232 % &

5% 70 4 (1984) 2%

s

% Ni-Cr-W-Mo %%
JTHE st ﬁﬁ 0) %%m:&ﬁ
St

BB 1/ rtal)/ay

© 1984 ISIJ

E* R OEEY AR T

HA FHE™ - |f JBEe

Experimental Determination of y/(y+a;) /e, Phase Boundaries in
a Ni-Cr-W-Mo Quaternary System

Makoto KixucHI, Masanori KaJiHARA, Yoshikuni Kapova,

Hideki Usukl, and Ryohei TANAKA

Synopsis :

To determine experimentally the solubility of a tungsten—rich bce «, phase in a nickel-rich fcc y phase
in a Ni-Cr-W-Mo quaternary system, four Ni-Cr-W-Mo alloys with 0.03 wt pct carbon, whose com-—
positions were in a 7--a, phase field, were equilibrated at 1 000, 1 100, 1 200, and 1 300°C for 8 000, 4 500,
100, and 100 h, respectively. Chemical compositions of the constituent phases were determined by means
of electron microprobe analysis. Tie-lines between 7 and «, phases and 7/(y+a,)/x; phase boundaries
were constructed in four isothermal sections of the Ni-Cr—W-Mo quaternary equilibrium phase diagram.

The solubility of «, in 7 decreased with decreasing temperatures.

Precipitation of carbides such as MC

and M,,C at lower temperatures apparently lead to further decrease in the «, solubility.
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Table 1. Chemical compositions of alloys and
equilibration times.

W Equilibration time (h)

Alloy C Cr Mo
(W) (wie) (wi%) (W% | 600G 1100C 1200C 1300°C

M1 0.03 15.17
M2 0.02 15.57
M3 0.02
M4  0.04

5.10 20.70 8279 4495 110 111
5.03 24.31 8279 4495 110 111
15.41 10.05 14.21 8279 449 110 111
15.41 10.17 16.90 8279 449 110 111
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Photo. 1.
a)y 1300°0, M2 (1
dy 1000°C, M4 (51 ay + p*)
surface of the specimens.
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FAWTESH Lic. —ofER%Y Fig. 1 a)~c) nd.
a) {3 1000°C © M2 &54&DiER%, b) 1 1000°CoH
Ml &54&DiEE%Y, ©) 13 1100°C » M4 54&05ER%
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Phases indicated by asterisk are observed only near the
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Backscattered electron micrographs of equilibrated alloys.
ay), by 1000°C, M2 (5

1O00°CL M1 (5 g - MpCF),

!G | N
© 10um
Fig. 1. Electron microprobe scan for C K, across

(a) MC, (b) M,;,C and (c) g phases in the y
matrix. (a) 1000°C, M2(15Cr-25W-5Mo), (b)
1000°C, M1 (15Cr-20W-5Mo), (c) 1100°C, M4
(15Cr-17W-10Mo).
RLTWS. a) 8BXOb) o [KaoH it »ith o
EDRENGTRTWAM ¢) OHIIL BEAEEE
RT\Wiel., 2Dz Emnb, a) BXo'b) ofzRIE
Wops LiEmTcEs,. Ni-Cr-W kX8 Ni-Cr-W-
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Table 2. Constituent phases in equilibrated alloys
and their chemical compositions determined by
means of electron microprobe analysis.

Temperature . Cr Ni Mo w C
(oy Aoy [Phase gy (wi) (wi%) (wi%) (wis)
r 18.9 616 4.4 13.4
ML | ay 1.6 35 94 864
Mpy,C+ 32 225 122 58.6 0.9
7 196 61.2 4.0 13.2
M2 | a 1.6 30 85 8.7
M,C 112 181 133 550 L9
1000
. 148 635 80 1.5
M3 | a, 1.6 35 204 730
MpCr 2.0 233 243 424 0.9
r 19.2  66.3 7.8 9.9
Md | ay 31 55 235 60.8
w112 261 2.8 381
; 179 56.6 4.1 14.0
ML | a 1.7 35 83 8.3
My, C* 2.9 235 10.8 587 0.9
r 18.5 56.8 4.2 14.3
M2 | ay 20 42 g1 8.0
M,,C* 40 223 7.3 598 0.9
1100
’ 142 573 0.2 128
M3 | 1.7 37 205 756
M¢C 7.8 189 251 443 2.0
’ 17.5 576 9.1 12.3
M4 | a, 2.3 35 214 741
#1006 260 2.8 404
r 174 554 50 17.1
ML | a, 21 50 89 85
MsC 80 182 107 585 1.8
r 18.9 55,0 4.3 16.7
1200 Mz g, 22 39 82 8.9
M3 | ¢ 159 651 10.3 13.8
Ma | 7 186 582 9.7 139
as 2.7 44 205 7.6
M |7 175 575 5.3 19.4
as 18 35 67 930
M2 | 7 176 525 4.1 158
1300 a 2.1 44 66 7.6
M3 | o 143 615 89 131
r 16.6 5L4 94 14.5
Me o 2.4 3.8 187 721

* Observed only near the surface of the specimens.
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Fig. 2. Tie-lines between y and @, phases and y/(r+ a,)/a, phase boundaries in isothermal
sections of a Ni-Cr-W-Mo quaternary system at 1000 and 1300°C.
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1000, 1100 % X 08 1200°C CixRILWHFELET B D
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ETHUATLERMCERTALERDS. REEE—F
Thhi, EBTEEBEOLIEH LT Fig. 2 i
AT LS IRIEEH AR SHOEK YRR T L L
Wb DH., Lnl, KBFROBSIREN—ETHDOT
b MI~M4 BB ORRIERIT R BD T, Lk~
LS RRBEERATHZ 3T, FoT, &
TIRROEEXEGH LT r/ay 4 54 v Ni-Cr-
W-Mo RO & LTHERLT.

1000~1300°C BREIZRT B 1/ (r+ay) HERG
wER&HET Fig. 3 WRLE. ZhboREREIT
19wt o Cr & ¢ BAER © HEREL EL T
%. 1300~1000°C TIXREA T2 512 E ¢ BAHMEE
LWL s, BECE T : 375 v BMAHER
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COBPEBAICI T I AEL DT 5. Table?
kB E 1300 % X0t 1200°C ¢ 7 #8532 DIk

Cr' (wivh) =19 41

Fig. 3. y/(r+a;) phase boundaries on a 19 wt
pct iso-chromium-concentration plane in a Ni-Cr-
W-Mo quaternary system at 1000, 1100, 1200
and 1 300°C.
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Ni

1000C clwt)=15
This study
© YAY+a:)
Ohta et al.
oY
® Y+0;
B Y+pQ
A Y+

Q . %

30 ] 0%

ot

40 40

Fig. 4. Comparison of two sets of experimentally
determined y/(y +a,;) phase boundaries on a 15
wt pct iso-chromium-concentration plane in a
Ni-Cr-W-Mo quaternary system at 1000°C.
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