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Austenite Grain Size Control by Insoluble Carbide in Martensitic Stainless Steels

Toshihivo Tsuchiyama, Sefsuo Taxkaki and Sadayuki Nakamura

Synopsis : Effect of insoluble carbide on the size of prior austenite (y) grains was investigated in martensitic stainless steels with
the chemical composition of 129%Cr-(0.12~0.34)9%C(in mass%). When fully tempered martensite (a’) is subjected to
partial solution treatment ; the solution treatment in (y+M,;Cscarbide) two phase region, the growth of y grains is
effectively suppressed by insoluble carbide particles retained in the y matrix owing to the grain boundary pinning
effect. The mean diameter (D) of y grains changes depending on the volume fraction (f) and diameter (&) of dispersed
carbide particles and is given by the equation ; D=8(d/f) (8=1.0~1.5). With increasing carbon content of steels, the
growth of y grains is suppressed up to higher temperature. For instance, y grain size of a 12%Cr-0.34%C steel can
be kept as small as about 20 um even at a high temperature around 1300K. Smaller the size of dispersed carbide
particles is, ¥ grain size is expected to become finer. However, the grain refining by partial solution treatment was
limited to around 12um, because, in tempered martensitic steels, homogeneous dispersion of carbide particles is not
obtained due to the fact that carbide precipitates preferentially on the boundaries of martensite laths and blocks.

Key words : stainless steel ; martensite ; solution treatment ; insoluble carbide ; grain size ; grain refining ; precipitation.
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Table 1. Chemical composition of steels used. (mass%)

steels C Si Mn P S Cr Fe
A 0.340 0.11 0.25 0.008 0.016 12.28 bal.
B 0.281 0.24 0.47 0.023 0.005 12.30 bal.
C 0.203 0.26 0.49 0.021  0.005 12.59 bal.
D 0.122 0.26 0.87 0.025 0.005 12.02 bal.

others: Ni<0.01, A1<0.01, N<0.011
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Fig. 1. Heat treatment for the sensitization; car-
bide precipitation on austenite grain bound-
aries. Ps and Pf mean the start and finish of
carbide precipitation, respectively.
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Fig. 2. Optical micrographs showing martensitic
structure of a 129%Cr-0.28%C steel. Water
-quenched after the solution treatment of
1423K-1.8ks(a), and then tempered at 1073K

for 10.8ks(b).

Fig. 3. Scanning electron micrograph showing the
dispersion of carbide in the specimen used
for Fig.2(b).
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Fig. 4. Optical micrographs showing prior austenite
grain boundaries in 122§Cr-0.34%C and -0.
209%C steels. After the tempering of 1073K~
10.8ks, re-solution-treated for 1.8ks at the
selected temperatures and then subjected to
the heat treatment shown in Fig.1.
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Fig. 5. Relations between austenite grain size and
re-solution treatment temperature in 129Cr
-C steels. Broken lines display the lowest
full solution temperature for each steel.
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Fig. 6. Scanning electron micrographs showing the
dispersion of carbide in 129 Cr-0.34%C and
-0.20%C steels with the re-solution treat-
ment of 1.8ks at 1223K or 1173K. Specimens
were previously tempered at 1073K for 10.
8ks before subjecting to the re-solution
treatment.
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Fig. 7. Changes in the size of carbide particles with
rising re-solution treatment temperature in
129%Cr-C steels. Subjected to the re-solu-
tion treatment for 1.8ks after the tempering
of 1073K-10.8ks. Broken lines display the
lowest full solution temperature, and hori-
zontal bold line represents the mean diame-
ter of carbide particles in the tempered
martensitic steels.
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Fig. 9. Relation between austenite grain size(D) and
the value of d/f in 12%Cr-C steels ; d and f
are diameter and volume fraction of insol-
uble carbide particles.
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Fig. 10. Effect of carbon content on the relation
between austenite grain size and tempera-
ture in 129 Cr-C steels, when the diameter
(d) of carbide particles is given as 0.3um.
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Fig. 11. Effect of the size of carbide particles on the
relation between austenite grain size and
temperature in 129%Cr-0.3%C steel.
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Fig. 12. Scanning electron micrograph showing the
dispersion of carbide in a 129%Cr-0.28%C
steel tempered at 923K for 3.6ks(a), and
optical microstructure of a specimen sub-
jected to the heat treatment shown in Fig.1
after the re-solution treatment of 1173K-1.
8ks(b).
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