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EDITORIAL | BILL MAYER

Investing in U.S. Manufacturing
Believe it or not, there is good news out there regarding the economy. In fact, if you were to browse through the news

section of our website, you can �nd several large investments in U.S. manufacturing – as well as the resulting creation of

jobs – since the start of the year.

In January, Novelis Inc. announced a $365 million investment to build a highly advanced recycling center for

automotive aluminum. The facility will be built adjacent to Novelis’ existing automotive �nishing plant in Guthrie, Ky.

When fully operational, the facility will create approximately 140 new jobs. Commissioning is expected in 2024.

Ground was broken in May.

That same month, Nucor announced that it would build a $2.7 billion sheet mill in Mason County, W.V. Although

construction is expected to take two years, the facility will employ approximately 800 full-time workers when

operational.

Intel announced plans for an initial investment of more than $20 billion to build two chip factories in Ohio. As the

largest single private-sector investment in Ohio history, the initial phase of the project is expected to create 3,000 Intel

jobs and 7,000 construction jobs over the course of the build. Construction is scheduled to begin in late 2022, and

production is expected to come online in 2025

In late January, General Motors Co. said it would invest more than $7 billion in four Michigan manufacturing sites. The

single largest investment in GM history will create 4,000 new jobs, retain 1,000 and signi�cantly increase battery-cell

and electric-truck manufacturing capacity.

In early February, Nucor Corp. announced that its board of directors approved a $290 million investment to expand the

product capabilities of its Crawfordsville, Ind., steel sheet mill. The investment will create 80 jobs, and the project is

expected to take two years to complete.

Later in February, U.S. Steel broke ground in Osceola, Ark., on the company’s next-generation highly sustainable and

technologically advanced steel mill. According to U.S. Steel, the $3 billion steelmaking facility will be the largest private

project in the history of Arkansas. It is expected to bring 900 plant jobs to the area, along with thousands of

construction jobs.

Photo courtsy nucor.com/westvirginia/

In the news yet again, Nucor announced in early April that it would build a new rebar micro-mill with an annual capacity

of 430,000 tons in Lexington, N.C. Expected to cost approximately $350 million, the mill will employ approximately 200

full-time teammates when operational and create an additional 500 temporary jobs during construction.

Global aluminum company Hydro broke ground on its aluminum recycling plant in Cassopolis, Mich., in late April. Hydro

will invest approximately $150 million in the facility, which will produce 265 million pounds of aluminum extrusion

ingot per year and create approximately 70 new jobs.

Also in April, MP Materials Corp. began construction of its �rst rare-earth metal, alloy and magnet manufacturing

facility in Fort Worth, Texas. The $700 million project will create around 150 high-skill jobs and 1,300 indirect jobs.

In early May, Atlas Tube, a division of Zekelman Industries, opened its newest steel mill in Blytheville, Ark. According to

the company, the $150 million project is the largest private investment in the U.S. steel industry in the last decade and

is expected to create over 75 new jobs.

Novelis (apparently not satis�ed with its $365 million investment in Kentucky) announced in mid-May that it would

invest $2.5 billion to build a new low-carbon recycling and rolling plant in Bay Minette, Ala. The facility, which will have

an initial capacity of 600 kilotonnes of �nished aluminum goods per year, is expected to create up to 1,000 jobs.

According to Novelis, the facility will be the �rst fully integrated aluminum mill built in the United States in 40 years.

The company expects to begin commissioning in mid-2025.

North Star BlueScope Steel opened a $700 million facility expansion in Delta, Ohio, in May. The project created more

than 100 new jobs.

Photo courtsy bluescope.com

In late May, Hyundai Motor Group (HMG) announced that it would invest more than $10 billion in the United States by

2025. As part of the investment, HMG announced a $5.54 billion plan to establish its �rst dedicated EV and battery

manufacturing facility in Georgia to build a range of electric vehicles. The plant in Bryan County will break ground in

early 2023 and is expected to begin commercial production in the �rst half of 2025.

The EV news kept coming in May when Stellantis N.V. and Samsung SDI announced a $2.5 billion investment to

establish an EV battery manufacturing facility in Kokomo, Ind. The project will create 1,400 new jobs. Targeted to start

up in 2025, the plant will supply battery modules for a range of vehicles produced at Stellantis’ North American

assembly plants.

U.S. Steel announced in late May that it would add a pig-iron caster at its Gary Works facility in Indiana. Pre-

construction for the caster began in the �rst quarter of 2022, and start-up is expected in early 2023. The $60 million

investment will create approximately 25 new jobs to the facility.

There were two huge investments announced in June. Manna Capital Partners, a private investment �rm, committed to

creating over 950 jobs and investing more than $2 billion in the construction of an aluminum-can sheet rolling mill and

recycling center in Valencia County, N.M. Construction is scheduled to begin by late 2023, and manufacturing in

anticipated to begin in 2026. Ford, meanwhile, announced plans to invest $3.7 billion and add more than 6,200 new

union manufacturing jobs in Michigan, Missouri and Ohio. The company will also convert nearly 3,000 temporary

UAW-Ford workers to permanent full-time status.

As you can see, that’s a lot of money being invested into U.S. manufacturing. Perhaps more importantly, that’s a lot of

jobs being created. Both are good news for the economy.

Bill Mayer

Editor

Phone: 248-833-7388

E-mail: bill@industrialheating.com
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WASHINGTON WATCH

Government Pushing Additive
Manufacturing
Omar S. Nashashibi – The Franklin Partnership

NASA, FDA, NIH and the Departments of Energy and Defense: These are just a few of the government actors in the

increasingly growing space of additive manufacturing (AM) and 3D printing. For more than 30 years, both private

industry and the federal government have invested hundreds of millions of dollars into 3D printing, with industrial 3D

printing an increasing portion of the manufacturing sector.

Since many of the patents �led in the 1980s began expiring in the 2000s, we have seen a rapid expansion of AM. The

number of 3D-printing-related patents more than doubled between 2010 and 2015 to 545, and 19,285 industrial 3D

printers were sold in 2018. The role of the federal government in developing AM is not insigni�cant, with the National

Science Foundation alone investing over $200 million in the past three decades through more than 600 grants.

I remember a pivotal moment here in Washington, D.C lobbying on the Revitalize American Manufacturing and

Innovation Act (RAMI) starting in 2013. Few bills have impacted the manufacturing sector more than RAMI in my 25

years working in the nation’s capital. The law gave Congressional authorization to the Advanced Manufacturing

National Program Of�ce and authorized the federal government to establish a National Network for Manufacturing

Innovation (NNMI), which is today known as Manufacturing USA.

AzmanL/E+ via Getty Images

Close-up shot of 3D printer printing 3D objects.

It has grown into a network of 16 manufacturing innovation institutes structured as public-private partnerships that

each have its own focus area of technology. The institutes range from the Advanced Robotics for Manufacturing in

Pittsburgh, Pa., to The Institute for Advanced Composites Manufacturing Innovation in Knoxville, Tenn., and LIFT in

Detroit working to develop and deploy advanced lightweight materials manufacturing technology.

One of these innovation institutes is America Makes in Youngstown, Ohio, a national accelerator that brings together

partners in industry, government and academia to explore solutions to challenges achieved through AM and 3D

printing. The institute has several initiatives, including an online platform for accessing information, data and

intellectual capital needs; developing technology roadmaps de�ning industry needs; public-private partnership projects

focusing on design, process, material, value chain and an AM genome examining material property; and workforce

training through education in 3D-printing materials and products.

This now decade-old initiative works because it is industry-driven using government resources and academic research.

An example of innovation developed at America Makes includes Multi3D, a �ve-axis motion platform for additive and

subtractive manufacturing of multifunctional components within a single enclosed unit. A current project involves a $3

million grant from the U.S. Commerce Department in March 2022 to America Makes to develop an AM prototype of

N95-level facemasks.

Within the federal government, the Department of Energy is among the leaders in 3D printing. The Department’s

Advanced Manufacturing Of�ce (AMO), in partnership with Oak Ridge National Laboratory (ORNL), has printed

everything from houses and sports cars to functional nozzles and heat exchangers for public-private partnerships. The

AMO supports R&D projects, consortia and early-stage technical partnerships with national laboratories, companies,

non-pro�ts, state and local governments, and universities to investigate new manufacturing technologies.

AMO has several funding opportunities available with application deadlines between September and December 2022,

including for energy-ef�ciency industrial validation, high-performance computing for manufacturing, and conductivity-

enhanced materials for both electrical and thermal energy applications.

More of interest, the AMO announced funding of up to $70 million “to develop and fund a new institute that will

conduct research, development and demonstration (RD&D) focused on developing and scaling electri�ed processes

that reduce emissions, improve �exibility and enhance energy ef�ciency of industrial process heating.” The goal over

�ve years of funding is to focus on low-carbon process-heating technologies and create a 17th national Manufacturing

USA institute by establishing the seventh Clean Energy Manufacturing Innovation Institute.

Several months ago, President Biden announced the launch of Additive Manufacturing Forward (AM Forward), a

voluntary compact between large original equipment manufacturers (OEMs) and their smaller U.S.-based suppliers with

the goal of supporting downstream suppliers’ adoption of new additive capabilities and increasing their purchases of

additively produced parts from those U.S.-based suppliers.

The focus on AM and 3D printing does not stop with the federal agencies. Congress is working on legislation to make

signi�cant additional investments in U.S. supply chains and innovation. Legislation passed in the Senate funds a

program to reduce the cost of scaling up AM, and the House-passed version of the same bill speci�cally speaks to rapid

printing techniques, new materials designs and real-time process controls.

It is not often that politicians delve into the details of AM, but policymakers across the political spectrum recognize the

importance of 3D printing to America’s national and economic security. Additive manufacturing has moved from a

concept to commercial development in a relatively short period of time, and both regulators and lawmakers in

Washington have taken notice of the opportunities ahead.

Manufacturers should expect an increased focus from the federal government on 3D printing, with signi�cant

investment across the departments and agencies. That means now is the time for your business to increase its use of

AM and explore how it can work in your facility.

Omar S. Nashashibi

Founding Partner

The Franklin Partnership, LLC.

202-715-1264

omar@franklinpartnership.com

www.franklinpartnership.com
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TECHNICAL TALK

Hardness Testing and Surface Preparation
David Pye – Pye Metallurgical International Consulting

Hardness testing determines the success of the heat-treatment procedure and the material’s response to that heat

treatment. The results of a hardness test can indicate:

It is most important that the test is conducted in the appropriate and accurate manner in order to achieve “real results.”

The preparation of the metal surface for hardness testing is as important as conducting the test itself. The surface

preparation of the metal to be tested is what we will focus on in this column.

If the heat treatment was successful

Possibly the cause of a failure

Other mechanical properties of the metal

Whether or not the metal is in a condition that will ensure its functionality

A comparison to other hardness values

Fig. 1. Methods of hardness testing

Metal Surface Preparation
The heat-treatment process or pre-condition of the metal will determine the surface condition to be tested. The metal

can be in a condition of having:

If decarburization (a loss of surface carbon in the steel/surface) exists, then the steel will have been subjected to:

For through-hardened steels, in order to achieve a good and true hardness result, it is necessary to test the substrate

material by grinding beneath the oxide and decarburized layer.

Surface oxide formation (scale)

Surface decarburization (loss of surface carbon due to unstable processing conditions)

No surface decarburization

Carburization

Nitriding

Other surface treatments

Oxygen at the surface

A loss of surface carbon (indicated by low hardness)

A change in the surface chemistry

A change in the mechanical properties of the surface in relation to the material’s core/substrate

The use of a �ne grinding wheel with only a light surface

pressure should be used. This will create surface friction

(thus generating heat) that can begin to adversely affect

the accuracy of the hardness result obtained. If the heat-

treated surface is a previously ground/polished �nished

surface, then one cannot grind that surface.

It is very likely that the surface may not be decarburized. If

that is the case, then one should select an area where no

indenter impression will affect the �nish-ground surface.

This could be a sidewall face, the reverse side of a die or a

representative test coupon that has been treated with the

product.

One cannot always grind into the �nished surface. If this

occurs, then it will most likely mean that the treated

surface will begin to be depleted in carbon, nitrogen or

boron.

Care must now be given to the load, particularly if the formed case is thin. A heavy load will penetrate the resultant case

and will result in a false/incorrect reading. A simple rule of thumb is “The shallower the case, the lighter the hardness-

testing load.”

Fig. 2. Microscopic example of steel decarburization

(Gunnerson, 1963/B. Edenhofer)

Fig. 3. Knoop and Vickers indentation measurements

If the objective of the hardness test is to measure the depth of case, it will be necessary for the test operator to

understand the de�nition of case depth. Case depth is the formed case that has occurred to whatever depth was

speci�ed. There are two de�nitions:

Effective case has been formed to a hardness depth from the surface to 513 Hardness Vickers (or

approximately 50 HRC).

Total case has been formed to a depth of core hardness plus 50 Hardness Vickers (or approximately 5 HRC)

on the real core-hardness value.

Test Method
The hardness-test is usually a micro-

hardness loading, which can vary from

10 grams up to 1,000 grams load mass.

The thickness of the diffused case

determines the load that is selected.

Generally, a 200-gram to 300-gram

load is used to determine a total case

depth.

Unlike the Vickers test, which makes a

pyramidical square diamond

impression and the hardness value is

made across the two axes, the Knoop

test makes a long elongated diamond

impression and the hardness value is

ascertained by measuring the

longitudinal axis only.

Conclusion
Whichever procedure is selected for the process of hardness testing, it is necessary that the test method is chosen

carefully and that the test is conducted in an accurate and meaningful manner.

This test will determine the effectiveness of the heat-treatment process that has been performed. It is very important

that the quality-assurance technician and/or heat-treatment associate has a good understanding of the test methods,

the load/indenter selection and the interpretation of the results to produce accurate hardness values.

Fig. 4. Cross section of a typical optical microscope.

David Pye

Pye Metallurgical International Consulting

David Pye is a contributing writer. He can be contacted at 757-968-1007,  pye_d@ymail.com

or www.heat-treatment-metallurgy.com.

All �gures/graphics provided by the author.
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ACADEMIC PULSE

Developments in Thermal Processing of
Powder for Cold-Spray AM
EnhancementsBryer C. Sousa, Danielle L. Cote and Richard D. Sisson Jr. – Center for Heat Treating Excellence (CHTE)

One of the most critical innovations surrounding the extension of cold-spray materials processing from a non-

structural repair or coating acquisition into a structural repair and solid-state additive manufacturing (AM) is the

development of thermal-preprocessing technology for the feedstock powder.

Worcester Polytechnic Institute (WPI) has developed techniques for metallography of individual powder particles and

the heat treating of these powders. During the cold-spray process, the powders do not melt and retain the

microstructure of the powder particles.

Speci�cally, the cold-spray solid-state deposition technique utilizes powder feedstock to create a consolidated part via

supersonic particulate impact processing. Being a solid-state process, the feedstock powder microstructure is re�ned

due to high strain rate impact-induced severe plastic deformation. Therefore, the resultant deposits microstructure can

be tuned and controlled through thermal heat treatments prior to consumption during the cold-spray process.

Motivation for applying said heat treatments enables more homogeneous deposit microstructures, enhanced

deposition ef�ciency, process parameter optimization and the like. This column will describe a few cases where thermal

preprocessing and powder feedstock characterization and analysis can be applied for target applications and structural

uses.

Fig. 1. Secondary electron micrographs of the (a) as-atomized powder,

(b) 230°C heat-treated powder and (c) 385°C heat-treated powder.

Images (d-f) present micrographs of the cold-sprayed 230°C heat-

treated feedstock specimen at two different magni�cations, while (e-g)

present similar micrographs for the cold-sprayed 385°C heat-treated

powders.[1]

Thermal Preprocessing of Al F357 Powder
Given the signi�cant focus on thermal preprocessing of Al alloys within the cold-spray community in the pursuit of

structural strength-ductility synergy in uniaxial tension, recent work by Tsaknopoulos et al. considered the compatibility

and tunability of gas-atomized Al F357 powder within cold-spray processes via heat treating the feedstock powder for

the pursuit of achieving an overaged condition (230°C for 75 minutes) and the degassed state (385°C for 360 min).[1] 

Fig. 1 presents cross-sectional scanning electron micrographs of the as-atomized, overaged and degassed Al F357

feedstock powders and the resultant microstructures achieved when the overaged and degassed feedstocks were

deposited via high-pressure, He cold-spray processing.

While minimal particulate microstructural evolution relative to the as-atomized condition was observed in the overaged

condition, the partly equiaxed and dendritic structure found in the as-atomized condition transitioned to script-like

phase coarsening and phase ripening along the grain boundaries in the degassed condition. In addition, due to the solid-

state nature of cold spray, the heat-treated microstructures are also clearly shown to have been re�ned and retained in

the consolidated counterparts shown in Fig. 1.

Fig. 2. Uniaxial tensile test parameters were obtained for the thermally preprocessed Al F357 cold-sprayed

consolidations.[1]

Beyond microstructural analysis alone, mechanical characterization of the consolidated deposits – as a function of the

thermally preprocessed condition of the feedstock employed – was also applied by Tsaknopoulos et al. By way of

applying uniaxial tensile testing and constant processing parameters during cold spraying, Fig. 2 demonstrates the fact

that more excellent elongation to failure percentage values were obtained when the powder was initially degassed.

In contrast, enhanced yield and ultimate tensile strengths were observed in the case of the overaged consolidation.
[1] Noticeable improvements in ductility (irrespective of the thermal preprocessing recipe applied herein) and

comparable strengths (when compared to Al F357's cast counterpart) were achieved through microstructural

modi�cation of the as-atomized powder prior to use in cold spray.

Conventionally Sprayed Material Systems: Al 6061 and 3xx Stainless Steel
Beyond Al F357, which has been employed less frequently to date than many other Al systems in the cold-spray

community (such as Al 6061, Al 7075, Al 5056 and Al 2024, for example), Fig. 3 presents the effect of thermal-

preprocessing temperature on the grain size of a gas-atomized Al 6061 feedstock as a function of particle diameter.[2]

Fig. 3. Grain size versus particle size (i.e., cooling rate) for the gas-atomized Al 6061 powder in the as-atomized,

200°C for 24 hours and 230°C for 24-hour heat-treated conditions.[2]

From the trends shown in Fig. 3, one can garner insights into the relationship between grain size and solidi�cation rate,

which is directly related to the size of a given droplet during atomization across an as-atomized condition, a 200°C

heat-treated state and a 230°C thermal-preprocessed condition. By way of considering said relationships in the context

of grain-size strengthening mechanisms, wherein more re�ned grains generally result in increased yield strengths,

enhanced strain rates and work hardening can be achieved for speci�c applications by way of lowering the powders’

resistance to plastic deformation for a given cold-spray processing parameter recipe.

Fig. 4. Stainless steel

powder hardness as a

function of

austenitization time

coupled with cross-

sectional micrographs.[3]

Beyond the realm of alloyed Al systems, stainless steel powders have also been shown to achieve enhanced cold-spray

processability through thermal preprocessing prior to consumption. In the case of Massar et al., decreased feedstock

hardness values obtained through nanoindentation testing were found to decrease as a function of the thermal-

preprocessing hold time (Fig. 4).

Fig. 5. Optical microscopy of the as-

atomized and cold-sprayed and

heat-treated and cold-sprayed

specimens coupled with hardness

and porosity measurements for

each in the case of stainless steel

powder.[3]

In terms of the cold-sprayed specimens stemming from the application of the austenitization heat treatment relative to

the as-atomized condition, the resultant consolidations maintained cracking and greater porosity when the as-atomized

powder was employed (Fig. 5). Nevertheless, there is ample room for continued consideration of thermal preprocessing

within the realm of cold-spray AM as structural applications and strength-ductility synergy in the as-deposited state

remain ripe for continued consideration across numerous material systems and processing parameter combinations.

For more information: Contact Richard D. Sisson Jr., director of the Center for Heat

Treating Excellence (CHTE), Worcester Polytechnic Institute, 100 Institute Road,

Worcester, MA 01609; tel: 508-831-5335; e-mail: sisson@wpi.edu; web:

https://wp.wpi.edu/chte/.
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IHEA PROFILE

IHEA Announces 2022-23 Board of

Directors and O�cers
The Industrial Heating Equipment Association (IHEA) announced its 2022-23 Board of Directors and Executive

Of�cers. Serving as president is Jeff Valuck of Surface Combustion Inc.; vice president is Brian Kelly of Honeywell

Thermal Solutions; and treasurer is Jeff Rafter of Selas Heat Technology Co. Scott Bishop of Alabama Power – a

Southern Company assumes the past president position.

Valuck has been an active IHEA member for nearly a decade and has served as the Government Relations Committee

chair for many years. When asked what goals he has for IHEA, Valuck said: “Working on a strategic sustainability plan

that puts IHEA in the forefront of emerging trends that are impacting our industry and gaining increasing interest from

customers, governments, shareholders and even employees. I also look forward to increasing IHEA membership in all

categories to give a greater fundamental 10,000-foot view of the industry.”

2022-23 IHEA Board of Directors

Back row (left to right): Brian Kelly, Scott Bishop, Gary Berwick and Jason Safarz; front row (left to right): Ben

Gasbarre, John Stanley, Jeff Valuck and Jeff Rafter. Not pictured: Alberto Cantu, Bob Fincken, Doug Glenn, Francis

Liebens, John Podach and Michael Stowe.

IHEA also welcomed Ben Gasbarre, vice president of sales and marketing of Gasbarre Thermal Processing Systems, to

the Board of Directors in 2022-23. “Being a part of the associations that drive the industries we serve forward has

always been a core value of Gasbarre and our leadership,” Gasbarre said. “I look forward to joining the IHEA Board of

Directors and supporting the efforts that ultimately lead to improvements not only for member companies but for the

end users in our industries as well.”

To complete the Board of Directors for 2022-2023, the following members continue their service: Gary Berwick of Dry

Coolers; Alberto Cantu of Nutec Bickley; Bob Fincken of Super Systems Inc.; Doug Glenn of Heat Treat Today; Francis

Liebens of SOLO Swiss Group; John Podach of Fostoria Infrared; Jason Safarz of Karl Dungs Inc.; Michael Stowe of

Advanced Energy; and John Stanley of Karl Dungs, Inc.

In addition, IHEA announced the members who serve as chairpersons on its committees and divisions. The Government

Relations Committee is led by Valuck; the Safety Standards and Codes Committee is led by Safarz; the Education

Committee is led by Kelly; and the Marketing Communication & Membership Committee is led by Erik Klingerman of

Industrial Heating. The Infrared Division is chaired by Bishop, and the Induction Division is chaired by Stowe.

Visit www.ihea.org for more information and membership application.

Industrial Heating Equipment Association

859-356-1575 | www.ihea.org

All images provided by IHEA.

AUGUST   2022   |  IND UST RIALHEAT ING.COM

https://www.industrialheating.com/emagazine
http://www.ihea.org/
tel:+1 859 356 1575
https://www.ihea.org/
https://www.industrialheating.com/


AUGUST  2022 | DOWNLOAD ISSUE  | BACK ISSUES

EQUIPMENT NEWS

Vacuum Furnace
Solar Manufacturing received an order for a vacuum furnace

from MSL Heat Treatment, a subsidiary of Magnetic Shields Ltd.

of Kent, United Kingdom. The Mentor Pro will be manufactured

in accordance with CE standards, including the vacuum chamber

being built to ASME/UKCA requirements. The furnace has a

working hot zone area of 18 inches wide x 18 inches high x 36

inches deep with a weight capacity of 1,000 pounds. Able to

reach temperatures up to 2400°F (1315°C), it will include a

three-gas partial-pressure system and an internal quench system

designed for 2-bar (15 PSIG) positive pressure quenching.

According to MSL Heat Treatment, which specializes in brazing and controlled heat treatment for medical and scienti�c

applications, the inclusion of hydrogen as a process gas will allow the company to utilize the furnace for magnetic

annealing to a very high speci�cation. The Mentor Pro will operate at a vacuum level of 10-5 Torr.

Image courtesy

of  Solar

Manuf acturing

Exothermic Atmosphere Generator
Lindberg/MPH shipped a gas-�red exothermic atmosphere generator

to a manufacturer. The unit is equipped with a mixing control system

for exothermic gas generation that includes a touchscreen LCD color

display and paperless chart recorder. The maximum exothermic gas

output for the generator is 1,000 ft³ per hour. The combustion

chamber is designed with a reinforced, water-jacketed steel shell

insulated with a high-temperature refractory lining. The chamber

includes UV �ame detection and peep sight for observation of main

burner operation. There is a �re-check at the burner inlet that will

automatically block the mixture line in the event of a back�re. An

electrically latched manual reset valve in the gas inlet line will shut

down the generator in the event of low gas pressure, high gas pressure

or electric failure.

The atmosphere generator is accompanied by a refrigerant-atmosphere gas dryer that has the capacity to cool the

generated atmosphere gas to approximately +40°F dew point. The cooling system rapidly cools the generated gas to

condense out moisture. It utilizes a 1-HP water-cooled condensing unit with high/low and differential oil-pressure

safety switches along with a hot-gas bypass valve to prevent freeze-up during reduced load conditions.

Image courtesy of Lindberg/MPH

Vacuum Furnace
SECO/WARWICK will supply a vacuum furnace to Atlas Autos Ltd., the largest manufacturer of motorcycle parts in

Pakistan. The furnace is intended for hardening and tempering processes, and it will be used for special large-size die

production. The furnace, which has an effective work zone measuring 600 x 600 x 900 mm (23.5 x 23.5 x 35.5 inches),

will improve and increase Atlas Auto’s hardening process capacity and will also improve the economics of the plant’s

process production. It is currently in the production stage and will be shipped to Pakistan in the second half of 2022.

According to SECO/WARWICK, the Vector vacuum furnace can be used for most standard hardening, tempering,

annealing, solution heat treatment and brazing processes. The characteristic feature of the solution is directional

cooling, which allows the system to cool dies of various shapes in a different way. The furnace is equipped with

convection heating – a system that improves the ef�ciency of heat transfer when heating at lower temperatures. The

Vector ordered by Atlas Autos is equipped with an ef�cient and ergonomic medium vacuum pumping system and a

cooling system based on a gas blower, ensuring maximum hardening pressures of up to 15-bar abs.

Retort Box Furnaces
L&L Special Furnace Co. Inc. received an order for two atmosphere-controlled retort box furnaces. They will be used for

debindering ceramic composite matrix (CMC) parts, powder-metal processing and hot isostatic processing (HIP). The

main function of the furnaces is to remove all organics and other materials used in the product prior to placing in a high-

�re vacuum chamber. The debindering process is extremely important and allows for a �nished product that is very

strong and light. The furnaces have a work zone measuring 23 inches wide x 23 inches high x 36 inches deep. They have

a single zone of control with a temperature gradient of ±20°F at 1100°F (595°C) using four zones of temperature

control with biasing to balance any temperature gradients.

The parts are heated to 1220°F (660°C) in a retort

chamber that is pressurized with nitrogen. The byproducts

of the outgassing part are directed by pressure and �ow

out the rear of the furnace. The parts are then heated in a

vacuum furnace to temperatures in excess of 2300°F

(1260°C). The result is a component that is stronger and

lighter than titanium.

The furnaces are constructed of low-mass insulating

�rebrick, which allows for quicker cool-down times. They

are controlled by a Eurotherm program control with over-

temperature protection. There is also a programmable �ow

panel to control the nitrogen �ow throughout the process.
Image courtesy of L&L Special Furnace Co. Inc.

Metal 3D Printer
Velo3D Inc., a provider of metal additive-

manufacturing (AM) technology, delivered a 3D printer

to Knust-Godwin, a precision contract manufacturer.

The acquisition of a laser powder-bed fusion printer

further expands Knust-Godwin’s AM offering by

unlocking high-volume production and lower costs for

its largest customers. The Sapphire XC will be installed

in the company’s Katy, Texas facility, and is calibrated

for Inconel 718. It is capable of producing prints that

are 600 mm (23.5 inches) in diameter and 550 mm

(21.5 inches) high, and it uses eight 1-kilowatt lasers to

produce parts.

According to Velo3D, the Sapphire XC can lower

production costs by up to 75% and produce parts that

are 500% larger in volume compared to its Sapphire

system. Knust-Godwin is the �rst of Velo3D’s network

of contract manufacturers to receive a Sapphire XC.

With the addition of its Sapphire XC, Knust-Godwin

now operates six Sapphire metal 3D-printing systems

from Velo3D.

ADVERTISEMENT

Endothermic Gas Generator
OWZ Ostalb, a commercial heat treater in Aalen, Germany, purchased an

electrically heated endothermic gas generator to replace its old generator.

The EndoFlex S, manufactured and supplied by UPC-Marathon, one of

Nitrex’s business units, includes an air cooler, an automatic nitrogen

purge system and additional CH4 monitoring to meet the highest safety

standards. OWZ Ostalb has been using the EndoFlex S since September

2021, and it has been running nonstop ever since. At start-up, UPC

checks that all safety features function perfectly and provides detailed

training to users.

The old generator had to be replaced because it had no automatic process control and was not able to control the dew-

point ef�ciency in situations where the ambient air changed too much. Also, old components that were dif�cult or

impossible to replace reduced the generator’s overall ef�ciency even further.
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Forging Line
Italian ring and bevel gear manufacturer Molla has been

evaluating forging presses from Schuler's subsidiary

Farina to produce its products for use in trucks and

construction and agricultural machinery. Following

successful preliminary acceptance, a 10,000-ton line will

be on its way to the company’s facility in Solbiate Arno this

summer. Molla currently operates a 6,000-ton press and a

1,000-ton press. The three machines form a forging cell

for preforming, deburring and �nish forging of rings. This

cell will increase Molla’s production capacity in preparation

for future market requirements.

Farina's GLF series uses a york stroke system. The press force of the machines, which have high structural rigidity and a

low press height above �oor level, ranges from 750 to 10,000 tons. They also allow the use of off-center dies and

reduce burr thickness in the forged parts produced.

Image courtesy of Schuler

AUGUST   2022   |  IND UST RIALHEAT ING.COM

https://phoenixtm.com/de_DE/
https://www.industrialheating.com/emagazine
https://thermcraftinc.com/
https://www.industrialheating.com/


AUGUST  2022 | DOWNLOAD ISSUE  | BACK ISSUES

BUSINESS NEWS

Solar Atmospheres Hosts Students
On July 6, Solar Atmospheres hosted over 40 high-school students

enrolled in the Summer Engineering Institute (SEI) at Lehigh University.

The SEI program, under the guidance of Director Dr. Laura Moyer, is a

two-week residential program running two sessions back to back.

Students are nominated by faculty of local high schools. The program

speci�cally targets under-represented groups, including girls, �rst-

generation students and students who might otherwise have limited

opportunities to study in the �elds of science, technology, engineering

and math (STEM).

Solar Atmospheres provided a tour of the campus, exhibiting materials and processes for intriguing applications in a

variety of markets. The students experienced a manufacturing setting encompassing related topics from their

curriculum and gained a better understanding of heat treating and how cutting-edge technology reshapes centuries-old

processes.

Image courtesy of  Solar Atmospheres

Alcoa to Increase Production in Norway
Alcoa Corp. announced a $51 million project to increase the production capacity at its Mosjøen smelter in Norway by

14,000 metric tons per year (mtpy). Alcoa’s Mosjøen location currently has a nameplate capacity of 200,000 mtpy, and

the investment is expected to increase that capacity to 214,000 mtpy by the end of 2026. Amperage to the site’s two

potlines will be increased via improved electrical infrastructure, including the installation of new high-voltage cabling

and switching equipment. The planned investment will also improve the site’s existing anode production processes.

Alcoa also recently announced that its Mosjøen facility is operating an induction furnace that uses renewable energy to

melt and recycle scrap aluminum.

The Mosjøen smelter is fully powered by renewable energy and produces rolling ingots and foundry alloys, including

metal for Alcoa’s Sustana line. In that brand family, Mosjøen produces EcoLum aluminum, which offers less than 4.0

metric tons of carbon-dioxide equivalent emissions (scope 1 and 2) from bauxite mining, alumina re�ning, and aluminum

smelting and casting. It also produces EcoDura aluminum, which includes at least 50% recycled content.

ArcelorMittal Acquires HBI Facility in Texas
ArcelorMittal completed the acquisition of an 80% shareholding in voestalpine’s hot briquetted iron (HBI) plant located

near Corpus Christi, Texas. The acquisition, announced in April 2022, values the Corpus Christi operations at $1

billion. The facility is one of the largest of its kind in the world. It has an annual capacity of 2 million metric tons of HBI,

which is a premium, compacted form of direct reduced iron (DRI) developed to overcome issues associated with

shipping and handling DRI. The transaction enhances ArcelorMittal’s ability to produce the high-quality input materials

required for low-carbon emissions steelmaking and reinforces the company’s position as a world leader in DRI

production.

Steel Dynamics Announces Partnership to Reduce GHG Emissions
Steel Dynamics Inc. announced the creation of a strategic joint venture with Aymium, a producer of renewable

biocarbon products. Steel Dynamics owns 55% of the joint venture, which will operate under the name SDI Biocarbon

Solutions, and Aymium owns the remaining 45%. Initial plans for the joint venture include the construction and

operation of a biocarbon production facility to supply Steel Dynamics’ electric-arc furnace (EAF) steel mills with a

renewable alternative to fossil-fuel carbon using Aymium’s patented technology. The initial facility’s production

capability is expected to be more than 160,000 metric tons per year, for an estimated capital investment of $125-$150

million. The facility is planned to begin operation in late 2023.

U.S. Steel Upgrading Iron-Ore Capabilities
United States Steel Corp. will invest approximately

$150 million to expand its low-cost iron-ore

competitive advantage and increase its self-suf�ciency

by supplying domestic feedstock to its growing �eet of

electric-arc furnaces (EAFs). U.S. Steel plans to break

ground in fall 2022 at one of its two Minnesota Ore

Operations facilities, Keetac or Minntac, to construct a

system dedicated to producing DR-grade pellets. This

will enable one of the company’s existing pelletizing

plants to not only create DR-grade pellets but also

maintain the option to continue producing blast-

furnace-grade pellets.

DR-grade pellets are a critical feedstock for

ironmaking in a direct reduced iron (DRI) or hot

briquetted iron (HBI) process that ultimately supplies

EAF steelmaking. Upon completion, the U.S. Steel

would have the option to sell the new pellets to third-

party DRI/HBI producers or use them to feed a

potential future DRI or HBI facility of its own. The DR-

grade pellets produced would be a new product line

for U.S. Steel.

ADVERTISEMENT

Vista Metals Georgia Invests $30 Million in Expansion
Vista Metals Georgia broke ground on a $30 million expansion project at its Adairsville manufacturing facility. The

expansion follows the completion and launch of its sixth cast house in spring 2021 and represents the second phase of

the company’s nearly $100 million long-range capital plan, which includes the installation of its seventh aluminum cast

house, melting furnaces, homogenizing ovens and support equipment.

The new cast-house expansion project will occur alongside the building of a new �nishing facility, which will support

downstream processing and value-added products serving the aerospace extrusion, forging and rolling markets. The

expansion projects are expected to be fully operational in 2024. According to Vista Metals Georgia, the current

expansion will strive to ensure there is suf�cient casting and �nishing capacity to support a recovering market for now

and into the future.
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The concept is to bond layers of sheet metal that contain machined

channel/microchannel structures. (courtesy of PVA TePla America)

MELTING/FORMING/JOINING

The Science of Di�usion Bonding or
Joining Together Dissimilar Metals

The concept is to bond layers of sheet metal that contain machined

channel/microchannel structures. (courtesy of PVA TePla America)

Jeff Elliott – Technical Writer; Torrance, Calif.

Metal diffusion bonding is an essential joining method for achieving a high-purity interface when two similar
metals require superior structural integrity. The process involves applying high temperature, and pressure to
metals mated together in a hot press causes the atoms on solid metallic surfaces to intersperse and bond.

There are probably no other commercially viable materials joining process that can produce such consistent results

today. The applied pressure induced by a hot-press tool, combined with software and loop-back sensors for precise

control to within micrometer accuracy, can produce constant pressure over several square feet of area for a component

assembly. As a result, this technology has attracted the interest of design engineers in the semiconductor, aerospace

and energy industries.

The Di�usion-Bonding Process
With such a high degree of process control, the diffusion-bonding process is increasingly used to join dissimilar metals.

Commercial processes of interest are titanium to iron-nickel alloys, titanium alloys to stainless steel and even some

aluminum to metal applications. The process also enables coupling between different alloys in the same material group,

such as mild steel, tool steel and metal-matrix composites.

To successfully use diffusion bonding, an understanding of the complexities of the interface and its effect on the

chemical and thermomechanical properties of the bond is required. With the industry’s traditional focus on welding and

brazing, however, there has been minimal formal education on diffusion bonding, according to Thomas Palamides,

senior product and sales manager – industrial furnaces at PVA TePla AG, a global manufacturer of industrial furnaces

and PulsPlasma nitriding systems.

“Combining the bene�cial properties of different metals is the main reason to explore diffusion bonding,” Palamides

said. “However, when manufacturers reach out (to us about it), they often understand little about how the parts should

be designed, prepared or handled. They may have questions about process data and need guidance on issues such as

heating, cooling and pressing rates.”  

Consulting with an expert manufacturing partner is often the quickest way to consider the possible bene�ts of diffusion

bonding.  The approach can also help to tailor diffusion bonding to the manufacturer’s process cost-effectively.

Advances in high-vacuum hot presses now allow superior pressure control and rapid cooling systems to improve the

bond, increase yields and signi�cantly decrease cycle time. (courtesy of PVA TePla America)

The Bene�ts of Di�usion Bonding
The importance of designing a dissimilar metal joint often lies in a desire to expose the correct metal surface to speci�c

environmental conditions where a single alloy may not perform as well. Another reason is to introduce material systems

that are lighter in weight or provide a level of corrosion resistance that can only be achieved by “packaging” dissimilar

metals.

Diffusion bonding also has tremendous potential applications for conformal cooling. The concept is to bond layers of

sheet metal that contain machined channel/microchannel structures. When combined, the channels can provide for

cooling or heat dissipation. The layers can be bonded up to a stack height of 23.6 inches (600 mm) in the MOV

diffusion-bonding press, retaining the strength as the parent materials.  

Another application related to conformal cooling is for plastic injection molds made in two-layer designs of low-alloyed

tool steel with stainless steel such as STAVAX.  

Understanding Di�usion Bonding
Academia has researched dissimilar joining for decades, and much of the focus has been on high-performance materials

like titanium alloys. According to Palamides, expanding beyond commercially pure (CP) titanium, one often �nds the

existence of an intermetallic layer at the mating interface after processing.

“The in�uence of the solute elements – such Cu, Ni and Ag – are the major drivers for the intermetallic layer formation

in titanium,” Palamides said.

The diffusion-bonding process can occur as either a solid-state or a liquid-phase bonding process. Similar pure material

bonding has historically been as a solid-state operation. This method simpli�es the process from an assembly

standpoint because faying surfaces can be easily matched before placing a charge into the furnace. Alignment pins and

tack welding may be used for this process as well. Because no liquid phase is present in diffusion bonding, slight

deformation occurs at the surface. This results from applied pressure used to �atten surface asperities and break up

residual surface oxides before bonding.

In the liquid-phase diffusion-bonding process, an interlayer typically melts at the faying surfaces. In this instance, lower

pressure than solid-state diffusion bonding is used, and even less deformation occurs at the surface. Depending on the

thermal cycle and composition of the interlayer materials combination and the interlayer selected, an interdiffusion

occurs between the interlayer and base materials on either side of the joint through the metallurgical processes known

as a eutectic or peritectic phase change.  

The thickness of the �nal intermetallic reaction layer is a result from: �rst, the liquid-phase diffusion; and, second, from

the solid-state diffusion. Bond strength is a function of the intermetallic compounds formed, the thickness of the

intermetallic zone and anomalies, such as voids, at the interface.

Exploring Di�usion Bonding
There are several ways for a manufacturer to investigate

how diffusion bonding of dissimilar metals could bene�t

their process. Scienti�c literature is readily available for

speci�c material combinations and processing times and

temperatures, depending on the application. For example,

Kavian O. Cooke and Anas M. Atieh conducted an

exhaustive review published in 2020 titled “Current Trends

in Dissimilar Diffusion Bonding of Titanium Alloys to

Stainless Steels, Aluminum, and Magnesium” in the Journal

of Manufacturing and Materials Processing.  

While ample research exists on the subject, design

engineers can still �nd it challenging to convert the

information into real-world manufacturing of a speci�c

part. When this is the case, it can be helpful to partner with

experts with an extensive database of successful processing

parameters from previous applications and access to

industrial-scale equipment. PVA TePla provides support,

including speci�c material combinations, processing times

and temperatures.

“In most cases, we start talking with the manufacturer

about introducing new designs; consult on possible

materials and designs; and also conduct pre-bonding runs

as needed,” Palamides said.

Palamides noted that proper design will allow diffusion bonding of assemblies, whether an intimate interface or

multiple interfaces that are planar parallel simultaneously.  However, surfaces that are not perpendicular to the

compressive force of the hydraulic ram will not bond properly.  

Palamides said that the manufacturer begins by working with their mechanical, thermal and modeling teams. Once a

design is complete, the next step is to fabricate trial samples that are truthful to the characteristics of the �nal interface.

 

“Locate a vendor who can perform contract service trial runs. Propose a test matrix to ensure your schedule is aligned

with project goals,” Palamides said.

Combining the bene�cial properties of different metals

is the main reason to explore diffusion bonding.

(courtesy of PVA TePla America)

Advances in Di�usion-Bonding Equipment
Despite its bene�ts, the use of diffusion bonding has been limited by more practical considerations until recently.

Speci�cally, the size limitation of the furnace chamber and limits to the amount and uniformity of the pressure applied

across the entire surface area of the part. Run times are also long, often lasting an entire day.  

Advances in high-vacuum hot presses now allow superior pressure control and rapid cooling systems to improve the

bond, increase yields and signi�cantly decrease cycle time.

In the case of the pressure applied, for example, integrated single-cylinder hydraulic presses can apply a consistent,

measurable amount of force. However, this provides very little control over large parts with more complex geometries.

To improve force distribution, thick graphite pressing plates (10-15 inches high) mate the metal layers together at a

more consistent pressure. Unfortunately, this takes up furnace space while adding to the time to heat the surfaces of

the metals.

Today, manufacturers such as PVA TePla offer multi-cylinder systems with large pressing plates that can accommodate

various parts. The largest, the company’s MOV 853 HP, can process substrates as large as 35.43 inches (900 mm) x

49.21 inches (1,250 mm), which is quite large for diffusion bonding. The pressing force is 4,000 kN.

By controlling each cylinder independently, the integrated press provides remarkably consistent pressure across the

entire surface. The MOV also comes with built-in pressure transducers along the bottom of the pressing plate. The

individual hydraulic cylinders can be adjusted in the software to achieve uniformity even over large areas based on the

sensor feedback.

PVA TePla has optimized a physical ink test method that identi�es areas on the substrate where uneven pressure is

applied.  

“Today’s equipment provides detailed measurements of the material properties during bonding,” Palamides said. “This

valuable feedback can show how the materials are compressing, if it is being crushed and if a transient liquid layer is

forming – and other KPIs of the procedure.”

Verifying the Integrity of the Bonding Interface
To ensure the quality of the interface, Palamides recommends analyzing samples through nondestructive inspection

techniques, such as scanning acoustic microscopy (SAM). More costly analysis is performed using scanning electron

microscopy/energy dispersive X-ray spectroscopy (SEM-EDS). Subsequently, trial samples may be destructively

analyzed and fabricated into standard mechanical test specimens to collect repeatable data.

Conclusion
While there is growing interest in diffusion bonding, all applications require thorough research to optimize the joining

process. Only a few global �rms can work with manufacturers through the process with the ability to advise on

commercial system adoption. From the beginning, partnering with an expert in diffusion bonding will give

manufacturers a competitive edge from part design through production ramp-up.

For more information: Jeff Elliott is a Torrance, Calif.-based technical writer. He has researched

and written about industrial technologies and issues for the past 20 years.

PVA TePla America can be reached at 800-527-5667 or www.pvateplaamerica.com.

AUGUST   2022   |  IND UST RIALHEAT ING.COM

https://llfurnace.com/
https://www.industrialheating.com/emagazine
tel:+1 800 527 5667
http://www.pvateplaamerica.com/
https://www.industrialheating.com/


AUGUST  2022 | DOWNLOAD ISSUE  | BACK ISSUES

Temperature uniformity survey (TUS) of a continuous furnace using the plane method applying the
PhoenixTM thru-process motoring system. Data logger travels protected in a thermal barrier mounted on the
TUS frame performing  a safe TUS at four points across the width. (image courtesy of Raba Axle; Györ, Hungary)

PROCESS CONTROL & INSTRUMENTATION

Applying Through-Process Temperature
Monitoring in Continuous Furnaces
Meeting the Challenges of AMS2750G
Dr. Steve Of�ey – PhoenixTM; Cambridgeshire, UNITED KINGDOM

Careful preparation and planning as to how pyrometry requirements should be implemented are essential
from a practical perspective, especially for ever-increasing automated and complex multistage, semi-
continuous or continuous processes.

In today’s heat-treatment industry, we are faced daily with the challenges of complying with the regulatory standards

that are relevant to our speci�c markets and products. Whether manufacturing automotive parts governed by CQI-9 or

aerospace parts (AMS2750G, Nadcap, AC7102/8), pyrometry requirements are accepted as being demanding and

requiring careful interpretation and implementation. As we all know, the devil is in the details.

This article will discuss the challenges of performing the temperature uniformity survey (TUS) with particular reference

to employing the “thru-process” TUS principle applied to continuous and/or semi-continuous processes. The focus will

be on the AMS2750G speci�cation, but similar principles apply to CQI-9 with minor speci�cation adaptations.

Fig. 1. Schematic of typical TUS result using hypothetical AMS2750G parameters.

The green trace is a pass, while the red trace is a fail due to overshoot.

TUS Requirements Summary
A major challenge with any standard is fully understanding the meaning or de�nition of terms and language used. In the

AMS2750G speci�cation, TUS is de�ned as “a test or series of tests where calibrated �eld test instrumentation and

sensors are used to measure temperature variation within the quali�ed furnace work zone prior to and after thermal

stabilization.” This de�nition itself contains important terms that we will investigate and discuss later as they apply to

continuous furnaces. A schematic of the basic TUS principle is shown in Fig. 1.

TUS tolerances (±X°F) needed are de�ned in AMS2750G from furnace Class perspective (AMS2750G Table 16/17).

However, take into account the reference to “prior to and after stabilization.” Overshoot failure due to thermal inertia

effects will override any successful result in the TUS minimum soak period, as shown in Fig. 1 (see the red trace line). As

de�ned in AMS2750G, if overshoot occurs above the upper tolerance level in either approach or TUS soak, a failure

will be generated. It is important that the approach is clearly de�ned by TUS data collection requirements (AMS2750G

3.5.10) as when all TUS and furnace sensors are no less than 100°F (38°C) below each survey temperature.

An initial survey is performed on a furnace installation or after modi�cations and repairs (AMS2750G 3.5.4). The initial

survey temperatures shall be the minimum and maximum temperatures of the furnace’s quali�ed operating

temperature range(s). Please note, however, that intermediate TUS levels are required so that no two adjacent survey

temperatures are greater than 600°F (315°C) apart.

Fig. 2. The PhoenixTM thru-process TUS system is installed in a TUS frame, allowing independent travel through

the furnace. The thermal barrier (A) protects the internal multi-channel data logger (B). Short, nonexpendable

mineral-insulated thermocouples (C) measure temperature over the quali�ed work zone.

Periodic TUSs (normal and extended) are performed for

single operating ranges greater than 600°F (315°C). In

this case, the temperatures that are selected must be

300°F (149°C) from the minimum and 300°F (149°C)

from the maximum quali�ed operating range determined

from the initial TUS. Again, intermediate TUS levels may

be required such that no two adjacent survey

temperatures are greater than 600°F (315°C) apart. The

TUS frequency is clearly de�ned for furnace classes in

AMS2750G (Tables 16 and 17).

Going back to our initial de�nition, we now need to

address the term “quali�ed furnace work zone.” It is

important to differentiate this from the furnace

dimensions and even the control zone. The de�nition

provided by AMS2750G 2.2.48 states: “The portion of a

thermal processing equipment volume where

temperature variation conforms to the required

uniformity tolerance within the quali�ed operating

temperature range as de�ned by the placement of

sensors during the most recent temperature uniformity

survey.”

From a simplistic and practical perspective, the need is

for placement of temperature sensors over a de�ned

volume, re�ected by the process, to prove uniformity of

heating within that volume against speci�cation

requirements. The accurate and reproducible placement

of such sensors is critical to the success of the initial and

subsequent periodic TUS runs.

ADVERTISEMENT

Thru-Process TUS Solution for Continuous Furnace Process
Traditionally, TUSs are performed on a static batch furnace by using a �eld test instrument (a chart recorder or static

data logger) external to the furnace with thermocouples trailing into the furnace heating chamber.

Trailing thermocouples have limitations, especially when the product transfer is continuous. The trailing thermocouple

method is often labor-intensive, potentially unsafe and can create compromises to the TUS data collected. The choice of

thermocouple type may well be limited to an expendable (AMS2750G 2.1.21, Table 3) exposed-junction thermocouple

type, which requires the �exibility of glass braid/ceramic �ber exposed junction to allow transfer of long lengths into

and through the furnace with a compromise of durability and limited reuse (AMS2750G Table 5). The insulation is

obviously prone to damage from snagging in the furnace, which would restrict use further as de�ned by AMS2750G

section 3.1.6. Inspection and testing of thermocouples to avoid failed TUS runs is critical but time-consuming.

For semi-continuous (pusher) or continuous (belt) furnaces, the thru-process TUS principle overcomes the problems of

trailing thermocouples. A multi-channel data logger travels into and through the heat-treat process protected by a

thermal barrier. Thermal-barrier design and speci�cation are customized to suit the process being monitored

(time/temperature/pressure, etc.).

Requiring only short thermocouple lengths contained within the TUS frame, nonexpendable (AMS2750G 2.2.36, Table

3) thermocouples can be employed with ease. Robust mineral-insulated thermocouples, typically type K or N, can be

permanently �xed to the TUS frame. This both reduces setup time and guarantees that thermocouple positions are

consistent for periodic TUS work as de�ned by AMS2750G 3.1.7. Temperature data is then transmitted live to a

monitoring PC running TUS analysis software via a two-way RF telemetry link direct from the furnace.

Fig. 3. This PhoenixTM thru-process TUS system is installed in a volumetric TUS frame. Thermocouples are

mounted on �xed mounts at the eight vertices of the frame and center point as shown with heat sink �xed to the

sensor hot junction.

Volumetric Method (AMS2750G 3.5.11.6)
For semi-continuous furnaces where there may be multiple independent control zones, the volumetric method is

employed. A three-dimensional TUS frame (Fig. 3) is transferred to each sequential quali�ed work zone. It may be

necessary to perform multiple surveys to cover the entire work zone.

TUS sensors are located in three dimensions to represent a portion (basket or tray) or the entire quali�ed work-zone

volume. The number of thermocouples and positions on the TUS frame are, for a batch TUS (AMS2750G Figure 1 and

Tables 17 and 18), based on the volume of the TUS basket or tray(s) used.

Fig. 4. The PhoenixTM thru-process TUS system shows a TUS frame for use applying the plane method.

Thermocouples are installed at nine locations either with (A) an exposed hot junction or (B) a heat sink.

Plane Method (AMS2750G 3.5.11.7)
For continuous conveyorized (belt) furnaces, it is recommended that an alternative thermocouple test rig is employed,

which is called the plane method. Since the system travels through the furnace, it is only necessary to monitor the

temperature uniformity over a two-dimensional plane/slice of the furnace (Fig. 4).

All parameters used during the TUS shall re�ect the normal operation of the equipment used during production, as

detailed in AMS2750G 3.5.6. The initial TUS shall be performed at the minimum and maximum temperatures of the

quali�ed operating temperature range(s) at the highest and lowest traverse speeds used during production. The

periodic TUS may be performed at any traverse speed used during production if at least one TUS per year includes

highest and lowest traverse speeds (AMS2750G 3.5.11.5).

The number and location of thermocouples required in the plane method is determined by the work-zone height and

width as de�ned in AMS2750G Table 19 and as detailed in Table 1. Temperature readings from all TUS sensors shall be

recorded at least every two minutes, with a minimum of 10 sets of readings recorded for each quali�ed work zone. The

traverse may be repeated as many times as necessary to ensure that any recurrent temperature pattern is identi�ed at

all locations through each quali�ed work zone.

For TUS monitoring, it is acceptable to use either exposed-junction thermocouples or thermocouples �tted with a heat

sink (AMS2750G 2.2.27). The heat-sink (Figs. 3 and 4) diameter should not be >0.5 inch and should not exceed the

thickness of the thinnest material being processed. The material should have a room-temperature thermal conductivity

consistent with heat-treat material.

Table 1. Number and locations of TUS sensors for continuous and semi-continuous furnaces using the plane method

(AMS2750G Table 19)

Thermocouple setup needs to be consistent for initial and subsequent periodic TUS runs, which is achieved via the use

of permanently rigged TUS frames (Figs. 3 and 4).

For continuous TUS operations, the traverse speed monitoring and recording is important because it is used to

calculate the quali�ed work-zone length (AMS2750G 3.5.11.9). Each quali�ed work-zone length is the sum of the

elapsed time during which the TUS sensors were within the required TUS tolerance at the traverse speed used.

In most TUS situations (sensors <10), no TUS sensor failures are accepted. Some limited failures are permitted

(AMS2750G Tables 20 and 21) above 10, but it is important to note that no failures are accepted for corner sensors.

Fig. 5. PhoenixTM Thermal View Survey software shows the visual and data analysis of a speci�c TUS level using

the plane method applied to a continuous belt furnace.

TUS Analysis and Reporting
Collecting TUS data from the process is only part of the procedure. The data needs to be reviewed, analyzed and

reported to meet Pass and Fail criteria (AMS2750G 3.5.14) and report content (AMS2750G 3.5.16). This can be done

manually, but it is complicated and both time- and labor-intensive.

Commercial software packages, such as the PhoenixTM Thermal View Survey, provide an automated alternative

processing of the RF telemetry data sent from the TUS data logger. Using customized TUS template �les – including

TUS levels, furnace class, TUS frame, thermocouple and data-logger correction factors – the analysis of each TUS level

can be performed accurately and ef�ciently for each TUS run. A report template allows comprehensive yet clear

reporting of all test criteria and parameters. TUS reports can be quickly generated, stored and shared in hard copy or

digital formats.

Overview
The PhoenixTM “thru-process” system provides a versatile solution for performing furnace-surveying TUS with

particular value to monitoring semi-continuous or continuous heat-treatment processes to satisfy AMS270G or CQI-9

speci�cations. It also provides the means to understand, control, optimize and certify your heat-treatment process.

For more information: Dr. Steve Of�ey is Product Marketing Manager with

PhoenixTM Ltd. The Cambridgeshire, U.K.-based company can be reached at

+44 (0) 1353 223100 or visit www.phoenixtm.com.

All images provided by author except where noted.
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HEAT TREATING

Making the Case for a Short-Cycle Deep-
Cryogenic Treatment for Tool Steels
Dennis Kamody – Consultant; Pittsburgh, Pa.

ASM’s subcommittee recommends that a long-cycle deep-cryogenic treatment (DCT) followed by a low-
temperature temper (LDCT+T) should be the standard DCT practice. Many investigations by researchers
using this standard and case studies cited positive results, but there have also been investigations that cited
negative results. Differences in property outcomes cited by one study may differ from another for the same
steel, and differences in property outcomes by one heat-treat facility may differ from another for the same
steel.

These mixed reviews, recommendations and inconsistent outcomes have created skepticism among those who are

considering DCT. The roots of inconsistency affect both conventional heat treating (CT) and DCT. The advantage using

a short-cycle DCT followed by one temper (SDCT+T) to replace LDCT+T is proposed.

In 1999, the newly formed ASM subcommittee failed to acknowledge three research studies that used SDCT+T. “Role

of Eta-Carbide Precipitation in the Wear Resistance Improvement of Fe-12Cr-Mo-V-1.4C Tool Steel by Cryogenic

treatment”[1] was published by the Iron and Steel Institute of Japan in 1994. “Formation of Fine Eta Carbides in Special

Cryogenic and Tempering Process Key to Improved Properties of Alloy Steels”[2] was published by Industrial Heating in

1997. Another study using very SDCT+T exhibited no signs of thermal shock or cracking. “Increasing Hardness through

Cryogenics”[3] was published by Gear Technology in 1997.  

Most of the committee membership advocated LDCT+T using a gases-nebulizing atmosphere or cold-box dry chamber.

This committee was made up mostly LDCT+T equipment manufacturers and service providers. However, Nu-Bit Inc. –

using the NBP Process[4], a patented process using an incremental step quench into a liquid-nitrogen bath until part

reached liquid-nitrogen temperatures – recommended SDCT+T.  The committee ended up recommending LDCT+T and

called for technical papers to support a long-cycle DCT.  

Since 1999, researchers investigating LDCT+T for speci�c steels have collectively failed to establish LDCT as a

standard practice during heat treating.[5,6]

Case Study Using SDCT+T for Gauge

Manufacture[7]

Manufacturers using as-quenched 06 steel for making

master gauges for the auto and aerospace industries

used a -120°F cold-box freezer to extend the quench,

increase hardness and stabilize the material. The

Timken Company thought DCT might be helpful in the

gauge-manufacturing process. The company’s old

process had great results, extending the quench using a

-120°F cold-box freezer.

This process historically has produced masters that

have maintained size within �ve one-hundred-

thousandths of an inch, 1/60th the width of a human

hair, and angle taper within 3 seconds of a degree. The

masters maintain stability for more than 30 years. If

Timken were to implement a new process, it would

have to match or exceed these results.

The group was getting mixed reviews in their research

of cryogenics and cryogenic vendors. Ironically, it was a

copy of a newsletter produced by the company’s

communication team that explained how Nu-Bit’s NBP

add-on process had increased the life of broaches

phenomenally at Timken’s St. Clair plant in Eaton, Ohio.

ADVERTISEMENT

With the help of the Timken Research’s Material Science Department, testing was conducted to determine the

percentage of retained austenite. The company’s current process resulted in retained-austenite levels between 5.5%

and 8.5%. The NBP-process tested results had retained-austenite levels between 4.0% and 4.5%. This demonstrated

that the new cryogenic process was as good or better than the existing process.

Timken purchased the Nu-Bit SDCT processor (lead image) and replaced the old -120°F cold box. The true bene�ts,

however, were realized in time savings. For double-stabilized gauges, which were the majority made at the company, the

standard process time was 76 hours. It was 40 hours for single-stabilization gauges. The total processing time using the

NBP process is 9 hours, which is a time savings of 67 hours for every double-stabilized job and 31 hours for every

single-stabilized job.

Case Study Using SDCT+T to Stabilize 440 Stainless Steel[8]

Goddard Enterprises, a machine shop in Boulder, Colo., sometimes makes small, intricate parts using the wire-EDM

process. Some of these parts have tolerances of ±0.0002 inch. One of the parts Goddard Enterprises makes is a 440

stainless steel (58-60 HRC) load comb for the computer disc-drive industry.

In the past, the company would do a triple draw during heat treatment to stabilize the material. This helped the warpage

problem, but the hardness dropped below the desired results. Another way the company tried to compensate for part

movement was to add several roughing cuts. This worked, but it was not a fast process and would increase the run time

30%. There was also more time required to program the added cuts.  

After trying cryogenic treatment, the hardness was good, and Goddard Enterprises could go to a single rough-cut with

three �nish cuts. This simpli�ed the whole process, and the scrap rate was reduced to almost zero. The cryogenic

process used was the NBP process, SDCT during heat treatment.

LDCT Long Cycle Times Can Create Inconsistency
LDCT has a very high propensity to delay the as-quenched condition of a part waiting for LDCT freezer availability.

Most heat-treat operations that use batch or in-line hardening and tempering will �nd that LDCT will disrupt

production throughput. Lengthy delays can result in the microstructure of the part losing austenite to lower bainite,

which will decrease hardness as well as other properties. In addition, a lengthy delay may cause cracking of a highly

stressed part from the prior quenching cycle.

A typical ASM Heat Treaters Guide recommends[9] that after quenching by any method, the as-quenched condition to

handling temperature, around 150°F (65°C), should be tempered immediately, usually interpreted as within 5-15

minutes to lessen previous quenching stresses and minimize cracking. If delayed, steels should be held at 150°F (65°C)

or be reheated using a snap temper and held at 275-300°F (135-150°C) until DCT.  

However, this snap temper should be short-cycled if lengthening may convert austenite to lower bainite. There is a time

duration mismatch when adding a short snap temper to LDCT. Researchers investigating LDCT fail to factor in the

obvious possibility that LDCT can be a bottleneck processing step during heat treatment, whereas any time delay in

further processing of the as-quenched condition could change hardness, strength, toughness and wear resistance in

tool steels.

Austenitizing and Quenching Issues Can Create Garbage-In, Garbage-Out E�ect
As-quenched part distortion, warpage or bowing are usually caused by part �xturing during austenitizing and

quenching; not using press quenching; quench mediums; quench-medium temperatures; selected cooling-rate

parameters; internal or surface stresses prior to austenitizing; or incorrect chemical analysis of a steel.  When these

problems exist in the as-quenched condition, DCT may amplify or worsen these conditions.

Lower-than-Expected As-Quenched Hardness Lowers the Expected Outcomes of DCT
A successful austenitizing and primary quench cycle is veri�ed in the as-quenched condition. Process control is very

important for any heat-treat process, including one using DCT. For this reason, most heat treaters attempt to verify

heat-treating parameters, including hardness, for the purpose of assuring properties are met.  

Equipment maintenance and calibration are also part of the verifying record. A metallurgist could verify

macrostructure, microstructure, retained austenite, gamma or alpha atoms, hardness, toughness, wear resistance,

corrosion, tensile strength, yield point, ductility, residual and locked-in stresses, surface tension, fatigue life or stability.

Low as-quenched hardness can result when the austenitizing cycle and/or primary quench were not successful.  

The lack of carbon infusion into austenite during high heat and austenite lost to pearlite or bainite during quenching will

decrease hardness. Achieving the expected as-quenched hardness will increase consistency. Most heat treaters do not

have in-house metallurgical capabilities or in-depth metallurgical know-how. However, heat treaters routinely measure

and record as-quenched hardness. The heat-treat attendant will verify any standardization of DCT by measuring

hardness before and after DCT and tempering.

Using LDCT+T in Research Studies
As a function of time at temperature (aging) at liquid-nitrogen temperatures of -320°F, LDCT will precipitate a volume

of �ne η-carbides. After 36 hours or more, η-carbide grain size will coarsen η-carbides, which will affect property

outcomes.[10] Many studies combine LDCT+T to measure % volumes of η-carbides or a steel’s property outcome.[5,6] It

is hard to distinguish where η-carbide volumes fractions are formed.  

Using SDCT+T in Research Studies[3]

There are no signs of thermal shock or cracking using SDCT+T after carburizing 9310. In carburized steels, such as

9310, the carbon level in the carburizing region becomes either equal to or higher than the carbon level in tool steels.

This study used 4-inch-long bars in 1-inch-diameter samples and coupons machined from 0.40-inch-thick discs with

teeth hobbed into them. The SDCT, NBP process used immersion for 15 minutes in liquid nitrogen. The transfer time

from quench to deep freeze was less than 2 minutes. Samples were then tempered. Figure 1 shows maximum hardness

resulted with improvement in temper resistance. Figure 2 shows a 50% increase in fatigue life and a 5% increase in

load-bearing capacity.

Fig. 1. Fig. 2.

Role of Eta-Carbide Precipitation in the Wear Resistance Improvements of Fe-12Cr-Mo-V-1.4C

Tool Steel[1]

The cryogenic treatment used was SDCT+T. Figure 3 shows the typical heat-treatment cycle of experiments. The wear

rate of specimens after cryogenic treatment is smaller than that of as-quenched specimens (without any sub-zero

treatment) for whole sliding speed. Furthermore, it decreases dramatically at high sliding speed.  The cryogenic

treatment results show 110-600% improvement.

The variation of the wear rate with sliding speed is shown in Fig. 4. The wear rate versus sliding distance is shown in Fig.

5. Unlike cold treatment, cryogenic treatment promotes preferential precipitation of �ne η-carbides. Figure 6 shows the

electron diffraction pattern taken from the tweed-like structure of cold treatment after tempering. Figure 7 shows the

electron diffraction pattern from the martensite matrix and η-carbide after tempering. The mechanism that cryogenic

treatment contributes to wear resistance is through the precipitation of �ne η-carbide rather than the removal of the

retained austenite.

Fig. 3. Fig. 4.

Fig. 5. Fig. 6.

Fig. 7. Fig. 8.

Fig. 10.Fig. 9.

Formation of Fine Eta Carbides in Special Cryogenic and Tempering Process Key to Improved

Properties of Alloy Steels[2]

The cryogenic treatment used for T15 tool steel was SDCT+T. All specimens were austenitized at 1494K (2230°F) for

10 minutes, oil quenched and then held at 422K (300°F) for 30 minutes before any further treatment to eliminate all

previous thermal effects on the material.  

Figure 8 shows the heat-treatment cycle of experiments. Table 1 shows the thermal treatment of groups of specimens

tested. Table 2 shows O-stage η-carbides are at as-quenched and at as-extended-quenched condition SDCT without

tempering and % η-carbide precipitation after SDCT+T. During tempering after SDCT, the content of η-carbide

increases with tempering time at both 477K (204°C or 400°F) and 811K (538°C or 1000°F). This indicates that η-

carbides precipitate during the tempering process only and that the longer the tempering time, the more η-carbides

precipitate. Figure 9 shows the mass loss rate versus the content of η-carbides in tempered groups. When η-carbide

content reached 4.8% or higher, the mass loss rate was the lowest for all speed rates.

Conclusion
Stabilization using any DCT at -320°F achieves the lowest levels of retained austenite compared to traditional SCT at

-120°F. SCT+T stabilization may require multiple repetitions of freezing and tempering.  DCT does not require multiple

repetitions. The total time required to achieve maximum stabilization using LDCT+T will equal or exceed SCT+T,

whereas SDCT+T will reduce processing time dramatically.

Standardization using DCT is achievable if:

Transformation of austenite to martensite is a temperature event. When using DCT, the martensitic lattice

dramatically changes at deep-cryogenic temperatures, setting up η-carbide precipitation during aging.  

Precipitation of η-carbides through aging is different for LDCT and SDCT. LDCT precipitates η-carbides

during long soak times (aging) at cryogenic temperatures. After 36 hours, η-carbide grain size coarsens.

Tempering will continue η-carbide precipitation. SDCT precipitates all η-carbides during tempering to achieve

a 5% volume fraction.

Coarsening of η-carbides will lead to erasing any expected property gains and could have a negative property

outcome.

Researchers investigating LDCT fail to factor in the obvious possibility that LDCT can be a bottleneck processing step

during heat treatment. Any time delay in further processing of the as-quenched condition can change the �nal expected

hardness, strength, toughness, wear resistance and other properties in tool steels.

Researchers should investigate new tempering parameters to achieve 5.3% volume fraction of η-carbides and avoid η-

carbide grain-size coarsening. When using LDCT or SDCT, different tempering parameters will be required.

Heat-treat attendants should verify any standardization of DCT by measuring hardness, including before and after

DCT and tempering. Heat-treat attendants should not over-temper when using DCT. Typically, tempering guidelines

have been set in ASM’s Heat Treaters Guide for a given steel. Following these guidelines can nullify any expected gains

from DCT.

For more information: Dennis J. Kamody is currently a deep-cryogenic consultant.

He was founder and president of Nu-Bit Inc. and has three patents on deep-

cryogenic processing. He also has 10 years of experience with tool steels used in

tool-and-die making as a maintenance manager and heat-treating manager. He can

be reached at dkamody@comcast.net or 412-606-8780.

All graphics provided by the author.
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ADDITIVE MANUFACTURING/3D PRINTING

Reshoring Can Ease In�ation Pressures
Harry Moser – Reshoring Initiative®

Supply-chain bottlenecks, shrinking inventories, massive consumer demand and in�ation concerns can be
alleviated by manufacturing locally. Reshoring can ease some of the pain.

The year-over-year U.S. in�ation rate through February 2022 hit a 40-year high of 7.9%, eroding purchasing power

especially for gas, food and rent. U.S. manufacturers have already been struggling with the impact of geopolitical

uncertainty and pandemic-induced strains that are unlikely to cease in 2022. Offshoring of U.S. manufacturing to low-

cost countries has made many of these problems worse

Making More Goods in the U.S.
President Biden says making more goods, like cars and semiconductor chips, in the U.S.

will lower in�ation. Complex, extended offshore supply chains were not con�gured for

risk exposure, transparency or resilience.

“Making it in America is one of the ways we can address our cost and supply-chain

challenges. When we build products we need, we don’t have to wait, we reduce shipping

costs and we can get goods moving faster,” Biden said.

A 2020 McKinsey Global Institute report found that companies will likely experience

supply-chain disruptions lasting a month or longer every 3.7 years, increasing costs and

cutting into pro�ts. Reshoring can reduce disruptions. P
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Consider the Total Cost
While the idea of reshoring reducing in�ation may seem counterintuitive, consider the total cost. Higher labor costs and

component FOB prices should drive up product consumer prices. However, a broad range of costs and risks not now

considered by most companies can offset differences in labor rate and FOB price. Our TCO Estimator user data shows

that about 20-30% of product now sourced in China can be reshored while holding or reducing customer prices. Similar

percentages apply to other countries.

In�ation Made Worse by O�shoring
Transpaci�c ocean freight costs have skyrocketed, and delivery times have been long and unpredictable due to soaring

demand for ocean and air freight from Asia to the U.S. Ballooning demand and tight capacity are fueling in�ation. In

ocean freight, rates in some cases are as much as 8-9 times higher than the pre-pandemic norm. Some sea freight has

shifted to even more expensive air freight to achieve needed delivery commitments. Domestically, rail and trucking

costs are up about 23% in 2021 from 2020.

In addition to the freight rate increases, new challenges arose in 2022 as empty containers pile up amid continued

shutdowns in China, and the Russian invasion of Ukraine blocks the ability to ship containers back to Asia. A lack of

capacity is keeping ocean rates elevated, and lead times continue to be unpredictable. The freight cost of imports is

primarily trans-ocean. Therefore, ocean-freight cost is up much more for imports than for domestic products.

Conclusion: In�ation is worse due to offshoring.

A Reliable Just-in-Time Local Model
There are key advantages to moving production to the U.S. Manufacturers would bene�t from a local, just-in-time

production model where goods are made as orders are received and can be delivered to consumers more rapidly. That

helps drive down the costs of holding and storing unsold inventory. Producers also would avoid hefty shipping fees and

tariffs on imports. Some manufacturers also have moved operations to the U.S. to ensure higher-quality products with

fewer errors, which is another bene�t that holds down total cost.

Connecticut-based FCP Euro, a midsize automotive parts retailer, typically imports and sells parts from the European

Union. Due to an expected four- to six-month pandemic-induced delay from Europe, the company is shifting some of its

supply chain to domestic suppliers. Scott Drozd, CEO of FCP Euro, said he shifted 40% of his higher-margin stock-and-

ship supply chain to a more �exible and reliable just-in-time local model.

Prof essionalStudioImages/E+ via Getty Images

Inventory Squeeze Drives Reshoring, Solves Inventory Shortages
Ongoing pandemic-induced factory closures and delays, input shortages, strong consumer demand and shrinking

inventories coupled with geopolitical uncertainty complicate supply-chain problems. The resulting inventory squeeze is

driving more reshoring to balance inventories. Companies have seen shortages in PPE and other essential products and

in a broad range of components. They ordered more, and deliveries stretched. Companies are now deciding to reshore

or nearshore to regulate inventories.

Reshoring can solve inventory volatility and result in lower in�ation. When orders drop, inventory of imported products

rises faster than domestic products and takes longer to get back in balance (Table 1). When orders rise, domestic

suppliers deliver faster and inventory rises to desired levels, avoiding stock-outs. By not stocking out or overstocking,

pro�tability is enhanced without raising prices.

Table 1

Shoring Up Essential Products
Richmond, Va.-based pharmaceutical startup Phlow is helping shore up the nation’s generic drug supply. Approximately

$6 million in government funding will help “secure a supply of medicines and Active Pharmaceutical Ingredients (API) at

risk of shortage during the current coronavirus pandemic.” Phlow will use “different manufacturing methods that allow

the U.S. to not rely on importing foreign medicines.”

To support health, safety and emergency response workers during the COVID-19 surge, Honeywell added

manufacturing capabilities to produce N95 facemasks. The company’s Phoenix and Rhode Island facilities are able to

produce upwards of 20 million masks per month and create more than 1,000 new U.S. jobs.

Companies with Local Supply Chains Fared Better During COVID-19
The pandemic revealed the vulnerabilities of hyper-connected global supply chains. Companies with local supply chains

fared better against the disruption. For example, toolmaker Stanley Black & Decker recently shifted production of its

Craftsman tools from China to Texas. It reported no increase in costs and “much less impact from the coronavirus than

would have been the case if it had remained in China.”

Unilever has more than 200 factories worldwide and kept running at about 85% capacity throughout the pandemic.

Unilever CFO Graeme Pitkethly said, “Most of our supply chain is local. It’s very �exible, and generally speaking the vast

majority of the products we sell in a country we supply in that country.”

Using TCO for Sourcing and Siting
Now is an especially good time for companies to re-evaluate the choice of domestic

versus offshore production. The Reshoring Initiative’s website provides tools to

help companies decide objectively for which products their overhead will come

down more than their manufacturing cost goes up when sourcing locally.

The online Total Cost of Ownership Estimator® will more accurately determine the

real pro�t and loss impact of reshoring or offshoring. After doing the math, most

companies will decide to bring some work back. See if reshoring makes economic

sense for your company. The Reshoring Initiative’s resources can be found at

www.ReshoreNow.org.

For more information: Contact the Reshoring Initiative at info@reshorenow.org.

Over 40 recent podcasts/videos/webinars can be found at

https://reshorenow.org/videos/.
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Custom High Temperature Vacuum Furnace Aftermarket
Services

CVI is a manufacturer of high performance vacuum and controlled atmosphere

sintering and heat treatment furnaces for MIM, stainless steels, high speed steels,

hard metals, and ceramics. Graphite or refractory metal hot zone furnaces

available in laboratory to production size at temperatures up to 3500°C,

operating from high-vacuum to 100 bar pressures.

Centorr Vacuum Industries

55 Northeastern Blvd.

Nashua, NH 03062

United States

Phone: (603) 595-7233

(800) 962-8631

Fax: (603) 595-9220

sales@centorr.com

https://vacuum-furnaces.com/parts-and-service/

Scott Robinson, Product Manager
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Your Single Source for Thermal Processing
Equipment & Related Services

Gasbarre Thermal Processing Systems provides a full range of aftermarket

services; including replacement parts, alloy fabrications, rebuilds, upgrades, and

ISO 17025 calibration services. Gasbarre is the certi�ed OEM of C.I. Hayes, J.L.

Becker, and Sinterite brand equipment. We are set up to keep your operation

running and to maximize the lifespan of your equipment.

Gasbarre Thermal Processing Systems

310 State Street
 St. Marys, PA 15857

Phone: 814-834-2200
 Email: furnace-sales@gasbarre.com

 Website: www.gasbarre.com
 Contact Name: Eric Buchanan
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Deep Cryogenic Consulting for those considering Deep
Cryogenic treatment

DEEP CRYOGENIC CONSULTING

Deep Cryogenic Consultant available for those considering Deep Cryogenic

Treatment.

35 years’ Experience and Expertise.  

Holds three U.S. patents on Short Deep Cryogenic Treatment (SDCT).  

10 years’ experience as maintenance supervisor in tool and die making

and heat treating.  

For More Information Contact:

Dennis Kamody, Consultant
 Email: dkamody@comcast.net

 Cell phone: 412-606-8780

Authored numerous articles on DCT.  Including "Making the Case for a

Short-Cycle Deep-Cryogenic Treatment for Tool Steels" in this issue of

Industrial Heating. READ MORE
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HEAT TREAT EQUIPMENT
NEW & USED

SERVICE • INSTALLATION • REBUILDING

Serving the heat treating industry for over �fty years, providing:

Nationwide service, maintenance, rebuilding, upgrading and installation

of all types of industrial heating equipment and gas atmosphere

generators.

New furnaces, ovens & generators built to your design or ours.

Used furnace division has over 150 items in stock.

Authorized supplier of CRESS ELECTRIC tool room furnaces and

SUPER CATALYST.

New or used combustion components and burners, electrical and switch

gear controls baskets, retorts and muf�es available.

R & G Services, Inc.
 101 Bissel St.

 Joliet, IL 60432
 United States

 Phone: (815) 727-3300
 Fax: (815) 727-3335

 http://www.randgservices.com
 weston@randgservices.com

 Contact: Weston Gregory
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Click Boxes Below to Learn MoreFEATURED CLASSIFIED

NEW & USED HEAT TREATING EQUIPMENT

Click Boxes Below to Learn MoreFOR SALE

VISIT THE AFTERMARKET
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U-3758 JL Becker Batch Temper Furnace (96"W x 144"D x 30"H,

1400ºF, gas)

U-3759 Abar Ipsen Vacuum Furnace (36"W x 48"D x 30"H, 2400ºF,

elect)

U-3768+ AFC IQ Furnace Line (36"W x 48"D x 36"H, 1800ºF, gas),

includes IQ's (5), tempers (3), washer, endo generator, charge car, etc.

John L. Becker

Heat Treat Equipment

42056 Michigan Ave.

Canton, MI 48188

Of�ce: 734-331-3939

Fax: 734-331-3915

http://www.heattreatequip.com
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Heat Treat Equipment Inc.

We build new furnaces for commercial heat-treating companies. We sell and

refurbish used heat treating equipment. Some of our existing used equipment

follows
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The Elder Statesman of Used Ovens and

Heat Treating Furnaces

The W.H. Kay Company, located in Cleveland, Ohio, USA,

has served the industrial process heating industry for 85

years. We buy, sell, and trade used industrial ovens and

heat treating furnaces, and have over 200 units in stock

ready for your inspection and shipment to your facility.

Also, W H Kay Company designs new burner systems,

safety valve trains, and control panels for process heating

applications.

30925 Aurora Rd.

Solon, OH 44139-2731

Phone: (440) 519-3800

Fax: (440) 519-1455

https://www.whkay.com

sales@whkay.com

Contact: Michael Kay

Cell: 216-409-4782
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The Elder Statesman of Used Ovens and

Heat Treating Furnaces

Surface Super 30 I/Q Line For Sale

ID:  30” x 48” x 30”

All Electric

(1) I/Q and  (1) IQ with Top Cool

(4) Companion Draw Furnaces

Washer and Charge Car

SBS Oil Coolers

Contact Information:

W. H. Kay Company

30925 Aurora Rd.

Solon, OH 44139-2731

Phone: (440) 519-3800

Fax: (440) 519-1455

https://www.whkay.com

sales@whkay.com

Contact: Michael Kay

Cell: 216-409-4782
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FOR SALE: Titanium Solution Shaker Furnace and
Automated Electric Salt Bath Line – $500,000 for both

Titanium Solution Shaker Furnace

Manufacturer-California Heating Equipment (CHE)

Asking Price $350,000

Argon Atmosphere

Electrically heated furnace with controls

Fabricated retort with cast shaker pan and support

Vacuum purge loading chamber

Automated elevator loader

Metering loader system

Pneumatic shaker system

Quench conveyor to remove the parts from the quench tank with chiller

Control system with PLC / HMIAutomated Electric Salt Bath/Rinse Bath

All Electric Salt Bath / Rinse Tank System:

Manufacturer-California Heating Equipment (CHE)

Asking Price $150,000
 

Steel x ¾” A-36 salt bath tank with 144 KW Bank Inconel Electric

Immersion heaters.(6 Immersion Heaters) with mixer

SCR control on the (6 Immersion Elements)

Steel rinse tank

Pan for the rinse tank and salt bath tank

Guards with pneumatically operated doors on each side

Insulated salt bath tank as necessary (brick and boiler insulation)

Guard with rubber shield to allow for motorized hoist (provided by

others) to pass through

Clam shell design will provide easy access to salt tank

Electrical Panel to be provided

Automated 500 Pound Rated I Beam Hoist System Complete to handle

parts throughout the process

automatically

(6) Total Poly Pro Tanks for Rinse System

Poly Pro Tank for the Acid System

Gene Hubbard 
 RBC Bearings 

 Corporate Director Global Sourcing 

One Tribology Center 
 Oxford, CT 06478 

 Of�ce: 203-267-7001 x7822
 www.rbcbearings.com
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PREMIUM LISTINGS

Below are the premium listings from our Industrial Heating directories.
For a complete list of companies and products, go to

www.industrialheating.com/directories
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Abbott Furnace Co.

1068 Trout Run Rd. St. Marys, PA 15857

(814) 781-6355

info@abbottfurnace.com

https://www.abbottfurnace.com

To see all AFTERMARKET product photos, downloads, and more!

To see all EQUIPMENT product photos, downloads, and more!

CLICK HERE

CLICK HERE

Abbott Furnace is a custom industrial furnace manufacturer celebrating our 40th year anniversary in 2022 of providing

more than 900 industrial furnaces for a variety of heat treating processes to customers across the globe. We have a

large skilled service team and offer component repairs, scheduled maintenance, equipment upgrades and instrument

calibration services on continuous belt industrial furnaces. We are the premier supplier of new custom industrial

furnaces, upgrades and replacement spare parts including muf�es, coolers, fabrications and components. Abbott

manufactures a variety of industrial furnaces for both the domestic and international market including powdered metal,

annealing, brazing, thick �lm processing, glass to metal seal, and fuel cells.

Aftermarket Product Categories

Alloy Fabrication

Controls Troubleshooting & Upgrades

Direct-Fired, Electric & Atmosphere Furnace Systems, Atmosphere Generator Services

Direct-Fired, Electric & Atmosphere Furnace Systems, Field Service

Direct-Fired, Electric & Atmosphere Furnace Systems, Preventative Maintenance

Direct-Fired, Electric & Atmosphere Furnace Systems, Rebuilds, Upgrades, Overhauls & Modi�cations

Direct-Fired, Electric & Atmosphere Furnace Systems, Replacement & Spare Parts

Gas/Electric Furnace Conversions

Process Improvement & Cost Reduction Analysis

Temperature Control/Calibration

Temperature Uniformity Survey

Training & Education

Troubleshooting & Repair

Equipment Product Categories

Chillers

FURNACES, OVENS & KILNS, Aluminum Brazing

FURNACES, OVENS & KILNS, Aluminum Brazing, Atmosphere

FURNACES, OVENS & KILNS, Annealing

FURNACES, OVENS & KILNS, Brazing

FURNACES, OVENS & KILNS, Continuous

FURNACES, OVENS & KILNS, Conveyor

FURNACES, OVENS & KILNS, Heat Treat

FURNACES, OVENS & KILNS, Mesh Belt

FURNACES, OVENS & KILNS, Muf�e

FURNACES, OVENS & KILNS, Sintering

FURNACES, OVENS & KILNS, Temper/Draw

Heat Exchangers

Muf�es
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Ajax TOCCO Magnethermic

1745 Overland Ave. N.E.

Warren, OH 44483-2860

(330) 372-8511

info@ajaxtocco.com

www.ajaxtocco.com

To see all product photos, downloads, and more!

CLICK HERE

With more than 100 years of technical development and experience, Ajax TOCCO provides reliable, ef�cient, and cost

effective solutions to meet their customer's needs. The processes Ajax TOCCO Magnethermic Corporation is involved

with are as diverse as our markets. We supply equipment for heat treating and brazing, pipe, tube, and bar heating, strip,

�at, and slab heating, forging and forming, handling equipment, and coreless and channel melting equipment.

Product Categories:

Aging

Batch

Belt

Bench

Billet

Billet Feeders

Brazing

CVD

Cabinet

Capacitors

Capacitors, Oil-Filled

Car Bottom

Construction/Contractors

Continuous

Conveyor

Conveyors

Cooling Systems, Closed Loop

Crucibles

Drop Bottom

Dryers

Electric, Infrared

Energy Audit

Energy Recovery

Fixtures

Flux Field Concentrators

Forging

Furnace Audit

Furnace Rebuild/Repair

Galvanizing

Gas, Fired

Graphite

Harden, Quench & Draw/Temper

Heat Recovery

Heat Treat

Hot Zones, Vacuum Furnaces

In-Line Heating Stations

Induction, Annealing

Induction, Coils

Induction, Heating

Induction, Melting

Induction, Power Supplies, Generators, Inverters

Induction, Power Supplies, Solid State

Induction, Scanners

Induction, Skull Melting

Induction, Transformers

Induction, Vacuum

Installers

Integral Quench

Laboratory

Magnetic Field Heating

Material Handling Equipment

Melting

Mesh Belt

Muf�e

Ovens

Powder Atomization

Powders, Brazing

Power Supplies, RF

Radiant Tube

Reheating

Remelting

Sintering

Slot Forge

Solution Annealing

Strip

Temper Furnace (Draw)

Temper/Draw

Transformers

Tubes, Oscillator

Vacuum Furnace, Semi-Continuous

Vacuum Furnace, Sintering

Vacuum, Degassing

Vacuum, Melting/Casting

Walking Beam
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Avatar Instruments Inc.

P.O. Box 496

Lewes, DE 19958

(302) 703-6865

contact@avatarinstruments.com

www.scrpower.com

To see all product photos, downloads, and more!

CLICK HERE

SCR, SCR power controls, SCR power controllers, phase angle �red, zero voltage swtiched.

Product Categories

Controllers, Power

Controls, Temperature

Thyristors
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Can-Eng Furnaces International Ltd.

6800 Montrose Rd. P.O. Box 628

Niagara Falls, ON L2E 6V5

(905) 356-1327

furnaces@can-eng.com

https://www.can-eng.com

To see all product photos, downloads, and more!

CLICK HERE

CAN-ENG Furnaces International Limited is a leading global designer and manufacturer of thermal processing

equipment for ferrous and non-ferrous metals. CAN-ENG focuses on the development of high volume batch and

continuous industrial furnace systems for challenging applications.

Product Categories

Aging

Aluminum Solution Heat Treating

Annealing

Atmosphere Furnaces

Austempering

Batch

Bell

Belt

Billet

Box

Brazing

Burn-Off

Car Bottom

Carburizing, Atmosphere

Continuous

Conveyor

Drop Bottom

Flexible Heat-Treating Cells

Forging

Gas Generators

Gas Generators, Endothermic Generators

Gas, Fired

Harden, Quench & Draw/Temper

Hearth, Elevator Hearth

Hearth, Roller Hearth

Hearth, Rotary Hearth

Heat Treat

Holding

Integral Quench

Martempering

Mesh Belt

Muf�es

Neutral Hardening

Pit

Preheating

Pusher

Quench, Tanks

Radiant Tube

Recuperative

Reheating

Retort

Solution Annealing

Temper/Draw

Tip-Up

Walking Beam

Washers, Parts, Water Based
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CEIA USA Induction Heating Systems

6336 Hudson Crossing Pkwy.

Hudson, OH 44236

(330) 405-3190

induction@ceia-usa.com

www.ceia-power.com

To see all product photos, downloads, and more!

CLICK HERE

CEIA is a leading manufacturer and designer of medium to high frequency induction heating units that feature high

energy ef�ciency with minimum operating costs. This extensive experience along with continuous and scrupulous

technological research ensures CEIA products offer the highest quality and safety standards. CEIA USA provides

nationwide sales, service and customer support to customers in North America. Dynamic solutions are the foundation

of CEIA USA's commitment to customer satisfaction. For more information about CEIA USA, visit www.ceia-usa.com.

Product Categories

Cleaning Equipment, Ultrasonic

Controllers, Programmable

Induction, Annealing

Induction, Coils

Induction, Heating

Induction, Melting

Induction, Power Supplies, Generators, Inverters

Induction, Power Supplies, Solid State

Pyrometers

Sensors, Temperature
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Clark Power Systems Inc.

11441 Challenger Ave.

Odessa, FL 33556

(203) 775-8444

richclark@clarkpowersystems.com

https://www.clarkpowersystems.com

To see all product photos, downloads, and more!

CLICK HERE

We Manufacture and Fabricate standard and custom SCR Controllers, Power Supplies, Transformers, VRT Water

Cooled Transformers and Furnace Controls. We have many items in stock so delivery is fast! Experience minimal

downtime! Call us today at 1-800-318-0048 for a free estimate.

Product Categories

Aging

Alkaline Cleaners

Aluminum Brazing, Vacuum

Aluminum Solution Heat Treating

Analyzers, Power

Annealing

Atmosphere Furnaces

Batch

Bell

Billet

Blast

Box

CVD

Capacitors

Carburizing, Vacuum

Cleaning Equipment, Aqueous

Cleaning Equipment, Ultrasonic

Controllers, Multi-Loop

Controllers, Power

Controllers, Programmable

Controllers, Proportional

Controllers, Single Loop

Controls, Adapters, Retro�t

Controls, Computerized

Controls, Motor

Controls, Pressure

Controls, Remote Data Acquisition

Controls, Solid State

Digital Indicators

Dryers

Eddy Current Testers/Accessories

Electric Arc

Electric Resistance

Electric, Infrared

Elements, Electric

Elements, Graphite

Elements, Molybdenum

Elements, Molybdenum Disilicide

Elements, Ribbon

Elements, Silicon Carbide

Elements, Tungsten

Flexible Heat-Treating Cells

Forging

Galvanizing

Glass Melting (Lehrs)

Graphite

Harden, Quench & Draw/Temper

Heat Treat

Heaters, Immersion Heater

Heaters, Wrap-Around Heaters

Hot Zones, Vacuum Furnaces

In-Line Heating Stations

Induction, Annealing

Induction, Coils

Induction, Heating

Induction, Melting

Induction, Skull Melting

Induction, Transformers

Induction, Vacuum

Kiln, Electric

Laboratory

Magnetic Field Heating

Melting

Microprocessors

Molybdenum Products

Muf�e

Muf�es

Ovens

PID Tuning Software, Off-Line

PID Tuning Software, On-Line

Panel

Parts Feeders

Parts Loaders

Parts Sorters

Pit

Plasma

Pot

Potentiometers

Powder Metals, HIP Furnaces

Power Supplies, RF

Preheating

Pusher

Radiant Tube

Radiant Tubes

Radiant Tubes, Ceramic

Reactors

Reactors, Variable

Recorders

Recorders, Computerized

Recorders, Recorder Supplies

Reheating

Remelting

Resistance

Resistors

Retort

Rotary Retort

Salt Bath, Carbide Brazing Conditioning

Salt Bath, Precipitation Hardening

Salt Bath, Silver Annealing

Salt Bath, Temper/Draw

Salt Bath, Waste Treatment Systems

Semi-aqueous Cleaners

Semiconductors

Sensors

Sensors, Temperature

Soaking Pit

Software, Complete Systems

Solution Annealing

Strip

Thermocouples

Thyristors

Transformers

Transmitters

Tube

Tubes, Oscillator

Tubes, Power

Tubes, Protection

Vacuum

Vacuum Furnace, Convection Assisted Heating

Vacuum Furnace, Hardening

Vacuum Furnace, Hot Zone

Vacuum, Melting/Casting

Washers, Parts, Water Based

Wire, High-Temperature
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eldec LLC

3355 Bald Mountain Rd., Unit 30

Auburn Hills, MI 48326

(248) 364-4750

info@eldec-usa.com

https://www.inductionheatingexperts.com

To see all product photos, downloads, and more!

CLICK HERE

eldec LLC custom manufactures induction power supplies and heating coils for brazing, heat treating, shrink-�tting,

annealing, die hardening and more. We repair damaged coils and eldec power supplies. In addition, eldec offers training

workshops, process development services, on-site technical support, preventative maintenance and start-up assistance

for your crew.

Product Categories

Aluminum Brazing, Atmosphere

Brazing

Fixtures

Flux Field Concentrators

Induction, Annealing

Induction, Coils

Induction, Heating

Induction, Power Supplies, Generators, Inverters

Induction, Power Supplies, Solid State

Induction, Scanners

Induction, Transformers

Power Supplies, RF

Solder

Transformers
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Gasbarre Thermal Processing Systems 

(OEM of J. L. Becker Brand Products)

12250 Belden Ct.

Livonia, MI 48150

(734) 656-2000

gasbarreifs@gasbarre.com

https://www.gasbarre.com

CLICK HERE

To see all EQUIPMENT product photos, downloads, and more!

Gasbarre Thermal Processing Systems designs, manufactures and services a full line of heat treating equipment for

virtually any process. Gasbarre’s offering includes batch, continuous, atmosphere, and vacuum furnace systems, and

auxiliary equipment. Gasbarre also provides a full range of aftermarket services. This includes replacement parts, alloy

fabrications, rebuilds, and upgrades.

Equipment Product Categories

Aging

Alarms

Alloys

Alloys, Castings

Alloys, Fabricators

Alloys, Heat-Resistant

Aluminum Brazing, Atmosphere

Aluminum Solution Heat Treating

Ammonia Dissociators

Analyzers, Flue Gas

Analyzers, Gas

Analyzers, Hydrogen

Analyzers, Oxygen

Annealing

Atmosphere Furnaces

Austempering

Baf�es

Baskets

Batch

Bearings

Bell

Belt

Belts, High-Temperature

Belts, Wire Mesh

Belts, Woven Wire

Billet

Blowers

Blueing

Box

Brazing

Burn-Off

Burners, High-Velocity

Burners, Low-NOx

Burners, Radiant Tube

Burners, Recuperative

Car Bottom

Carburizing Gases

Carburizing, Atmosphere

Carburizing, Nitrocarburizing

Carburizing, Vacuum

Catalyst, Endothermic/Exothermic

Chains

Chillers

Cleaning Equipment, Aqueous

Computers/Computer Software

Continuous

Controls, Atmosphere

Controls, Combustion

Controls, Computerized

Controls, Flame Safeguard

Controls, Remote Data Acquisition

Conveyor

Conveyors

Cooling Systems, Closed Loop

Cooling Towers

Curtains, Metallic

Curtains, Refractory

Dampers

Dew Point Instruments

Dew Point/Moisture Transmitters

Digital Indicators

Doors, Water-Cooled

Dryers

Dunk Washers

Electric Resistance

Elements, Electric

Elements, Graphite

Elements, Molybdenum

Elements, Ribbon

Elements, Silicon Carbide

Fans

Fixtures

Flame Detectors

Flame Safeguard

Flexible Heat-Treating Cells

Flow Meters

Flow Meters, Electronic Readout

Forging

Fuel Meters

Furnace Audit

Furnace Loaders

Furnace Rebuild/Repair

Gas Flow Meters

Gas Generators

Gas Generators, Endothermic Generators

Gas Generators, Exothermic Generators

Gas Metering Panels

Gas, Fired

Gas, Quench

Gas, Quench, High Pressure

Gaskets

Gaskets, High-Temperature

Grids

Harden, Quench & Draw/Temper

Hearth Plates

Hearth, Open Hearth

Hearth, Roller Hearth

Hearth, Shaker Hearth

Hearth, Walking Hearth

Heat Exchangers

Heat Treat

Heaters, Immersion Heater

High-Speed Steel

Hoods

Hot Zones, Vacuum Furnaces

In-Line Heating Stations

Inert Gases

Insulation, Ceramic Fiber

Insulation, Felt, Graphite

Insulation, Fiberglass

Insulation, Furnace

Insulation, High Temperature

Insulation, Mineral Fiber Block

Integral Quench

Kiln, Electric

Kiln, Gas-Fired

Kiln, Roller Hearth

Laboratory

Liners, Wire Mesh

Martempering

Material Handling Equipment

Mesh Belt

Microprocessors

Mortar

Muf�e

Muf�es

Mullite

Neutral Hardening

Nitriding, Gas

Oil Filtration/Puri�cation

Oil Skimmers

Oil/Water Separator

Ovens

Oxidizers, Thermal

Parts Feeders

Parts Loaders

Piers

Pit

Pot

Powder Metals, Injection Molding

Powder Metals, Sintering (P/M)

Preheating

Pumps, Oil

Pusher

Quench, Agitators

Quench, Oil Coolers

Quench, Oil Heaters

Quench, Quenchant Cooling Systems

Quench, Tanks

Racks

Radiant Tube

Radiant Tubes

Rails

Recuperative

Recuperators

Refractories, Brick

Refractories, Castables

Refractories, Cement

Refractories, Ceramic Fiber

Refractories, Fiber Block

Refractories, Firebrick

Refractories, Refractory Anchors

Refractories, Silicon Carbide

Reheating

Resistance

Retort

Screens, Wire Mesh

Sensors, Carbon

Sensors, Oxygen

Sensors, Temperature

Sight Glass

Sintering

Software, Complete Systems

Software, Simulation

Solution Annealing

Spheroidizing

Spray & Dunk Washers

Spray Washers

Steam

Steels, Alloy

Steels, Stainless

Strip

Tank Fabrications

Temper/Draw

Textiles, High-Temperature

Thermocouple Wire

Thermocouples

Thermometers

Tip-Up

Tool Room

Training

Trays

Tube

Tubes, Protection

Vacuum

Vacuum Furnace, Convection Assisted Heating

Vacuum Furnace, Hardening

Vacuum Furnace, High-Pressure Gas Quench (3+ Bar)

Vacuum Furnace, Low-Pressure Gas Quench (0 to 2 Bar)

Vacuum Furnace, Semi-Continuous

Vacuum Furnace, Sintering

Vacuum Furnace, Tempering

Vacuum Furnace, Tool Room

Vacuum, Brazing

Vacuum, Degassing

View Ports

Walking Beam

Washers, Parts, Water Based

Weldments

Wire, High-Temperature
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Heat Treat Furnaces, A TTX Co.

1155 S. Neenah Ave.

Sturgeon Bay, WI 54235

(920) 743-6568

sales@ttxinc.com

www.ttxinc.com

To see all product photos, downloads, and more!CLICK HERE

For over 30 years, Heat Treat Furnaces has been designing, fabricating and installing custom industrial heat treat

furnaces for our clients. HTF’s experienced engineers and support staff are focused on your project. Our industrial

furnaces have an extensive list of capabilities and can be manufactured to suit almost any application.

Product Categories

Batch

Boilers

Conveyor

Ovens

Vacuum Furnace, Convection Assisted Heating
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Hi-Temp Products Corp.

88 Taylor St.

Danbury, CT 06810

(800) 822-4335

info@hi-tempproducts.com

https://www.hitempproducts.com

 to see all product photos, downloads, and more!
CLICK HERE

For more than 24 years, HTP Corp. has been serving manufacturers and users of thermal processing technologies. We

offer heating elements, furnace rebuilds, furnace fabrication, instrumentation/controls, materials, aftermarket services

and more. A value-oriented company, drawing from a team with more than 80 cumulative years of industry experience,

family owned and operated. Our livelihoods rest squarely on our customers' satisfaction.

Product Categories

Alloys, Heat-Resistant

Controls, Temperature

Elements, Electric

Elements, Ribbon

Elements, Silicon Carbide

Insulation, Ceramic Fiber

Insulation, Fireproof

Insulation, Furnace

Insulation, High Temperature

Thermocouples

Wire, High-Temperature
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I Squared R Element Co. Inc.

12600 Clarence Center Rd.

Akron, NY 14001

(716) 542-5511

sales@isquaredrelement.com

https://www.isquaredrelement.com

 to see all product photos, downloads, and more!CLICK HERE

World leading manufacturer of silicon carbide and molybdenum disilicide heating elements and accessories for use in

high temperature electric furnaces.  Made in USA. Fast, reliable, deliveries. No auto-attendant, no voicemail, speak with

our customer service or technical support directly. Quotes same day. Usually within an hour or less.

Product Categories

Electric, Infrared

Elements, Electric

Elements, Molybdenum Disilicide

Elements, Silicon Carbide
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L & L Special Furnace Co. Inc.

20 Kent Rd. P.O. Box 2129

Aston, PA 19014

(610) 459-9216

sales@LLFurnace.com

https://www.llfurnace.com

 to see all product photos, downloads, and more!CLICK HERE

L&L Special Furnace Co., Inc. designs and builds high-temperature furnaces, ovens and quench tanks. We specialize in

batch production furnaces and ovens, particularly applications requiring high uniformity and controlled atmosphere.

Our reputation for sophisticated engineering, quality workmanship and professional service has resulted in a large and

growing base of satis�ed customers.

Product Categories

Aging

Annealing

Atmosphere Furnaces

Batch

Bell

Belt

Bench

Billet

Box

Brazing

Burn-Off

Cabinet

Car Bottom

Carburizing, Atmosphere

Carburizing, Nitrocarburizing

Continuous

Conveyor

Drop Bottom

Drum - Rotating

Electric Resistance

Flexible Heat-Treating Cells

Forging

Gas, Fired

Gas, Quench

Glass Melting (Lehrs)

Gradient

Harden, Quench & Draw/Temper

Hearth, Elevator Hearth

Hearth, Roller Hearth

Heat Treat

Heaters, Immersion Heater

High-Speed Steel

Holding

Incinerators

Integral Quench

Kiln, Electric

Kiln, Gas-Fired

Kiln, Roller Hearth

Kiln, Shuttle

Kiln, Tunnel

Laboratory

Muf�e

Neutral Hardening

Ovens

Pit

Powder Metals, Sintering (P/M)

Preheating

Pusher

Radiant Tube

Resistance

Retort

Rotary Retort

Slot Forge

Soaking Pit

Solution Annealing

Spheroidizing

Temper/Draw

Tip-Up

Tool Room

Tube
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Lindberg/MPH

3827 Riverside Rd.

Riverside, MI 49084

(269) 849-2700

lindbergmph@lindbergmph.com

https://www.lindbergmph.com

To see all product photos, downloads, and more!

CLICK HERE

Lindberg/MPH manufactures high quality industrial heat treat furnaces and non-ferrous melting and holding

equipment. They serve a wide range of industries including aerospace/military, automotive, energy/oil, electronics and

forging markets.

Product Categories

Aging

Aluminum Solution Heat Treating

Ammonia Dissociators

Annealing

Atmosphere Furnaces

Austempering

Baskets

Batch

Bell

Belt

Bench

Blueing

Box

Brazing

Car Bottom

Carburizing, Atmosphere

Carburizing, Nitrocarburizing

Carburizing, Vacuum

Continuous

Conveyor

Drop Bottom

Electric Resistance

Elements, Electric

Elements, Graphite

Elements, Molybdenum

Elements, Molybdenum Disilicide

Elements, Ribbon

Elements, Silicon Carbide

Flexible Heat-Treating Cells

Forging

Furnace Audit

Gantry

Gas Generators

Gas Generators, Endothermic Generators

Gas Generators, Exothermic Generators

Gas, Fired

Gas, Quench

Harden, Quench & Draw/Temper

Hearth, Roller Hearth

Hearth, Rotary Hearth

Hearth, Shaker Hearth

Heat Treat

Heaters, Immersion Heater

High-Speed Steel

Holding

Incinerators

Integral Quench

Kiln, Electric

Kiln, Gas-Fired

Kiln, Roller Hearth

Kiln, Shuttle

Kiln, Tunnel

Martempering

Melting

Mesh Belt

Muf�e

Muf�es

Neutral Hardening

Nitriding, Gas

Pit

Pot

Preheating

Pusher

Quench, Tanks

Radiant Tube

Recuperative

Reheating

Remelting

Resistance

Retort

Rotary Retort

Slot Forge

Soaking Pit

Solution Annealing

Tank Fabrications

Temper/Draw

Tool Room

Vacuum

Vacuum Furnace, Hardening

Vacuum Furnace, Low-Pressure Gas Quench (0 to 2 Bar)

Walking Beam
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Metex Heat Treating Ltd.

225 Wilkinson Rd.

Brampton ON  L6T 4M2

Canada

(905) 453-9700

raman@metexht.com

https://www.metexht.com

To see all product photos, downloads, and more!

CLICK HERE

Metex Heat Treating is the largest heat treater in Canada with the ability to turnover 300,000+ lbs per day.  Metex

specializes in high turnover in all of its product lines including Induction, Batch HT, Continuous Mesh Belt HT,

Annealing, and FNC/Nitriding. 

Product Categories

Annealing, Bright

Annealing, Full

Annealing, Homogenize

Annealing, Isothermal

Annealing, Local

Annealing, Flame/Induction

Annealing, Normalize

Annealing, Stress Relief

Brazing, Furnace 

Brazing, Induction 

Carbon Restoration 

Carbonitriding, Gas 

Carburizing, Gas 

Certi�cations, CQI - 9 

Certi�cations, ISO/TS 16949 

Certi�cations, ISO 17025

Flattening/Straightening

Hardening (Q&T), Furnace 

Hardening (Q&T), Induction 

Ferritic Nitrocarburizing, Gas 

Nitriding, Gas 

Nitriding, Vacuum
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National Element Inc.

7939 Lochlin Dr.

Brighton, MI 48116

(248) 486-1810

info@nationalelement.com

https://nationalelement.com

 to see all product photos, downloads, and more!CLICK HERE

National Element specializes in global Industrial Electric Heating Elements and Conveyors. Our experienced team

enthusiastically thinks through complex heating and conveyor challenges to provide quality, reliable and fast service.

We have the world's largest Heating Element Bank to �nd the quickest, most stable and reasonably priced heating

elements.

Product Categories

Alloys, Fabricators

Alloys, Heat-Resistant

Belts, High-Temperature

Belts, Wire Mesh

Belts, Woven Wire

Ceramic Parts/Supplies

Chains

Conveyors

Electric Resistance

Elements, Electric

Elements, Ribbon

Gaskets

Hearth Plates

Kiln, Electric

Laboratory

Liners, Wire Mesh

Material Handling Equipment

Quench, Tanks

Racks

Radiant Tubes

Refractories, Brick

Refractories, Firebrick

Resistance

Steels, Stainless

Tank Fabrications

Trays

Wire Cloth

Wire, High-Temperature
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Penna Flame Industries

1856 State Rte. 588

Zelienople, PA 16063

(724) 452-8750

https://www.penna�ame.com

To see all product photos, downloads, and more!

CLICK HERE

Established in 1968, Penna Flame Industries has viewed customer satisfaction as our number one priority. Our full

service facility is capable of a variety of services including: �ame hardening, robotic �ame hardening, robotic induction

hardening, roll hardening, roll manufacturing, roll straightening, hardness testing, wheel and axle assembly, deep

cryogenics, stress relieving, and tempering.

Product Categories

Annealing, Flame/Induction

Annealing, Stress Relief

Brazing, Induction

Cryogenic Treating

Flattening/Straightening

Hardening (Q&T), Flame

Hardening (Q&T), Induction

On-Site (�eld) HT
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Pillar Induction

21905 Gateway Rd.

Brook�eld, WI 53045-5137

(262) 317-5300

sales@pillar.com

www.pillar.com

To see all product photos, downloads, and more!

CLICK HERE

An international supplier of induction equipment for a wide variety of applications, including: hardening, tempering,

annealing, stress relieving, curing, brazing, soldering, melting, forging. Pillar's complete line of transistorized power

supplies is complemented by the accessories, such as vertical and horizontal scanners, lift and rotate �xtures, and

custom cell con�gurations.

Product Categories

Annealing

Billet

Billet Feeders

Brazing

CVD

Capacitors

Capacitors, Ceramic

Capacitors, Oil-Filled

Cooling Systems, Closed Loop

Cooling Towers

Flexible Heat-Treating Cells

Flux Field Concentrators

Forging

Galvanizing

Glass Melting (Lehrs)

Harden, Quench & Draw/Temper

Heat Exchangers

Heat Treat

Holding

Induction, Annealing

Induction, Coils

Induction, Heating

Induction, Melting

Induction, Power Supplies, Generators, Inverters

Induction, Power Supplies, Solid State

Induction, Scanners

Induction, Skull Melting

Induction, Transformers

Induction, Vacuum

Laboratory

Magnetic Field Heating

Melting

Ovens

Power Supplies, RF

Preheating

Pusher

Quench, Quenchant Cooling Systems

Reheating

Remelting

Slab

Slot Forge

Strip

Transformers

Tubes, Oscillator

Vacuum Furnace, Hot Zone

Vacuum, Brazing

Vacuum, Melting/Casting

Walking Beam
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Plibrico Co.

1935 Techny Rd., Unit 16

Northbrook, IL 60062

(312) 337-9000

contact@plibrico.com

https://www.plibrico.com

To see all product photos, downloads, and more!

CLICK HERE

Refractory Material and Services Centered Around Your Needs. Powered by Knowledgeable Experts with Genuine

Experience. For over a century, companies have trusted Plibrico to deliver innovative and reliable refractory solutions

that consistently increase ef�ciency, improve production uptime and safely boost performance of thermal processing

operations. Discover Plibrico – Refractories • Engineering • Construction.

Product Categories

Construction/Contractors

Furnace Rebuild/Repair

Insulation, Furnace

Insulation, High Temperature

Mortar

Patching Material

Refractories, Alumina

Refractories, Castables

Refractories, Ceramic Fiber

Refractories, Fiber Block

Refractories, Fused Silica

Refractories, Gunning Material

Refractories, Monolithic

Refractories, Plastic

Refractories, Pre-Cast Shapes

Refractories, Ramming Mixes

Refractories, Refractory Anchors

Refractories, Shotcrete

Refractories, Silicon Carbide

Tundishes
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Roman Manufacturing Inc.

861 47th St. S.W.

Grand Rapids, MI 49509

(616) 530-8641

https://www.romanmfg.com

 to see all product photos, downloads, and more!
CLICK HERE

RoMan's water-cooled Furnace Transformers are smaller and lighter and are designed to be closely coupled to the load

helping to reduce electrical losses in the power delivery system. Close coupling improves ef�ciency, and substantially

reduces energy, installation, operation, and maintenance costs. Our transformers are available in various voltages and

frequencies and can be integrated with SCR and IGBT controls and saturable reactors. The size and capability of our

Furnace transformers can be designed to meet speci�c application requirements.

Product Categories

Alloys

Cooling Systems, Closed Loop

Heat Exchangers

Heaters

Quenchants, Water

Salt, Heat Treating

Transformers

Transistors, IBGTs
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SKYRE Inc.

111 Roberts St.

East Hartford, CT 06108

(860) 652-9690

info@skyre-inc.com

https://www.skyre-inc.com

 to see all product photos, downloads, and more!
CLICK HERE

At SKYRE, we're working to decarbonize the world's energy system by doing more with less - recycling to leave less

waste, paving a smarter way to a better world.

Product Categories

Carbon Dioxide

Helium

Hydrogen
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Sun-Tec Corp.

46590 Ryan Ct.

Novi, MI 48377

(248) 669-3100

info@sunteccorp.com

https://www.sunteccorp.com

To see all product photos, downloads, and more!

CLICK HERE

Sun-Tec Corporation specializes in Rockwell-type, Vickers/Knoop, Brinell, Leeb, Ductility, Tensile/Compression, and

Portable testing equipment. We stock replacement parts, accessories, hardness standards, indenters and Cutting,

Mounting and Polishing Equipment. We also provide accredited calibration service.

Product Categories

Calibration, Instruments

Hardness Testers

Hardness Testers, Accessories

Hardness Testers, Automatic

Hardness Testers, Brinell

Hardness Testers, Micro

Hardness Testers, Portable

Hardness Testers, Rockwell

Metallographic Supplies

Metallographic Supplies, Specimen Preparation Equip.

Microscope Accessories

Microscopes

Nondestructive Testing Instruments

Tensile Testers

Universal Testing Machines / Accessories
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Surface Combustion Inc.

1700 Indian Wood Cir.

Maumee, OH 43537

(800) 537-8980

info@surfacecombustion.com

https://www.surfacecombustion.com

CLICK HERETo see all EQUIPMENT product photos, downloads, and more!

CLICK HERE
To see all AFTERMARKET SERVICES product photos, downloads, and more!

Established in 1915, Surface® provides customers rugged, reliable thermal processing equipment. Our strength lies in

the breadth of our product portfolio, our unparalleled process knowledge, and our commitment to customer service.

From our standard atmosphere and vacuum furnace designs, to custom engineered thermal process solutions, to quick,

responsive aftermarket support, Surface stands ready to serve you.

Surface Combustion's primary goal is to assist our customers in keeping downtime to a minimum through the

immediate response of our in-house Aftermarket Parts, Rebuild, and Customer Service Departments. Our Service and

Rebuild Departments can assist with repairs, retro�ts and rebuilds, scheduled maintenance, operator training,

equipment moves, and startups. Our professional sales and service specialists strive to promptly answer questions,

determine speci�c needs, and assist our valued customers.

Product Categories

ANCILLARY EQUIPMENT

Cooling Equipment Repair & Replacement

Software

COMPLIANCE

Military, Aircraft & Industry Speci�cation

NFPA

Technical Standards & Safety Authority (TSSA) Submissions & Approvals

COMPONENTS, SUPPLIES & MATERIALS

Baskets

Burners

Burners, Radiant Tube

Burners, Recuperative

Catalyst, Endothermic/Exothermic

Cleaning Equipment, Aqueous

Fans

Fixtures

Furnace Loaders

Gas Generators

Ammonia Dissociators

Endothermic Generators

Exothermic Generators

Hydrogen Generators

Hot Zones, Vacuum Furnaces

Impellers

Metal Injection Molding (MIM) Powder Metals, Sintering (P/M)

Parts Loaders

Pollution Control Equipment

Quench, Agitators

Quench, Tanks

Quenchants

Quenchants, Air

Quenchants, Gas

Quenchants, Oil

Quenchants, Polymer

Quenchants, Salt

Quenchants, Water

Radiant Tubes, Ceramic

Rails

Recuperators

Trays

Washers, Parts, Water Based

CONTROLS, INSTRUMENTATION & TEST EQUIPMENT

Analyzers, Infrared

Controllers

Controllers, Carbon Potential

Controllers, Multi-Loop

Controllers, Programmable

Controllers, Proportional

Controllers, Single Loop

Controls

Controls, Adapters, Retro�t

Controls, Atmosphere

Controls, Combustion

Controls, Computerized

Controls, Gas Nitriding

Controls, Remote Data Acquisition

Controls, Temperature

Dew Point Instruments

Sensors, Carbon

Sensors, Oxygen

DIRECT-FIRED, ELECTRIC & ATMOSPHERE FURNACE SYSTEMS

Atmosphere Composition Analysis

Atmosphere Generator Services

Combustion Systems Services

Emission Testing

Field Service

Heat Transfer Analysis

Heating Element Analysis

High-Temperature Alloy Fans

Installation & Start-Up

Preventive Maintenance

Rebuilds, Upgrades, Overhauls & Modi�cations

Replacement & Spare Parts

ENERGY CONSERVATION

Heat Recovery

FURNACE ATMOSPHERES & GASES

Carburizing Gases

Hydrogen

Inert Gases

Oxidizing Gases

Reducing Gases

FURNACES, OVENS & KILNS

Aging

Aluminum Brazing

Aluminum Brazing, Atmosphere

Aluminum Brazing, Vacuum

Aluminum Homogenizer

Aluminum Solution Heat Treating

Annealing

Atmosphere Furnaces

Austempering

Batch

Bell

Belt

Billet

Blueing

Box

Brazing

Burn-Off

Car Bottom

Carburizing

Carburizing, Atmosphere

Carburizing, Ion

Carburizing, Nitrocarburizing

Carburizing, Vacuum

Continuous

Conveyor

Drop Bottom

Drum - Rotating

Electric Resistance

Flexible Heat-Treating Cells

Forging

Galvanizing

Gantry

Gas

Gas, Fired

Gas, Quench

Gas, Quench, High Pressure

Harden, Quench & Draw/Temper

Hearth

Elevator Hearth

Open Hearth

Reciprocating Hearth

Roller Hearth

Rotary Hearth

Shaker Hearth

Walking Hearth

Heat Treat

High-Speed Steel

Holding

Incinerators,Rotary

Integral Quench

Martempering

Mesh Belt

Muf�e

Neutral Hardening

Nitriding, Gas

Nitriding, Ion

Oil-Fired

Ovens

Oxidizers, Fume

Oxidizers, Thermal

Pit

Plasma

Preheating

Pusher

Radiant Tube

Recuperative

Reheating

Resistance

Retort

Reverberatory

Rotary Retort

Salt Bath

Salt Bath, Austenitizing

Salt Bath, Blueing

Slab

Slot Forge

Soaking Pit

Solution Annealing

Spheroidizing

Strip

Temper Furnace (Draw)

Temper/Draw

Tip-Up

Tool Room

Vacuum

Brazing

Vacuum Furnace

Vacuum Furnace, Convection Assisted Heating

Vacuum Furnace, Hardening

Vacuum Furnace, High-Pressure Gas Quench (3+ Bar)

Vacuum Furnace, Hot Zone

Vacuum Furnace, Low-Pressure Gas Quench (0 to 2 Bar)

Vacuum Furnace, Semi-Continuous

Vacuum Furnace, Sintering

Vacuum Furnace, Tempering

Vacuum Furnace, Tool Room

Walking Beam

GENERAL AFTERMARKET

Alloy Fabrication

Consulting

Controls Troubleshooting & Upgrades

Gas/Electric Furnace Conversions

Instrument Calibration

Materials Testing & Metallurgical Evaluations

Post-Quench Spray/Drink Washer-Process Upgrade

Process Improvement & Cost Reduction Analysis

Temperature Control/Calibration

Temperature Uniformity Survey

Training & Education

Troubleshooting & Repair

PARTS WASHING EQUIPMENT/SUPPLIES

Dunk Washers

Spray & Dunk Washers

Spray Washers

REFRACTORIES & INSULATION

Insulation, Ceramic Fiber

Insulation, Felt, Graphite

Refractory Installation & Dry Out

Refractory Repair, Replacement & Upgrade

SERVICES

Furnace Rebuild/Repair

VACUUM FURNACE SYSTEMS

Field Service

Hot Zone Rebuild & Replacement

Installation & Start-up

Leak Detection & Repair

Preventative Maintenance

Pump Repair & Maintenance

Rebuilds, Upgrades, Overhauls & Modi�cations

Replacement & Spare Parts
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Tempco Electric Heater Corp.

607 N. Central Ave.

Wood Dale, IL 60191-1452

(630) 350-2252

info@tempco.com

https://www.tempco.com

To see all product photos, downloads, and more!

CLICK HERE

Tempco, founded in 1972, manufactures custom industrial electric heating elements, temperature sensors and controls,

process heating systems and power control panels that are built in our 508A Certi�ed Panel Shop. Tempco continues to

produce custom manufactured electric heating solutions to original equipment manufacturers, distributors, and end

users worldwide.

Product Categories

Cartridge

Controllers, Programmable

Controllers, Proportional

Controllers, Single Loop

Controls, Solid State

Controls, Temperature

Electric, Infrared

Elements, Electric

Heaters, Immersion Heater

Immersion

Recorders

Recorders, Computerized

Sensors

Sensors, Temperature

Thermocouple Wire

Thermocouples

Thermometers, Infrared

Thermostats

Tubes, Protection
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Thermcraft Inc.

3950 Overdale Rd.

Winston-Salem, NC 27107

(336) 784-4800

info@thermcraftinc.com

https://www.thermcraftinc.com

 to see all product photos, downloads, and more!CLICK HERE

Manufacturer of laboratory and industrial furnaces and ovens. Fully custom, engineered to order, or standard designs,

we have over 49 years of manufacturing experience. We can help you �nd a solution that meets your speci�c needs.

Product Categories

Aging

Annealing

Batch

Bell

Belt

Bench

Billet

Box

Brazing

Burn-Off

Cabinet

Car Bottom

Continuous

Controllers, Programmable

Controllers, Proportional

Controllers, Single Loop

Controls, Atmosphere

Controls, Combustion

Controls, Temperature

Conveyor

Drop Bottom

Drum - Rotating

Dryers

Electric Resistance

Elements, Electric

Elements, Graphite

Elements, Molybdenum Disilicide

Elements, Ribbon

Elements, Silicon Carbide

Fluidized Bed

Forging

Furnaces/Environmental Chambers (Laboratory)

Galvanizing

Gantry

Gas, Fired

Glass Melting (Lehrs)

Gradient

Hearth, Elevator Hearth

Hearth, Open Hearth

Hearth, Roller Hearth

Hearth, Rotary Hearth

Heat Treat

Heaters, Wrap-Around Heaters

Holding

Kiln, Electric

Kiln, Gas-Fired

Kiln, Tunnel

Laboratory

Melting

Muf�e

Oil-Fired

Ovens

Panel

Pit

Pot

Preheating

Pusher

Radiant Tube

Recuperative

Reheating

Remelting

Resistance

Retort

Rotary Retort

Soaking Pit

Temperature Measuring Devices

Thermocouples

Tube

Walking Beam
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ThermoCalc Software

4160 Washington Rd.

McMurray, PA 15317

www.thermocalc.com

To see all product photos, downloads, and more!

CLICK HERE

Thermo-Calc Software is used by materials scientists and engineers to generate material properties data, gain insights

about materials, understand a speci�c observation, and answer direct questions related to a speci�c material and/or its

processing.

Product Categories

Computers/Computer Software

Engineering Services

Nickel & Nickel Alloys

Software

Software, Simulation

Steels, Alloy
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Wisconsin Oven Corp.

2675 Main St.  P.O. Box 873

East Troy, WI 53120

(262) 642-3938

sales@wisoven.com

https://www.wisoven.com

CLICK HERE

To see all product photos, downloads, and more!

Wisconsin Oven offers high quality industrial dryers, ovens, and furnaces for a wide-range of applications and

industries. Heating equipment is designed with standard temperature ratings of 500, 650, 800, 1000, 1250, and

1400° F.

Product Categories

Aging

Aluminum Solution Heat Treating

Annealing

Batch

Belt

Bench

Billet

Box

Cabinet

Car Bottom

Continuous

Conveyor

Drop Bottom

Drum - Rotating

Dryers

Electric Resistance

Gas, Fired

Hearth, Elevator Hearth

Hearth, Roller Hearth

Heat Treat

Incinerators

Mesh Belt

Oil-Fired

Ovens

Oxidizers, Fume

Oxidizers, Thermal

Panel

Pit

Preheating

Pusher

Radiant Tube

Reheating

Resistance

Solution Annealing

Strip

Temper/Draw

Walking Beam
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