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Effects of Shape and Distribution of Retained Austenite
on Static Tensile Properties of Two Ni-Cr-Mo Steels Containing
Medium Carbon

Kunio OKARAYASHI, Yoshiyuki Tomita, and Tkuo KUROKI

Synopsis:

A study has been made of the effects of the shape and distribution of retained austenite on static tensile
properties of two Ni-Cr-Mo steels containing 0.4 and 0.6 per cent carbon, respectively. It was found
that retained austenite, when it appeared accicularly, or lenticularly along martensite lath or plate bound—
aries, improved ductility without dropping'yield strength excessively in the steel containing 0.4 per cent
carbon and both strength and ductility moderately in the steel containing 0.6 per cent carbon.

When austenite retained massively along prior austenite grain boundaries as well as acicularly or lenticularly
along martensite lath or plate boundaries, were found detrimental effects on both yield strength and ductility
'in the steel containing 0.4 per cent carbon, but both the strength and ductility were improved excessively
in the steel containing 0.6 per cent carbon.

From these results, it may be suggested that retained austenite appearing massively, in ductile martensite,
along prior austenite grain boundaries has detrimental effects for ductility due to the formation of micro—

voids between it and martensite in the process of plastic deformation.
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Table 1. Chemical composition (wt%5)

c|si|Man|l P | s |nNil|oar]|Mo

A-Steel | 0.42[ 0.16] 0.63|0.011/0.008; 1.91; 0.83] 0.17
B-Steel | 0.63( 0.28) 0.85(0.014/0.005| 1.56] 1.27| 0.39

950°Cxihr

0.0. ; oil cuenching
0.C. ; il ceoling

200'cx3%sec
160°C x1hr
120°cxthr 120°Cx 9hr

(A)

-196'Cx22Zhr =1%6°Cx22hr

Fig. 1. Diagram of heat treatment of A-steel (A);
little retained austenite containing, (B);
retained austenite containing in prior
austenite grains and (C); retained
austenite containing along prior austenite
grain boundaries as well as in them.

950°C xThr

0.0Q. ; oil guenching
0.0. 7 oil cooling
Me=200"C | 200°C x30sec
e 1hr
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Fig. 2. Diagram of heat treatment of B-steel. (A);
little retained austenite containing, (B);
retained austenite containing in prior
austenite grains and (C); retained
austenite containing along prior austenite
grain boundaries as well as in them.
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Table 2. Austenite determination factor G for

different peak combination.

A-Steel B-Steel

a(211)-

1(220)e (211)-1 (311 |&(211)-r(220)| (21 1)-x(311)
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3. Relation between spread of X-ray values
and point count values.
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4. Dimensions of test specimens used in static
tensile test.
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5. Effects of retained austenite on Vickers
hardness. Both A and B-steel being loaded
with 30 kg.

Photo. 1. Transmission electron micrograph of
_retained austenite remained acicularly

along martensite lath boundaries in A-

steel. Arrows indicate retained austenite.

Heat treatment; 950°C x 1 hr—305°C x

30 sec—200°C X 30 sec—O. Q.—subzero

Photo. 2. Transmission electron micrograph of
retained austenite remained lenticularly
along martensite lath boundaries of A-
steel. Arrows indicate retained austenite.
Heat treatment; 950°C x 1 hr—305°C x
30 sec—200°C x 30 sec—0. Q.

FHEEHRE L. Fig 3RL0ERETRLALLOTHS
B, TOZ LMD, a(21]), y(220) X0y 31 @
HEBRBRIFTHD ERGD. LichDT, IRERT
i, Zoa(21]), 7 (220) XUy (311) L RERED
HETTHREL, IRLEFEOHERILI DS -7
+4 FREEFRTF G, Table 2 R {H%@HE L. 3
Floo X i a3 g ST EE S, IR EER-FOKEEEE KD
B CEMIIE L TR L.

2.3 BHry5|EAR

U5 PRABRIIEIRT, AT R 25t DA A b
R e BRI A LT, 25 mm OE &R A4 — b
AR A o R=—Y—&HWT, 3.35X10-1/sec D—FE D
FTIRE T 27, Th b O OFIRIE Fig. 31
RTBYTHS. £ LT, ThHDORBAE ORKEIKIX

— 59 —



% 62 4 (1976) 556

g

Photo. 3. Optical micrograph of retaind austenite
remained massively along prior austenite
grain boundaries in A-steel. Arrows
indicate retained austenite. Heat treat-
ment; 950°C x 1 hr — 305°C x 30sec —
200°C x 30 sec—0O. Q. (X 1500(3/5))

Photo. 4. Transmission micrograph of retained
austenite remained massively along prior
austenite grain boundaries and the
neighborhood of it in A-steel. Arrow
indicates retained austenite. Heat treat-
ment; 950°C X 1 hr — 305°C x 30 sec —
200°C % 30 sec~+160°C X | hr—0. Q.
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Photo. 5. Electron micrograph of carbon replica
of retained austenite remained lentic-
ularly along martensite plate bonunda-
ries in B-steel. Arrows indicate retained
austenite. Heat treatment; 950°Cx 1 hr

—200°C x 30sec—0O. Q.

Photo. 6. Transmission electron micrograph of
retained austenite remained lenticularly
along martensite plate boundaries in B-
steel. Arrows indicate retained austenite.
Heat treatment; 950°C x 1 hr—200°C x
30sec—0. Q.
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Photo. 7. Optical micrograph of retained austenite
remained massively along prior austenite
grain boundaries in B-steel. Arrows
indicate retained austenite. Heat treat-
ment; 950°C X 1 hr — 200°C x30sec —
160°Cx 1 hr— O. Q.
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Fig. 6. Effects of retained austenite on micro-
vickers hardness. A and B-steelbeing
loaded with 50 and 300 g, respectively.
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Fig. 7. Effects of retained austenite on strength in
static tensile test of A-steel.
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Fig. 8. Effects of retained sustenite on ductility in
static tensile test of A-steel.
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Fig. 9. Effects of retained austenite on strength in
static tensile test of B-steel.
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Fig. 11. Effects of relation between true stress and
strain in logarithm on static tensile test of
SUS-304-steel. Steel was quenched into
water after 1 150°G X 1 hr solid solution. n
expresses exponent of work hardening.
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Photo. 8 TFracture appearances after static tensile test of A-steel. (a), (b) and (c); retained austenite

containing 1.5%, 2.59% and 5.5%, respectively.
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Photo. 9. Fracture appearances after static tensile test of B-steel. (a), (b) and (c); retained austenite
containing 1.5%, 109, and 152, respectively.
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25 TRIPHENS TN OOETIT K EL HELY B XIE
FTIENBEALND. AERTE, RRITEBTRTS
BRA—27 74 PEOE(LEZ XgEe X v #AX
7o. TOFEE, TNOOERITI%BLRNTHE Z LA
GOt LIehoT, REBOHE, ZhLOBRH
RRIDOTWIRWZ LRI, 20 & KBh#EL
T, HHW 3, 3ERERBITH VT, BRA—2FF4 +
k% TRIPERPEZ B0k, Al L d, 30~
W% LEDER A — 27 F4 "R ETHH T &L
LTWvW5b.

thic, BRI —25 74 OB ELT(LERES
BRiL, wvTFo94 FEHBICAKESEELSEZD, £h
LOREES D WITIEMIC K E B ELY S XTI a5+
SEZLRDH, BRETHEMET VT H1 FOE
REDEEH, HRET LR D it v T, BRROBE A —
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% Ni-Cr-Mo $OMHBEREr S X ETRYEF — 2554 + OB H iz 0 669

27 F4 POEERRNT, ThEBEFLREZRRADS
nikhroi.

5. & E-]

0.4 X 000.6%CEEHET5 2 EHEDPBBEE Ni-Cr-
Mo OBIRIEIC 3 JIETERAL — 27 74 bORE
oW, & LT, BREBRICEREEWTHE L
R, RO LHHO.

(1) 0.4%C%&HT 5 Ni-Cr-Mo ffic 5T,
HBlA— 25 F4 b= 44 bD T AEFRITH>
TERB D VI L JRCERET 556, Th o
MEEZDEVINTSETIE, EMEZRLEIELN, Th
L2 T oA DT ARER EFRHS, §IA—AT S
A MERHRCBOTHRCEE T X 5kd L, &
RIBE % B R T S8 % LR, MEd st LT
Fr L bXhhok. TOTEE, METEEIN
WFUHA PDTAGRICETE TN OEEME LT
OB BT L RS, AT HA O T ABERICE
B sEfdimic B s NEhEeEmTsc s, &E
TRIANENRTNT ¥4 MO THRIRT 5 & FEE
i, BEREPICe LT oA PEDOBERIZIWT, 2
o4 FERMEERTs Zscrh AT 53
DEFEZHND.

(2) 0.69%C%4H+ 5 Ni-Cr-Mo §Ric B\ T,
BEA —ATFA MBRTALT P4 FOT L — FOBER
BT vy XREEFET 5546, BB, Thba )
Fd—AFTFA MERNRCA > THIRCEE T2 X 5
AL, PEET, BERICEEEM IR 20
LRFIEBCTRAFNSHEA — AT F A4 FERBL PO R
RPLEFICEETHI I T vy VDRERIUEGKE
BoEBN, FOLHE, BiA—A7F14 MEFRROX
fcst LCENEREETIRB Z L, BETRIRD
PR — AT F 4 MEGRR ORI T B NERE
BT 5 LFERFT, WA — 2774 MESRNARICKIT S

TNLEHS LT, RMpREEI /s 7 vy 2 DRER
IV EEEZBELEB IR EFRERNT S0 EE 2
Lhb.

(3) Dbz tind, BEA— AT I 4 MHEEREE
BKRNT P4 PORA —~RTF FA4 MESHR BT
WRCIERE T DX 50 s E, BREESMETT % LM
BHICIEERSE I NG v 5 T & X .

DR, FERIC R T HUAME IR TS o0
LSRR ZR B SRR D /MIIEA 7 & NI ZRABRIKERD T X, 4%
FEET KT 5 ETHAMSRECEHRAEZ VWi B A
BFWL O ARERICH T BEMERIC N T X
Fo KRBTSR ISER IR O B HIER IS LT, Hbw
TIRMOBEEZRLET.
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