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

Kunio OXABAYASHI, Yoshiyuki TomiTA, and Zkuo KUROKI

Synopsis:

A study has been made of effects of the shape and distribution of retained austenite on toughness of
two Ni-Cr-Mo steels containing 0.4 and 0.6 per cent. Results obtained are as follows;

(1) Retained austenite remained acicularly and lenticularly along martensite lath boundaries yielded
desirable effects on toughness, but retained austenite remained massively along prior austenite grain bound-
arles did not necessarily yield desirable effects on toughness in the steel containing 0.4 per cent carbon.

(2) Retained austenite remained lenticularly along martensite plate boundaries did not necessarily
yield desirable effects on toughness, but retained austenite remained massively along prior austenite grain

boundaries yielded desirable effects on toughness in the steel containing 0.6 per cent carbon.

(3) In both steels, retained austenite was stable in the process of deformation.

(4) TFrom these results, it is assumed that toughness is closely associated with coherency between retained
austenite and the matrix when retained austenite remains in the matrix containing a less twin martensite and
toughness is closely associated with relaxation of stress concentration against internal defects in the matrix
when it remains in the matrix containing more twin martensite.
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Table 1, Chemical composition of steels used

(wt25).

c !silMalP |5 |Ni|cr [Mo

A-steel | 0.42] 0.16 0.630.011/0.008| 1.91} 0.83,0.17

B-stecl | 0.63 0.2850.85%.0140.005 1.56) 1.27(0.39
|
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Table 2. Heat treatment of both A and B steels.

Steel t?:aséggigggenotf Heat treatment
(A) 950:C thr—305°C  305ec—200°C x30sec—>0.Q . —sub.—180°C lhr temper
A (B) 950°C  1hr—305°C 30sec—200°C x30sec—0.Q .—180°C lhr temper
(G) 950°C  1hr—305°C 30sec—200°C X 305ec—160°C 1hr—0.C.—180°C 1hr temper
(A) 950°C 1hr—200°C 30sec—»0O.Q .—sub.—180°C lhr temper
B (B) 950°C 1hr—200°C 30sec—0.Q .—180°C lhr temper
(C) 950°C  1hr—200°C 30sec—160°C 1hr—O.C.—180°C lhr temper

O.Q.=0il quench, O.C.=0il cool, sub.=subzero treatment

Table 3. Details of amounts, shape and distri-
bution of retained austenite in both A
and B steels.

T Heat treat-
ment (A) (B) (C)
Steel T~
A 1.59 | 2.5% | 5.5%
B 1.59, | 9~1124|13~ 182,

A (A) and B(A); Retained austenite remaining
acicularly along martensite lath and plate boun-
daries, respectively.

A (B); Retained austenite remaining acicularly and
lenticularly along martensite lath boundaries.

B (B); Retained austenite remaining lenticularly
along martensite plate boundaries.

A (C); Retained austenite remaining massively
along prior austenite grain boundaries at the same
time it remaining acicularly and lenticularly along
martensite lath boundaries,

B (C); Retained austenite remaining massively
along prior austenite grain boundaries at the same
time it remaining lenticularly along martensite
plate boundaries.
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Fig. 1. Effects of amounts of retained austenite

on total absorbed energy in static bend-
ing test at 18°C for A-steel.
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Fig. 2. Effects of amounts of retained austenite
on total absorbed energy in static bend-
ing test at 18°C for A-steel.
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Fig. 3. Effects of amounts of retained austenite
on impact energy value in Charpy im-
pact._test at 18°C for A-steel.
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Photo. 1. Fracture appearances of specimens with
2mmV notch in static bending test at
18°C (Loading speed : 0.05 mm/ min)
for A-steel. (a), (b) and (c); retained
austenite containing 1.5, 2.5and 5.5%,
respectively. Arrow at (c) indicates fra-
cture surface in which crack seemed to
propagate through boundaries between
retained austenite remained massively
along prior austenite grain boundaries
and matrix martensite.
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Photo. 2. Fracture appearances of specimens with
2mmV notch in static bending test at 18
°C (Loading speed : 20mm/ min) for A-
steel. (a), (b) and (c); retained auste-
nite containing 1.5, 2.5 and 5.59%, re-
spectively. Arrow at (c) indicates fracture
surface in which crack seemed to propa-
gate through boundaries between retained
austenite remained massively along prior
austenite grain boundaries and matrix
martensite.
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Photo. 3. Fracture appearances of specimens with
2mmV notch in Charpy impact test at
18°C for A-steel. (a), (b) and (c);
retained austenite containing 1.5, 2.5
and 5.59;, respectively. Arrow at (c)
indicates fracture surface in which crack
seemed to propagate through boundaries
between retained austenite remained
massively along prior austenite grain
boundaries and matrix martensite.
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Fig. 5. Effects of amounts of retained austenite
on total absorbed energy in static ben-
ding test at 18°C for B-steel.
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Fig. 6. Effects of amounts of retained austenite
on total absorbed energy in static bend-
ing test at 18°C for B-steel.
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Fig. 7. Effects of amounts of retained austenite
" on total absorbed energy in static bend-
ing test at 18°C for B-steel.
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Fig. 8. Effects of amounts of retained austenite
on total absorbed energy in static bend-
ing test at 18°C for B-steel.
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Fig. 9. Effects of amounts of retained austenite
on impact energy value in Charpy im-
pact test at 18°C for B-steel.
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601,
Photo. 4. Fracture appearances of specimens with
2mmV notch in static bending test at 18
°C (Loading speed : 0.05 mm/ min) for
B-steel. (a), (b) and (c); retained
austenite cohtaining 1.5, 10 and 159,
respectively.  Arrow at (c) indicates
fracture surface in which crack seemed to
propagate through boundaries between
retained austenite remained massively
along prior austenite grain boundaries
and matrix martensite,
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Photo. 5. Fracture appearances of specimens with
2mmV notch in static bending test at 18
°C’ ' (Loading speed 20mm/ min) for B-
steel. (a), (b) and (c); retained auste-
nite containing 1.5, 10 and 159%,, respec~
tively. Arrow at (b) indicates trans—
granular fracture surfaces and Arrows A
and B at (c) indicate transgranular frac-
ture surface and fracture surface in which
crack seemed to propagate through boun-
daries between retained austenite rema-
ined massively along prior austenite grain
boundaries and matrix martensite, res-
pectivly. ’
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RS, TOERTHRIBFHREOMAL & HICREIC
EIR L, REBEEOETIC &by, i (B)EMaic
HELT BR=AVF—-BEELE. X, VPRRT
RAERHEECBFRR <, (B)BaIc kB LT, M=
FF—pBEktliz. LT, ThHOURKEETOR
WEEET 3 &, BAMEETIRIROBHE A — X577
ArE=Fo94 NOBEREZBLTY T v Z7IMEEL
TEEXLNBWHEPE L, ARHRESEKTHICoN
T, Fh S OWE IS8 T HE@BRD iz, —H,
INBREA—27 74 MSBPHCETETHISITED
L, VEBIUVPRBRICEWT, (A)FLU(B)Enm
WCHEE LT, BWHEEEGEE L, BN 2 v ¥ — 0O
EM@BEwLh. £ LT, ThOOYREETOHEE
T 5L, ATNEEIEREL, HROBEA —X7
FA4 bETVTUHA POEREMLTY 5 v 7 MG
LictB2onamaE{HEIN. DLEOEER
b, TNOEAA—ATF4 PRGNV T 44 FOD
PSlRVCECEREEIND L, Thb T ¥4 PO
ROTETCERD D VIILEREIC X 5 LEX LN D WEK
MASEIRENBY L Lo, BEEER+LTTabRS
{RARHEE T, BEEZEERE, thbvvF ¥4 b
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hiRE Ni-Cr-Mo oS IETEE I — A 7714 1 OBREEEOZE 999

DEFRITIEMOERMBR I, 2s02 59 IBRSE
CRETDHIDEEZLNS. L Lxhd, AFHEE
DBHEALDBDVIERBIBEERMET T 5>, 5
#ERR 3 X ORISR EBIC LR L, moving plastic zone
PR D, Ch SOEFASREIT, 75 v VFEED
HHBMERE L kdbntELLNE. X, V5 v
IR LT, ZTNOREEEBEC /P IET 5
ERIBFIZ, TROBEESY v v 2 VIR A RIELC
77 v VEB{T ANV DM ECEBRTHLDEEXD
nd. —FH, TRoBREA - 2534 bR Ew V7~
P4 bPDEVICEBIND &, FhOBFRITKITS
KEGIZ KT BIENERE BT S L RERC, RPUICRT
LRMEELD RS XUEREELE, ThLDEEI
RLUT, ThOMPEHRERE O Y F 5T 5 &R,
INRLEENR v v 2 VHIRBIBESRIELT, 75 95
DEABIVEHTANVF -0 EKERTE D L
Zbhb.

L2 L7ehs s, PamriLro 5139 12Nigk XX 18Ni =
WL~ TICEWT, FEEF—2FF4 PSR
RO TEETIHE, 75 v V2B A v F—2ET
THZEERME L, AEBRBRIMERLTVWS. Z0H
HIZDOWTIE, REDELZARETH LM, 77, Fh
LOWEREA — 27 F 4 bAMTHT B, FErgic, i
HUBDBHEZEL L CVWBE L E2EX D L, HEOFR
VEEZEREA — 25+ 4 P XD b, MM KX B
ERTWBHDOTHEVWrLEZLNS.

5. ¥ £

HMFRBRIC X ), OIREFIRS XUAREELZ (L
BT, 0.4 5X0.6%C %453 5tk Ni-Cr-Mo
WO S X IETEREA — 27 F4 FOBREOE
Bowoiit L, TR FRTERe S

(1) 0.49,C Ni-Cr-Mo $8 T, B4 — 27 F 4
ERZLFoH 4 bDIAERICIBOTHEB XL
ZRCERE T 58, h SR kS X OB RHERE
CRAIGRI <, BT LT EE S S x . L Lk
Bo, TRLERIA —2F F4 bOESKRRCB>TH
KCERETH X505 s, FRbiX 2mmV YR Xt
FIHTHBRIC S VT BRI A v F— DR TR YR E,
T Ld, St a LCirEgE L bicx i nol.

(2) 0.69%C Ni-Cr-Mo $§TI3, o4 — 27 F+4
b= T oA FDT v~ MERICBOT LY IRIT
BT O, BAMEEICKIT S 2mmV P)/K X 500k

FHEBROFEZIRE, Thbiftey LTHEEL2 D
fex gDt L Lsdh, ThbPai4t — 25+ 4

FORRRFICIB > THRCERE T X >Thd e, %
NORYIRERE XOCATHEE RN <, Ekicxt
LCIF#EE e bicxic.

(3) FfcHET, TP RIIBEZ S — 27+
A rD=NT Y4 MEBRRICOWT, XBEHFICX D
T Lo R, AERCH T Rk X ORBREH
EWT, ThHLOBERIBD LN, DT

(4) DILOfERPS, BEA A7 74 beEET
5k Ni-Cr-Mo $ic st 281, b~ 7o
F4 b EFEINEMNEC VT o4 FOBAEE
MiscihE, EELT, BEA—AFF4 bEEien
FUYA rOESEE, EHivrs oY bR X
NHEWenv 7 o H 4 bOBEBEEIE 7LD, AR
XURRIC N RGERT 5548, FE LT, BEA —
AT FA SO DNERRIICK T 5 5 1% OFRFIL)
RE, TREREBCEGRT S & RIS n .

RIS, AERC R A HREE IR T X o7
LIRS 155 2k B8 (BR) /M BA 3 X O ZR HRIKERDO R L, A%
EBRILKS T 3BT HEMERECERNE VWi vk
BFER) bR AERC T 5B RIC BT X
DIREALIAR S FHEINFROEHFERICH L, &
bETHRHMHOELERLET.
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