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Strength and Toughness of Cold-rolled 32 Mn-7 Cr Steel at Cryogenic

Temperatures

Tetsumi YURI, Kotobu NAGAI and Keisuke ISHIKAWA

Synopsis :

The effects of cold-rolling on strength and toughness at 4 K were investigated for a high manganese steel,

32Mn-7Cr steel.

The yield strength at 4K was 1118 MPa for the unrolled steel and was increased to
1379 MPa and 1 786 MPa for the 20 and 40% cold-rolled steels, respectively.
and the reduction of area were decreased with an increase in reduction ratio.

However, the elongation
Especially, the elongation

was significantly decreased. The Charpy absorbed energy and the fracture toughness were also decreased

markedly.
facet” in the fractured surface.

The decrease in toughness by cold-rolling was due to the formation of subcrack and “flat brittle
The subcrack was caused by intergranular failure, and the flat brittle

facet is believed to be produced mainly by intergranular failure and partly by twin boundary failure.

Key words: high manganese
intergranular failure.
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Fig. 1. Preparation procedures of test pieces.
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Fig. 2. Temperature dependence of yield and ten-
sile strengths for as-received materials.

Table 1. Chemical composition of 32 Mn-7 Cr steel used in this study in weight percent.

C Si Mn P S

Cr Mo Al N Fe

0.14 0.60 31.58 0.022 0.006 0.23

7.04 0.04 0.012 0.133 Bal.
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Photo. 2. SEM fractographs
of fractured surface of tensile
test specimens for 0%, 20 %
and 40 % cold-rolled steels
tested at 4K.
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Fig. 5. R curves for 0 %, 20 % and 40 % cold-
rolled steels tested at 4K.

Photo. 3. SEM fractographs of
fractured surface of impact test
specimens for 0 %, 20 % and 40 %
cold-rolled steels tested at 4K.

Photo. 4. SEM fractographs of
fractured surface of compact ten-
sion specimens for 0 %, 20 % and
40 % cold-rolied steels tested at
4K.
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ing plane for cold-rolled steels.

—105—



2166 % L 48 4 74 4 (1988) B 11 &

BEEER S TFAITCTH 5 %%, Photo. 6 i3 % DT AT & A
(SH) 25X 12 4K 2BV TEGHEELEHM % Bk
BR7-EOFNREFNRD SEMEETHA. 0% HHELE
MOBEIX, R0 2 v v ¥ —EEREN RS 7 1
PTNVTEbLRTWAD, 20% B XU 40% & HEEH
OWHEIFITE A LDPHABEEL 22 TBY, ¥ 777 »
IHRRBIECTH D Z LR ENS.

¥/, SHAEEEE 25 CTREBEH (S-LBLO
S-THH) ®AK B 5 0% GREEMO K (J)
i, 99MPavm & T-LAFD# 2/3 THHHL» %

BEhEMERON, AKEICBITAS-LBXUS-THINIL

T-LARAIOBEEICE>TWwEI bbb,

Photo. 7 \CiABkf% » CT #K 1 Z B 1F % Stable crack
growth ¥ SEM EE #*/~d. &fxZE#7+ > S
ERDOTVAY, MEMPEBESRL. MEYORE

Photo. 7. SEM fractographs of fractured surface
of compact tension specimens for S-T or S-L
direction.

WT-LABORBREF COMEE LTHEDEW. &
DONEW I EDAX (= 3 v ¥F— 8B X o EE)
WEagHTIcEBE, MsLEBEKROLDIE Al Si, Ca
bR, 7, E-{BLY2RERE)IChoTw
LDk MnS Bt RTH 5. 0% GRIFEEHM O SHIC
B AEVEPER, ZhoSONEWICX S EELLE
2z 5N 518,

PLEX b, FEREEMICFATREGARHEREICRALZ
MEPHELHFEETAHIEICIN D EB LWL 20T
WhHA, WRIEEIC X2 TS SR REEAEL, Bk
BUDOEIETTAHIEbho. GEEEHOY T
759 7T ONRBIEICLS.

(2 )8 2% et ARk

Ty VE—HEBEHES LU CT BlHEIcBE s L
R ZBEEMEEIC O W TEE LT, $T), B

Austenite| Flat
grain facet

CR
“ a 96 70

20
‘ g bl 72 61
a bl o075 0.87
a| 109 82
% | b 52 50
Unit:um - b/a 048 061

Fig. 6. Average longitudinal and transverse width
of austenite grain in the section area and the flat
brittle facet in the fractured surface for the
Charpy specimens tested at 4K.

Photo. 8. SEM fractographs
of “flat  brittle facets”
observed in cold-rolled steels ;
(a) and (d) for Charpy impact
specimens, (b), (¢), (e) and (f)
for the specimen similar to
Photo. 6. Magnified photos of
(b) and (e) are shown in (¢) and
(f), respectively.

— 106 —



BRELE L 72 32 Mn-7 Cr SHOBRBIC BT 58E & 8 2167

RicoWTHEF %2727, Fig. 6 i3 20% BXL U 40%
BREEM B BRI S, A — 27+ 1
FEOKEELHBLAELDTHAS. EEFMIIH LT
AT R BFAHIMG(a) &, BEAMFHAIG ) OFHIE
¥R L7z, 20% SREEM B XU 40% BRELEH & b
BFEHEE) IFZRABEOMHEL 22 Tw5Y, BF
F5 1R (a) 1P 2 BB R O H A/ S WL 2o T
Wn, Zhiby, FHEEEHEROBRIZO W TS
EBDOIENHETES, $hbb, DEOEFHEL
EHMRREE AR RRREICEAEVIBDE, VLD
BIFELERE COMBRESBICO-2BIBICLD LW
d)HDTH5H.

SEH R EHRHE E L CBRETL L, ZoME0E:
POHEEIISTONRBIERDbRL ThbB,
Photo. 8(a) /"¢ & 9 ZEAROM VBB EH %
BoTwsbm, AL (d) ©X)BIRoOMWIEEE
VHEMEBEOTVHIOLFIONSL. £ LTHES
RHDBHIET, RBRIINTHA.

Z 2 CH S 2 2 BB A58 & 72 Photo. 6 DA
HEEEFELIBELTALLE, £ <13 Photo. 8(b)D
O REL K RBE CTH A5, —EIC (e) DK %
WHEAKSFHE I T h BB SR, ZOBE %
LThabEI (b) i (a), (e) & (d) EEBIL T
Wh, Tabb, (a) BRRBEETHD, (d) R
WERRLEOLBETHS LM END.

Photo. 8(c), (H)id#h#h (b), (e) XILKL
bOERINDS (a), (b) LoMVEERKE T~ K
DO THALZ ENbID. T/, () LicdEloyrs

799 VHFBELSKh, vy F U rEE GHRTAHBEO
FEFEIEE) OB INSDH T2 T v 7 H5ER L TER
L2k ) RMHEB LT A,

Db X5z, Mvmisk s ok 5 T 24 et romkm i
HWABE TH 25 LM S 2y, MBSO MR
HidHLHFEDHRTHIELLZbDLEZOLD, 22
TLUTF, TOBEOBHEOBREICD W THRE L TAaZ.

BRBELUNOERIC LB ETHE, BALDPOMR
ML TWARETHA I LEZONS. EB
I1Z, Photo. 1 iZ7R L 7= BRI R ITIZITFAT ISR
BRICof LT, MBI & £ 0k
HABT WS, Bz, v rFr+—X57+14 MAK
BULHMETORERRCKHESDRMES2E, <
VT3 A POERICEZLONHHEHEL TS,

LaL, AfROMICBV T XA 2TH—
27 F A4 VDA DOE—- 2 2RBOAHZ LI TELLD
fo. 1EH, MEOEBMHOFEIZLONHDT, 4K
THEMT L 72 0%, 20% 3 XU 40% SHIEEM D5 RR
R OB L 00 1 L 2-F BT, FRHREV R
HEtz A, BRCBVWIRANEXITo . HHREE
Z X BBRHEE (1=0.0017) IZBLXRSNT, 0k
BOLWMUERIC X LM, T2bb d VT
H A POEF IRV EHFS R

¢, EBBETHAMSE (TEM) L5888
T 7:. Photo. 9 1%, 20% HHIEEM D 4K 2B %
5 | BRABRBE W O FATHOMBERESI THH. 22 TH
BIROMBISBEENL Y, ThoRBEFREFICKDS
T [111] Bt REs Rz, R LD LokESIC,
U HMEORIENELZHEOFLEDBROLNRIN, Zhb

Twin axis
[1 1 1) (a) Bright field image
® (b) Diffraction pattern of
o area shown in (a)
(¢c) Indexed pattern of (b)
e® Photo. 9. TEM photo-

graphs of tensile test speci-

men for 20 % cold-
rolled steel tested at 4K.



2168

% +r M 8 74 4 (1988) % 11 &

BREAEGEOEZEALEIRETH. oG, SR
ZBITH 20% BLU 40% OHBEE%INA 7-RET
LT HZ &A%, [k TEM BETHE DS T
5. '

L7:%52TC, Photo. 8(d), (e)IZBlEE s h ol @ik
ORGEARIRBEE L, SREREIC X D AR L 2B SER
HICBWTHIEL-DDTHA LIRSS,

PiEwckb, RMIB I AEHEEEMN (T-LJKEH)
DORELYGHOET X, CTHRHEICBE S hWARAY 7
259y VE—HEBEHES L CT BEO—
HICBg s D P EMORE (F& U CR R,
— A EEE COWIE) DRAICLD LD TH S LEFRD
FHhs.

5. ¥

32Mn-7Cr $81Z 20% B XU 40% D& BELE % ifi
L, ®ER (4K) X8 58MWBEICBXIZTE
PRRE L. $70, EREBBEIIOVWTORE LT
o7, BRERE2fT27-2 82X D,

(1)FEK5E 213 20% GRIEMES T 1379 MPa, 40%
WIEEH T 1786 MPa & ¥ L {#ifbsh7z. LA L,
BB IR L2

(2)Y* WVE—RILT 2 L F— (CVN) &, 20% %
MR T 37T & 0% HwHELEM O 1/4, & 61
40% GREIEEMTIZ 16 LIET L.

(3)Kyc BEBESIMEME X, 20% S HIEEM T 77
MPavm, 40% WHIEREH T 60 MPayvm &{KTF L 7.
RBFEDE (RIY—THELEMI Y 75947 2 AE)
W2ED Jic DEZIIZEAE DT

(4)BBEEEMOKE 28HHOET I, CT B ICE
BEANLRRAT 725 97 v VE—HEREKHS X
CCTHHICBERSh A2 FHZBHMBE (FL LT
PREE, —HNAATORIE) ORAICLEZHOTH
5.

ARFFEICBR L CHIE L HBNE & 72723 72 B ARSI
SWLK, HEAKFELAMERERDERE, $4-4K0
W & ziivie, SRR BRI B ST # T

g

et PEEZNRK, AHNHERK, EE@EELZS
CIZRIKIR S V— TOBRICE#H - LS. T2, K
e BHF T OB BN RE AR R TBEE R
REBEEHORBICET AT, 0—RELUTbhT
LDTH5. ’

X [

1) K. YosHipa, H Nakaima, K. Korzumi, M. SHIMADA, Y.
SANADA, Y. TAKAHASHI, E. Tapa, H. TsuJi and S.
SHIMAMOTO: Austenitic Steels at Low Temperatures, ed.
by R. P. REED and T. HoRrruchr (1983), p. 29 [Plenum]

2) WP, /NIBERR, 3 &, EH%—, TR
IR T2, 16 (1981)6, p. 342

3) HH W, LHFN, BREH, BR i,
KPS = IR T, 17 (1982)3, p, 158

4 ) Y. ToMoTA, M. STRUM and J. W. MoRRiS, Jr.: Metall.
Trans. A, 17 (1986), p. 537

5) K. IsHikawa, K. Hiraca, T. OGATA and K. NAGAL:
Austenitic Steels at Low Temperatures, ed. by R. P.
REED and T. Horwchr (1983), p. 295 [ Plenum]

6 ) R. MIURA, H. NaKAJIMA, Y. TAKAHASHI and K. YOSHIDA:
Advances in Cryogenic Engineering, 32 (1987), p. 245

7) =@ 3, BIEE, HH W, PBHR GLHE 7
(1985), S 599

8 ) ITHIER, EFE, WMHEH: Fke M, 69 (1983),

S 1487«

9) EHJ]H’%‘%: SRS (1969), p. 12 [ B M
t

10) R. OGawA and J. W. MogRis, Jr. : Advances in Cryogenic
Engineering, 30 (1985), p. 177

11) ASTM Standard E 399

12) #ERBRE, FEBKIMB, B F AINEMM&EH, 69
(1983), p. 641

13) ASTM Standard E 813-83

14) R. L. ToBLER, H I McHENRY and R. P. REED: Advances
in Cryogenic Engineering, 24 (1978), p. 560

15) M. C. JuHas, D. B. DUNCAR and R. D. STREIT: Cryogenics,
23 (1983), p. 603

16) P. T. PURTSCHER: Journal of Testing and Evaluation, 15
(1987), p. 296

17) T. SAKaMOTO, Y. NAKAGAWA, I YAMAucHI, T. ZAIZEN, H.
NAKAJIMA and S. SHIMAMOTO: Advances in Cryogenic En-
gineering, 30 (1985), p. 137

18) T. Sakamoto, Y. NAKAGAWA and I YAMAUCHL: Advances in
Cryogenic Engineering, 32 (1987), p. 65

19) KH B, FEEEE, HARE: kL@, 72 (1986),
S522

20) T. Kato, S. Fukui, M. FUJIKURA and K. IsHIDA: Trans.
Iron Steel Inst. Jpn., 16 (1976), p. 673

=Ml 3,

— 108 —



