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Martempering: When is it appropriate?
This hardening method is a specialized process that should be used when distortion and high
residual stress are an issue, and the cost of rework is higher than the cost of the heat-treating

process itself.

NORMAL QUENCHING AND MARTEMPERING

The most common method of hardening steel in industry today con-
sists of heating the steel component to the austenitizing temperature,
quenching in a suitable quenchant, and tempering to the desired
hardness. This is shown schematically in Figure 1 [1].

In this example, the part is austenitized and then quenched in a
quenchant fast enough that the surface and center of the part miss the
‘nose” of the TTT curve and are completely through hardened. The
slowest possible quench to achieve through hardening corresponds
to the quench rate enough to just miss the “nose” of the TTT curve.
Slower quench rates than the minimum will result in the formation
of non-martensitic transformation products of ferrite, pearlite, and
bainite. It should be noted that the TTT curve has no bearing on the
tempering reaction.

For most applications, the austenitizing temperature is approxi-
mately 25-30°C above the A.; temperature. After properly soaking
at temperature, the part is then quenched rapidly into brine, water,
polymer, or oil. The quenchant is generally less than 80°C for oil,
and at ambient temperature for the water-based quenchants (water,
brine, and polymer). This rapid quenching ensures that the part
meets hardness requirements but also creates a steep temperature
gradient between the surface and the core. The result can be higher
internal stress, more warpage, and a greater risk of quench cracking,
especially in parts with abrupt section changes or tight tolerances

Martempering is a specialized process that should only be used
when distortion and high residual stress are an issue. In this pro-
cess, parts are quenched from the austenitizing temperature into hot
oil or molten salt at the approximate martensite start temperature
(100-200°C). The part is held at the oil temperature until the surface
and center temperatures of the part are nearly the same. Once the
center of the part has reached the quenchant temperature, the part
is removed from the quenchant and allowed to cool in any conve-
nient manner (usually air cooling). This minimizes the formation
of thermal stresses due to unequal cooling between the center and
surface (Figure 2) [1]. It also reduces the transformation stresses due
to martensite transformation occurring at different times.

If complete hardening is to occur, the austenite must cool suf-
ficiently fast to allow the center cooling rate to miss the “nose” of
the TTT diagram. Since the TTT diagram shows the martensite start
temperature, Mg, the TTT diagram is useful for selecting the optimal
quenchant temperature and estimating the time the part must be
held at temperature to prevent the formation of bainite.

Martempering makes the most sense when distortion control,
crack avoidance, and dimensional consistency matter more than

n this column, I will discuss martempering, and when it
should be selected for quenching steel parts.
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minimizing processing cost. It is especially valuable for parts with
complex geometry, changing cross sections, tight tolerances, or
expensive machining that would make rework costly [2].

The main advantage of martempering is that it interrupts the
steep surface-to-core temperature differences that drive distortion.
In direct quenching, the surface cools and transforms first while the
core remains hot, creating a mismatch in contraction and transforma-
tion strain. Martempering gives the section time to come closer to a
uniform temperature before the martensitic transformation begins,
which reduces internal stress and makes the final shape more pre-
dictable.

That benefit is most useful when the part has a high penalty for
dimensional change. Gears, shafts, tooling, dies, bearings, and other
precision components are common candidates because even small
distortion can create costly downstream problems. Martempering
is also useful for carburized parts, where the carbon-rich case and
lower-carbon core respond differently during quenching and can
magnify distortion if the quench is too severe.

WHEN IS MARTEMPERING APPROPRIATE?
Martempering makes sense to use if the cost of distortion and rework
ishigher than the cost of the heat-treating process itself. Long, slender
shafts, gears, tooling, bearing rings and rollers, precision mechanical
parts, and components with abrupt changes in section often benefit
the most. These parts tend to show the greatest amount of distortion,
and the cost of rework (or replacement when cracking occurs) is high.
One criterion for the applicability of martempering is the tenden-
cy of a part to crack or distort. This is based on the carbon equivalent,
or CE. The carbon equivalent is calculated in Equation 1 [6, 4, 1]:
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Where concentrations are given in weight percent. In each case,
quenching cracking was determined to be a problem if the carbon
equivalent (CE) > 0.52%. If the carbon equivalent of the steel is greater
than 0.50%, then the steel is a good candidate for martempering.

The limitations of section thickness must also be considered for
suitability for martempering. With a given severity of quench, there
is a limit in section thickness, where the steel will no longer harden
fully or transform to martensite. However, depending on the appli-
cation, it may be acceptable for the center of the part not to be com-
pletely transformed to martensite.

Often it is acceptable that the core hardness is less than the sur-
face hardness. If this is the case, then the size for martempering
can be increased. The effect of the resulting mixed microstructure
on the mechanical properties would have to be evaluated for each
application.
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Figure 1: Schematic representing typical quench and tempering to a typical TTT
curve.

Martempering is not the best answer for every hardening problem.
It usually costs more than conventional quenching because it requires
tighter process control, additional hold time, and often specialized
media such as hot oil or molten salt. If the part is simple, and is not
prone to distortion or cracking, the added cost of martempering may
not be justified.

CONCLUSION
Martempering is a viable technique for reducing distortion and mini-
mizing residual stresses in heat-treated parts. However, it is more
expensive on a per part basis than traditional quench and temper
operations. Martempering should be used when the cost of rework is
more expensive than the cost of the process
itself.

Should there be any comments or ques-
tions regarding this article, please contact
the editor or myself. §
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Figure 2: Schematic representation of martempering.
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