& METAL URGENCY: Variation in Hardenability

Each heat-treatment process should
be evaluated to determine

Its acceptable hardenability range
to remain a capable process

By Lee Rothleutner

MANY HEAT-TREATING PROCESSES CANNOT
tolerate appreciable variations in steel harden-
ability. For an established in-control process,
deviations in chemical composition and start-
ing microstructure may result in a variety of
issues including quench cracking, out-of-spec
hardness, low ductility, and excessive distor-
tion. Consequently, a hardenability tolerance
should be assessed and defined for all new
processes to ensure incoming material is properly controlled without
being over specified.

HARDENABILITY DEFINED

Hardenability is often used synonymously with “end-quench” or
“Jominy” hardenability, a reference to a standardized test that
quantifies the hardness of a steel as a function of distance from
an austenitized and water-quenched surface [1, 2]. This test has
both beneficial and detrimental aspects. It is beneficial in that it
allows the chemical composition variation of the raw material (e.g.,
bar or billet) to be characterized for quality-control purposes with
relative ease, but is detrimental in that it is limited in translating
those results to components processed through a specific heat-

treatment process. As a result, for the remainder of this discussion,
hardenability will be defined generally as the suppression of ferrite/
peatlite formation upon cooling from austenite [1]. This definition
encompasses those additional effects that are directly dependent on
a specific heat treatment process.

CHEMICAL AND MICROSTRUCTURAL INFLUENCES

Chemical effects on hardenability are typically calculated using
chemical ideal diameter (DI) — which is defined as the diameter
in which the center of a round bar contains 50 percent martensite
when quenched from austenite [3]. Grossmann used brine for his
quenchant, but ideal diameter typically assumes an “ideal” quench
rate, which is infinite [3]. Figure 1 shows the effect of different alloy-
ing elements on hardenability through multiplying factors used to
calculate DI. The danger with this multiplying factor comparison is
that the data represent only one austenite grain size (ASTM grain size
7) and does not take into consideration effects related to the form of
the alloying elements in the steel.
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In plain carbon steels, a smaller austenite grain size has been
shown to markedly, and negatively, influence hardenability [3].
The generally accepted mechanism for this observation is that
increasing grain size decreases the grain boundary surface area and,
therefore, the number of inhomogeneous nucleation sites for ferrite
and peatlite [1]. However, this grain-size effect can be confound-
ing in both low alloy and microalloyed steels. In these steels, the
amount of alloying still in precipitate form can be significant at
common austenitizing temperatures. In general, having the alloy-
ing in solid-solution yields the greatest influence on diffusional
transformations, increasing hardenability.

Figure 2 shows the solubility of chromium carbide (Cr,,C) in
austenite. The nominal compositions for three commonly heat-treated
alloys containing chromium (Cr) are indicated: AISI 4140, 5160, and
52100. The dashed line for each alloy represents the precipitation path
for Cr,,C, in austenite, assuming all Cr has precipitated as Cr,,C,.
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Figure 1. Multiplying factors for most common alloying elements (other than carbon)
used to determine ideal diameter in steel. Data plotted from equation provided in
ASTM A255-10 [2].
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Figure 3. Multiplying factors for calculating the effect of vanadium on the

Figure 2. Solubility of chromium carbide (Cr,;Cg) in austenite with nominal chemical
hardenability of steel. Data from ASTM A255-10 [2] and Grossman [3].

compositions for AISI 4140, 5160, and 52100 indicated. Solubility product data from

Ashby and Easterling [4].
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