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Microstructural Change during Isothermal Aging in High Manganese Austenitic Steels

Yoshinori Oxo, Toshihiro Tsucuiyama and Sefsuo T akaki

: Microstructural change during isothermal aging has been investigated in 139%Mn-0.9%C and 22%Mn-0.6%C steels by
means of optical and electron microscopy and X-ray diffractometry.

High manganese austenitic steels undergo three kinds of reactions during isothermal aging ; @ grain boundary
precipitation of carbide, @ precipitation of platelet carbide within austenite (y) grains and ® formation of lamellar
structure through eutectoid transformation (y—ferrite (@) + carbide). In 13%Mn-0.9%C steel, all of the reactions
occur and the carbide concerning the reactions is MsC in any case. On the other hand, in 22%Mn-0.6%C steel, only
two of them occur : grain boundary precipitation of M,;Cs carbide (not M5sC) and the eutectoid transformation {y—
a+M,C). Besides, both of the two reactions in 22%Mn-0.6%C steel were effectively suppressed due to the chemical
composition ; high Mn and low C content.

Eutectoid transformation proceeds by being supplied carbon from untransformed v, so that this results in the
shortage of carbon in untransformed y during isothermal aging and the y phase undergoes y—e (hcp) martensitic

Synopsis

transformation on the following cooling.
Key words : high manganese austenitic steel; high carbon steel ; isothermal transformation ; carbide ; eutectoid transformation ;
microstructure.
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Table 1. Chemical composition of high manganese
steels mainly used. (mass%stSY

Alloy Mn C Si Fe
13%Mn-0.9%C | 13.29 0.93 0.21 bal.
22%Mn-0.6%C | 22.30 0.56 0.11 bal.

others: P<0.016,. S<0.007
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Fig. 1. Structure diagram of Fe-Mn-C ternary alloy
at room temperature. Specimens were water-
quenched after the solution treatment of
1373K-1.8ks.
(v ; austenite, &; hcp martensite, «’; bcc
martensite )
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Fig. 3. Optical micrograph of 13mass% Mn-0.9mass%C
steel isothermally transformed at 873K for
93.6ks. Athermal & martensite is formed
during cooling in untransformed austenite
area.

RALOFT I T HORFFRE I T A (ROl
Dolie TITEHTNE Z L, 22Mn#liTidFig. 2 (27
L 7213Mngil izt~ THRIBARE - & 5 HEA o h e b R
MEELTCRHTH S, D% b22Mndiid, RACHHTHIX
JEDFKEAD R {, 13Mndil & Y by VBN LETH A L
WO ZEILkB, IR, RO ELRDL, —EDyDRE
EEZELICO CMnERPHML TCEPMR L2 EI5E
LT3,
3-3 HRETRBICHIREREMBOEAEL

FTIUFig. 3R LIc & 542, RFFMEIRZE 3 € 7213Mn
B3 B AREEYPEE TIZIREIR e ER L TH h, 1B
REREA ROy TOMB (B CR) LAY EL To
BIEIIRMEINT, FITAEHTE, BIFERDOEE
PIE L TREE OB D TRET LT,

16.2ks

Fig. 5 1%, 13%Mn-C3 & 1722%Mn-CHiiz 35 1) 5 [EiEC
B Ly T EROBIMR R T ME A5 RS E M ke
BT250TH 3, WO yDOHFERIIMnEDE I
$A5ERHLLOD, CRIMLTKELLD, ZDOMES
LIZIEE L v, 272, BIEHROE(LER, Mn, CTZ40
F7.5x10-°nm/at%Mn, 6.5x10*nm/at%CRRET H
b, FABRIAEILETH 5COMEVIVERERS ©,

Fig. 6 12, 13Mn#ilD873K-93.6ksrFift B L T, KK
RE 43 L AT AR O MnE DL ZEPMA ST & #l%E L
PASR R T o Z DRETR, KRBy L AT D BT Mn
HUBEELEEY LI L PRLTEL, Fig. 30mLIc S
5L AREIE I T De DAY, BIZyFOCEDE FIZL -
THISEIINTCBE I ERREL TV 5, LI, 22Mnild
20T b, BB RERE IS & TR DB T Mn
DREHERI > TR0 2 EVRELI N,

Fig. 7 1313Mn#il &£ 22Mn#il 2 [ L T, £EEy DT EHK
DEAL R HIR RSO L L TRLZ DT H 5,
Dz 1L, Fig. 5 O#EE D 6 R 1248 T EB T 5 7
Fy P OREBBIE S IRL T 5, 272, KPS AERRBLEE
ey o THE L IR R AL ONT KB 5 (Chs), IATERE
BEA A (Ps), 75 6 CSZFig. 1 QRN 30 Ty HiARE &
(y+e) ABIROBER BT 5CEE ZREHURL TV 5,
Eb ook iziow T, REROADH L1 ak
DO FERIIRAMOBEEIZ LA ELL T, LD
Lo, dERROBEED O HITHERO MR o T
RAETEy DI ERDIRZIDEL Lo TE h, REEyER
DCEPETFLTVAEI L bbb, 2%, 20O LI

31




. 312

& & $Vol. 84(1998) No. 4

1.8ks

Carbon content (mass%)

03 04 05 06 07 08 09 10 11
0-3630_| T T T T T T T T T

0.3620 |

Fe-22mass%Mn-C

0.3610 |

Fe-13mass%Mn-C

0.3600 [

Lattice parameter, ao/nm

'l W

0.3590 Livwil, T PO P T
1.0 15 20 25 3.0 3.5 40 45 50

Carbon content (at%)

Fig. 5. Relations between carbon content and lat-
tice parameter of austenite in 13mass%Mn-C
and 22mass%Mn-C steels. Specimens were
water-quenched after the solution treatment
of 1373K-1.8ks.
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Fig. 6. Change in manganese concentration along
the line on untransformed austenite area and
eutectoid structure in 13mass%Mn-0.9mass%C
steel isothermally transformed at 873K for
93.6ks.
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Fig. 7. Changes in lattice parameter of austenite
with isothermal annealing at 873K in

13mass%Mn-0.9mass%C (a) and at 793K in
29mass%Mn-0.6mass%C steel (b). C;s and
P, denote the starting points of grain bound-
ary precipitation of carbide and eutectoid
transformation, respectively.

Fig. 8. Transmission electron micrograph (a) and
diffraction pattern (b) of 22mass%Mn-0.6
mass%C steel isothermally transformed at
833K for 16.2ks.
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Fig. 9. Scanning electron micrograph of 13mass%
Mn-0.9mass%C steel isothermally transform-
ed at 793K for 5.4ks. The specimen was
deeply etched by 3% nital to make the
morphology of platelet carbide clear.
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Fig. 10. Scanning electron micrographs of 13mass%
Mn-0.9mass%C (a) and 22mass%Mn-0.6
mass%C steel (b) isothermally transform-
ed at 793K for 16.2ks and at 793K for 86.4ks,

respectively.
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Fig. 11. Time - temperature - transformation dia-
grams of 13mass%Mn-0.9mass%C (a) and
22mass%Mn-0.6mass%C steel (b). C,s, C,s
and Ps denote the starting points of grain
boundary precipitation, platelet carbide
precipitation and eutectoid transformation,
respectively.
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