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Synopsis:

Mechanism of «’—7 reverse transformation has been examined by means of dilatometric measurements,
X-ray analysis and structural observations in an 189, Ni maraging steel.

The mechanism is changed in the range of heating rate between 100 and 500 °C/min. At the lower
heating rates, the stabilization (decrease in Ms and increase in the content of retained y) and the unstabiliza—
tion (increase in Ms) of reverted y are observed, and this phenomenon is concerned with the partitioning
of the solute atoms in «' during heating. Under these conditions, surface relieves are observed during the
reverse transformation and y grain boundaries inherit the former features completely when heated to the
temperature range from Af to y recrystallization temperature. From the above results, the mechanism
of a’—y reverse transformation at lower heating rates is inferred as follows; first, o’ is partitioned to solute
rich and solute poor regions by short range diffusion, and in the subsequent «’—y transformation, martensitic
character participates partially.

On the other hand, at the higher heating rates, either stabilization or unstabilization of the reverted y is
not observed, and accordingly it is considered that « transforms to y martensitically without the diffusion

process.
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Table 1. Chemical composition of specimen

(Wt%).
C Si_| Mn P s Ni | Co
0.016 | 0.028K0.005| 0.006 0.010 | 17.82

7.95

Mo Ti Al Cu | 3N | ¥O Fe

5.12 | 043 [0.089| 0.010 00030/00027| bal.
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Fig. 1. Effect of heating rate on dilatometric

behavior in 189%Ni maraging steel.
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Fig. 2. Effect of heating rate on reverse trans-
formation temperatures in 189,Ni mara-
ging steel.
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Fig. 3. Effect of heating temperature on Ms
temperature in 189;Ni maraging steel
(cooled right after heating). . ..

50 -
3 As As  As
840 l il 15 Heating rate
© 100 °c/min
g30 Jd 9
%
3
20
3201 o
] o
Sio} /
o
2
So o . o
§ 600 700 800 900
Heating temperature (° )

Fig. 4. Effect of heating temperature on contents
of retained 7 in 189%Ni maraging steel
(cooled right after heating).
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Fig. 5. Effect of holding time on M temperature
in 1894Ni maraging steel.
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Effect of holding time on contents of re-
tained 7 and contents of 7 at elevated
temperature in 189, Ni maraging steel.
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min r[FEEETHS. Fi, 60min ERHEOEEE T
D rmOBEIE LITR,  Fig. 6 ICRBFCR LTV 5.

a) Bright-field image
b) Selected area diffraction pattern
¢) Dark-field image of diffracted beam, A in b)
Transmission electron micrographs of 189, Ni maraging steel
(600°C x 1h WQ, heating rate=100°G/ min).
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TEBRERLTWS. %72 PETERS? 3 4&BERLEHD
HE#RZ S/ Fe-Ni it X0 2 o%R &4, W
BB r VIR r R T ABER BN T 5%, Mo 7 &
BEB LIV~ SO X S T B LA T
RREFH bR IBELLTRNIEY 4 v Fer 27 v
T RTINS S S HBE L TWw B,
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Fig. 7. Effect of heating temperature on M, tem-
perature in 189Ni maraging steel.
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Fig. 8. Effect of holding time at 600°C on con-
tents of retained 7 in 189 Ni maraging
steel.
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Photo. 2. Optical mlcrographs of 18%N1 maraémg
steel (600°C X 10 min WQ, heating rate
6 000°C/ min).
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Photo. 3. Transmission electron micrographs of 18
% Ni maraging steel (heating rate=
6 000°C/ min).
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Fig. 9. Proposed model for decomposition of a'
and following a'->y reverse transforma-—
tion in 189;,Ni maraging steel.
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WEBEFREORE—LILFEELTCWE EEETS &,
WZERE y Dk d Ni BESERWIRETH 11 wit%, £
BUREET 31 wt DLEEHEEIRS.
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602 % L W

s 64 4 (1978) 55 %

DIED X 5ie# x5 & AR EREIEERIZRH L
FBEAED Mg BB XOERTORYE r 80 ke o
AL S 3. FRRE(LRCIMRRERE & & bic 7 o4
BEMmAEE S, X bR Ehi r Peixs—{bs
b, Mg HBXOERTORY r 20ZELIXE
EACBET 5. X HICARLE LR T RRLEBIZ X
D, REELERBPEITEI0ELEEZILN5.

—7, EEMBOEAEE M ficzibaiin d, Tk
HMrhEUhnwz iy, WHRTREOPLEL LT
EEE a'—>r 7Z5EH martensitic CHRILHbDLE 2
BIs. LihSs o THMER r O E(LSAREE(LDET
AN ’

4.2 (EFRNMBOBED o'~y YERERE

WZSRE 7 DFEL L ARE R LT OV THEE L, KR
BB AT o FTEREOEIC X D WRRTIRE
DAL & 27 D LiIRE O E R 2> DIk a'—
T WZEREASEST T B L E L DDA, o oy AR
ZDHDITDONTHERTLILERD L.

WZERER S IC O W TR IER D Dy IRE 2SO YRR

HIECOEEQAILE DT a'>y HZEAET diffu-
sional TH B EE 2B TS, Lo TCvn—7
o PO R E BN CIE diffusional 1T, F7owEEN
) martensitic 12 a'—>y HZLERESFE D LnWwHEZ
DB TH 5. L L, S X > TREODP D
X U0b a'—r BEREEEBITHETD, Ar /
DA PGSR E DT OB E B s r fidd &0
PRI L FE O FLTH DO, I LICED 75 BEK
X5 a BRI LUH—RKEEL, Ty PHDLWIX
Ta v PORHERD LD o BEZFHKNATHEDNZ Eh
5, Hjfiz diffusional 7Z5R8 & 13 X HEV.

F70, EIEYSATEMESIC X 0, SEEAEE M LR
B R L OREIRT A BiZE Lz & 2 A (Photo. 4), 13
600°C 70 HEMCARNRD HRLDH X SITind. Ok

HReps martensitic 72 IR X H DD E S PIIEIET X
Tedhoieds, FORRBR T o v 255 WVIE Sy MOk
BLTWBZ Ed D, M & —i martensitic 728
BERB S LTV B REMEDS D 5 -
RSN ERRICET MR NT,

diffusional

a) before heating
b) at 550°C

¢) at 600°C
d) at 700°C

" Photo.” 4. Optical micrographs at elevated temperatures of previously surface polished
182, Ni maraging steel (heating rate=100°C/ min).
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189Ni <1 =— Y v /T E T 5 a'>r WL 603

HERETHOTH I AP 2>TCRI—FID r AL,
FNOBREESER L TaAkE LT Lo r MEEZZITHE
T EWVOIMENNRD B3, —F T DOERILZARIE marten-
sitic MBEREZHOTWH LT HHEDL D 5.
PRk, srz—or VB INERESE
BT D o' oy WEREEBICOWTIE, SEBYHsh
LREMENE L FEIN TV S, RERBRL D&
martensitic 7t ZERESEH S L TCW A AREM D H 5 T L3
Rz,

5.

=
(==}

bl

250 Grade 189%Ni v vz~ FiRE2A N THELD
IEGEREIZ 51 5 o -y WERBEI 2 RET Lic. TR
ReBNTHLUTOLERITHS.

1) 9 100~500°C / min OnEGHE %2 B a'—>r 3f
LREBHED BRI D

2) EMBDEGEE, HERE r ORELI LOTRE
FELBEZ 5. R ThIFERFIREORE—
{bic#&EkS5< eFEREk] XU bEREENR] TH
HEEZBND.

3) EEMBROLEL, HER r ORE(LDIALRENL
BT BV

4) ZBETORBFBEOMAL &b, MEEED
KN 2o BT 1 OERMERIIRE S, FRoERS
iz y KoV TIRHEIRHR CoREE LK LOCERK TOR
LEICOBRERIRDT 5.

5) ERTRERPERE YT a' ©OFANTHFEL,
U1y RV AT v TUREZE LTV 5.

6) {EIMEOE AN, £7 o oA IRENT
X D IBERTIRE ORI, TOBRBERT
IREEDE W ER 2 DIER o' >y MR #1735, £
DLREREREHY martensitic 7> diffusional 2 13F53H D
Joninngt, EREELBGAVCHEET LR, —8
martensitic LREBE S LTWEH D LHELEZINS.

7) BENEOB AL, WERFIREOP LS LIC
B a' -y JZERESS martensitic TR 5D EEZ S
hns.
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