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Primary causes of this phenomenon, which affects steel toughness, are cementite
precipitation, impurity segregation, and retained austenite decomposition.

Tempered martensite emb

INTRODUCTION

Once a part has been quenched, it must be tempered. This accom-
plishes two things. First, it relieves the thermal and transformational
stress from quenching. Second, it transforms

n this column, Iwill discuss tempered martensite embrittle-
ment and its primary causes.

rittlement

A secondary mechanism involves the stability of retained austen-
ite. As tempering progresses, retained austenite loses carbon due to
cementite precipitation, becoming mechanically unstable. Under
applied stress, it can transform into untempered brittle martensite.
The volume change associated with the martensite transformation
can contribute to cracking, or high residual stresses, especially when

the hard, brittle martensite to the tougher Temperature Temperature Comments
tempered martensite. For high alloy steels, ~ Range°C Range °F
it may also convert any residual retained 100 200 212 390 Precipitation of transition carbides of €-carbides
austenite to tempered martensite or bainite. and n-carbides

Toughness increases as the part is tem- 260 370 500 700 Transformation of retained austenite to ferrite and
pered above 150°C. In general, as the tough- cementite, associated with tempered-martensite
ness increases, the hardness decreases. For embrittlement or "blue brittleness" in low and
high hardness applications, the tempering medium carbon steels.
temperature is kept low, usually between 250 700 480 1290 Formation of ferrite and cementite
150-200°C. The martens.lte partlfﬂly decc?m.- 500 700 930 1290 Formation of alloy carbides of Cr, Mo, V and W.
poses and forms very fine carbide precipi- Secondary hardening occurs
tates [1]. The precipitates that form are tran- 350 550 660 1020 Segregation of P, Sn, Sb, As to grain boundaries

sition carbides of epsilon-carbide (€-carbide)

resulting in temper embrittlement

and eta-carbide (n-carbide) [2]. They are not
cementite. There is a small increase in tough-
ness, but the matrix remains hard.

When steels are tempered between 200-350°C, the martensite pre-
cipitates cementite (x-carbide) and any retained austenite transform
to ferrite and cementite. These carbides are coarse and occur within
the plates or laths of martensite. The retained austenite begins to
transform above 200°C [3]. There is a slight decrease in toughness
associated with tempering in the range of 250-400°C called tempered
martensite embrittlement. The typical tempering reactions in steel
are summarized in Table 1.

Tempering in the temperature range of 260-370°C (500-700°F) gen-
erally causes a decrease in toughness. This is observed by a reduction
in the Charpy V-Notch impact toughness or the plane-strain fracture
toughness (Kj.). This decrease in toughness is referred to as tempered
martensite embrittlement (TME) [5]. Another type of embrittlement,
called temper embrittlement (TE), may develop in steels tempered
above 425°C (800°F). It is often called 350°C or 500°F embrittlement.

MECHANISM

A primary mechanism of TME involves the precipitation of cementite
(Fe3C) at prior austenite grain boundaries and interlath regions. As
martensite undergoes tempering, films of retained austenite within
laths partially decompose. The resulting cementite precipitates, often
in the form of platelets or continuous films, act as stress concentrators
and weaken local microstructure. Cementite formed in this regime is
typically coarser than that produced by lower-temperature temper-
ing, increasing susceptibility to brittle fracture [6].
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Table 1: Summary of tempering reactions in steel [4].
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adjacent to cementite films or prior austenite grain boundaries [7].

Certain alloying elements such as silicon or molybdenum help
inhibit TME by retarding cementite precipitation and raising the
critical temperature for embrittlement. Elements such as phosphorus
and nitrogen tend to segregate at prior austenite grain boundaries,
further reducing toughness by promoting intergranular cracking.
Manganese and chromium can also play complex roles, influencing
both carbide morphology and austenite stability [6] [8].

INFLUENCE OF PROCESSING PARAMETERS

The amount of embrittlement is affected by the initial microstruc-
ture, cooling rates, and tempering schedule. Oil-quenched structures

with less retained austenite are less prone to severe TME than air-
cooled steels with high retained austenite fractions. Rapid induction

heating and cooling during tempering can suppress the formation of
retained austenite, which in turn, suppresses the tempered martens-
ite embrittlement. Prolonged tempering, even at sub-critical tempera-
tures, can coarsen carbides and trigger TME [6].

CONCLUSION
Tempered martensite embrittlement (TME) reduces the toughness
of steel when tempering in the range of 260-370°C (500-700°F). The
mechanism of embrittlement is thought to be due to the formation
of interlath cementite precipitation due to partial decomposition of
retained austenite films. Impurity segregation such as phosphorus
to prior austenite grain boundaries can aggravate the embrittlement.
Alloying elements such as silicon can retard cementite formation and
stabilize the retained austenite present.

Should there be any questions on this article, or suggestions for
further articles, please contact the editor or the author. §
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