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Synopsis

The effect of heating rate on the reverse transformation behavior of Fe-15.5Cr-4.5Ni low C, N martensitic stainless steel,
especially the grain size after the completion of transformation was investigated. As a result of the dilatometry test, it was
confirmed that the reverse transformation mechanism transitions from the diffusion type to the displacive type at a heating
rate around 10 °C/s. The microstructures after the completion of reverse transformation, i.e., after holding the specimens
at 830 °C just above the Af point for 60 s, were fine for both the 0.1 °C/s and 50 °C/s rates. In the case of the diffusion-type,
reverse transformation with Ni diffusion first occurs between the laths of the martensitic substructure, and needle-shaped
austenite is generated and grows in the longitudinal direction of the block. As the temperature is further increased, globular
austenite is formed on the prior austenite grain boundaries, and when the temperature reaches Af, the globular austenite also
grows, but some of the prior austenite achieves austenite memory due to variant constraints, and finally a slightly mixed grain
microstructure is formed. On the other hand, in the case of displacive type, although the reverse transformation occurs with the
prior austenite grains intact, it is expected that the large amount of dislocations introduced at that time will be the driving force
for recrystallization, resulting in achievement of a finer microstructure.
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Table 1. Chemical composition (mass%).
C Si Mn Ni Cr N
0.042 0.30 0.78 4.49 15.49 | 0.041

Fig. 1. Microstructures of 15.5Cr-4.5Ni steel subjected
to solution treatment at 1040 °C followed by

cryogenic treatment at -80 °C.
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Fig. 2. Phase fractions of 15.5Cr-4.5Ni steel calculated
by Thermo-Calc software.



HAMif > Fe-Co-Ni ¥ V7 V44 FRAT Y L AMOF — A5 F 4 MUEERBOBE 73

2. 3 HERFZE

R RIZDOWTEWIRNE (Dilatometry) 12 & % FIR
A (FEli~ 1040 T) OFEELIS, & —ATFA
NEREBIGIRE A, BX O — A7 F 4 NERER TR
BB AZRELL F-20BA, ABIUOHEER
3 7 WO AR AR 2 RS 5 720, FEH R
01T /2550 T /s FTELSE FRBERICE
VT % MR HERSE), FRICRARBE Z AT L0010, A
DI —AFF A MERER|ZFE L - E THIR
23514, EBSD 2 X 2 H5 5 AT % SN L 72

3. BWRBSLUVEE

3. 1 BEREHEBORRREKEHE

Fig. 3 12X FEFI & L CHIEFFE 01T s BL 50T /512
BB RMB L RT. HEICAPRLRL I E05,
W22 REBRAG TR L O Al H KA 2SR b Fig. 4
WCERA SN A & A OFIREERAFMEZ RS, FiRH
FE10 C /s LUFTIE, FEMEED LHITHEW A IZHHR
W EALIPOR, AAld—H EFL2RIIERTT 5. 10T s
DEOFEETIZA, A VTN —EDELZRL, Z0O
T 1 Fig. 2 OIRRERN IR M 2 REFIAGIRE & #¢ T I
FHILT100 CUEEL, F—AFFA h=>< LT U4
N OEEILHOCH & —3 T 2 HiE L ESRDOONL.
9 L 72 ME[[)1% Fe-3Si-13Cr-INi ¥ V7 Y% 4 P RAT ¥
L2285, Y.K.Lee 5O LEAKETHY, H
TR E 10 C /s A I L ER S RE 2 © SR 300 25 8
NOLEEBEOBEEN DL EEZOND. AmHEE
0.1 C /s T710 CE TMEZERG Lo > 7L & A
Ji£50 C /s T 830 C I THIEARZE L7z > 7 )L @ Field
Emission Electron Probe Micro Analyzer : FE-EPMA (Z X
LILRIEE~Y v €V 7 OME% Fig. 512RT. AiRH
FE0.1 C /s DBf, Ni OREW S XA3T A THERE S
N5H—77T, 50 C /s DHE N ORET—FTHE L
o, IO BB ZRIET L EEZ ON
5.

F NI g B L LT, FIEAE 0.1 T /s Tkt —
AT FA N ANOMIEREHE DS P THRR S A B A
AOHND, Leverrule  HWT, MEREL/IA— AT
T4 MRS EEFEEE 01T sBLIUS50 Tl Eh
FIAZDWTHHM L Thermo-Calc DGR H & i L
TFig. 612", HWAEE0L CrsOLEF—ATF
A MEREEEK) 70 % LU\ ZEREHR EE DSR2 7 A EH ) A3

1.4
(a) Heating rate: 0.1 °C/s
1.2

1.0
A, 615°C

0.8

N\
\

A 825°C

0.6

Relative change in length [%]

0 200 400 600 800 1000
Temperature [°C]

(b) Heating rate: 50 °C/s

-
N

Ag: T47 °C

-
o

N\

o
™

\

A;: 805 °C

Relative change in length [%]
o o o
N B [e)]

o
o

0 200 400 600 800 1000
Temperature [°C]

Fig. 3. Relative changes in length of Fe-15.5Cr-4.5Ni steel
from room temperature to 1000 °C measured by
dilatometry. The heating rates are (a) 0.1 °C/s
and (b) 50 °C/s.
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Fig. 4. Heating rate dependence of A, A; and M,
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Fig. 5. Elemental concentration mapping by FE-EPMA

of 15.5Cr-4.5Ni steel quenched after heating
to (a) 710 °C at a heating rate of 0.1 °C/s, and
(b) 830 °C at a heating rate of 50 °C/s.
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Fig. 6. Volume fraction change of reverse transformed
austenite during dilatometry test calculated using

the leverage principle.
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Fig. 7. Microstructures that emerged using the thermal

grooving technique of Fe-15.5Cr-4.5Ni steel
heated to 1040 °C at heating rates of (a) 0.1 °C/s
and (b) 50 °C/s.
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Fig. 8. Crystallographic orientation (IPF) maps (a), (b) and (c), and image quality (IQ) maps (d), (e) and (f) of 14.5Cr-
4.5Ni steel reversion treated at 830 °C for 60 s at heating rates of (b) (e) 0.1 oC/s and (c) (f) 50 °C/s. The prior
austenite grain boundaries inverse analyzed from the crystallographic orientation are shown as red lines on the

1Q maps.

s

Fig. 9. IPF maps (a) (b) (c) and 1Q maps (d) (e) (f) of 14.5Cr-4.5Ni steel reversion treated at (a) (d) 690 °C, (b) (e) 710 °C and

(c) (f) 760 °C for 0 s with heating rate of 0.1 °C/s then quenched. The prior austenite grain boundaries inverse

analyzed from the crystallographic orientation are shown as red lines on the 1Q maps.
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Fig. 10 Image of the formation behavior of reverse transformation austenite in 15.5Cr-4.5Ni steel during continuous

heating.
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