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Isothermal Transformation Behavior in 12%Cr—0.3%C Steel

Masato MixaMl, Toshihiro TSUCHIYAMA and Setsuo TAKAKI

Synopsis : In order to get fine grain of large martensitic stainless steels products, it is available to use the isothermal transformation before the austeni-

tizing. When 12%Cr—0.3%C steel is subjected to the full solution treatment and following isothermal transformation at 900-1020K, it is ob-

served that the microstructures are affected by the isothermal ageing temperature. The microstructure transformed isothermally at 1020K is

the full eutectoid structure where carbides precipitate homogeneously. On the other hand, the microstructure transformed at 900K is the

mixed heterogeneous structure: the eutectoid structure where carbides precipitate densely around the edge of prior austenite grains and the

ferrite structure where carbides hardly precipitate in the center of prior austenite grains. These phenomena are concerned with the decreasing

in carbon content in the untransformed austenite as the eutectoid transformation progresses. The amount of decreasing in carbon at 900K is

larger than at 1020K, which causes the shortage of carbon in austenite in the last period of isothermal transformation. In the case of the

isothermal transformation at 900K, the reason of why there are the ferrite structures with no carbide in the center of prior austenite grains is

that the massive transformation is induced by the shortage of carbon in untransformed austenite.
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Table 1. Chemical compositions of steels used. (mass%)

steels C Si  Mn

P S Cr Al N

Fe

0.3C 0.30 0.10 0.20
0.15C 0.15 0.10 0.20
0.7C 0.70 0.10 0.21

0.004 0.001 1247 0.004 0.0018
0.005 0.002 12.48 0.002 0.0023
0.003 0.001 12,52 0.005 0.0019
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bal.
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Fig. 1. Time temperature transformation diagram of
12mass%Cr—0.3mass%C steel. Ts and Tf denote
starting and finishing time of transformation, re-
spectively.
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Fig. 2. Optical micrographs of 12mass%Cr-0.3mass%C
steel isothermally transformed at 1020K or 900K.
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Fig. 3. Scanning electron micrographs showing morpholo-
gy of carbides within the eutectoid structure, iso-
thermally transformed at 1020K or 900K.
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Fig. 4. Change in the mean carbide fiber spacing in eu-
tectoid structure adjacent to the untransformed
austenite with isothermal transformation of
12mass%Cr—0.3mass%C steel.
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Fig. 5. Schematic illustration showing microstructual
change during isothermal transformation.
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Fig. 6. Profile of chromium concentration along the line
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mally transformed at (a) 1020K for 2.4ks or (b)
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. 7. Change in hardness and carbon content across the transformation interface.
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Fig. 8. Relation between the fraction of transformation

and carbon content in untransformed austenite of
12mass%Cr—0.3mass%C steel.
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Fig. 9. 12%Cr—C steel vertical section phase diagram. T,
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energy for both of @ and ¥ in this steel.

EEBRZETH A I LB NIk -T2, £, TOMEEIC
&0, 120K DIERARES, RALOTH % 1F 5 T ERE
MWERESE T £ THRERT 2ERERBE TH 2 D12 L, 900K
DOIEEERETIZARER 0.6 £ TIIHMERESELZD, £
NI RALONH & b v y o BREAN & A RERH
NENTEZ L HML 2,

900K DIEISZHEIZ Jo 1T B ZRER 0.6 I D ZEREBMOZ
bz, BREOREHNHOBE» LU FOLIIZELLOND,
Fig. 91 12% Cr—C#l D CrE R HEW mIKEN TS 5.
K OBy HE o FHOHHZ AL F - 2F L K5
EARTTMTHS, ZOXN»S5, 03CHZ 1423K» 5
Q0OK 1= 25 RIF L B ZIZE VLT, yOREREIZ03
mass% TH 5 Z &h 5 T, mn 6 OBMmEIRHT »30K~E
BEThbd, TR, HNEROETIZHE S TREREy 25
HHHGANDRFZEO BB LSRRI D, KEEyPORK
FEEIRPOREIOD & I KBITKREEHAN BT LT
Wl LEZ 5N5, Fig SOERN LN B &S ITEHEE
20612755 &, RERE yhORFIRE 1L 0.03 mass% F2E
FCET T2, TOREATOT,HA2LDBHERE
K F250KIZEEL, FREOHE I A D KE LIEISE
LCWa eHflxh3, Figlo LA EIREX Y 7 b
¥ 1 7 Thermo-Calc. % FIV Y TR 72, 12%Cr—C #§ 9 900K
k115 ol yHOBERAZ I LY - TH 5. KIS
RTEIIIHBEEICE TS afi yHOBHT XL X —
DEAG=G'—G* B y—>aZHREOHE /1L, ZOXR»5,
FRFEVEIE H10.03 mass% DIBA AG 12 H £ % 450J/mol TH 5
Zehbhb, —BIIAEERD yoaZERETRIEFS AR
X B L LD XD B FEERBIIACHS LD,
Fe-10%Cr & & DA, #9370 /mol L EDOREN 1A 56 1
P~y v TERE #1400 mol DEREN FI 23 5 il <
AF V44 PEENMECBLEREINTNEY, KEERT

53



. 54

$k & 88 Tetsuto-Hagané Vol. 87 (2001) No. 1

-359800 — T T T

36000 - Free ener.gy 1
R of austenite (GY)
= -36100 \ .
E
< -36200 -
2 \

-36300 - =G - G .
> AG=G'- G Free energy
O aga00l |~ 450 J/mol i o
o of ferrite (G* )
W 36500 -

-36600 |- .

-36700 L * L .

0 0.1 0.2 0.3 0.4 0.5

Carbon content {mass %)

Fig. 10. Relation between carbon content and molar free
energy of ferrite and austenite phase in 12%Cr-C
steel.
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