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ABSTRACT The solidification behavior and as-cast microstructure feature of a cast nickel-base
superalloy M963 have been investigated by SEM (EDXS) and DTA. The results show that the solidifica-
tion sequence of M963 superalloy is as follows: LL+y =L+(y' + MC)+ v = (y+7')+ (y+ MC)y —
(v+49")+ (v + MC)+v ++'. The as—cast microstructure is dendritic and consists of v solid solution
matrix , 7' precipitate, the script-like MC carbide and (v + v') eutectic in the interdendritic region.
Carbon causes a decrease in liquidus and (-y + ') eutectic temperature, and an increase in MC carbide
formation temperature, thus decreases the volume fraction of (y++') eutectic and increases the volume
fraction of M C carbide. The refractory element W and Co are rich in dendrite arm but Al, Ti, Nb, Cr
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and Mo rich in interdendritic region.
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W E RIS & MI63 B4 &, HAL¥M
4y (FRES¥, %) #: C0.10, Cr 9.04, Co 9.95, W
10.32, Mo 1.68, Al 5.85, Nb 1.04, Ti 2.47. ¥JER%Yy
4.8 kg 447 VIM-25F EERN I EEEEER
716 mm [F#. FBEREMBSERREE 510 1450 T
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1850 C. NEKBARBRESRAN MI63 g2, HIFHM
PRA BIA I R BR. EEFRERN R R RE
#iXEE. % CuSO4+HCI+HS04+H,0 FEZIF A
AY, ESHEMBENARBRE DREAY, EdB TR
HE &S KA X SEMAHE e
M. (v +9) HEROERSEESHERF EES A
B EEFORAE, RILYH AR s 8EE Cambridge
S-360 3 B2 L #E BTN E.

EZ#507 (DTA) FIHEAEF 2.5 mm, K 3 mm. #
s An#E] 1460 C{RHE 1 min 5L 10 'C /min BEE S
HiF DTA #iZ.

2 ERERSHR

A 1RESHHFSEHAL. T, #%5 M963 54
EHAMWEORGEY, FEHEERRT (8 la). B
FIREIITER (R 1) REFETE W F Co, B gE
Z Al Ti, Nb, Cr #1 Mo, iBI# M963 44+ W #I
Co HMmtTtE, Al Ti, Nb, Cr #1 Mo HFmIT
R ARBERHSTE TR (8 1b) Erag&raRd v
BRI, ' AR AR B ] XA B SRR
P (v + ') LRARE. BENEER ' FHEERS
EA ST LRSS AR (RE 2), féaE bl ' Hrd
MG T R BEMTRE, (v+9) HEH0
AN (BETF48, %): Al 15.70, Ti 5.47, Cr 3.65, Co
7.31, Ni 64.54, Nb 1.28, W 1.50 ; BRALMIEIRA N (R

1 M963 §E&MBESEHAR

Fig.1 Dendritic structure and segregation of as—cast

M963 superalloy

(a) optical micrograph (b) SEM micrograph

® 1 BETHRHMTER

Table 1 The results of electron probe microanalysis

(mass fraction,%)

Elements Interdendritic area Dendritic area
Al 5.04 3.83
Ti 2.43 1.47
Cr 9.93 8.99
Co 9.82 11.42
Ni 63.91 58.94
w 6.25 10.84
Nb 1.58 1.05
Mo 2.90 1.77

2 %% M963 5&F v WL MRS
Fig.2 Morphology of 4’ in as—cast M963 superalloy at

interdendritic region (a) and dendritic arm (b)

F4r%, %): Al 1.11, Ti 40.32, Cr 3.47, Co 1.64, Ni
13.54 , Nb 20.73, Mo 3.98, W 15.21. X BA78047
xR, %5 MI63 A&THBRILMEER MC Al &3
R MC ik SR XIEE MC B®iH RrTRE
TR ST AR AH.

ERMNEI, BMALRFY (v+4) F&Ef MC
BRIHBESRSHREREAX (WK 2). MERSEM
FE, MC BT (v ++") e L.

E 3 & M963 & & 7Erd Hd il Y DTA #h%:.
£ DTA #1287 7F 4 MDA BENE, 45080
H P, P, Ps #1 Py. R4ECHR (5—8], DTA gk H#Y
X 4 NS FIX I 4 MR P Loy Po:
Lo~v+MC; P3: Loy+7's Pi: v—~'.
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Table 2 Effect of carbon content on the volume fraction of
(v + ') eutectic and MC carbide

Volume fraction

of MC carbide, %

C Volume fraction of

% eutectic (v + '), %

0.1 3.6 0.49
0.13 2.9 1.04
0.16 2.4 1.79
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Fig.3 Influence of carbon content in M963 alloy on the
DTA thermogram during cooling process
(a) 0.13%C  (b) 0.16%C

SREAH, XEBHMENEEERR, RERS
&, P31 Py BROLEERBR T FBE), P EHALE
HERT MBS (WE 3), P ARSI ENEEMAR
REHE, P N K (A 3).

MU L DTA S RNES BHMARRES,
M963 & & BB R URHARR: YIS &R AR
LR, HANESERPIE v EREFURREITR
Kok, HMERFHEEK, ~AE&KK, FARERTTRE
Al, Ti, Nb, Cr fit Mo £EWFHATEESR, &4 MC K
B cE Ti, Nb sgma —eRER, MR
B v B MC Bk, V&4 L- v+ MC 3t
RN, BT MC BB T RS, FUR
BEIRMESRFFE (B 1b) ; BEE v+ MC LRV
TR RBKK, ERSRRERANEAES, +
ERICE Al Ti ft Nb #E—$EE, £ v+ HAiEE
R v+~ BHEREKRE, KEN v EEEairit
v HRRN, BTFE&E v HERTCRES, ey +
MRS ST Eavk (B 2). RABIEERFRTH 1
Iri%SAR. ASTHBREERE, v+ MC &
REREA ' HEATE Ti ft Nb gL, RS

A v + o SRR (& 3).

* 3 BSEM MI63 SE&EEIT IR
Table 3 Effect of carbon content on the solidification be-
havior of M963 superalloy

Transformation Temp. C mass fraction,%

0.13 0.16

Liquidus, T 1344 1342

P; (L— %), T 1332 1332
P; (L v+ MC), T 1309 1313
P; (Lo v+4"), T 1243 1237
Ps(v—7), T 1190 1184

3 &g

M963 &&f@EEF N, LoL+y —L+(y +
MCy+ v o (v+¥)+ (v + MC)+y = (v +7) +
(v + MC)+y + ' BEALAEREREW, & v EH
EEk, o ARG TAERSREIXEEER MC )
LA (v + ') FHRAR; BRERESHBHEKREM
(v+°) £REE, #5 MC BB RIEE, ¥
MC BALRIETR R, BER (v+7') ShaiiE R ¥
A ETTE Wl Co ERUATRE, Al Ti, Nb, Cr #l
Mo 7E#% &h AR .
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