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Effects of Insoluble Carbide on Microstructure and Hardness of Martensitic Stainless Steels

Toshihivo Tsucurvama, Setsuo Taxaki and Sadayuki Nakamura

Synopsis
in 129%Cr-(0.1~0.49%)C steels.

: The Effects of insoluble carbide on the microstructure and hardness of martensitic stainless steels were investigated
In high carbon steels, carbide does not dissolve into austenite fully at a solution

treatment temperature around 1300K and the insoluble carbide affects the mechanical properties of martensite at room

temperature.

By means of hardness testing in specimens solution-treated at different temperatures (T ; K), the

solubility of carbon in austenite ([C]; mass%)was given by the equation; log [C]=—6100/T+4.1. The relation
between volume fraction of insoluble carbide (F ; vol%) and carbon content of steels (C; mass%) was given by the
equation ; F=20(C-[C]) by taking the densities of carbide and martensite into consideration. The contribution of
insoluble carbide was added to the hardness of martensite matrix, so that the hardness of martensitic steels with
insoluble carbide (Hv*) was represented by the equation ; Hv*=25+1250v/[C] +500(C-[C])

Key words : stainless steel ; high carbon steel ; martensite ; solution treatment ; solubility ; insoluble carbide ; microstructure ; grain

size ; hardness.
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Table 1. Chemical compositions of steels used. (mass%)

steels C Si Mn P S Cr Fe

A 0.106 028 050 0.016 0.004 1252  bal.
B 0.203 026 049 0.021 0.005 1259  bal.
C 0281 024 047 0.023 0.005 1230 bal
D 0.340 0.11 025 0.008 0.016 1228 bal

others: Ni<0.01, A1<0.01, N<0.011
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Fig. 1. Heat treatment for carbide precipitation on
austenite grain boundaries (a) and a typical
microstructure of a 129 Cr-0.289%C steel
obtained by the above heat treatment (b).
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Fig. 2. Optical micrographs showing martensitic
structure of a 129%Cr-0.289C steel. Solution-
treated for 1.8ks at 1373K (a), 1323K (b),
1273K(c) and 1223K (d) and then quenched
into water. All of specimens were subjected
to the sub-zero treatment of 77K-600s.
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Fig. 3. Effects of solution treatment temperature on
hardness (a) and prior austenite grain size (b)
in a martensitic 129%Cr-0.28%C steel.
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Fig. 4. Scanning electron micrographs showing
martensitic structures of a 129Cr-0.28%C
steel. Solution-treated for 1.8ks at 1423K (a)
and 1223K (b). Carbide fully dissolves into
austenite matrix at 1423K but retains insolu-
bly at 1223K.

Table 2. Chromium content and stoichiometry in
insoluble carbide extracted from a marten-
sitic 1295Cr-0.28%C steel. Specimens
were solution-treated for 1.8ks at a
selected temperature and then quenched

into water.
S.T. temp. (K) 1273 1223 1173
Cr content
(mass%) 40.83 53.36 61.12
stoichiometry (Craso Fess.) 23Cs (Crss Feas) 23Cs (Cres.s Fess.r) 23Ce
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Fig. 5. Relation between hardness and carbon con-
tent in martensitic 122Cr-C steels.
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Fig. 6. Effect of solution treatment temperature on
the relation between hardness and carbon
content in martensitic 1295Cr-C steels. Bro-
ken line is the result shown in Fig.5. Intersec-
tions of the broken line and linear lines give
the carbon solubility in austenite at each
solution treatment temperature and hard-
ness of martensite matrix.
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uble M,sC, carbide in 129%Cr-(0.1~0.49%) C
steels.
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