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Effect of Partial Solution Treatment on Martensitic Transformation of 129%Cr Steels

Toshihivo Tsucuryama and Setsuo T akaki

Synopsis

: When high chromium martensitic steels are subjected to partial solution treatment in (austenite +Ma,5Ce carbide) two

-phase region, not only the coarsening of austenite grains is effecitively suppressed by insoluble-carbide particles, but

also martensitic structure, which has formed during cooling, is refined through the treatment.

In this study, the

mechanism of refining of martensitic structure was discussed in Fe-129%Cr-C ternary alloys by investigating the

relation between Ms temperature and solution treatment conditions, and the effect of insoluble-carbide particles on the

substructures such as martensite-lath or -block. The Ms temperature of steels with full solution treatment simply
depends on the content of C and Cr, but that of steels with partial solution treatment is dependent on the effective
chemical composition of matrix, which is evaluated by taking the amount of C and Cr in insoluble-carbide away from
their total content. Refining of martensite-block structure within grains is not caused directly by insoluble-carbide

particles, but done indirectly through the refining of austenite grain size.

While, on the martensite-lath structure,

insoluble-carbide particles supply nucleation sites for laths, and work also as obstacles for growing laths. As a result,
martensite-laths in steels with partial solution treament are divided finely by insoluble carbide particles, and the

arrangement of laths is tend to be confused.

Key words : stainless steel ; martensitic transformation ; partial solution treatment ; insoluble carbide ; microstructure ; Ms tempera-

ture ; grain size.
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Table 1. Chemical composition of steels used.
(mass%)

Fe
bal.

bal.
bal.
bal.

Mn| P S
0.87 |0.025|0.005
0.49 |0.021 |0.005
0.281| 0.24 | 0.47 |0.023|0.005

0.340| 0.11 | 0.25 {0.008,0.016
others : Ni<0.01, Al<0.01, N<0.011

Cr
12.02

12.59
12.30
12.28

steels| C
0.122
0.203

Si
0.26
0.26
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Fig. 1. Optical micrographs showing martensitic
structure and scanning electron micrographs
showing the dispersion of carbide in steel C.
Solution-treated for 1.8Ks at 1323K, 1273K
and 1223K, and then quenched into water.
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Fig. 2. Relations between austenite grain size and
re-solution treatment temperature in 129
Cr-C steels. Broken line displays the lowest
temperature for the full solution of carbide
in each steel.
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Fig. 3. Changes in soluble carbon content and Ms
temperature with rising re-solution tempera-
ture in steel C. Broken line displays the
lowest temperature for full solution of car-

bide in this steel.
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Fig. 4. Relations between soluble carbon content

and Ms temperature. Solid line and broken
line are the results obtained from steel C
with partial solution treatment and from
several steels with full solution treatment,
respectively.
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Fig. 5. Opitical micrographs showing the morphol-
ogy of martensite-blocks which were formed
at an early stage of martensitic transforma-
tion in steel A and C. Specimens were
previously solution-treated for 1.8ks at the
given temperature and then subjected to G-

T method.”
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Fig. 6. Effect of prior austenite grain size on the
length of martensite-blocks. Solid circles
and an open circle show the results in steel A
with full solution treatment and in steel C
with partial solution treatment, respectively.
In steel C, soluble carbon content is
controlled to be 0.129§ by the partial solution
treatment at 1215K.
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Fig. 7. Transmission electron micrographs showing
the morphology of martensite laths. Steel A
and C was subjected to the full solution
treatment of 1223K-1.8ks and the partical
solution treatment of 1215K-1.8ks, respec-
tively.

Fig. 8. Transmission electron micrographs showing
the effects of insoluble carbide particles on
the morphology of martensite-laths in steel
C with the partial solution treatment of
1215K-1.8ks.
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Fig. 9. Transmission electron micrograph showing
a martensite-lath nucleated on the interface
of an insoluble carbide particle in steel C
with the partial solution treatment of 1215K
~1.8ks.
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Fig. 10. Diffraction pattern obtained from steel C
with the partial solution treatment of 1215K
-1.8ks, and its key-diagram showing the
crystallographic relationship between insol-
uble carbide(M,;C,) and martensite matrix.
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