantees three main advantages: cost 
reduction, production increases, and finally, 
safety and protection of the environment. 
All this is possible solely to running the 
process in vacuum at higher temperatures. 
This state-of-the-art solution meets the most 
stringent environmental standards, while 
increasing work safety by eliminating the 
use of flammable and explosive atmosphere. 
An important consideration from the point 
of view of the automotive sector, is that 
users also get high process uniformity, 

ensuring better quality of the work being 
processed.

The 4D Quench is a vacuum heat-treat-
ment system designed for individual nitro-
gen quenching of single elements of mechan-
ical gearboxes, such as gears, shafts, rings, 
sleeves, etc., made of standard and custom 
case- and through-hardened steels. It signifi-
cantly improves precision and repeatability 
of the heat-treatment results while reducing 
production costs. It provides vacuum heating 
followed by powerful and uniform nitrogen 
quenching, resulting in distortion control 
and reduction with high repeatability of the 
final result.

Seco/Warwick is a leader of CAB technol-
ogy, which has been consistently popular 
among electric car manufacturers. For sev-
eral decades, this has been the automotive 
industry’s technology of choice for manufac-
turing aluminum heat exchangers.

The projected growth of electric car use 
and the associated surge in demand for 
battery coolers bodes well for the alumi-
num brazing and heat treatment segment. 
Numerous installations worldwide, techni-
cal experience, and an innovative approach 
make the CAB solutions by Seco/Warwick 
the technology of choice for soldering radi-
ator plates for hybrid (HEV) and electric 
vehicle (EV) batteries. In the first quarter 
of 2021 alone, Seco/Warwick received sev-
eral large orders to supply CAB lines for this 
application.

MORE INFO www.secowarwick.com

Zachary Thomas joins 
Solar Atmospheres 
as sales manager
Zachary Thomas has joined Solar 
Atmospheres of Western PA, assuming the 
role of outside sales manager reporting 
directly to Sales Director Mike Johnson. 

Thomas is a Pittsburgh native and has 
an extensive background in the metalwork-
ing arena. He has demonstrated a positive 
attitude that will enhance the relationships 
established with the company’s current cus-
tomer base, along with new prospective cli-
ents.     

“I am very excited to join the team at Solar 
and make an immediate impact in my new 

Heat treatment is used by the automotive industry to manufacture gears, bearings, shafts, rings, sleeves, 
and batteries for electric cars. (Courtesy: Seco/Warwick)

http://www.secowarwick.com
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September 14-16, 2021  |  St. Louis, Missouri

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

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

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

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

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

Expo 2021
• And much more! 

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

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

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

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

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

Show Floor

heattreatevent.org

http://heattreatevent.org


14  MAY 2021

UPDATE /// HEAT TREATING INDUSTRY NEWS

role. I appreciate the opportunity to work for 
such a prestigious company,” Thomas said.

MORE INFO www.solaratm.com

Manufacturer  
of brick dies orders  
L&L furnaces 
L&L Special Furnace Co., Inc. has shipped 
two model GS2026 heat-treating furnaces 
to a manufacturer of brick dies, textured 
stucco rollers, and extrusion equipment for 
the construction industry. The furnaces are 
being used to meet an immediate need for 
increased heat-treating capacity. They pro-
vide a supporting role in the company’s die 
manufacturing process.

The Model GS2026 has internal working 
dimensions of 18” wide by 12” high by 24” 
deep. It has an operating voltage of 208, 220, 
240 volts single phase, 60 or 50 hertz.

Included is a spring assist vertical lift 
door that allows for effortless loading and 
unloading even at high temperatures. The 
control is a Bartlett program control that 
can store multiple programs and includes 
over-temperature protection.

Standard units include a sheathed ther-
mocouple, a slot in the door for access into 
the furnace, a bench-mounted, powder-
coated CNC machined case, ceramic hearth 
plate with standoffs, a door limit switch that 

turns the power to the elements off if the 
door is opened, an on/off toggle switch with 
control fusing, and a power plug. An option-
al angle iron stand and vent kit are available.

L&L has some units in stock available 
for same-day shipment. Units with control 
upgrade or fan option usually ship within 
one to three weeks.

MORE INFO www.llfurnace.com

Global aerospace 
manufacturer orders 
Vector® furnace
A global aerospace manufacturer’s order for 
a flagship single-chamber Seco/Vacuum gas-
quench vacuum furnace is the second order 
for its U.S. plant in less than a year. 

The new Vector® 2-bar quenching unit 
is equipped with high vacuum diffusion 
pump and convection heating for improved 
performance at low temperatures. It 
meets class 2 requirements per AMS2750F 
(temperature uniformity ±6°C (±10°F). It 
will be installed in the company’s center of 
excellence and will be used to heat treat 3D 
printed parts.

The customer ordered a turn-key solution 
from Seco/Vacuum which also includes aux-
iliary equipment such as closed loop water 
system, gas reservoir, loader and carbon 
fiber fixturing.

Seco/Warwick Group has delivered a 
wide range of heat-treatment equipment 
to this customer for various locations in 
Europe, Asia, and North America, including 
Vector® HPGQ gas furnaces for heat treat-
ment of exotic electrical steels, vacuum 
oil quenching of aircraft hydraulic parts, 
and now for annealing parts produced by 
3D printing technology. In fact, the Group 
has been delivering its products to this cli-
ent for the last 10 years to such locations as 
Poland, Indonesia, Singapore, France, and 
the United States.

Vector furnaces are used in multiple 
applications within the aerospace sector, 
including many of the most critical processes, 
such as heat-treating turbine blades and 
landing gear. Vector is also in wide use in the 
aerospace aftermarket to maintain fleets of 
aircraft.

Seco/Warwick offers multiple solutions 
for the aerospace segment. In addition to 
Vector, the CaseMaster Evolution® (CMe) is 
extremely well adapted to many aerospace 
applications. This multi-chamber furnace 
combines vacuum heat treatment with tra-
ditional oil quench in a two- or three-cham-
ber configuration, enabling high efficiency 
throughput and delivery of clean, distortion-
free parts. 

MORE INFO www.secowarwick.com

Two L&L Special Furnace Co. GS2026 furnaces will 
be used in a company’s die manufacturing process. 
(Courtesy: L&L Special Furnace Co.)

Sales Director Mike Johnson, left, with Zachary Thomas in front of the 48-foot vacuum furnace. (Courtesy: 
Solar Atmospheres)

http://www.solaratm.com
http://www.llfurnace.com
http://www.secowarwick.com
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For more information or a quote,  
call 1-855-934-3284 or visit solaratm.com/medical

Your high-value medical parts need special 
treatment. Solar’s leading-edge vacuum heat treating 
technology produces clean, bright, consistent results. 
From annealing to age hardening, rest assured 
knowing your life-critical parts were vacuum heat 
treated to your exact specs. 

For your prosthetics, guide wires, stents, surgical 
tools, device and battery cases, hypodermics 
and hypodermic tubing, brazements for analytical 
devices...and more, trust Solar Atmospheres to 
provide you with uncompromising quality.

VACUUM PROCESSING Heat Treating  •  Brazing  •  Carburizing  •  NitridingEastern PA
Western PA

California 
South Carolina

Annealing  •  Stress Relieving  •  Aging  •  Brazing  •  Solution Treat and Age (STA)  
Harden and Temper  •  Diffusion Bonding  

Medical Vacuum Heat Treating Services

Harness our leading-edge 
vacuum technology . . . 
because lives depend on it.

9001:2015
9100DAS

SA ThermProc Medical 2021 FPg.indd   1 4/8/2021   9:56:03 AM

http://solaratm.com/medical


Hans-Werner Zoch receives  
a citation for IFHTSE Fellowship
For his far-sighted coverage of novel 

fields in research and technology and 
for his sustained leadership giving heat 

treatment and surface engineering a strong 
position in the research landscape and firm 
links to neighboring fields.”

Prof. Dr.-Ing Hans-Werner Zoch has sup-
ported and promoted IFHTSE for many 
years, and he has taken many initiatives 
and put them into practice and strengthened 
IFHTSE’s international network with many 
contacts.

He was appointed IFHTSE vice president 
in 2008, and after serving subsequently as 
president and past president until 2013, he 
remained a very active member of the execu-
tive committee until 2019.

After studying mechanical engineer-
ing, Zoch joined the bearing company FAG, 
where he rose to the position of head of 
research and development in 1993. During 
this time, he received his Ph.D. in 1994 from 
the University of Bremen with a thesis on the 
influence of the solidification geometry of 
continuous castings on the distortion behavior of ring-shaped com-
ponents. In 2004, he became managing director of IFHTSE member 
institute IWT (Bremen, Germany) and professor for materials tech-
nology/metals at the University of Bremen. Most prominently, in 
this role, he led the interdisciplinary Collaborative Research Center 
“Distortion Engineering,” which investigated the causes and com-
pensation possibilities of heat-treatment distortion along the entire 
process chain of metallic components. Zoch’s further research focus 
was on steel production, heat treatment, residual stress, and fatigue 
behavior of high-strength steels.

He held important positions in IFHTSE’s German member associa-
tion Arbeitsgemeinschaft Wärmebehandlung und Werkstofftechnik 
e.V. (AWT) and in numerous other research organizations. His com-
mitment to university teaching shows his fundamental revision and 
amendment of two materials technology textbooks.

EUROPEAN CONFERENCE ON HEAT TREATMENT AND 
QUENCHING AND DISTORTION MOVED ONLINE
The European Conference on Heat Treatment and Quenching and 

Distortion, scheduled for April 27-28, 2021, 
became an online conference.  Sessions were 
recorded and can be viewed after the event. 
The event was organized into topic areas that 
included:

»Gas quenching.
»Determination of heat transfer.
»Quenching processes in fluids.
»Quenching and partitioning, quench-

ing and tempering, and austempering.
»Tools for understanding distortion 

problems.
»Distortion engineering including 

quenching and distortion.
»Controlled quenching processes.
This high quality event was organized 

by AWT, the German Heat Treating Society.  
Proceedings of previous events can be found 
at www.ifhtse.org. For more information, go 
to www.echt-qde-2021.de.

IFHTSE: WHO WE ARE
The International Federation for Heat 
Treatment and Surface Engineering (IFHTSE) 

is a not-for-profit body founded in Switzerland on October 11, 1971.
It is an international group of scientific/technological societies and 

associations, universities, research institutes, and companies, whose 
primary interest is heat treatment and surface engineering.

The primary function of IFHTSE is to promote international 
collaboration and communication on heat treatment and surface 
engineering through the sharing of knowledge. This knowledge is 
communicated via conferences and international congresses held 
around the globe.

IFHTSE’S MISSION
»Coordinate: Acting as a multinational organization consisting of 

individual heat treating and surface engineering societies, to coordi-
nate and plan global heat treating events and conferences.

»Educate: Through conferences and other heat treating and sur-
face engineering events, IFHTSE fosters knowledge transfer globally, 
either formally or informally, through an interdisciplinary approach.

»Cooperate: Encouraging participation between heat treating and 
surface engineering societies across national borders.

Hans-Werner Zoch has supported and promoted 
IFHTSE for many years, and he has taken many 
initiatives and put them into practice and 
strengthened IFHTSE’s international network with 
many contacts.

INTERNATIONAL 
FEDERATION OF 
HEAT TREATMENT 
AND SURFACE 
ENGINEERING
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»Recognize: Placing emphasis on recognizing young engineers and 
scientists in industry or academia. Foster recognition across national 
borders in all aspects of heat treating and surface engineering.

WHAT IFHTSE IS
IFHTSE is a federation of organizations. There are no individual 
members. There are three types of member organizations:

»Scientific or technical societies and associations.
»Universities and registered research institutes.
»Companies.

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

AAGES Ltd.
547530 Singeorgiu de Mures, Romania
www.aages.ro • office@aages.ro
Founded in 1990, AAGES designs and manufactures induction heating 
machines for a large range of applications.

Arbeitsgemeinschaft Wärmebehandlung +Werkstofftechnik e. V.
Paul-Feller-Straße 1 • 28199 Bremen, Germany
The German Heat Treatment and Surface Engineering Society

ASM India Chapter, Mumbai, India
400059 Mumbai, India
asmindia79@gmail.com • https://asmindiachapter.org/ 

Asociace Pro Tepelné Zpracováni Kovu
257 22 Čerčany, Czech Republic
asociacetz@asociacetz.cz • www.asociacetz.cz/
The Czech Association for Heat Treatment of Metals

Associazione Italiana di Metallurgia
20121 Milan, Italy
aim@aimnet.it • www.metallurgia-italiana.net/

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

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

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

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

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

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

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

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

NOVEMBER 13-16, 2022 
28th IFHTSE Congress
Yokohama, Japan

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

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

IFHTSE 2021 EVENTS

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

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

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

Dr. Stefan Hock  I  Secretary General
IFHTSE Italy

Dr. Imre Felde  I  Treasurer
Óbuda University  I  Hungary

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

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

Prof. Massimo Pellizzari  I  University of Trento  I  Italy

Prof. Larisa Petrova  I  MADI University  I  Russia

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

Prof. Marcel Somers  I  Technical University of Denmark  I  Denmark

Prof. Kewei Xu  I  Xi’an University  I  China

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

IFHTSE LEADERSHIP
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INDUSTRIAL HEATING 
EQUIPMENT ASSOCIATION

IHEA fall seminars return to Cleveland, Ohio

The Industrial Heating Equipment Association (IHEA) heads 
back to Cleveland, Ohio, for its 2021 Fall Seminars and Tabletop 
Exhibition. The Combustion Seminar and the Safety Standards 

and Codes Seminar will be held concurrently on November 9-10, 
2021, at the InterContinental Cleveland.

“Cleveland has been the site of some of our most successful semi-
nars,” said IHEA Executive Vice President Anne Goyer. “Cleveland is 
a drivable location for many of our potential attendees, and, after 
more than a year without in-person events, we want to make it easy 
for many who want to attend our popular seminars. We have worked 
with the host facility to ensure a safe and healthy environment for 
our attendees.”

IHEA remains an industry-leader in education by providing 
expert-led, unbiased training, both in-person and virtually. IHEA con-

tinued its online offerings over the past year to keep manufacturers 
moving forward. This fall, IHEA will bring the industry face-to-face 
again with their in-person seminars. Attendees will have access to 
a Tabletop Exhibition & Reception on the afternoon of November 9. 
Tabletop exhibitors will include a wide variety of companies involved 
in industrial thermal processing. 

The Combustion Seminar is presented by industry professionals 
from leading heat-processing companies who deliver relevant infor-

Industry experts present IHEA seminar content. (Courtesy: IHEA)

This fall, IHEA will bring the industry 
face-to-face again with their 
in-person seminars.
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INDUSTRIAL HEATING EQUIPMENT ASSOCIATION
P.O. Box 679 I Independence, KY 41051

859-356-1575 I www.ihea.org

mation on combustion technologies. The comprehensive Safety 
Standards and Codes Seminar covers critical safety information for 
those involved with a wide range of industrial thermal-process appli-
cations as well as the 2019 updates to the NFPA 86 standard. 

The IHEA seminars and speakers always receive high marks on 
evaluations. Attendees often comment on the knowledgeable speak-
ers and great tips they can apply to their processes immediately.

A few remarks from former students:
»“PowerPoint slides were very informative, and I appreciate the 

‘extra’ information from the speakers instead of just reading the 
slides.” 

»“Very impressed all around. Great job by all the speakers.”
»“Excellent seminar for someone new to combustion.”
Both classes offer the perfect mix of technical information and the 

opportunity to attend the tabletop exhibition to interact with speak-
ers and suppliers of the products and services discussed throughout 
the seminars. IHEA’s Fall Seminars and Tabletop Exhibition are an 
outstanding way to lead, learn, and grow. 

Mark your calendar for November 9-10, 2021, and watch for more 
details and registration information at www.ihea.org. 

Learn from the best by attending one of IHEA’s Fall Seminars. 
IHEA members receive significant discounts on seminars. Consider 
joining IHEA to save on registration fees. End users receive four 
vouchers with their membership that can be used to register for 
seminars for free. Visit www.ihea.org for more information about 
membership and how to join. 

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

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

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

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

IHEA 2021 CALENDAR OF EVENTS
Attendees visit with industry suppliers at the tabletop exhibition and 
reception. (Courtesy: IHEA)

http://www.ihea.org
http://www.ihea.org
http://www.ihea.org
http://www.ihea.org/events
http://thermalprocessing.com
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CERAMICS WORKS ///
JERRY WEINSTEIN, PH.D.

MAT ERIAL S SCIENCE ENGINEER  ///  CER AMAT ERIAL S

eramic refractory materials are useful for the following 
functions:

 1. Serving as a thermal barrier between a hot medium 
and the wall of a containing vessel.

 2. Withstanding physical stresses and preventing erosion of vessel 
walls due to the hot medium.

 3. Protecting against corrosion.
 4. Providing thermal insulation.
Refractories have multiple useful applica-

tions. In the metallurgy and ceramic indus-
tries, refractories are used for lining furnac-
es, kilns, reactors, and other vessels which 
hold and transport hot mediums such as 
metal and slag. Refractories have other high 
temperature applications such as fired heat-
ers, hydrogen reformers, ammonia primary 
and secondary reformers, cracking furnaces, 
utility boilers, catalytic cracking units, air 
heaters, and sulfur furnaces.

This article will review Insulating 
Firebricks (IFB), which are a type of ther-
mal insulation bricks which are shaped refractory products with 
an application temperature of greater than around 1,000°C and a 
total porosity greater than 45 percent. The IFB is a relatively soft 
brick made of refractory ceramic material that can withstand high 
temperatures with low thermal conductivity. IFBs are generally 
light in weight and can be easily cut by handheld hack saw or any 
other hand tool such as a chisel or drill. They are ideal for creat-
ing custom shapes, curves, and cavities. However, due to the large 
apparent porosity, loose structure, low strength, as well as poor 
resistance to various types of erosion and wear resistance, They 
can only be used more in the heat insulation layer of kilns and 
other high-temperature thermal equipment. Generally, IFBs are 
not suitable for work lining and heavy load-bearing structures or 
environments with aggressive erosion and wear. 

The majority of commercially available IFBs are alumino-sil-
icate refractory bricks, silicate bricks, or lightweight corundum 
(alumina) bricks. The chemical composition has a direct influence 
on the classification of the refractory bricks. In general, the higher 
the alumina content and the firing temperature of the insulating 
firebrick, the higher its classification temperature.

The most common raw materials used for IFB include clay, kaolin, 
kyanite, mullite, (light) chamotte, sillimanite or andalusite. The 
thermal conductivity is influenced by the ingredients as well as the 
total porosity, pore shape, and pore size distribution. The porosity is 
produced by burnout materials and water. Common burnout mate-
rials include sawdust, straw, styrene bubbles, coke, or cellulose. In 
addition, foam or foaming agent can be added to increase porosity. 

Soap or saponins are used as foams, while metal or carbide powders 
are used as foaming agents in the casting processes. Lightweight 
bricks with high porosity can be produced this way.

Raw materials and burnout materials are optionally mixed dry 
and/or mixed with water. The amount of water depends on the 

shaping process. Different suppliers manufacture IFBs by different 
techniques including casting, slingering, extrusion, or dry pressing. 
These different techniques can result in a variety of properties and 
insulation qualities.

For the casting process, bricks are direct cast into large molds 
often made of plaster, with vibratory aids to assist flow. Water-
binding raw materials extract or gel water from the slurry and 

The thermal conductivity of the final product depends  
on the chemical composition, density, and pore structure. 

An overview of insulating firebricks
C

Table 1: The average physical properties of four commercially available class-23 IFBs, representing the main 
manufacturing processes used by manufacturers.

Table 2: Guideline example: An IFB 23 may not exceed a density of 769 kg/
m3 (48lb/ft3) and must have a shrinkage below 2 percent, after 24 hours of 
firing at 1,230°C (2,250°F) to be classified in group 23.
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support the setting of the green body. The gelling process can be 
accelerated by adding gypsum or cement to the mix. Due to the 
high water content, the drying of the green cast compacts can take 
a correspondingly long time. Casting is used for larger or more 
specialty shapes of lower to moderate volume.

The “slingering” process is a continuous process in which the 
masses are slingered in large molds or on a conveyor belt. The slinger 
process is a form of low-pressure extrusion of a wet clay mix contain-
ing high levels of burnout additives with the additional processing 
step that the semi-extruded material gets slung onto a continu-
ous belt to generate additional porosity before drying and firing. 
Insulating firebricks of medium density can be produced this way.

The extrusion process forces a damp clay mixture containing 
burnout additives through an extrusion nozzle, where the extru-
date is subsequently cut into bricks, dried, and fired. 

Dry pressing is usually done uniaxially. The pressing method 
is suitable for the production of bricks with a higher density, so is 
more often used for high-density bricks.

The shaping process and the porosity agents cause typical porous 
structures of the insulating firebricks. This leads to a wide variety 
of thermal conductivities within the same class of product, which 
in turn leads to some variation in the ability of the different types 
of IFBs to control energy loss from the kiln. (Table 1)

In the IFBs, low density goes along with low strength. The cold 
compressive strength is specified as a characteristic value. The “hot” 
properties of the material must be good enough to support walls 
and arches at the desired application temperature. Hot bending 
strength or creep under load are characteristic values for the use 
at high temperatures.

Firing of the refractory bricks is often done in shuttle batch 
or tunnel continuous kilns. The firing temperature is equal to 
the specified classification temperature for each IFB mix. The IFB 

Table 3: Insulating firebrick properties from CeraMaterials. All shapes and custom fabrications are available. 

Table 4: Thermal conductivity values of IN-23 through IN-32 insulating 
firebricks from CeraMaterials. 

The primary performance parameter for IFBs 
is the ability to insulate, which, in terms of 
measurable properties, is assessed by the 
thermal conductivity of the product. Density is 
sometimes used as a rule-of-thumb indicator 
of the insulating ability of an IFB.

http://thermalprocessing.com
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shapes do shrink during drying as well as during firing. This results 
in most bricks needing to be cut and/or ground to final size and 
shape after firing. 

The different manufacturing methods for IFBs produce products 
with differing structure and chemistry, which in turn deliver dif-
ferent performance properties. The primary performance param-
eter for IFBs is the ability to insulate, which, in terms of measurable 
properties, is assessed by the thermal conductivity of the product. 
Density is sometimes used as a rule-of-thumb indicator of the insu-
lating ability of an IFB, but this can be misleading. 

IFBs are classified in the United States into different groups 
according to ASTM C155 guidelines (Table 2). The grouping results 
from the classification temperature and the density of the IFB. IFB 
of each group may not exceed a defined density and may not exceed 
a shrinkage of two percent after firing for 24 hours. The test tem-
perature is 30°C below this classification temperature.

As discussed, the properties of the IFBs result from the chemical 
composition, the pore formers/density and the firing temperature. 
Higher alumina (Al2O3) content and higher firing temperature 
of the IFB result in a higher classification temperature. Take the 
group number and multiply it by 100 to get the rated classification 
temperature. Note that the upper maximum application temperature 
of the materials is usually about 100°C below the classification 
temperature.

Table 3 contains a list of typical properties for standard IFBs 

Figure 1: Insulating Firebricks (IFB) are relatively soft bricks made of refractory ceramic material that can withstand high temperatures with low thermal 
conductivity. (Images courtesy of CeraMaterials)

Figure 2: Standard Insulating Firebrick shapes. Many variations and custom 
shapes are available, dependent upon application and need. 
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commonly available from Groups 23 through 32.
The thermal conductivity of the final product depends on the 

chemical composition, density, and pore structure. Insulating 
firebricks with low density and fine pore structure have a low 
thermal conductivity. The pore structure and density are largely 
determined by the manufacturing process. Fine burnout materials 
and a high water content in the process lead to a finer structure of 
the firebrick. This can be supported by using a foam/foaming agent. 
However, the density cannot be reduced endlessly. There must be 
sufficient structure in the green body to dry and burn it crack-free.

Table 4 shows typical thermal conductivities of different IFB 
groups. 

IFBs are normally used in applications >1,000°C (1,832°F) 
because, at these temperatures, they provide the most cost-effective 
insulation available compared to alternative insulating refractories. 

The structural nature of the products also means that they offer 
better resistance to abrasion in high-temperature environments, 
coupled with chemical resistance (when the chemistry is tailored 
to cope with specific gases) compared to ceramic fiber insulation.

At application temperatures above 1,000°C, the most important 
heat-transfer mechanism becomes radiation rather than conduc-
tion and convection, which are the more significant heat-transfer 
mechanisms at lower temperatures. The large pore sizes in the 
cement IFB are inefficient at retarding energy transfer at the 
infrared wavelengths involved, so this type of IFB displays a high-
er thermal conductivity compared with the cast. Conversely, the 
microporous structure of the cast IFB, with its small pore sizes, is 
much more efficient at interfering with energy transfer at infrared 
wavelengths, so this type of IFB displays low thermal conductivity. 
This is why the microstructure of the cast IFB provides superior 
insulation compared to the cement IFB and is the most common 
form of IFB commercially available. 

Another important consequence of the energy savings achieved 
using the lower thermal-conductivity IFB is the reduction in CO2 
emissions. Using the cast IFB instead of the cement IFB reduces the 
environmental impact of running the kiln. 

The choice of IFB in the kiln lining will also impact other practi-
cal aspects of using the kiln in a production environment. Selecting 
the cast IFB rather than the cement IFB will allow faster heating 
and cooling rates in the kiln, because the lower density cast IFB 
has a lower thermal mass. This effect was observed in testing and 
validated by CeraMaterials’ customers in the field.  

SHAPES
There are different standard shapes and sizes for IFBs depending 
on the application.

Rectangular formats (standard squares/straights) are most com-
mon, being used for straight walls and floors. Standard sizes are  
9 x 4.5 x 2.5″ and 9″x 4.5 x 3″, with splits at half the thicknesses. 

There are also a series of standard arch bricks which include 
various side and arches, wedges, keys, side and end skews, side and 
end feathers, and splits. These standard shapes are used for arches 
and round wall shapes and can be computer modeled to fit any 
curved space and archways fairly exactly. Figures 1 and 2 demon-
strate these various standard shapes.

In the United States, straights are readily available in groups 23 
through 32 from stock in 2.5- and 3-inch thicknesses from several 
suppliers, stocked, and shipped in pallets (Figure 4). 

For most shapes, angled and arches, these IFBs are rarely stocked, 
instead being cut and ground to size per order by several suppliers 
with fast turn arounds. There are still thousands of kilns, furnaces, 
melters, and heat-treat ovens made of IFBs that need rebuilds and 
refurbishing due to wear, damage and overuse. In recent years, new 
IFB kiln fabrication has been more limited to smaller specialty 
kilns with ceramic fiber insulation replacing some of the IFB appli-
cations in larger furnaces.  

ABOUT THE AUTHOR
CeraMaterials’ Materials Science Engineer Jerry Weinstein has a Ph.D. 
in ceramic engineering from Rutgers University with more than 30 
years’ experience, 46 U.S. patents, and numerous publications and 
presentations. He has extensive experience working and consulting in 
fields such as advanced ceramics, graphite composites, heat treating, 
armor, aerospace, turbine engines, electronics, nano-composites, erosion/
corrosion and whitewares. Jerry also consults outside projects through 
CeraGraphiSolutions.

Figure 3: An example of arches in an industrial kiln.

Figure 4: Loose and palletized insulating firebricks. CeraMaterials always 
ships bricks neatly packaged in cartons and fully secure, right, to ensure safe 
transport to the end customer. 
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olyalkylene glycol quenchants are used in a variety of dif-
ferent heat-treating applications. One very common applica-
tion is quenching of large steel and aluminum components. 

These are often large. open tanks and exposed to the air. The poly-
mer is usually diluted with city water or well water. This water can 
contain different cations such as calcium, magnesium, sodium, and 
anions like carbonate, chlorides, or phosphates. As the solution of 
water/polymer is used, additional make-up water is added to replen-
ish the water lost to evaporation. However, the salts present continue 
to build-up in the bath. They are not lost to evaporation. As these 
salts build up in the bath, the factor used for determining concentra-
tion using a handheld refractometer will change. Eventually, the salt 
content reaches a threshold where it becomes difficult to accurately 
control concentration. The decision must be made whether to dump 
and recharge the system. For small induction units, where the total 
system volume is 400 liters, and the concentration is low (5 percent 
or so), it is usually the most cost-effective to simply dump the system 
and refill it. For a larger system, containing 20 percent PAG and a 
large quench tank, it is a large cost to dispose and recharge a system. 
Alternatively, it is possible to recycle and reclaim the polymer, while 
disposing the contaminated water.

THEORY
Polyalkylene glycol quenchants undergo a phase separation as the 
solution temperature is raised. At a given temperature, the thermal 
energy of the system becomes greater than the energy of the water-
polymer hydrogen bonding interactions. When this occurs, the 
polymer loses its solubility in water. A two-phase solution develops, 
with the water in the upper layer, and the heavier polymer in the 
bottom layer. This is not a perfect separation, as the upper layer will be 
water-rich, and the lower layer will be polymer-rich. The temperature 
at which separation occurs is called the separation temperature or the 
cloud point. This is illustrated in Figure 1. The separation temperature 
of the various PAG polymers is shown in Table 1.

The cloud point or separation temperature is often used to purify 
or clean up the quenchant bath from impurities and contaminates. 
Typical impurities include salts from the water supply, or from 
salt-bath heat-treating drag-out. To accomplish this, the polymer 
solution is raised in temperature to separate the PAG and water. 
After separation and layer formation, the aqueous portion is 
removed. The inorganic salts, being ionic, report to the aqueous 
phase. The purified polymer, which forms on the bottom layer, is 
then re-dissolved with fresh water to the desired concentration or is 
used neat as make-up for controlling the concentration of the bath. 
However, if the salt concentration is too great, (typically greater 
than 10 percent), then the water/polymer separation is reversed: 
i.e., the water reports to the bottom, and the polymer reports to the 
top. This is really a function of the specific gravity of the water-salt 

solutions, and the specific gravity of the polymer.

GENERAL PROCEDURE
While there are many variables related to polymer recovery, and 
these can change at each customer’s location, some general pro-
cedures and recommendations can be made. Separation can take 
place in either separate heated holding tanks or in the quench tank. 
Both situations are commonly encountered. The overall procedure 
is as follows:

» Filter the PAG-water solution to remove the particulate matter. 
A recommended filtration media for PAG solutions is a sand-type 
filter.

»After filtration, heat the PAG-water solution to approximate-
ly 15°F (8°C) above the cloud point of the polymer (Figure 1). The 
solution should be agitated thoroughly. Care must be taken not to 
burn the solution on the heating elements. It is recommended that 
a maximum watt density of 6-10 watts per inch be used on the heat-
ing elements.

» Once the desired temperature has been reached, the agitators 

When quench bath salt concentration gets out of hand, a large tank may require  
heating the solution, disposing of separated water, and replenishing corrosion inhibitors. 

Thermal separation of polyalkylene glycol quenchants
P Quenchant Separation Temperature

AMS 3025 Type I 165°F (75°C)
AMS 3025 Type II 165°F (75°C)
High Molecular Weight PAG Aqua-Quench 365 145°F (63°C)

Table 1: Typical Separation Temperatures of Selected PAG Quenchants.

Figure 1: Separation of polymer after exposure to temperatures above the cloud 
point.
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are turned off, and the solution allowed to settle. Typically, this may 
require one to two hours, depending on the size of the quench tank, 
and the concentration of the PAG. The use of a water-soluble dye in 
the solution will aid in determining the boundary of the two phases. 
In addition, the use of a clear sight glass will also aid in separating 
the water and polymer. Agitation should remain off, and the solution 
should be maintained at the recovery temperature.

»After adequate time has passed to effect separation, the water 
is pumped out of the tank, or the polymer is drained from the tank. 
Either is acceptable, and will depend on the individual situation. 
Most commonly, the contaminated water is pumped out. This salt 
and contamination laden water is disposed of according to local, 
state, and federal regulations.

» The remaining recovered polymer can then be diluted and used 
as make-up, or used neat as make-up.

The most common corrosion inhibitors are inorganic salts such as 
sodium nitrite. These salts provide corrosion protection by passivation 
of the surface. Because they are aqueous inorganic salts, they report 
to the separated water phase, depleting the polymer of the corrosion 
inhibition. The remaining polymer should be evaluated for the 
presence of rust inhibition. Should inadequate amounts be present, 
and then appropriate additions of rust inhibitor should be made. The 
Houghton Heat Treating Laboratory can help determine the proper 

concentration of rust inhibitor required, and the proper type.
Typically, for nitrite-type corrosion inhibitors, the use of 0.5-2 

percent of the recommended inhibitor is recommended. For amine 
type corrosion inhibitors, the use of 1-3 percent of amine type inhibi-
tor is recommended. It is very important that the different corrosion 
inhibitors not be mixed.

CONCLUSIONS
In this short article, we described the basic reasons for performing 
a thermal separation of a polyalkylene glycol solution, and the basic 
procedure. The economics of performing the thermal separation 
depend on the cost of energy to heat up the solution, disposing the 
separated water, and the cost of replenishing the corrosion inhibitors. 
This should be compared to the cost of disposing the entire system 
and filling the system with the polymer quenchant. 

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

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

Table 1: Typical Separation Temperatures of Selected PAG Quenchants.

The most common corrosion inhibitors are inorganic salts such 
as sodium nitrite. These salts provide corrosion protection by 
passivation of the surface.
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eadership isn’t always about the top management directing 
the way for the company. Leadership can be found at all 
levels of the company in terms of organizational structure. 

And even though AS9100 requirements for quality management sys-
tems indicate “top management,” it is also the “lower” part of the 
organization that is equally accountable and even influential. From 
the president to the shop floor worker and everyone in between, it 
is the collective of the team that defines leadership at the company. 

Leadership is often seen as putting the carrot in front of the work-
ers to get them to do what you want them to do. There is some merit 
in this sort of extrinsic reward as people file back into work the next 
day to earn their paycheck. However, not everyone desires bigger 
carrots, but rather the intrinsic desire of excelling and the chance 
to contribute their skills and talents to a greater cause. Therefore, 
motivation of employees — whether it be upper management or 
the lower tier of the organizational chart — 
requires both extrinsic and intrinsic modes 
of motivation. 

The trick is knowing when to implement 
each form of motivation. That is true leader-
ship. Some employees thrive on the bigger 
paycheck and cracking the production whip 
gets them moving quicker and with more 
quality toward the goal. Others need a differ-
ent manner of motivation. That isn’t to say 
they are not capable of getting more done. 
It is more about finding a use of different 
potential strengths. Not everyone will be 
the ideal worker who goes above and beyond, 
but not everyone necessarily needs to be that 
worker when needing to get the job done. 

LEADERSHIP AND COMMITMENT
A leader is expected to be ahead of the pack, 
to see the marketplace where there is oppor-
tunity to take the business, a never-ending 
game of calculating the risks involved with 
product and services and resources available to perform them, and 
to use quantitative and qualitative measures to gauge the levels of 
commitment and effectiveness of such an initiative. 

Resources and the bottom line are not just material items such 
as a stapler and pens for employees to perform the job, or black 
and white numbers indicating success or failure at the company. 
Compliments to the employees for a job well done are just as impor-
tant a commodity as a ream of paper for the printer. Most meetings 
for manufacturing center around defects and how to minimize scrap 
to improve overall yield. There are very rarely meetings on goals to 
highlight the good things people are doing, as most KPIs (key process 

indicators) center around improvement such as scrap or external 
escapes. And even then, it is a half-empty or half-full glass type of 
discussion erring mostly to the side of, “How come we couldn’t get 
any more product out the door?” instead of, “Wow, what a record 
month! What did we do to achieve this and how do we keep it?”

This is not to suggest that quantitative measures are not impor-
tant. Measuring parts/hour and progressive discipline schemes are 
essential in manufacturing for it to sustain itself as a business. But 
are the employees engaged? Are they mindful of their actions? Do 
they even care? And if not, how can we motivate them? Some ways 
might be to scold them, discipline them, or write them up when 
their numbers fall below the day’s expected quota. These methods 
might work. But most likely not, as they can create resentment, a 
misperception of power within the company, a one-way flow of who 
is telling whom what to do. 

Companies who value and encourage employee efforts  
benefit from commitment, increased investment in success.

Quality of leadership matters – at all employee levels
L

A good leader should possess skills not only 
of technical ability, but also of people skills. 
Anyone can remember a dictionary or cite 
things from a technical specification, but the 
art of successfully conveying the why and how 
to meet requirements takes a certain type of 
leadership skill and effective communication.
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QUALITY POLICY
The quality policy is like a mantra for the customer. It pertains to 
everyone who works at the company. It can become cliché at times. 

“Customer satisfaction is my job” or “Produce high-quality parts” are 
classic responses to an auditor. But like the platitudes of “hard work 
pays off” or “say what you do, do what you say,” must be repeated 
and ingrained to become a point of realization in all aspects of what 
an employee does during the day. That it isn’t only in producing 
parts, where the quality policy is implemented, but also taken as 
far as to the mindfulness of the quality of steps taken to and from 
the lunchroom or the mindfulness of quality in the words spoken 
to other employees. 

ORGANIZATION ROLES, RESPONSIBILITIES, AND 
AUTHORITIES
Everyone wants a feeling of importance and fitting into something 
that is bigger than themselves. Building that feeling of importance 
among the team is the most important aspect of good leadership. 
And even though AS9100 holds top management accountable to such 
leadership expectations, everyone in the company must be equally 
aware of the impact of leadership at their level. 

All companies want to promote and celebrate success. Typically, 
this is in the form of doing a great job, getting a raise, and possibly 
being promoted every few years. But sustaining a culture of positive 
leadership and responsibility among the employees must not be done 
on an every few years schedule, but a more frequent day-to-day, even 
minute-to-minute schedule. This sense of time is brought more to 
the present in which employees can feel empowered even to make 
changes at smaller scales knowing their impact will be greater as 
these small changes compound over time. 

But this is hard to measure. No KPI tracks the “nice work” or 
“thank you” through every minute of every day. The scrap numbers 
and delivery performance are far easier, high level goals to track. 

CONCLUSION
“All streams flow to the sea because it is lower than they are. if you 
want to lead people, you must learn how to follow them” — Lao Tzu

People’s emotions and behaviors are not always so clear and able 
to be quantitatively measured. Each person requires a special sort of 
attention, something that takes time and effort in a company. A good 
leader should possess skills not only of technical ability, but also of 
people skills. Anyone can remember a dictionary or cite things from 
a technical specification, but the art of successfully conveying the 
why and how to meet requirements takes a certain type of leadership 
skill and effective communication. 

No one is born with special skills in life. We don’t sit in our cradle 
and infuse technical knowledge of the Gibbs free energy equation 
to create binary phase diagrams to be used in heat-treat practice. 
We learn them — just as there is potential to learn leadership skills. 
But recognizing that leadership is not just at the top seems to be 
an important step when promoting leadership throughout the com-
pany and team. Learning how people can empower one another is 
an important skill. 
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By knowing how and when thermocouples of various types should 
be used, a wire fabricator or sensor manufacturer can assure an 
end user that the thermocouple wire they are using is accurately 
interpreting the temperatures in their process.
By JOHN NIGGLE

he principles behind how and why a thermocouple 
functions were beginning to be understood in the early 
1800s with most significant developments taking place 
in Europe. In 1800, Alessandro Volta built a voltaic pile of 

dissimilar metals, silver and zinc, separated by cloth that had been 
soaked in salt water. This stack created a small electrical current, 
1-2 volts. A group of piles, called a battery, could be assembled and 
connected with metal to provide for a higher current or energy 
source. The significance of this discovery was that a source of steady 
and reliable current was now available, and it was understood there 
was a phenomenon that took place when dissimilar metals were 
in contact with each other. This enabled others to perform more 
advanced research with electricity. 

Hans Christian Oersted discovered in 1820 that a current of elec-
tricity flowing in a wire in proximity to a magnetic needle had the 
power to move the needle. This led to much interest in experimenta-
tion in the mechanical effects of current. Subsequently, Andre Ampere 
demonstrated that one electric current had a magnetic influence upon 
another showing that magnetism was an electrical phenomenon.

In 1821, Thomas Seebeck announced he had discovered that 
when two dissimilar metals were placed in a closed loop and one of 
the junctions was exposed to a change in temperature, an electric 
current was produced. This production of electromagnetic force and 
electric current is known as the Seebeck Effect. It was much later 
before this was fully understood and could be expressed correctly 
mathematically; however, because of this discovery, Seebeck’s name 
will forever be associated with the discovery of thermoelectricity and 
the thermocouple. This electromagnetic force or EMF is the basis for 
modern day thermocouples. (See Figure 1)  

Subsequently, these experiments were 
repeated and refined by people such as Michael 
Faraday, George Ohm, Claude Pouillet, and 
Antoine Bequerel. In fact, Bequerel is the first 
person known to suggest using Seebeck’s 
discovery for measuring high temperatures. He 
proposed the strength of a current generated 
in these closed loops of dissimilar metals was 
proportional to the change in temperature. Using 
a discovery made decades earlier by Humphry 
Davy that all metals have positive temperature 
coefficients of resistance and that platinum 
was an excellent temperature detector, Antoine 
Bequerel settled on platinum and palladium 
as the best combination for his experiments. 
Edmond Bequerel followed up on his father’s 
work and, in the mid-1860s, used a platinum-
palladium thermocouple in conjunction with 
an air thermometer during research on the 

melting point of various materials. He also postulated a mathematical 
expression for the relationship between temperature and EMF as his 
father had suggested earlier. Peter Tait conducted experiments in 
thermoelectricity using iridium-platinum alloys and determined 
small amounts of impurities or even stress on the wire could alter 
results significantly.

RISE OF THE MODERN THERMOCOUPLE
Henry Le Cliatelier is considered by many to be responsible for the 
way we think of thermocouples today. He was the first person to use 
rhodium-platinum alloy. He also was first to suggest calibration of 
thermocouple devices against fixed or known points of melting or 
boiling materials. At that time, the late 1880s, temperatures above 
500°C could not be measured accurately. He spent significant time and 
energy developing a thermocouple pyrometer and collaborated with 
Carpentier of Paris in its construction, making it available to others 
including the steel and glass industries in North America.

At the turn of the 20th century, there were more processes 
than just those in the glass and steel industries that would benefit 
from accurate and rapid temperature measurement. The use of 
noble metals, comparatively costly rare elements, began to give 
way to base metals and alloys, which were more economical and 
readily available in applications where the high temperatures 
were not extreme. Examples of noble metals include platinum, 
rhodium, gold, tungsten, and rhenium. Base metals are relatively 
inexpensive, and include common metals such as nickel, copper, 
iron, and chromium. In 1905, Albert Marsh invented Chromel, a 
nickel-chromium alloy. Names such as Hoskins Manufacturing 

and Harrison Alloys appeared. Type J, an iron 
and copper-nickel thermocouple, was the first 
base metal thermocouple type widely accepted. 
Over the years, other thermocouple types 
were developed and accepted. By the middle 
of the century, standardization was taking 
place regarding types with color coding for 
the positive and negative legs of the different 
types coming shortly thereafter. By this time 
also, much more was understood about the 
relationship between EMF and temperature, 
and the relationship could be expressed 
mathematically and predicted. (Figure 2) 

Electromotive force or EMF is simply the 
electrical action produced by a non-electric 
source. The source can be chemical like a 
battery, mechanical as in a generator, or, in the 
case of a thermocouples or thermocouple wire, 
it is temperature related. A thermocouple is 
really a transducer that changes temperature 

T

Figure 1: Diagram of the Seebeck Effect.
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differences into a small amount of voltage. This voltage is measured 
in millivolts. Theoretically, any two dissimilar metals will work and 
produce an EMF if they are in a closed loop; however, for the sake of 
accuracy, consistency, and predictability, the purity and choice of 
the compositions of the metals used is critical.

COMMON TYPES OF THERMOCOUPLES
The most common types of thermocouples can be split into base metal 
and noble metal as mentioned previously. Base metal types are E, J, K, N, 
and T. These can be used in cryogenic applications and in temperatures 
up to 1,400°C, depending upon the type. Base metal thermocouple 
types are selected based on their EMF output or sensitivity, tempera-
ture range, and application environment. Noble metal types include 
Type B, R, S, C, D, and G. These are used in high-temperature environ-
ments over 1,400°C and up to 3,000°C for brief periods. Their expense 
and low sensitivity typically restrict their use to very high-tempera-
ture applications. Generally speaking, base metal thermocouples have 
higher sensitivity than noble metal thermocouples; however, they are 
limited to temperatures below 1,400°C. Noble metal thermocouples, 
especially platinum-based are generally the most stable, significantly 
more expensive, more suitable for elevated temperatures, and less sen-
sitive, especially at lower temperatures. 

Type E thermocouples have nickel-chromium and copper-nickel 
legs. Type E has a wide functional temperature range and the highest 
EMF per degree of any base metal thermocouple. It would be good 
for oxidizing atmospheres but would be vulnerable to sulfur attack. 
Type E would work well for cryogenic temperatures. It would be more 
stable than Type K.

Type J thermocouples have iron and copper-nickel legs. It has a 
narrower temperature range than Type K and would have a shorter 
life span at higher temperatures. Type J has a higher sensitivity than 
Type K, which it would be most often compared to. Type J is low cost; 
however, the iron leg is susceptible to oxidation.

Type K thermocouples have nickel-chromium and nickel-alumi-
num legs. The alloys make Type K more expensive than Type J. Type 
K has the widest application temperature range and performs better 
than Type J at higher temperatures. It would be suitable for oxidizing 

atmospheres because of the alloy composition. Type K is probably the 
most popular general-purpose thermocouple in use.

Type N thermocouples have nickel-chromium-silicon and nickel-
silicon legs. It is a relative newcomer to thermocouple types and is con-
sidered an improvement over Type K. The temperature range of Type 
N would be similar to Type K; however, it would have better repeat-
ability between 300°C and 500°C. Type N would be good in oxidizing 
environments and would have less drift than Type K. Type N is more 
expensive than Type K.

Type T thermocouples have copper and copper-nickel legs. It is a 
very stable thermocouple type and performs very well in cryogenic 
applications. The functional temperature range of Type T is narrow 
and should be limited to under 400°C. It performs extremely well 
from minus-200°C to 200°C, and it should function well in oxidizing 
atmospheres.

Figure 2: Common thermocouple types and their EMF curves.

It has taken decades for thermocouple wire producers, the melter, to perfect the chemical composition of each thermoelement or leg to achieve the desired EMF 
outputs. (Courtesy: Pelican Wire)
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Types B, R, and S have legs that are platinum and platinum-rhodi-
um-alloy based. They are expensive. These types are most suitable for 
high-temperature applications. They are the most stable thermocouple 
types but have low sensitivity. Because of their stability and repeat-
ability, they are often used as calibration standards.

Types C, D, and G are tungsten-rhenium based. They were designed 
for use at extremely high temperatures in reduced atmosphere or 
vacuum environments. They are expensive, difficult to manufacture, 
fragile, and should not be used in the presence of oxygen above 260°C 
because of reaction rates that will cause them to be brittle. 

 ACHIEVING DESIRED EMF OUTPUTS
It has taken decades for thermocouple wire producers, the melter, to 
perfect the chemical composition of each thermoelement or leg to 
achieve the desired EMF outputs (Figure 3). The positive and negative 
legs of a thermocouple must work together predictably to produce 
accurate and reliable temperature measurements for the end user. 
Raw base and noble metal elements such as platinum, tungsten, chro-
mium, nickel, iron, copper, manganese, and others are melted and 

combined in previously determined ratios or percentages to form the 
individual legs. These chemical recipes are relatively precise and aim 
for a desired EMF result.

The result of the melting of one leg and corresponding EMF 
data influences the melting of the opposing leg with the goal of 
maximizing accuracy. Within the melting process, there is room 
to adjust the melt or heat so the legs can be matched. ASTM E230 
Standard Specification for Temperature-Electromotive Force Tables 
for Standardized Themocouples is the standard used to classify the 
accuracy of a thermocouple pair. The EMF data used to match the legs 
is recorded and typically posted on the thermoelement spool prior 
to sale. This enables the user to keep the pairs matched and provides 
traceability.

MATCHED PAIRS
It is important to understand the melter sells thermocouple legs in 
matched pairs. Selling in matched sets allows the producer to guaran-
tee the total EMF output and if the pair meets a desired Limits of Error 
standard. There are two Limits of Error classifications to be concerned 

Figure 3:  Common thermocouple comparisons and color coding.
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A thermocouple is 
really a transducer 
that changes 
temperature 
differences into a 
small amount of 
voltage, measured 
in millivolts. 
(Courtesy: Pelican 
Wire)

The positive and negative legs of a thermocouple must 
work together predictably to produce accurate and reliable 
temperature measurements for the end user. 
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with: Special Limits of Error and Standard Limits of Error. These two 
Limits of Error apply to extension grade wire as well. While the melter 
uses time-proven and precise recipes for producing thermoelements, 
there are factors that can affect the results of a melt and, in turn, affect 
EMF output. Impurities in raw material, for example, can be an issue. 
Melting practices, the condition of the furnace, and even human error 
may have an impact. As a result, not all wire melted within a certain 
type will have exactly the same EMF output. The EMF tables within 
ASTM E230 help sort this out.

ACCEPTED TOLERANCES
In measurement systems, there are accepted tolerances, and tempera-
ture measurement with thermocouples is no exception. These Limits 
of Error are defined by ASTM E230. Simply the tolerance for Special 
Limits of Error is tighter or less forgiving than for Standard Limits of 
Error. The tables within ASTM E230 dictate what meets Special Limits 
of Error and what meets Standard Limits of Error. Calculations using 
the EMF data of the individual legs of a thermocouple are made in 
conjunction with the ASTM tables.

The EMF outputs for both legs are added to each at specific tem-
perature points, for example 400°C. The total EMF for the positive and 
negative legs at that temperature point is then subtracted from the 
ASTM specified total EMF at that temperature point. That Delta is then 
divided by a millivolt factor specific for a type of thermocouple wire. 
Each thermocouple type will have its own designated millivolt factor. 
The quotient is then compared to the tolerances in the ASTM table for 
Special Limits of Error and Standard Limits of Error for that thermo-
couple type at those specific temperatures. If it falls within the plus-or-
minus tolerance for Special Limits of Error, then the thermocouple will 
be classified as such. If not, then it will drop into the Standard Limits 
of Error Classification, assuming it meets those tolerances.

A cautionary part of this is that it is possible for a thermocouple to 
meet Special Limits of Error tolerances at one temperature but fall out 

at another. If the wire falls out anywhere, then it should not be clas-
sified as Special Limits of Error. The same would be true for Standard 
Limits of Error. If a thermocouple does not meet the standard at all 
calibration points, then it does not meet the standard.

MATCHING UP UNMATCHED PAIRS
It is possible to match up unmatched pairs of thermocouple legs, but 
care must be taken. The EMF data on spools can be an indicator that the 
two legs may produce a favorable result, but the data and calculations 
should be verified by actual lab calibration of the wires. Calibration 
results are often required by end users involved with critical processes 
in the heat treating and pharmaceutical industries, for example. 
Calibration can be performed by wire fabricators who purchase wire 
from the melter or by thermocouple sensor manufacturers.

A well-equipped calibration lab will have three elements: It is nec-
essary to have a temperature medium, a reference thermometer or 
standard, and a way to capture the outputs of the reference device 
and thermocouple being tested. The temperature medium can be, for 
example, liquid nitrogen for cryogenic calibration, an oil bath, or a 
dry block oven or tube furnace for elevated temperatures. Reference 
devices can be platinum-resistance thermometers or platinum-based 
thermocouples, which were mentioned earlier as being commonly 
used as standards in calibration because of their stability. The third 
element is a device for reading and recording the temperatures of the 
reference and the thermocouple under test at specific temperatures.

So equipped, a wire fabricator or sensor manufacturer can assure 
an end user that the thermocouple wire they are using is accurately 
interpreting the temperatures in their process.   

ABOUT THE AUTHOR
John Niggle has been the business development manager at Pelican Wire 
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Thermocouple probes. 
(Courtesy: Pelican Wire) 
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Various forms of eutectic melting or sticking can be 
eliminated while incorporating different types of barriers 
into a thermal-treating process.
By REAL J. FRADETTE and ROGER A. JONES

he purpose of this article is to explain reactions that can 
occur during a vacuum processing cycle and different 
methods of preventing these reactions. We will discuss 
how eutectic compositions can form while heat treating 

and how diffusion bonding can be a concern to heat treaters when 
two dissimilar materials are in close contact with each other in high 
vacuum at elevated temperatures.

To many people, the term “eutectic” is not well understood. The 
best way to think of a eutectic is a metallurgical meltdown. A eutec-
tic reaction occurs when two components with different melting 
points and surfaces free of oxides come in contact with each other in 
the vacuum furnace. This can create an atomic diffusion. For some 
materials, when a specific atomic composition is reached, they will 
melt at a temperature much lower than the melting point of the 
individual metals. If that temperature is reached or exceeded during 
the heat-treating cycle, melting will occur at the contact points. This 
is referred to as a eutectic melt.

The most common example of a eutectic reaction is with a tin/
lead solder. Tin melts at about 450°F, while lead melts at about 620°F. 
When they come together as two components, the solder melts at 
370°F. That is 80 degrees below where tin melts and 250 degrees 
below where lead melts.

Another good example in vacuum heat treating is the titanium/
nickel eutectic. In this scenario, titanium melts a little above 3,000°F, 
whereas nickel melts at about 2,650°F. If you heat treat them in a 
vacuum furnace, placing the titanium on a typical heat-treat fixture 
such as a grid or stainless steel basket, the two materials would melt 
at around 1,730°F. This could be a disaster 
if the technician does not understand the 
eutectic reaction.

We learned a good lesson on eutectic 
melting a couple years ago when a clean-up 
run was performed in one of our furnaces 
at 2,400°F without prior removal of a work 
grid. The high-nickel-alloy-cast-fabricated 
grid was sitting on molybdenum support 
rods positioned on the furnace graphite 
support rails.  

A form of a eutectic is diffusion bonding, 
a reaction that occurs well below the eutectic 
melting point and must be considered when 
two or more materials are in direct contact.

Diffusion bonding becomes more acute 
as the mass of the parts in contact increases. 
In vacuum brazing, a eutectic reaction can 
be a desirable formation when joining two 
pieces of metal using brazing filler metals. 
However, there are times when a eutectic 
reaction can occur with unintended and 
often damaging consequences.

Table 1 shows some alloy mating combinations and the eutectic 
melting points [1].T MATING ALLOYS
 Alloys  Melting Point (°F)

 Aluminum-Beryllium         968
 Aluminum-Nickel       1182
 Beryllium-Nickel       2102
 Carbon-Iron       2107
 Carbon-Nickel       2421
 Cobalt-Titanium       1868
 Copper-Magnesium         909
 Copper-Titanium       1607
 Iron-Molybdenum       2640
 Iron-Titanium       1985
 Magnesium-Nickel         946
 Magnesium-Silicon       1180
 Molybdenum-Nickel       2388
 Nickel-Carbon       2421
 Nickel-Silicon       1767
 Nickel-Titanium       1728

Table 1

Figure 1: Eutectic meltdown between the high nickel alloy cast fabrication grid and the molybdenum load 
rods. This was an expensive mistake, in excess of $150,000. (Courtesy: Solar Atmospheres, Inc.)
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EUTECTIC BARRIERS
A eutectic barrier is the insertion of a material between the two 
mating metal surfaces that might be heading for a eutectic melt 
at elevated temperatures. This barrier material must be capable of 
withstanding the process’ maximum temperature to be effective.

The most effective barriers include:
» Refrasil cloth or Kaowool blanket.
» Thin ceramic plates.
» Ceramic fixtures of different shapes.
» Stop-off paints of different types.
Refrasil is a clothlike material consisting of more than 96 percent 

silica (SiO2) that resists oxidation and most reactive melting. Most 
Refrasil textiles will not melt or vaporize until temperatures exceed 
2,650°F.

Kaowool is a good insulation and barrier when used in a blanket 
form.

Ceramic, high-purity alumna can take the form of flat plates or 
individually designed fixtures to fit a particular application.

Stop-offs are designed to protect metal surfaces from the flow of 

molten brazing filler metal or to prevent metal surfaces from adher-
ing or sticking to each other. 

We hope this article illustrates to the vacuum processing person-
nel how various forms of eutectic melting or sticking can be elimi-
nated and how various types of barriers can be incorporated into a 
thermal treating process. 
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ILLUSTRATIONS OF HOW EUTECTIC BARRIERS ARE USED IN ACTUAL APPLICATIONS 
These are just a few examples of how barriers are used to eliminate the possibility of eutectic, or sticking, reactions from forming.

KAOWOOL BARRIER
Typical load of Titanium logs on Kaowool with graphite fixturing. Processing temperature is 2,350°F for 
24 hours in high vacuum. 

mailto:roger@solaratm.com?subject=Referred by Thermal Processing
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REFRASIL CLOTH BARRIER
Separates the bars from the supporting graphite plate. This eliminates the possibility of a eutectic reaction 
when hardening the bars at 2,125°F.

CERAMIC PLATE
Demonstrates the use of a thin ceramic plate to separate 
the fastening nuts from the graphite support plate. This 
process is for a sintering procedure to 2,500°F.

CERAMIC PLATE
Typical load of nickel-iron alloy, MuMetal, fixtured 
on alumina sheet with graphite support. Processing 
temperature is 2,150°F.

http://thermalprocessing.com
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STOP-OFF BARRIER
Typical load of 420 stainless steel molds processed on graphite plate using Wall Colmonoy Inc. white 
stop-off. Processing temperature is 1,900°F.

GREEN STOP-OFFS
Typical load of orthopedic implants fixtured with alloy 330 screens using Wall Colmonoy stop-off fixtured 
in CFC grids. Processing temperature is 2,175°F.
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OTHER BARRIER
Graphite plate supporting the load separated by a high-temperature aluminum barrier developed by GMI 
[2]. This barrier would be similar to using the green stop-off material. This particular hardening process 
has an upper temperature of 2,200°F.
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Some mechanical properties of pure Ti make it inappropriate  
for certain industrial or biomedical techniques, so it is necessary 
to enhance these mechanical properties through alloying.
By LUNG-CHUAN TSAO

n the current work, the microstructure, mechanical 
properties and machinability of Ti15SnxCu alloys (x = 
0 to 2 wt. %) were investigated. The alloy was prepared 
by the vacuum arc, re-melting and casting route, and 

then thermally processed by solutionizing at 1,000°C for two hours, 
followed by water quenching. By controlling the heat-treated condi-
tion and Cu content, the highest bending strength and modulus 
were obtained from three-point bending testing. The increases were 
mainly caused by the strengthening effects of the formation of crys-
tallites with fine grain size and nano-Ti2Cu precipitate phase. In 
addition, nano-Ti2Cu precipitation was caused by crack initiation 
and propagation, which reduced the ductility and improved the 
machinability of Ti15Sn2Cu alloy.

 1 INTRODUCTION
 In dentistry, alloys of Ni-Cr, Co-Cr, Ag, and Au are commonly used 
to manufacture crowns, bridges, castings, inlays, and denture bases. 
Recently, titanium and titanium alloys have also been used for these 
applications [1,2]. Due to their low density, excellent biocompatibil-
ity, corrosion resistance, and mechanical properties, pure Ti and its 
alloys are widely used for many biomedical applications today [1-3]. 
But some mechanical properties of pure Ti make it inappropriate 
for certain industrial or biomedical techniques, so it is necessary to 
enhance these mechanical properties through alloying [4,5]. Another, 
a + b type T64 (Ti6Al4V) is the most widely used because of its better 
physical and mechanical properties vs.  commercially pure titanium 
(CP-Ti) [6]. However, the release of Al and V ions from the alloy might 
cause serious problems [7,8]. Therefore, many efforts have been work-
ing out to develop non-toxic elements, Ti alloys such as Ti-Cu 9,10], 
Ti-Sn [11], Ti-Cu-Sn [12,13], Ti-Nb [14,15] and Ti-15Zr-Mo alloys [16]. 
It is well known that alloying elements alter the transformation 
temperatures, phases/crystal structure of titanium alloys [4,5,17].

Copper (Cu) is a b stabilizer element. The fusion temperature of 
the alloy decreases with increases in the amount of copper, which 
greatly favors casting procedures [18]. The Ti2Cu phase diagram indi-
cates the formation of a-Ti and precipitation of Ti-Cu intermetallic at 
a copper concentration of 7.0 wt. % [19]. Many authors have focused 
on the use of Ti-Cu alloys for industrial applications. Kikuchi et al. 
[18,20] reports that Ti2Cu intermetallics increase the tensile strength 
and decrease the ductility of Ti-Cu alloys as compared with CP-Ti. 
Sun et al. [21] showed that Ti2.5Cu alloy was strengthened by the 
formation of Ti2Cu intermetallic particles after the decomposition 
of b phase into a-Ti phase and Ti-Cu. Yao et al. [22] reported acicular 
Ti2Cu  particles  made  greater  strengthening contributions than 
spherical ones for Ti2.5Cu alloy.

 Recently, the author confirms the addition of 2 wt% Cu, the 
microstructure of Ti15SnxCu alloy, displayed a  nano-(Ti,  Sn)2Cu  phase  
precipitated  in  a’-Ti(Sn,Cu) with TEM [23]. The 2.5 wt% Cu addition 
to Ti6AlxV(x = 1.5 and 4) already has been commercially used to  
nano-Ti2Cu precipitates [24]. Liu et al. [25] reported that the antibacte-

rial rates of the Ti–Cu alloy against E. coli and S. aureus after 7 h of 
incubation are 99.01% and 91.66%, respectively, indicating that the 
copper ions release from the Ti-Cu alloy and contribute to the strong 
antibacterial property, but the Cu ion did not lead to cell cytotoxicity.

Tin (Sn) is widely used in biomedical Ti alloys. Niinomi M. has 
shown binary Ti-Sn alloy has been found nontoxic and nonallergic 
[26]. Therefore, Sn as major alloying element is safe to use with Ti 
alloy. In addition, Sn, a neutral element, has little influence on the 
transformation temperature. Sn can react with Ti and Cu in the liquid 
state, leading to a high nucleation rate and limited grain growth upon 
solidification [26]. This limited grain size significantly increases the 
alloy strength [27]. Tsao et al.[12] established that the addition of Sn to 
Ti7CuXSn (X = 0 - 5 wt. %) alloys can effectively increase the solubility 
of Cu in the eutectoid microstructure (a-Ti + Ti2Cu), induce the trans-
formation of an ultrafine a’ martensite microstructure, and increase 
the volume fraction of the Ti2Cu phase. Han et al. [28] found increasing 
the Sn content (1-3 at. %) in Ti alloys can decrease the lamellar spacing 
in the eutectic matrix to improve the plasticity and strength. Hsu et al. 
[12] reported alloy hardness is directly proportional to Sn content in 
Ti-Sn alloy. Ho et al. [29] showed Sn content was significantly related 
to the machinability of the TixSn (x = 1 to 30 wt. %) alloys. When the 
Sn content was 20 wt. % or greater, the alloys showed a combination 
of brittleness and some ductility properties. He et al. [30,31] found that 
higher Sn content would shift the alloy composition from hypoeu-
tectic to hypereutectic in the Ti-Sn phase diagram, and that only the 
compositions of Ti-Sn alloy at the hypoeutectic region could promote 
the formation of a dendrite/ultrafine structure with high strength 
and distinct plasticity. The Ti-Sn-Cu alloy has a potential application 
as a dental implant material.

Therefore, the aim of this study was to evaluate the microstruc-
ture and mechanical properties of Ti15SnxCu (x = 0 and 2 wt. % Cu) 
alloy samples obtained by as-casting and heat treatment.

2 EXPERIMENTAL PROCEDURE

2.1 Specimen preparation and microstructure
Ti15SnxCu samples with x = 0 and 2 wt. % were prepared from com-
mercially pure Ti (grade 2), Sn (> 99.99 wt. %) and Cu (> 99.99 wt. %) 
metals using vacuum arc melting furnace. An arc melting process 
with a tungsten electrode on a water-cooled copper hearth was used 
to melt the samples. These samples were prepared in high purity 
argon atmosphere (> 99.999% pure). The Ti15SnxCu samples were 
repeatedly melted a total of five times at 1,600-1,630ºC for 2-3 min 
and directly cast in a copper mold. The obtained ingots were solu-
tion-treated at 1,000ºC in argon atmosphere for 2 hours and then 
quenched in water to room temperature.

All samples were ground with silicon carbide papers up to 2,000 
mesh, polished, and etched (Keller’s etchant, 1mL of HF, 2.5mL of 
HNO3, 1.5mL of HCl and 95mL of H2O) to reveal the microstruc-
ture. The morphologies were studied using optical microscopy (OM) 

I
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and scanning electron microscopy (SEM, 
S-3000H, Hitachi Co.) with a voltage of 20 
keV. Energy dispersive spectroscopy (EDS) 
was used to analyze the composition.

2.2 Mechanical property
Three-point bending tests were conducted 
on a material testing system at a ramp rate 
of 1 mm/min. According to ASTM E855, the 
maximum bending strengths were deter-
mined with the following equation [32]:

Where s is the bending strength (MPa), 
P is the load (N), L is the span length (mm), 
b is the specimen width (mm), and h is the 
specimen thickness (mm). The mechanical 
properties were evaluated with a three-point 
bending test [32,33]. The samples were cut 
from the central part of the ingots to dimen-
sions of 2.0 (b) mm x 2.0 (h) mm x 20.0 (l) mm. 
All samples were polished with 1,200-grit SiC 
paper, and  cleaned. The modulus of elastic-
ity in bending was calculated from the load 
increment and the corresponding deflection 
increment between two points as far apart 
as possible on a straight line using the equa-
tion [32,33]:

Where E is the modulus of elasticity in 
bending (Pa), ΔP is the load i (N), and Δd is 
the deflection at midspan. The average bend-
ing strength and modulus of elasticity in 
bending were taken from five tests under 
each condition. 

2.3 Machinability
Machinability was evaluated by the cutting 
length. The end mill traveled for 30 secs 
from one edge of the sample at a cutting 
depth of 0.1 mm. The cutting feed speed of 
the end mill was 12 mm/min and the cut-
ting speed was 30 m/min. The end milling 
process are carried out on a CNC vertical 
milling center using a TiAlN-coated carbide 
end mill (Kennametal HER 060NN4-E) of 
diameter 6 mm. No water-soluble cutting 
fluid was used. Five samples were used to 
evaluate the machinability, and the test was performed twice for 
each kind of sample at each cutting condition. After testing, the 
milling surfaces and metal chips were investigated by SEM and the 
average chip metal length for each kind of sample was calculated.

3 RESULTS AND DISCUSSION

3.1 Microstructural characterization
The microstructures of the Ti15SnxCu alloys in the different treat-
ment conditions are shown in Figures 1 and 2. Figure 1a shows the OM 
image of AS Ti15Sn alloy had the typical Widmanstätten, basket-weave 

structure of supersaturated Ti solid solution (a’-Ti), acicular a-Ti, and 
the pre-existing b-Ti grains. Hsu et al. [11] reported that the Ti5Sn alloy 
is comprised mainly of a’-Ti phase [34]. Others have reported that a’-Ti 
plates nucleate and grow from the prior b-grain boundaries at high 
cooling rates [12,35]. The data reported here is in good agreement 
with the results from the previous studies [23]. The SEM image of AS 
Ti15Sn alloy shown in Figure 2a displays the same structure by OM. It 
is found that the lamellae structure of heat-treated (HT) Ti15Sn alloy 
was coarser than that of AS Ti15Sn alloy, as shown in Figures 1b and 2b. 
From OM (Figures 1c, 1d) and SEM (Figures 2c, 2d), we can see that the 
2 wt. % Cu content slightly influenced the microstructure of the alloys. 

Figure 1: Optical micrographs of the Ti15SnxCu alloys: (a) AS Ti15Sn, (b) HT Ti15Sn, (c) AS Ti15Sn2Cu and (d) 
HT Ti15Sn2Cu.

Figure 2: SEM micrograph of Ti15SnxCu alloys: (a) AS Ti15Sn, (b) HT Ti15Sn, (c) AS Ti15Sn2Cu and (d) HT 
Ti15Sn2Cu. The inserts show the high magnification microstructure.

Equation 1

Equation 2
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In comparison to Ti15Sn alloy, the lamellar structure of AS Ti15Sn2Cu 
alloy (Figure 2c) was smaller than that of AS Ti15Sn alloy (Figure 2a). 
Likewise, the lamellar structure of HT Ti15Sn2Cu alloy (Figure 2d) was 
smaller than that of HT Ti15Sn alloy (Figure 2b).

The inserted high magnification SEM microstructure shows there 
is a small amount of nanoparticles distributed on the matrix. The 
EDS results indicated mainly consisted of Ti and Sn elements with 
an atom ratio of Ti to Sn of about three, corresponding to nano-Ti3Sn 
phase in the XRD pattern in Figure 3 [23,36]. It can be seen that the 
AS Ti15Sn alloy consisted of supersaturated Ti solid solution (a’-Ti), 

acicular a-Ti, and nano-Ti Sn. After heat treatment, Figure 2b, nano-
Ti3Sn phase was observed on the matrix. The XRD pattern of the 
HT Ti15Sn alloy exhibited a’/a-Ti and Ti3Sn peaks. According to the 
Ti-Sn phase diagram [37], the a + Ti Sn formed from the supersatu-
rated a’-Ti phase due to the decline of Sn solubility in a-Ti phase as 
the temperature decreased from 881°C to room temperature; i.e.,

As indicated in an early report of Bulanova et al. [38], the Ti3Sn 
phase precipitated from the primary a-Ti phase in the Ti15Sn5Si alloy 
on cooling. Park et al. [39] reported that the Ti82Sn18 eutectic alloys 
present a mixture of the hexagonal a-Ti (P63/mmc) solid solution 
phase and the hexagonal Ti3Sn (P63/mmc) intermetallic compounds 
(IMCs) [39,40]. Therefore, it is comfirmed that the nano-Ti3Sn phases 
were precipitated on the lath site [23].

The inserted high magnification SEM image of Ti15Sn2Cu alloy 
shown in Figures 2c and 2d displays many particles distributed on the 
matrix. The XRD pattern of the AS Ti15Sn2Cu alloy exhibited some 

diffraction peaks, which indicated a’/a-Ti 
and Ti2Cu phases. After heat treatment, the 
Ti15Sn2Cu alloy exhibited a’/a-Ti and nano-
Ti2Cu phases (Figure 2d). According to the 
Ti-Cu phase diagram [19] and many reports 
[10,41-43], the final equilibrium microstruc-
ture of the Ti-Cu alloy with lower Cu content 
consists of a-Ti and Ti2Cu, which is formed 
by a eutectoid reaction. The body centered-
tetragonal (bct) Ti2Cu phase (MoSi2 type, a 

= 0.2943 nm, and c = 1.0786 nm) should be 
present in almost all the  Cu-bearing  tita-
nium  alloys [44]. Yao et al. [22] reported 
that the spherical Ti2Cu precipitates were 
observed to nucleate at grain boundaries and 

intra-grains. Therefore, the strengthening mechanisms can be attrib-
uted to the dislocations around the Ti2Cu particles. This mechanism 
could explain how the Ti2Cu intermetallic restricts the grain growth 
in the Ti15Sn2Cu alloy, leading to the smaller grain size of Ti15Sn2Cu 
alloy than of Ti15Sn alloy. It was expected that Ti15Sn2Cu alloy would 
have better mechanical behavior than Ti15Sn alloy.

3.2 Bending strength
The bending strengths and bending moduli of the Ti15SnxCu sam-
ples are shown in Table 1. All the Ti15SnxCu alloys had significantly 
higher bending strengths (1,275.3 ± 63.2 – 1,420.3 ± 71.1 MPa) than 
the CP-Ti (843.2 ± 42.2 MPa). It is obvious the bending strength of 
Ti15SnxCu was about 1.5 times that of CP-Ti. Numerous studies have 
shown the bending strength of new Ti alloys is about 1,395-2,505 
MPa; i.e., 1,657-2,505 MPa for Ti5SnxCr (x = 0 – 13 wt. %) [34], 1,943 ± 26 
MPa for Ti6Al7Nb, 1,975 ± 38 MPa for Ti15Mo1Bi [45], 1,621-2,231MPa 
for TixSi (x = 1 – 12.5 wt.%) [46], and 1,395-1,650 MPa for TixMo (x = 
0 – 13 wt. %) [47]. The bending strengths of the Ti15SnxCu alloys were 
similar to that of TixMo Alloy.

The bending strength resulting from the AS condition was slightly 
lower than that resulting from the HT condition: 1,275.3 ± 63.2 MPa vs. 
1,312.7 ± 65.4 MPa for Ti15Sn, and 1,392.2 ± 69.5 MPa vs. 1,420.3 ± 71.1 
MPa for Ti15Sn2Cu (Table 1 and Figure 4a), respectively. Comparing 
the different conditions (AS vs. HT), the relative bending strengths 
of both Ti15Sn and Ti15Sn2Cu sample were respectively 2.9% and 
2.0% higher under the HT condition than under the AS condition 
(Table 2 and Figure 5). Comparing OM, SEM and XRD revealed that 
the bending strength of the HT sample increased, obviously due to 
the formation of the coarser a’/a-Ti phase.

Equation 3

Figure 3: XRD patterns of the Ti15SnxCu alloys23,36.

Alloy Alloying Bending Bending Ref.
 element strength modulus
 (wt%) (MPa) (GPa)

CP-Ti  –  843.2 ± 42.2  98.1 ± 5.3

ATi15Sn  –  1275.3 ± 63.2  102.9 ± 6.5

HT Ti15Sn  –  1312.7 ± 65.4  110.1 ± 5.9

AS Ti15SnxCu  2Cu  1392.2 ± 69.5  106.4 ± 7.6

HT Ti15SnxCu  2Cu  1420.3 ± 71.1  116.4 ± 6.8

Ti5SnxCr  0 ~ 13Cr  1657 - 2505  97 -153  34

Ti6Al7Nb  –  1943 ± 26  111 ± 3  45

Ti15Mo1Bi  –  1975 ± 38  90 ± 1

TixSi 1  ~ 12.5Si  1621 - 2231  120 - 180  46

TixMo  7.5 ~ 20Mo  1395 -1650  55 - 87  47

Table 1: Bending property of Ti15SnxCu under different treatment
condition.

Figure 4: Bending property of Ti15SnxCu under different treatment condition: (a) bending strength and (b) 
bending modulus.
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In Ref [48], the bending strength is proof of actual a-Ti 
phase precipitation. Also, it can be seen from Table 3 and 
Figure 5 that the bending strength values of both AS and 
HT Ti15Sn2Cu samples were higher than that of both AS 
and HT Ti15Sn sample (about 9.2% and 8.2%, respectively).  

The addition of 2 wt.% Cu caused a large number of nano-
Ti2Cu particles to precipitate in the martensite structure, and 
the nano-Ti2Cu particles enhanced the bending strength of the 
Ti15Sn2Cu alloy by increasing the resistance to obstacle dislocation 
movement. In previous work, both Ti2Cu and Ti3Sn nanoparticles 
was confirmed by transmission electron microscopy (TEM) [12]. 
From the Ti-Cu phase diagram, it is clear the nano-Ti2Cu particles 
precipitated in the eutectoid reaction (at 790ºC) from b phase [19,22],

The Ti2Cu particles mainly precipitated 
from the supersaturated a’-Ti phase due 
to the decline of Cu solubility in a-Ti 
phase as the temperature decreased 
from 790°C to room temperature; i.e.,

The XRD results in Figure 3 indicate 
the intensity of the Ti2Cu peak (2q = 38.33) 
increased after heat treatment, leading to  
a  high  volume  fraction  of  Ti2Cu.  Thus, 
the bending strength of the HT Ti15Sn2Cu 
alloy was higher than those of the as-cast 
ones. Kikuchi et al. [18] noted that Ti2Cu 
precipitates can strengthen Ti alloy. Sun 
et al. [21] reported nano-Ti2Cu precipitates 
hinder the dislocation movement and 
thereby increase the mechanical property. 
A number of articles have shown Sn can 
strengthen Ti alloys due to the solid-solution 
strengthening effect and the formation of 
Ti3Sn in the alloy [29,30].

The Bending modulus results are shown 
in Table 1 and Figure 4b. The bending moduli 
(102.9 ± 6.5 GPa – 116.4 ± 6.8 GPa) of all the 
Ti15SnxCu alloys were higher than that of 
CP-Ti (98.1 ± 5.3 GPa). The bending moduli of 
the Ti15SnxCu alloys were similar to those 
of Ti6Al7Nb (111 ± 3 GPa) [45] and Ti5SnxCr 
alloy (97-153 GPa) [34]. To simplify the analysis 
(Table 2 and Figure 5a), the relative ratios 
of the bending moduli were higher for the 
HT condition (+ 7.0% for Ti15Sn alloy and + 
9.4% for Ti15Sn2Cu alloy) than for the AS 
condition. Relative to the Ti15Sn alloy (Table 
3 and Figure 5b), the bending modulus 
of the Ti15Sn2Cu alloy was enhanced by 
3.4% in the AS condition and by 5.7% in the 
HT condition. A higher elastic modulus is 
essential to minimize elastic deformation. In addition, Kikuchi et 
al. [49,50] and Guillet et al. [51] reported hard IMCs generally have 
a higher elastic modulus than the constituting elements and the 
increase in the modulus of Ti15Sn2Cu alloy was due to the formation 
of the Ti2Cu phase in the a matrices. The elastic modulus is one of the 
most important properties of a dental structural alloy, such as bridges 
and partial denture frameworks. In general, a higher elastic modulus 
is also beneficial for machining titanium alloys. Therefore, the HT 

Ti15Sn2Cu alloys possessed better bending strengths and moduli 
mainly due to the strengthening effects of the crystallites with fine 
grain sizes and nano-Ti2Cu precipitates.

3.3 Fracture surface
Figures 6 and 7 show SEM micrographs of the fractured surfaces of 
the Ti15SnxCu specimens after three-point bending tests. Figure 6a 
presents two common fracture surfaces of AS Ti15Sn alloy after three-

Alloy Bending strength Bending modulus
Ti15Sn  + 2.9  + 7.0
Ti15Sn2Cu  + 2.0  + 9.4

Condition Bending strength Bending modulus
AS  + 9.2  + 3.4
HT  + 8.2  + 5.7

Table 2: The relative ratios (%) of bending strength and bending modulus of AS 
versus HT of Ti15SnxCu.

Table 3: The relative ratios (%) of bending strength and bending modulus of 
Ti15Sn versus Ti15Sn2Cu alloy.

Figure 5: The relative ratios (%) of both bending strength and bending modulus: (a) AS versus HT and (b) 
Ti15Sn versus Ti15Sn2Cu.

Equation 4

Equation 5

Figure 6: SEM fractographs of Ti15SnxCu alloys: (a) AS Ti15Sn, (b) HT Ti15Sn, (c) AS Ti15Sn2Cu and (d) HT 
Ti15Sn2Cu.
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point bending tests. The surfaces were mostly interlamellar fractured 
(gray smooth) and a few, narrow translamellar fractured (light rough). 
Interlamellar ruptures were clearly visible in the fractured structures 
of the AS Ti15Sn alloy at the higher magnification of SEM fractographs 
(Figure 7a). The river pattern was clearly visible. After heat treating, 
the fracture surface in Figure 6b appeared to be mixed interlamel-
lar/translamellar. In the high-magnification image in Figure 7b, the 
dimples can be seen clearly. Since interlamellar strength is significant-
ly lower than translamellar strength, the strength of the HT Ti15Sn 
sample was higher than that of the AS Ti15Sn sample.

The effect of adding 2 wt% Cu into the Ti15SnxCu alloy is visible 
in the fracture images in Figure 6c and 6d. The randomly oriented 

colonies (with respect to the loading direc-
tion) and mostly translamellar fracture 
were observed. A high magnification image 
of the interlamellar area is given in Figure 7c, 
where white nanoparticles can be seen clearly. 
According to energy dispersive spectroscopy 
(EDS) analysis, the chemical composition (wt. 
%) of the white nanoparticles was Ti (83.98%), 
Sn (3.82%), and Cu (12.20%), which approxi-
mates that of the nano-Ti2Cu phase. The same 
phenomenon was also observed in the heat 
treated Ti15Sn2Cu sample (Figures 6d and 
7d), confirming the nano-Ti2Cu particles 
could improve the machine property of the 
Ti15Sn2Cu samples. It is clear that, due to the 
higher bending strength of Ti15Sn2Cu alloy, 
the brittle nano-Ti2Cu phase precipitated, and 
those precipitates restricted the motion of 
dislocations in the multiple slip systems and 
enhanced the bending strength. It can also 
be speculated that the cracks initiated and 
propagated in the brittle nano-Ti2Cu particles 
in an early stage of the shearing.

3.4 Machinability
Figure 8 shows the cut surfaces of the 
Ti15SnxCu alloys. Cutting scars (mark a) 
are obvious on the cutting surface of the 
AS Ti15Sn alloy (Figure 8a), as well as small 
amounts of smears (mark b) and micro-
voids (mark c). The cutting surface of the HT 
Ti15Sn2Cu alloy (Figure 8d) had fewer cutting 
marks than did those of the other samples.

The order of cutting traces in the machin-
ability testing was as follows: AS Ti15Sn > HT 
Ti15Sn > AS Ti15Sn2Cu > HT Ti15Sn2Cu.

Compared with that of Ti15Sn alloy, the 
cutting surface of Ti15SnxCu alloy with 2 wt. 
% Cu had increased tearing (mark d). Lower 
ductility is generally beneficial to the machin-
ability of metals [52]. It is reported that scar 
morphologies are related to grind adhesion, 
and the relative low hardness and strength of 
alloys cause chatter vibration or deformation 
of the work piece during machining [11,53]. 
Figure 9 shows SEM images of the metal 
chips resulting from the machinability test-
ing of the Ti15SnxCu. The metal chips of the 
Ti15Sn2Cu alloy were finer than those of the 
Ti15Sn alloy. As shown in Figure 10, the aver-

age size of the metal chips of Ti15Sn2Cu alloys in order is: AS Ti15Sn 
(645 ± 56 μm) > HT Ti15Sn (547 ± 42 μm) > AS Ti15Sn2Cu (354 ± 46 μm) > 
HT Ti15Sn2Cu (286 ± 32 μm). The HT Ti15Sn2Cu alloy produced much 
finer metal chips, which are reported to be more suitable for machin-
ability [20,54]. From these experiments, it is obvious the nano-Ti2Cu 
precipitates caused a loss of ductility and facilitated more effective 
machinability of Ti15Sn2Cu alloy because small broken fragments 
more readily formed [20].

4 CONCLUSION
In the current investigation, the effect of heat treatments on the 
microstructure, mechanical, and machinability properties of 

Figure 7: The higher magnification SEM fractographs of Ti15SnxCu alloys: (a) AS Ti15Sn, (b) HT Ti15Sn, (c) 
AS Ti15Sn2Cu and (d) HT Ti15Sn2Cu.

Figure 8: Cut surfaces of Ti15SnxCu samples: (a) AS Ti15Sn, (b) HT Ti15Sn, (c) AS Ti15Sn2Cu and (d) HT 
Ti15Sn2Cu.
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Ti15SnxCu was investigated, and the follow-
ing points were concluded:

1. The Ti15Sn alloy exhibits (fine a’/a-Ti + 
nano-Ti3Sn) and (coarse a’/a-Ti + Ti3Sn) phases 
under the as-cast and HT conditions, respec-
tively. However, Ti15SnxCu with 2 wt. % Cu 
(Ti15Sn2Cu) alloy comprises a’/a-Ti + nano-
Ti2Cu phase under such conditions.

2. All the Ti15SnxCu alloys had higher 
bending strengths (1,275.3 ± 63.2 – 1,420.3 
± 71.1 MPa) than that of CP-Ti (843.2 ± 42.2 
MPa). Notably, the bending strengths of the 
HT alloys were higher than those of theAS 
alloys. The HT Ti15Sn2Cu alloy also had the highest bending strength 
and modulus, mainly due to the strengthening effects of the crystal-
lites with fine grain sizes and nano-Ti Cu precipitates. 

 3. In the AS T15Sn alloy, the predominantly observed fracture 
mode was interlamellar-fracture. In the HT Ti15Sn alloy, the fracture 
mode was mixed interlamellar/translamellar. However, adding 2 wt. 
% Cu to the Ti15SnxCu alloy change the fracture structures to most-
ly translamellar fracture, especially in the case of the heat treated 
Ti15Sn2Cu alloy.

4. It was confirmed the nano-Ti2Cu precipitation was caused 
by crack initiation and propagation, which reduced ductility and 
improved the machinability of Ti15Sn2Cu alloy.
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For almost 60 years, Can-Eng Furnace International 
Limited has offered custom-made industrial thermal-
processing and heat-treating systems while providing 
users the lowest cost of ownership benefits.
By KENNETH CARTER, Thermal Processing editor

ven though Can-Eng Furnace International Limited is a 
leading global designer and manufacturer of thermal 
processing equipment for ferrous and no-ferrous metal, 
the amount of knowledge and expertise the company 

offers goes far beyond that simple definition. 
“We are a solutions provider,” said Tim Donofrio, vice president of 

sales and marketing for Can-Eng. “We’re not a standard furnace offer-
ing company. We invite opportunities that really allow us to demon-
strate to our partners how we can set ourselves apart from others.”

Those opportunities have paved the way 
for a wide variety of products. Can-Eng offers 
high-volume, capacity, automated continu-
ous, and batch industrial thermal processing, 
and heat-treating technology that includes 
aluminum automotive light-weighting, heat-
treating systems; safety critical automotive 
fastener mesh belt heat-treatment systems; 
salt-quench austempering heat-treatment 
systems; plate, API tube, bar quench, and 
temper systems; steel plant heat processing 
and treatment systems; aluminum and steel 
forge and foundry heat processing and heat-
treatment systems; and automotive, aero-
space, oil and gas, and energy sector heat-
processing and treatment systems.

EQUIPMENT — TECHNOLOGY 
FOCUS 
In a nutshell, Can-Eng focuses on niche areas 
of the thermal-processing market by focusing 
on three main product groups: high-volume, 
high-capacity, special quality fastener heat-
treatment systems; light-weighting technol-
ogy for the automotive and mobility markets; 
and custom-engineered special projects, according to Donofrio.

“Certainly, Can-Eng is well known for delivering very high-value-
added heat-treatment production capacity through our mesh belt 
heat-treatment systems,” he said.

Can-Eng has the largest mesh belt soft handling heat treatment 
system available to the market at 7,000-pounds-per-hour production 
capacity, according to Donofrio. Systems integration proven part 
mixing and part damages prevention features while also ensuring 
predictable mechanical properties are achieved for high-quality 
fasteners used in the automotive or the mobility market. While 
always focusing on technology development, Can-Eng has recently 
integrated continuous, inline phosphate removal systems as well as 
improved tempering furnace uniformity capability for the process-
ing of high-strength fasteners. 

“Can-Eng has enjoyed the opportunity to work with most major 
high-quality fastener manufacturers globally, allowing the Can-Eng 
nameplate to be easily distinguished at manufacturers around the 
world,” he said. “Can-Eng is recognized as a systems integrator and 
not just a furnace builder. This is demonstrated through the integra-
tion of automated parts handling, product monitoring, automated 
guided vehicle (AGV) systems and robotic handling solutions that 
provide single part, lean manufacturing part flow, which has been 
applied to our Basketless Heat Treatment Systems (BHTS®).”

LIGHT-WEIGHTING TECHNOLOGY
Can-Eng’s aluminum heat-treatment systems allow the company to 
focus on light-weighting technology, according to Donofrio.

“Our aluminum heat-treatment systems have been very successful 
the last 25 years,” he said. “And, more recently, we’ve been quite suc-
cessful in developing state-of-the-art high-volume capacity systems 
that are used for heat treating very specialized, thin-walled, high-
integrity castings.”

These thin-walled castings are used as part of the structural 
frame, suspension, BIW, or battery housings, for example, accord-
ing to Donofrio. These are products that require predictable metal-
lurgical properties, but they also require a very uniform thermal 
process to ensure the dimensional stability of their products for final 
installation.

E

A mesh-belt furnace. (Courtesy: Can-Eng)

http://thermalprocessing.com
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“When you’re processing very thin-walled, three-millimeter-thick 
sections, they are quite prone to residual stresses and distortion poten-
tial as a result of non-uniform treatment,” he said. “With our very 
specialized state-of-the-art systems, Can-Eng achieves very uniform 
heating, as well as quenching processes. As part of that, we’ve devel-
oped a very unique Precision Air Quench (PAQ™) system that’s been 
used and integrated into over 20 aluminum heat-treatment systems.”

These heat-treatment systems are used by tier-one and tier-two 
direct automotive manufacturers around the world, according to 
Donofrio.

“We have well over 50 installations in this market, making it a 
large part of our focus and business,” he said. “This includes more 
conventional, continuous roller hearth and belt conveyor systems 
for aluminum forging and casting applications, as well as modular 
aluminum heat-treatment systems. We see greater requirements for 
modular heat-treatment systems where significant flexibility for 
product geometry is required, processing a wide range of process-

ing parameters providing manufacturers the ability to be nimble 
and react quickly to changes in demand.”

CUSTOM SOLUTIONS
The final area of expertise Can-Eng provides is the company’s ability 
to offer custom-engineered solutions, where the answer begins with 
a blank piece of paper, according to Donofrio.

“We evaluate the customer’s expectations and drill down in under-
standing their needs, some of which are hidden needs; the needs 
that they don’t even realize they have,” he said. “It is with this under-
standing and extraction of needs where we can develop a customized 
solution that will deliver to them the lowest cost of ownership in 
implementing a Can-Eng solution.”

This might involve a very large steel application, according to 
Donofrio. An example of this is recent increasing forging demands 
from the marketplace for isothermal annealing and normalizing 
systems for the various new multispeed transmissions and drive-unit 
requirements for the up-and-coming electric vehicle market. These 
systems requirements could integrate anything from roller hearth, 
conveyor, rotary hearth, screw hearth, walking beam, or car bottom 
systems that use automated guided vehicles (AGV).

“We have many different tools available as well as different types 
of furnace concepts where we can apply our know-how,” he said. “And 
not only that, we can bring a specialized talent that we have with 
automation.”

ADVANCES IN AUTOMATION
For the past 15 years, Can-Eng has been integrating robotic handling 
in its aluminum heat-treat systems, according to Donofrio.

For the past 15 years, Can-Eng has been integrating robotic handling in its aluminum heat-treat systems. (Courtesy: Can-Eng)

“Heat treating is constantly 
evolving. We try to stay very close 
to the technologies that are being 
developed well before they’re 
needed.”
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“We do have a very specialized system concept that we call our 
Basketless Heat Treatment System (BHTS®),” he said. “What we’re 
doing in that application is essentially providing a continuous ther-
mal process for aluminum components, whether they be forgings 
or castings, and handling these components through a step-by-step 
heat-treatment system without the use of any baskets or fixtures.”

Donofrio pointed out that what this brings to the table is a tre-
mendous energy reduction and energy savings that shows up in the 

overall operating costs of the system, as a result of there no longer 
being a need for continuously heating and cooling baskets, trays, and 
fixtures, while also eliminating the ongoing capital and repair costs 
of those fixtures that are constantly being degraded due to constant 
thermal deterioration. Beyond that, customers will see a considerable 
improvement in product-quality performance.

“As a result of individually handling a part, you do not see the 
mass effect that you would normally see when you would process a 
number of parts in a fixture or a basket — resulting in a much tighter 
temperature control and mechanical performance range,” he said.

RESEARCH & DEVELOPMENT
With Can-Eng’s ability to offer custom solutions, the company has a 

capable R&D facility where it can run and develop thermal processes 
well ahead of production demands, according to Donofrio.

“We’ve done that work for many different customers over the years, 
and we’ve supported quite significant product launches,” he said. “In 
the early days, when the aluminum engine blocks with cast and iron 
liners were being developed, we supported that, but also when the 
recent all-aluminum truck was introduced, we supported that as 
well with development work they required to achieve the mechanical 

property and dimensional stability require-
ments that were otherwise not achievable 
with conventional processes.”

HEAT TREATING FOR 56 YEARS
Can-Eng opened its doors in 1964, and for 
almost 60 years, the company’s designs 
have served commercial and captive heat-
treaters, stamping and fastener companies, 
automotive component producers, the iron 
and steel industries, aluminum foundries, 
agricultural, construction, and appliance 
manufacturers, gaining an international 
reputation for design innovation, quality 
workmanship, and a dedication to service, 
according to Donofrio.

“We’ve done business in 17 different coun-
tries around the world,” he said. “A lot of peo-
ple out there don’t really recognize that we 
are that engaged and that we have support 
and service capability globally to provide 
those services.”

As Can-Eng has expanded through the 
decades, it has added a lot of innovative equipment to the heat-treat-
ing industry, not the least of which is the company’s ability to provide 
development processing for light-weighting automotive structures, 
according to Donofrio.

“Can-Eng was the first industrial furnace manufacturer in North 
America to develop a high-integrity, structural-casting, heat-treat-
ment system to be used for high volume processing for light-weight-
ing automotive structures,” he said. 

CONTINUED INNOVATION
Moving into its next decade and beyond, Donofrio said Can-Eng will 
continue to push the envelope of heat-treating.

“Heat treating is constantly evolving,” he said. “We try to stay very 
close to the technologies that are being developed well before they’re 
needed. I think that is one of the things that we appreciate as having 
an R&D facility where we can work with customers that are develop-
ing these new processes and new products, so that we’re ready long 
before they even come to the marketplace. With the mobility markets 
and the needs of electrified vehicles, we’re certainly plugged into 
those areas and appreciate the battery technology needs within the 
thermal industry.”

To that end, Can-Eng will continue to offer innovative heat-treat-
ing solutions to key areas of the thermal-processing market, and if 
that means being a bit selective, that’s only because Donofrio empha-
sized it’s the best way to serve the industry.

“We don’t want to be everything to everybody,” he said. “We have a 
very talented group of engineers here, and we like to use their talents 
in very specific and strategic ways.” 

MORE INFO www.can-eng.com

Rotary furnaces. (Courtesy: Can-Eng)

An aluminum-conveyor furnace. (Courtesy: Can-Eng)

http://www.can-eng.com
http://thermalprocessing.com
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Manufacturing excellence 
through quality, integration, 
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education, and speed.

Contact Thermal Processing 
at 800-366-2185 to feature 
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Marketplace.

YOUR THERMAL 
HEATING  
EXPERT

     315-623-2124       315-623-2206

     info@charlesahones.com

     www.charlesahones.com

Charles A. Hones, Inc. is a recognized 
industry leader with over 100 years 
of expertise in thermal, heating 
and combustion engineering. We 
specialize in the production and 
restoration of melting furnaces, heat 
treating products, and industrial  
gas burners.

Used Heat Treating  
Furnaces and Ovens

Web: whkay.com
Email: sales@whkay.com

Phone: 440-519-3800

Over 200 ovens and 
furnaces in stock

Cleveland, Ohio

Since 1936

CAN-ENG Furnaces International Limited specializes in the design of unique, high-volume batch and 
continuous industrial furnace systems for today’s and tomorrow’s demanding applications.

Propelling industry toward tomorrow’s opportunities, whether for Automotive, Aerospace, Steel, Military, 
or Oil and Gas applications, CAN-ENG has the experience and expertise to enable your success.

P.O. Box 235, Niagara Falls, New York 14302-0235 |  T. 905.356.1327  |  F. 905.356.1817

CAN-ENG FURNACES ENGINEERING SOLUTIONS TO LAST

CUSTOM SYSTEMS FOR CUSTOM PRODUCTS

To explore how 
CAN-ENG’s custom 

systems can help with 
your individual needs, 

visit us online
 www.can-eng.com 

or email 
furnaces@can-eng.com.

Precision Pyrolysis &
Debinding Furnaces
for Ceramic Matrix

Composites & Additive
Manufacturing

XLC2448 set up for Pyrolysis 
with Multizone Heating 
Banks, Inert Atmosphere, 
and Rapid Cooling

F U R N A C E  C O , I N C

If you have high-value loads 
to process, look no further 
than L&L Special Furnace. Our 
furnaces are the most reliable 
on the market – at any price! 
Each one is Special!

• Precision
• Uniformity
• Value

L&L CAN MEET THE STRICTEST PROVISIONS OF
AMS2750E FOR AEROSPACE APPLICATIONS

20 Kent Road Aston, PA 19014 
Phone: 877.846.7628 
www.llfurnace.com
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THERMAL PROCESSING SYSTEMS

YOUR SOURCE
FOR COMPLIANCE
WITH CQI-9
4TH EDITION

www.gasbarre .com

ISO 17025

RELIABILITY, 
EXPERTISE,

SERVICE, 
AND SELECTION

Let the experts at Gasbarre 
design and implement a CQI-9 
Compliance Plan for you!

NEW REQUIREMENTS:
n  Digital instrumentation
n  Temperature recording for each
   control zone
n  Quarterly calibration of atmosphere
   controllers
n  Recording instruments for temperature
   controlling devices and protective
   atmosphere monitoring
n  Continuous temperature recording
   with an alarm system
n  Continuous atmosphere recording
   with an alarm system
n  Recording of cooling water temperature
n  For sintering hardening, fan alarming
   and fan speed verification
n  Continuous monitoring of furnace
   atmosphere, automatically
   controlled, and documented 

BASIC AND ADVANCED 
PACKAGES AVAILABLE
Featuring enhanced support and
convenience options

furnace-sales@gasbarre.com
814.834.2200

•	Less	than	2%	VOC	content
•	Non-flammable,	no	Hazmat		
	 shipping	regulations
•	Excellent	one-coat	coverage
•	Stop-off	protection	up	
	 to	.080”	case	depths
•	Economic	alternative	to		
	 foreign-made	brands

Vacuum Research Corp.   •  100 Chapel Harbor Drive, #4
Pittsburgh, PA 15238 USA   •  www.vacuumresearch.com
800-426-9340  • email: VRC@vacuumresearch.com

©2021 Vacuum Research Corp.

High Vacuum Valves
Electric Motor Actuators

All VRC Motor Actuators 
Provide Open/Close, 
Throttle, and Soft Start 
Using Your Existing PLC 

with 0 to 10 VDC 
or 4-20 mA Output.

If you want to optimize fl ow rates, minimize pressure drop, and reduce 
energy costs of your system, then this is the most vital piece of news 
you will read today. 

Vacuum Gate Valves with Electric Motor Actuators from Vacuum 
Research, avoid premature repairs, increase system reliability, and 
eliminate performance gaps. 

All our valves are (RoHS) 2015/863/EU compliant. To increase your 
system’s effi ciency today, call 800-426-9340 for a quote or email 
VRC@vacuumresearch.com.

METHOD 1, 2, 3 CURRENTLY IN STANDARD USE
Method 1 – Remove load from furnace and lower 
furnace temperature.

Method 2 –  Remove atmosphere and add small 
amount of air to furnace for 8 hours or more.

Method 3 – Use a wand to direct air to heavy 
carbon deposits.

Method 4 – Unnecessary to remove load or 
atmosphere from furnace. Do not lower furnace 
temperature. Carburize load until finished with 
CH4 (soot) under control with Method 4.

AFTER LOAD IS REMOVED, METHOD 4 
WILL CLEAN THE FURNACE

Contact HeavyCarbon@Frontiernet.net

SOOT CONTROLLED 
CARBURIZING – METHOD 4

HEAVY CARBON CO. ENDOCARB

mailto:furnace-sales@gasbarre.com?subject=Referred by Thermal Processing
http://www.gasbarre.com
mailto:HeavyCarbon@Frontiernet.net?subject=Referred by Thermal Processing
http://www.vacuumresearch.com
mailto:VRC@vacuumresearch.com?subject=Referred by Thermal Processing
mailto:VRC@vacuumresearch.com?subject=Referred by Thermal Processing
http://thermalprocessing.com


54  APRIL 2021

AeroMat 2021  ›  May 24–26  |  Virtual

ITSC 2021  ›  May 24–26  |  Virtual

AMPM2021  ›  June 20–23  |  Orlando, FL

PowderMet2021  ›  June 20–23  |  Orlando, FL

Tungsten2021  ›  June 20–23  |  Orlando, FL

AISTech2021  ›  June 29–July 1  |  Nashville, TN

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

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

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

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

HEAT TREAT  
EVENTS 2021

Look for bonus distribution of Thermal 
Processing at many of these shows. And 
we look forward to seeing you at select 
events this year.
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ALL PROCESSES | SPECIALIZING IN VPA, VPC COATINGS

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

Designing & manufacturing custom  
industrial furnaces for over 45 years

HOW IT STARTED HOW IT IS NOW

Service, 
consumables  
and critical spares 
for all brands of 
equipment

Connect your company to the heat treating industry with a 
storefront in the Thermal Processing Community. 
Storefronts paint a portrait of your company with a 500-
word description and include your logo, website link, phone 
number, email addresses, and videos. With a community 
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Q& A /// INTERVIEW WITH AN INDUSTRY INSIDER

Tell our readers a little bit about Thermalogic.
At Thermalogic, we’re celebrating our 50th year in business this 
year. We were founded in 1971 in Waltham, Massachusetts, and 
we’ve moved to our current 25,000-square-foot facility in Hudson, 
Massachusetts, in 1997. We specialize in the design, engineering, and 
manufacture of temperature controls and temperature sensors. And 
we cater to the OEM and volume user market. We build everything to 
the exact specifications of our customer, which gives them the flex-
ibility to getting exactly what they need. We’re not an off-the-shelf 
operation. We’ll pretty much build anything to any specifications, 
and it’s quite simple the way our customers work with us. They tell us 
what they need, and we’re designing something for them — whether 
being custom designed from the ground up or using a combination of 
our library of proven technology. We’re highly engineering oriented, 
but mainly a manufacturer.

You offer touch screen controls for OEMs. Tell us a little bit about them.
We manufacture what we call our Digitherm series, which is indi-
cating controllers. This month (May), we’re going to be launching 
our new website where we’ll start advertising and marketing our 
Internet of Things and our new touchscreen control line. Before we 
started launching this to the general population, we did some field 
testing with our existing customers who had dealt with us for years.

What makes your touch screen controls different from others on the 
market?
What makes us different is not so much the control or the actual 
medium of the touchscreen, but it’s the fact that we can build it, and 
we can do all the code and make the displays on all the graphics to 
the exact way our customers want them. When they take it out of 
the box, it does exactly what they need. 

What are some of the options that you offer?
We offer two displays. There’s a 4.3-inch, which is the smaller dis-
play, and we offer a 7-inch display, which is more for when you need 
more indication of different functions on the controller. Most of 
the function is on the control board, so we can either make them 
with the control board attached to the back of the display where 
it’s a complete panel mounting or another popular configuration 
is having a remote motherboard with a cable that comes up to it. 
And as far as the options, most of the apps would be back on the 
control board. We can give you any AC/DC power supplies. We can 
take any type of inputs — RTDs, thermocouples, thermistors, binary 
pressure, transmitters, anything your application requires as far 
as outputs. We offer relays, ON-OFF, PID, SCR power drives. We  
also offer a lot of interface options like RS-232, Ethernet, WiFi, 

Bluetooth. So, there’s quite a plethora of options that are available.

What other products do you manufacture for use in conjunction with 
those touch screen controls?
We manufacture temperature sensor assemblies built to order. We 
offer RTD, thermistor, and thermocouple options. Customers can 
specify tubing, wire lengths, and connectors. Additionally, we make 
voltage and current transmitters to use where it is not possible to 
connect a remote sensor to the control board.

What are some of the industries that you serve?
We’re very broad based. In addition to heat treating, we do a lot of work 
in packaging equipment. We do a lot of work in medical diagnostics 
equipment. We deal in industrial and military and rail car HVAC con-
trol. We tend to deal in the industries that need critical, critical control. 
We tend to cater to the mid-volume range of companies that want 
something that’s top notch. They come to Thermalogic for quality.

How do you work with customers to make a touch screen control 
that’s built to the exact needs of their equipment?
It’s a pretty simple process. Customers contact our sales engineer-
ing department either via phone or email where we determine the 
aspects of their application. And then we’ll come up with a few ques-
tions: How many zones are you looking for? What sort of a tempera-
ture range are you needing? What sort of loads are you driving? What 
are you trying to accomplish from an application’s perspective? So, 
once the application engineer has a good understanding, we will 
generate a specification sheet and a detailed quote where we specify 
everything the control is going to do in terms of voltages, power, 
supply inputs, outputs. When the customer’s team comes to an agree-
ment, the customer signs off on that, then it goes into engineering 
where our electrical and mechanical engineers will start the actual 
design of the product. 

The next step is shipping a prototype that our customers test in 
their systems in house. We go back and forth looking for any potential 
changes or oversights. In some cases, our customers may order a small 
handful and do a field test. Our process is a long burn. It’s not like we 
will talk to a customer on Monday and ship a product on Friday. And it 
doesn’t stop there. We continue to support them — letting them know 
when orders are getting low, advising of the lead times to get the 
next order in, working with them on any problems in the controls or 
problems in the system. We’re in it for the long haul. It’s ultimately a 
simple process of how we operate: We just listen to our customers.   

MORE INFO www.thermalogic.com

“We specialize in the design, engineering, and 
manufacture of temperature controls and 
temperature sensors.” 

JOE GREIN /// PRESIDENT /// THERMALOGIC CORPOR ATION

http://www.thermalogic.com


PROUDLY MADE IN THE USAT H E  B R I G H T E S T  S O L U T I O N S  T H R O U G H  I N G E N U I T Y

SOLUTIONS THROUGH INGENUITY
Every medical vacuum furnace Solar Manufacturing designs is forged with 
many years of experience. The daily collaboration between Solar Manufacturing 
and our commercial heat treating affiliate, Solar Atmospheres, is unparalleled 
in the industry. This valuable exchange among our engineers, metallurgists, 
mechanics, and technicians affords us a unique position of leadership in high-
performance vacuum furnaces perfectly matched to your medical application. 
Trust our experience.

267.384.5040
sales@solarmfg.com

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

BENEFITS:
• Refractory metal shielded hot zones provide bright, clean results
• SolarVac® secured control system for process accuracy and traceability
• Robust, reliable performance

VACUUM FURNACES FOR
MEDICAL APPLICATIONS
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THERMOCOUPLE 
TECHNOLOGY
CUSTOM SENSOR MANUFACTURER

PRODUCTS
•  THERMOCOUPLES & RTD ASSEMBLIES
•  THERMOWELLS
•  PROTECTION TUBES
•  THERMOCOUPLE WIRE / MULTI CABLE
•  THERMOCOUPLES & RTD ACCESSORIES
•  ALLOY PIPE & TUBING

SERVICES / CAPABILITIES
•  ENGINEERED SOLUTIONS FOR  
   YOUR PROCESS

•  ALLOY APPLICATION ENGINEERING
•  GTAW CERTIFIED TECHNICIANS
•  CALIBRATION & CERTIFICATION

ACCURACY. RELIABILITY. SOLUTIONS.

WWW.TTECONLINE.COM • SALES@TTECONLINE.COM
215-529-9394
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