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Heat treating is done to give a certain material specific mechanical 

properties. These outcomes— which depend on the base material being 

used, the processes used to obtain them, and the applications the material 

is destined for— allow manufacturers to work with raw materials uniquely 

suited to their purposes. Whether those properties wear resistance for a long 

service life, or the ability to resist cracking following impact, heat treating 

draws these desired characteristics out of the material for optimal results 

and performance. 

If you think heat treating is a necessary step in your manufacturing process, 

this paper discusses some variables worth examining. Steel grade, alloy 

makeup and intended end-use all have an effect on how and why heat 

treating is undertaken. What follows here is an overview of some of those 

different processes, how a material’s makeup affects heat treating decisions, 

and how application affects the process.

It’s a purposefully and necessarily surface-level overview of what are 

extremely complex physical and chemical processes, but it should help to 

initiate non-experts into some of the key issues and concepts concerning 

heat treating. It should be considered a supplement, and not a stand-

in, for the professional advice of a heat treating expert on the particular 

circumstances which will determine the direction of your heat treating project.
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Common heat treating steps

In the most general sense, heat treating consists of the following steps. Each 

step in the process can be modified, specialty equipment can be used, or 

specialized procedures like brazing or plating can be added to achieve more 

specific results. But, generally speaking, the process of heat treating consists 

of the following steps:

Preheat

The process of heat treating begins with raising temperatures, both for the 

purpose of adding heat to the steel and providing a degree of distortion 

control. As we’ll see, the physical qualities of steel heat treating begin to 

change around 1350 degrees Fahrenheit. There are a few different types of 

furnaces metallurgists use for heating steel. 

Austenitize

This phase refers to the heating of steel to the temperature where the 

austenite structure forms, rearranging the structure of the atoms within the 

alloy from the positions they would normally occupy at room temperature. It 

is an initial step in achieving the desired microstructure for a wide variety of 

heat treating outcomes.  

Quench

Essentially the cooling phase of the heating and cooling process that 

characterizes all heat treating, the rate of quenching has an enormous effect 

on the end properties of treated steel. 

http://www.paulo.com/heat-treating-equipment/
http://www.paulo.com/heat-treating-equipment/
http://www.paulo.com/services/heat-treating/austempering-martempering/
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Temper

Rapidly quenched steel is often too brittle to be effective in many 

applications. To combat this, another step known as tempering is conducted 

during heat treating. Again heating steel, this time to below the critical 

temperatures such as those necessary to austenitize the material, this step is 

meant to increase the toughness of the material. 

We’ll talk more about how each of these processes can be tweaked and 

specialized equipment can be tapped for slightly different effects, but for 

now it may be helpful to keep these general steps in mind while developing 

an understanding of heat treating as a whole. 

But why steel? What is it about the material that makes it amenable to heat 

treating and, subsequently, to manufacturing?

Why steel?

You may wonder why steel needs to be heat treated at all, or why steel often 

doesn’t leave the factory as a completely finished product. Why does it so 

often occur after the fact? As it turns out, the very qualities that make steel 

such an effective all-around raw material for manufacturing are some of the 

very same qualities that make heat treating necessary. But first, a breakdown 

of what steel actually is. 

 

https://en.wikipedia.org/wiki/Toughness
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Steel is an alloy consisting mainly of iron. In fact, even high-alloy steels are 

still usually over 95 percent pure iron. It typically consists of iron and carbide 

(Fe+Fe3C=steel). And for hundreds of years we’ve known that drastic changes 

can be made to the physical properties of slightly impure steel just by heating 

and cooling it.

So what happens that leads to such a change in properties? Because it’s 

important to understanding the heat treating process as a whole, and the 

cooling process especially, a shallow dive into the physics and chemistry 

of the process is required here. But bear with us here, because the simple 

juxtaposition of carbon and iron atoms is solely responsible for some of the 

most important physical properties targeted during heat treating. 

Carbon atoms can’t normally squeeze in between the iron ones, but when 

temps exceed roughly 1350 degrees Fahrenheit the carbon atom fits and 

carbide dissolves. The steel temporarily becomes one substance.

Once these materials are cooled—in the process known as quenching—the 

carbon atoms remain trapped between the iron atoms. This keeps the steel 

a solid solution until the carbon atoms are once again forced out during 

tempering. The rate at which this cooling occurs will have a direct effect on 

what properties are preserved in the finished product.

The different effects that can be achieved, through a combination of different 

heating and cooling techniques, explain why steel as an alloy and heat 

treating as a process are so valuable to the manufacturers who make the 

parts in our cars, buildings and critical infrastructure, among a huge variety 

of other applications.
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Heat treating and material applications

As mentioned, heat treating is undergone to give a material certain 

properties that, for a variety of reasons, simply can’t be manufactured in 

the state desired for the final product. The part may need to be softer for 

additional fabrication, or it may need to be tougher or more resistant to wear 

than the as-fabricated alloy. Or, a manufacturer may simply be trying to coax 

more desirable properties from less expensive materials. In this section we’ll 

briefly discuss some of the techniques used to achieve these properties so 

that manufacturers can have confidence that their materials will perform the 

way they intend them to.

Quenching is one of the main ways in which modifying process can 

yield desired results. The rate at which a material is cooled, controlled by 

modifying the medium used for the cooling, has a major effect on the depth 

of hardening the material undergoes. 

In general, the faster the quench, the greater the depth of hardening. This 

means that a material that’s simply been cooled by air, in a process known as 

“normalizing”, will not have any appreciable depth of hardening.  A material 

cooled in water, on the other hand, will have a significant depth of hardening, 

but also runs the risk of cracking. Oil, a common quench medium, will usually 

lead to an intermediate depth of hardening between air and water.

Perhaps most importantly, the cooling rate will influence how the carbon 

is forced out from in between the iron atoms. If cooling rate is extremely 

slow, say for the better part of a day, spherical carbides will form in the iron 

matrix. This means the material will have good formability and lower risk 
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of cracking during fabrication. Faster cooling rates, such as with an air cool, 

form smaller types of carbides that increase strength and reduce formability. 

Quench rates that are even faster yet, such as with liquid quenching, lead 

to the formation of martensite, which can dramatically increase strength 

and further reduce toughness of the material. Like so much in heat treating, 

deciding on quench rate involves trading off between desired properties in 

order to get a material that’s well-suited to a customer’s business ends.

Case hardening, or the infusion of carbon or carbon and nitrogen into steel 

to create a hard outer layer that preserves the material’s soft inner core, is 

a common heat treating practice. It’s an alternative for applications where 

stress may cause a material that’s been uniformly hardened throughout to 

crack during application. Case hardened materials preserve a comparatively 

soft inner core that’s able to give somewhat under force, while the 

harder outer core provides wear resistance and can stand up to repeated 

impact. This makes case hardening ideal for applications such as firearm 

components, camshafts and screws.

Ferritic nitrocarburizing, a specific method for case hardening, involves 

the diffusion of nitrogen and carbon into a material at a temperature that’s 

low enough to avoid many problems associated with higher temperatures, 

such as distortion. This process if good for many bearing, cast, forge and 

tooling applications. Relatedly, neutral hardening, is another case hardening 

technique which preserves a martensite structure for strong, wear-resistant 

material.
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Finally, tempering, is a process conducted later in the heat treating cycle 

and sometimes more than once. It is usually done to improve ductility, often 

at the cost of strength and usually only when parts are quenched extremely 

rapidly, with the objective of forming martensite, an extremely hard 

crystalline structure on the surface of the steel. 

Tying it all together

In summary, heat treating is nothing more than the heating and cooling of 

materials in order to bring certain, specified properties to the fore. It’s only 

possible because one element of steel, carbon, wants to be present on as 

a carbide (not mixed in with iron) at room temperature. How heat treating 

is conducted, and the outcomes it generates, should and will vary greatly 

with the alloy’s makeup, its intended application and the exact process it 

undergoes. 

Thankfully, measurements are possible for testing the outcomes of heat 

treating procedures. This means that manufacturers, when they send 

out their materials to undergo heat treating, have recourse to objective 

assessments that will help them verify the quality of the work that’s been 

done. 

The process of heat treating is chock full of rules and exceptions to those 

rules. While it’s possible to outline the general process in an introductory 

guide such as this one, the real work for manufacturers considering their 

heat treating options will happen when discussing their particular needs, 

circumstances and materials with an experienced metallurgical professional. 


