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Effect of Prior Deformation on Diffusional Reversion of Deformation

Induced Martensite in Metastable Austenitic Stainless Steel

Kouki TOMIMURA, Seishin UEDA, Setsuo TAKAKI and Youichi TOKUNAGA

Synopsis :

Effect of prior deformation on the microstructure of diffusionally reversed austenite from lath martensite
and the mechanical properties of the reversed austenite have been investigated in a metastable austenitic
18.08 mass % Cr-8.65 % Ni steel by means of transmission electron microscopy and tensile test. The steel
used transforms to almost full lath martensitic structure through 50% cold rolling. Further cold rolling
changes the martensite microstructure from lath to cell.

The reversion occurs with two different processes, depending on prior microstructure. The austenite
reversed from martensite lath structure are nucleated at the lath boundaries and grow along them. The
morphology is platelike and looks like martensite lath structure. They gather to form austenite block,
which is composed of austenite lath with the same crystallographic nature. On the other hand, the
austenite reversed from martensite containing cell structure are fine equiaxed in shape and random in
orientation.

The 0.2% proof stress of reversed austenite is higher with increasing deformation rate. This increase
can be explainable in terms of a refinement of effective grain size. The effective grain size of austenite
reversed from martensite lath structure corresponds to austenite block one. The effective grain size of
equiaxed austenite is smaller than that of austenite block.

Key words : austenitic stainless steel; prior deformation; deformation induced martensite; diffusional

reversion ; microstructure ; lath structure ; cell structure ; grain refining ; strength.

1. #

FHOWE, ThECELZEA—ZXTFHA L (7) %
27 v L Ao E BRI LT A HEL LT, L
FRINVTFHAL (@) S y~NOWEREXFIHL
TELD, CoOMERBICILER AR 2 E
BENH VD, Z2nFhRi o270 L X CHIRALDHE
FTLY, 6 SR RERHE 5 0 B B L, BEst
B CVRIET A, 72, AR ¥ oMBEE o HIK
BTORMLICE->Th, HELEELZIDLEXD
ns.

HAMBIGEREE R T#YZE v RAT ¥ LA
DWTRIILER o HICHMIMTERBT &, T-XDHD

ol

BA SN CHARER O EIE-BHA S RE S R,
PSSR ML T A2 2T CIEHLMIILTW
BY. —J, PEAWERC RIETHIMLOEEIC oW
THREMEPLICCNI TS ORI L INTS
D, —BCHIINTEAEE 25 L, WER ¥ DR
AL LYY MEN LR T A EFHONR TV,
FEMAIRIIIZIERL & R BEEIC K D RE S B8, Fifg
MbDE7HER E LM LI X 2 TBEE D1
AT SN B, Hif#ks T 2 o DBPEIZIE e’ TR
BRVERMLEEEY 1 MBI HED b H 5
A, BIMTLEORMA BRI ¥ HOME RSB IC L
DEDLFBLEZTWLDOH TSI 3BHINT
Vv, S50, KA. X 25k R A5,

PR 2 9 ARKBHREICTHR FH34E2A 25 H%fF (Received Feb. 25, 1991)
*  JUMKREEL4E (Faculty of Engineering, Kyushu University, 6-10-1 Hakozaki Higashi-ku Fukuoka 812)
*2 AMRE KR (3R HL£B(8R)) (Graduate School, Kyushu University, Now Hitachi Metals Ltd.)
*3 M KFT#E T4 (Faculty of Engineering, Kyushu University)

— 141 —



142 g% r W

5 78 4F (1992) £ 1 &

WERE Yy ORELEELZENO—2 L EZLNDH,
IS R T OO R L €IS FHE L 26 R
S,
ARFRETIRRMLFER o OIHBBEEENIEZ S
18Cr-8.5Ni #l % Hv», i LEDOHMIZHED 7 X o
DIEREAL L FEMNICHA L, BTHRL & AR ¥y OB
s O E T THSMIC L, DWW T, RiMLE
AR CHARE Yy OB LS y BHEHEIZow
T, WEILRITHOBEOEE Y, ts—NL-Ry FO
BRI E DS W T MR EOBISE» SRl L, BREL
7:.

2. $HEMBSURRTGE

ABHETEDOD I b & ) BBk, BWH= v
BLXUOEE /0 LAREA L, BEEERGHY (B2E
#0.1Pa) #HWT 1.5kg B LD 5, 30 mmX50
mm X100 mm D& gE L 72, F Db D % Table
1RY. 30mm gD 1 > Ty Fid 1523K T 20 mm
[ ¥ THEL 1523K-18ks DY EILEES#, 1323K
T 10mm ¥ CTHEEL 7. 8512 1373K-1.8ks D &K
LALERfR, 22 U CAMERRERICHL L7z, SREC X BRI
TR (290K) TH I AV, £ 0T B
CRCHME L. o, ARBMEERFE Hun ot
B THT o 7. ERBIRER O MBGERE X, FHEPEKIC
XD EH R HH300K/s~100K/s TH 5.

AR RO o L ERED ¥y 2545 2 HIR
BT ET A0 T, MEE I ERBRFHEC X 58
MBALBED TIT- 72, &8, #WEHTIE 0.8 mmX
4 mmX 30 mm DA F H 7.

AR BRSO BAMEE B X OF 200 kV E MBI E T PR
FERACUT- 72, KA OBAERIIEEKREAHV,
3B ER IR 20% - T F VT VT — ) 40% - A
FUTNIT—N A0% OBRBEERACIZY = v MFEE
TYEBLL 72, WEHE y OFIgRERE 100 f50 ASTM £
AR % F I L BGEC, T MLHRE o« Hob vk
O T ABOBBLEIRIFI LD PE L 2.

Gl ERIE, E S 0.7mm FATE O IE 6 mm- & &
35 mm OFHGRERA % LS 1) & PATICERIL, 1 > R
oL RERERE (7 02y FEE 0.02mm/s) CHIR
WTHT - 72,

Table 1. Chemical composition of steel used
(mass% ).
Steel Cr Ni C N Others
18Cr-8.5Ni 18.08 8.65 0.004 0.003 Si, Mn<0.1
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Fig. 1. Change in martensite content of 18Cr-
8.5Ni steel with deformation by cold rolling.
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(a) 50% cold rolled
Photo. 1.
the morphology of lath martensite.
shown in the photographs.
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Fig. 2. Change in the morphology of lath marten-
site of 18Cr-8.5Ni steel with deformation by
rolling.
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Fig. 3. Relation between martensite content and
annealing temperature in 18Cr-8.5Ni steel pre-
viously cold rolled at several deformation rate.
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(b) 90% cold rolled

TEM microstructures of cold rolled 18Cr-8.5Ni steel, showing the change in
Diffraction patterns taken from these areas are also
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(a) Bright field transmission electron micrograph
(b) Diffraction pattern taken from the area of (a)

(¢), (d) Dark field image obtained by the spots of different (a) Mf'g"i'f'—ed_ image of Photo. 2(a)

reversed austenite shown by arrows in the diffraction pattern (b) (b)’)Dlstrlbutlon of reversed austenite (7,, 7,) within martensite
Photo. 2. TEM microstructures of austenite P(}L: 3 TEM . .
nucleated at martensite lath boundaries in 18Cr- oto. 5. microstructure of 18Cr-8.5Ni
8.5Ni steel. Annealed at 773K for 5.4ks after steel annealed at 773K for 5.4ks after 50%
50% pre-cold rolling. The amount of reversed aus- pre-cold rolling : showing platelike austenite nucle-
tenite is about 20% ated at martensite lath boundaries.

il (b)}
beam // [110ly

{a) Bright field transmission electron micrograph and diffraction pattern taken from the area enclosed by a circle
(b) Dark field image obtained by the arrowed spot in the diffraction pattern (a)

Photo. 4. TEM microstructures of full austenite reversed from lath martensite in
18Cr-8.5Ni steel. Annealed at 923K for 10ks after 50% pre-cold rolling. An austen-
ite block is composed of a lot of austenite laths with the same crystallographic nature.
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(a) Bright field transmission electron micrograph and diffraction pattern (c) taken from the area
(b) Dark field image obtained by the arrowed spot in the diffraction pattern (c)

Photo. 5.
structure in 18Cr-8.5Ni steel annealed at 773 K for 5.4 ks after 90% pre-cold rolling. The amount
of reversed austenite is about 20%.

TEM microstructures of austenite nucleated from martensite with dislocation cell

beam // <110>y

(a) Bright field transmission electron micrograph
(b) Diffraction pattern taken from the area of (a)

Photo. 6. TEM microstructure of full austenite reversed from martensite
with dislocation cell structure in 18Cr-8.5Ni steel annealed at 923 K for 10
ks after 90% pre-cold rolling and corresponding diffraction pattern : showing
many equiaxed austenite grains with different crystallographic nature.
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Fig. 4. Effect of prior deformation in martensite
structure on the 0.2% proof stress of reserved
austenite in 18Cr-8.5Ni steel. Annealed at 923 K
for 10ks after cold rolling at several deformation
rate.

Photo. 7. Optical micrograph of reversed aus-
tenite in 18Cr-8.5Ni steel. Annealed at 923K for
10 ks after 50% pre-cold rolling : showing austenite
block.
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Fig. 5. Changes in grain size of austenite block
and equiaxed austenite in 18Cr-8.5Ni steel.
Annealed at 923K for 10ks after cold rolling at
several deformation rate.
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Table 2. Effective grain size (t_l) of reversed austenite in several pre-cold rolled 18Cr-8.5Ni
steel specimens.
y block
(;@jw
8r—)l
dp
rodlike spherodial Y grain
equiaxed Y  -1/2 cell yblock Y block -1/2 172 1)
Specimens | grain size de_1 ;o fraction width size b_‘,2 d Ry
detum) (mm °) Vg 2rum) dpm) (mm ) |mm )
50%C.R.| 1.3 277 0.34 22 26 19.6 224
70%C.R.| 09 333 042 22 26 19.6 254
90%C.R.| 0.8 354 0.88 22 26 19.6 335
B g gV + dg2 (- vp)
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Fig. 6. Relation between effective grain size of
reversed austenite and 0.2% proof stress in several
18Cr-8.5Ni steel specimens.
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