862 %L W =72 4 (1986) 7%

PURRITH GGG

B X Ni-Cr-W =R EEREX O FHE

LRGN

BB EEY - %M =Y | BT

Calculation of the Equilibrium Phase Diagram of the Ni-Cr-W
Ternary System

Masanori KAJIHARA, Makoto KIKUCHI and Ryokei TANAKA

Synopsis :

A computer calculation was carried out to construct an equilibrium phase diagram of a Ni-Cr-W ter-
nary system between 800 and 1 700°C, on the basis of the experimentally determined phase equilibria be-
tween 1000 and 1200°C. The method developed by Kaufman and his collaborators was employed in
the present calculation. Only sub-regular solution parameters of the three binary systems were used to
describe the excess free energy of ternary solution phases such as liquid and three terminal solid solutions:
nickel-rich fcc y, chromium-rich bce «; and tungsten—rich bcc o, phase. No ternary term was added to
the excess free energy expression. The sub-regular solution parameters of fcc solid solution in the Cr—-W
binary system were determined to be g&%w=hF",,=9000 cal/g—at. A line compound approxima-
tion was employed to describe the free energy of intermetallic compounds such as ¢ phase and f phase
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(NiyW). The previously reported line compound parameter of ¢ phase in the Ni—Cr binary system was
revised in addition to the determination of the ¢ phase parameter in the Ni-W binary system.
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% B ER 7 AF o RRBsclmEME & LT Cr &
ITOWH S BCHM L - BEEHD Ni NG 735
REEh, ThbDAEEOFELIERELNCIh DN
EELIHERRBROLERIEBZ DR TW3Y. —J, &
HoDEEDORMM~Y v sFOfEELY EDT, &6
CHBLIS LWV RAALHT R TB99, ok
5B Y e > Tk, Ni-Cr-W =T R0 P
REKOMRLEETHS. ZORKLEO2NTL, A4D
FREETHS 1000°C {30 PRI BEE L 1
el L€ KorniLov ¢ BUDBERGIZ X B4 DAh 5
7, FEOORERT e DMEIRINTWhigWin LD
Kbax b b, THOBEORT S 0 LD LRI,
% =T KorniLov & BUDBERGVIC X % IREEN O B#at
FHPE LT, FESIIMAPEONEH Ni-Cr-W =
TR D EE R BT 5 —EORFW R 21T 2T
WBOTE, R BED 5 HLEBPIRN IOV, —
Ni-Cr-W =Rk isid % 1000°C o 328548 W X o
KERRE—Y(CLF, BRI &), F X 08 —Ni-

Cr-W Z3&RKEF2 1100 3 ko8 1200°C o P
TR X o EERAGRE—® (LLF, BT &Fs) &L
THE L. '

LT AT, PHOERLSEECERER R L OERRO
B 7 B E I BT 5 PEREBR A H B Lo THE
TAHZ L, REROERHBREEOBRALHE DL
LCHEETHS. Ni-Cr-W ZRRICEChH, M
#H: (PHACOMP) % H\WC 7/(r+ay) MHER % &
FBLISETHRZNH B, Ui, MHFHEH
o Hls Lo TCP Ho MR HE T 5 fcd DRI 7
FHETHH, ~KREBREHEEY LS CHBEREYHET S5
DD &S ERFYRLDOTHD. £2T, XHPFET
ik, BIIERSEE LS B Ni-Cr-W =0 3P & RER
HEIHHEC X OTRET S Z LA AT
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ZLRPEREBROGFE 863

—IVRBEILEFTZENTELY, SHD T2 -2
—HEE I RDLFHRELEMRC/cH. LT, B
WIS U CHREa ¥ 0 il e Al =% v F —REZ AV
HTENEEL.

DX 5 BEN D, Kaveman L o JEFBFFRE IR
BN%TEEREBROGEL ED TE T 599, i
b, 3d BESBYEUZTRICOWT, SEEHOEERE
A (sub-regular) LG EREHECH 1 HE=
FAF—-FKBEHWT, PEREBROFHEZIT, 2
h ORI END TS, HHOZTRPEREROGHE
3, ETREED AT 2 —2 =Bl FEhThichH
WO EBAS D, Tk, EARKC Kaurman B
Befsobed5.

—jiz, A-B-C =ERICBIT % a o 1mol M7
o GBBs DHM=FAF— Go (RO L H5KCE

Hcxn. .
5=SYOGi+RT XY iInY +EGS ooveeeee (1)
t 1
o, A, B IO CoERS, Yi it a M

o i WADRTFHRK, °GT 1Lhk /s i B2 o MBS
rBrxp G OHE=RAF—, RIIKEEEL
TiMRELYET. (1)R0HE 2HE CIREEBRGED
HlH=x A ¥—%EL, £IHED EG 3HBEKND
OFThERTAFMERA=F AL F —TH5. KPP TIIB
BEB=2AF— EG: 1%, KavrMan 29D FKH LT
LReRcn HiLert 53 1 L 5 EIERIB kT L OF
RBefv, (2))RoXscELL.
EGa=YiYg§{°Lis+(Y5—Y§)'L3s
+YgYg{oL3g+ (Y§—Y§&)1Lpg
+YgYg{oLes+ (Ys—Y9) L&k

o oC, °LYg, LS Y iof SRR RT 5 MEER
RETHS.

2.2 SEBILEHOERTRILFE—

ERMLAY L BT ERERY LS, LT LM
BHEA—ED 5 14 v{t&t (line compound) TiL7s\>.
L2 L, KAaurMAN 529~29 13 =R E L O=T0R P8
RENO—B#HOFEEL T, &BRMLEHE T XT3
A LERE R UTGHE L e h OB % I D T
5. ABRIIEANCIE KAuRMAN B 20729 O FEEIC
O TWBDT, &EHILEHITOWTE Kaurman b
2)~2) DFERHES LT 5.

54 VLA EPTAV-5 & A-B-CEZLREBTS
SEMMLEY ¢ HOMBIL, KRR TRE 5 2 -2
—a VT Ba)~Bc) KDL HKERT LN TES.

_ (Y3 ygm vs
a= (Y{ac_y§.43) = (1—Y$-49)

_ (-vgem vy

(1-Y§as)
Yi=(1—-a)Y{* 4 aY%AC it (3a)
Y§= (1—a) (1_y§»AB) e (3b)
Yi=a(1-Y$ 49 N 1))
TTT, YU R XU YA mEhFh A-B kX

O A-C R BT 5P HOARSDRT 7 L% R
+.

e YL, Y8, Y4 o g AviByiCyd o 1 mol 4
feh DHB=FAAF— G HRAD X 5eET.

Gl =YHGL+ YHGL+ YHGE+ (1— ) 4G5+ adG g
+RT[Y{InY,— (1—a)Y$ A% In Y4 4B
—aY$ 4% n Y§4©
+Y§In {Y§/(1-Y{48)}

+Y¢In {Y@/(I—Yﬁ"“’)}] ............... (4)
il L
AGip= (1YL AP) Y25 (0L,
A+ (2YK’AB—I)1LﬁB~CﬂB} ............ (5a)
4Gro=(1-Y$*O) Y20 {0LEe
+ (2Y‘¢;,Ac_ 1) lLfc—Cﬁc} (5b)

(4)RD G} ODEBOHF 0 X ¢ HoERESL e D
M TOEEYRL A, ¥7, (5)RD LY, X
O LY 3 i SR BT ARME (L) moRsEo
MEERGRTHS. Cl; 3k i ZTRD ¢ HcEE
KERTHS. (4)kDEHE, Kaveman L NEesor
WIDREIhTWHE0 (B 24) Fo(10)K) X b
EENRERBETH LN, ARROFED L HIC Y2 =
YA & xix, MEOERBZ—FKT 5.

2-3 BMANPHFHEH

Ni-Cr-W Z5a%cik, ®HEL), —kE®BE 7 (fcc-
Ni), a;(bcc-Cr) &X' ay(bcc-W) #, &EREULAE
MBE IO o HAEHEHE L THERBMOM, Zh 56
BEOMOMO _HEED 5> b, BHE o HEDMHFE
wxBhicw. LieroT, REROFHE @ B> C
3, BEEOEER OBk E EBRLE L OEEO
BRI EzEI LS. LT, ZhbDFEH
BARIC DWW TR 5.

2-3-1 RO 5

BE—E, EH—E0&foTFTto A-B-C=LR0
a e B HOFHEX(6)RD L OIWCET LA TE
5.

Gi=G* (i=A,B,C) e )

ST, G i EADERT Ve LTHY, B
Foa BIO B IXHEOBEYERTS. IL¥ERT vy
A G (RO SCEHBETH LNTES.
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864 % r @ g 72 & (1986) B 7%
— oG G L. Table 1. Lattice stabilit t 1/g-at).
=G 3 Y; - aYm 4 95m i AB,C) e y parameters (cal/g-at)
H Fi dY;
7 4 °G;bbe~fee 4°GybecL
‘ e (7) Ni ~133040.25T 28802197
TIT, i WX RS OEEA R W 2530010157 730507

2:3-2 BkLGEMLEYL O

FA4 MLEHTH O TULED i Oy DILERT v oy
A Qi R—ENREREE . Fokw, EEGL
SBELAYE DR Y (6) R Lo CERT Bz i
TE R\

BE—E, EI—E0&HOTTcokalll s (v
L& e DO FEIRATEI RS,

YEAR@s+ (1—-Y5 25 Qg

=G renenreeenees (8
AYﬁ,AB B(I—YK’AB) ( a)
Y{AeG5+ (1-YL20) G
=G veveeneneae. (8b
Ayi,Ac C(]_yﬁ,AG> ( )
ST, GF Faktho i RAODFEET v e AT
Hh, (1RXrbRDBZENTEL. —F,

G I GY

AYﬁ,AB B (1-Y4.48) C

yﬁ,AC

(-
ygﬁ.AC) X, ¢ MR TTbEY AYK.AB B(l_.yf,us)

BLIO Ay;/{,Ac C (1=Y§:40) TR E LT IR T

WHELDEEBL I EEDTERERORDDOILERT v
Py ATHY, (NREBACCHETHIENTED.

O 1)

T, G RETLRDO D 1mol Yizh D=
AAF—THY (HRCIDOTEZLR TS, (9)5%
1T A-B ZRBEPICKIT S AR IO BRSO
Fvve Ga BLV G REHETHRD LHRM
2L FA—Th5.

FEEEDOR(6) IO (8 )i, BE T "5 L
WTER SRS OB LS. Lo T, Tkt
DFT(6)BIV(8)REM &, —BREDTFTTOHL
THEATAVEHER I D TRDBZENTESL. T
2L, (MBI (NREHBELTRD LR H{LEHRT
VY MIBRDOBRED M T b FHICBER S o T
5. Dk, EERII v L — 2 -2 EWBES
BHr X (6)BIVO(8) XM o Liclnsd. AR

T, BUEFEE L UCEie GAauss-SEIDEL 32039 % F
\» Newrton-Rapuson 20 R L7, #EI1, X
THRTERFRABHUE + v 5 —HITAC-M-280H
VAT a¥VTITO.

3. BRELUER

3-1 BAHRDNRFTA—2—

9, MBS OBERO BB = % 4 ¥ —21% Kavur-
MAN 52202 1> C Table 1 X3 Bz HhTu
5. R (D RoOPCHI 2 BEOBFEH = 1 ¥ —
EGr oWk, 7Tk 2-1 it~k o, KEF
72T HiLLerT 530 OFHIC LW (2)KD X 51
#3. KauveMaN & Nesor29(t i 50RO BEEH =
F ¥ — EGE %U¥FH| (sub-regular) Bk F i X
h(IDAXD X HSREAL T3,

EG;:YL;Y; (g«;thit_:{_hngt;) .................. (]())

ST, g3, BRIV hY; X KaurMAN BRIz X B 2
WaBoMEERER TH Y, (2)RNOMEF R RE
0L IO LY LORICKRDOBEARL D 5.

07, '{‘}= (g‘,-'j—}—/l‘%’j) [ 20 venneee e (lla)
1LY = (g‘i’j~h‘{j) [ et et (llb)

Ni-Cr, Cr-W 3 X 08 W-Ni =GR 12 ZBED
KEHD 5 2 — 2 —DfEZT T KAUFMAN HIZ LD
ThH 2 bl T\ 52029, KAUuFRMAN LI L2 TCHE 2 D
N B RF 2 — 2 — DR KfE%R Table 2 1R

Table 2. Sub-regular solution parameters
(cal/g-at).

Phase gij hij

bce —3200-0.50T 12 800—6.50T
Ni-Cr- fcc —6000+40.22651x10°272 —2000+0. 11202 X 1072T?
—0.6231%x10°6 T3 —0. 18649107573

L —2000 —2000
bec 7 500 6 700
Cr-W  fce 9 000* 9 000*
L 7 500 6 500
bee 15000 15000
W-Ni fec 10000 —7000+5.0T
L 9 400 —7600+5.0T

*) estimated in this study

T, Feh, T 1 3#EEEYRT. —odc, KaurMan
DIl g&w B IO Sy Dfix 5 Tz, Cr-W =
TR T fec HIZBRILWDT g8% B LA DIE
OIRRER CEERD B Z LIXT E k. £ 2
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Ni-Cr-W =% REHREROFHE 865

Ni

experiment
® 1000°C
O 1300°C

calculation

Yer

Fig. 1. Comparison of the 7/(r+a,) phase bo-
undaries calculated and experimentally determined.
Solid lines were the calculated phase boundaries.
Open and closed circles were the compositions of
the nickel-rich end of the 7+a, two-phase tie
lines experimentally determined.

T, 8655 B IO hew 13,
T Ni-Cr-W ZRRD 7/(r +a2) HEFBOHERR
NERBER L 2ARChI 2 T—HT5 LI CEXEEL
1o, FoREY Table 2 CE2HTRT. ZoOfEEZHAV
CTHELL 7/(r+a) HERBROFERBR L EBRE
Bone L4 s C Fig. 1 Rl e
32 EEBEAMDNRFTA—L—

1000°C (D Ni-Cr-W =FRICIE ¢ BIO B
Ni W) neEixS&BRbaEw L LTHh, NiWW &
Ot NiW S 3 s LT BEhis o S I ©
HE L. T, FTTRRER - ks XOZTTRIK
RBR o LS B Y, chistoBRIES
B hic. 2T, Ni-Cr-W =GR PERER Y
HER I OTERTAHE, SBEILAWEE L Tile
RIS 2@ELETE ERTHIL V. o XV
BH®D 5 2 —x —ffix Table 3 r3T. MEHI X
KAUFMAN 5202901 I B {H% 7R L, BEEIABZRIC KT
BELIEYRT. LT, BEAFECOVTHERS.

3.21 oD T2 —5—

G : o HOEEEL bec THBHDT G 1L °GY° T
»% (i=Ni, Cr, W).

Y5  Ni-Cr 3 X o8 Ni-W = FRicit o HILRE
HELTEREWLDOT, YN 5100 YUY offix
£ RREBRSEERD L Z LI TE L. £

t GDErEHRAO °Li; sror LY @(la) $X(11b)
ROBEEFWT, Table. 2 RRLE 815 Bk ATy ofEn
BRDBCEMBTEB. 12120, —MT gi=h; BIT hyj=g;5
% BEENHZOT, Saw=hkn 10 Mw=g%n L
< LEiw it Liiw PRODNE I

1000~1300°C {REEEHE

Table 3. Compound parameters of ¢ and j phases
for Ni-Cr and Ni-W binary systems (cal/g-at).

Phase YR CRix
Ni-Cr G - 0.38 —6400+8.0T*
B 0. 8% 7 000*
Ni-W o 0. 38* —7100+4.07*
8 0.8 520+5. 45T

+) estimated in this study

Fig. 2. Comparison of the single phase field of
o phase in the calculation and the observation.
A broken line was the composition of the line
compound ¢ phase. Solid lines were the phase
boundaries at 1000°C experimentally determined.
The single phase field of the line compound ¢
phase was indicated by the solid line stuck be-
tween the two arrows.

T, YE™NO imouT KaurMan & NEesor2929) 3, Ni
& Cr 28U\ OO =TERRBRICE R % 0 lHOE
A Ni-Cr “ERACAFETH L X>T Y™
=0.38 X LTw5. LmnL, KauvrMAN BHIZXDOTH
YHMY fEEBELMC IR TV 2T, AWRE
T YV =YY =0.38 L L.

Ciux @ o #liz Ni-Cr % X0 Ni-W g RERZEH
LLTHErEVOT, (5a)k LUOb)RFD Clie-F X
O Cuw TN HLZTTRPOEERDSH Z LIXTER
v 2T, Ni-Cr-W Z=TRIRERO o BHEBRO G
BREENERERL —KTH IO Clher BIV Cluw
DEYBETB LB, B, Chice BIV Ciuw
RETHEECEEL D o BAFROBEILTO
X 51fFo7-. Fig. 2 ©iX, Nie3sCree 3 LU Nigss
Woee DHEBERBSHERIZLIY 714 VLFHo HOM
BAR L. b, ZORKILHR I ORRECRE
L7 1000°C kit s EHEEHE ¢ HED=H=AK
2EH TR LY. Fig. 2 €BWT, BRBEHD (r+
0) THERYEET AWML o BHFIRE L. Fig
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866 ® oL W

# 72 4 (1986) @ 7=

2 T, T BEARE KA TR I ERAERTRL
T\ %. Kaurman & Nesor2)i, Ni-Cr —ERic o
MBBhic & w5 &2 HRT S Clhiee DRAEY
HEEL Cficr=2.5T[cal/g-at] & Li. LiLihb,
Cuw DEHZE 2 Twigv. F2C, Clice=2-5 T[cal/
g-at] DfE ZAVGFIE I LS 1000°C 0 o B
NEBRERIIIEF—HKT 5 L 512 Chuw HEETH L
1000[cal/g-at] &7c%. Lavl, Zoffx w1100
VIO 1200°C 0=0RREREFFET S &, 1100°C
T TR o HIERTAZ L), BRI OEREE
EFETH. RS, BED AL & bic o BHER L
RWCIRIERT 5 X 5918 Chiw CIREHREMN 202 &
BRI T 5103 & o BB EWE B~ - X 2T L
FUERERY S T EHRLAV. Tihbbh, KAURMAN
& NesorR™D 5.2 7o Clior TGO TlL Cliw & &
DX SEATLERMELZHEHTE R . #* & T,
KaurMAN & NEsorR L5 Clic. DEA B2 &
LB Chiw DIER RO X 5 IEE LT,

o BiHEE Y Fig. 2 iR+ X 5 ET 3 &, 1000
°C k)% o BAHBEBILE Cr B Yor=0.55(Yy=
0.07) »>bLRWIRE Yer=0.54(Yw=0.08) D#ifs /¢
5. Rz, 1100°C 13\ T Yer=0.57(Yw =0.05)
235 Yer=0.53(Yw=0.09), 1200°C Tt Ye,=0.57
(Yw=0.05) 235 Yr=0.51(Yy=0.11) Th3. =0
L5 7o BB ATER TS Clice KXV Chuw DM
FRERBECE VRS, —ROEBRIC X 0 BEK
FERD, FofEHESY Table 3 iwRiG L1

Chic: & Cluw DHEERDRDF % 1000°C DFE
Bl ey Fig. 3 KRR L. Thib, Fig.
3 CTEHILE Cr DM Yor=0.55(Yyw=0.07) &
7% Chicr & Chiw DEEEERL, B E W o
A Yer=0.54(Yw=0.08) L 7% Cfic: & Chiw D
MAEehrnd. ARACRTEREWEROZAN, BH
D&M ERT S Clier & Chiw DEAEREL D,

I CARPE TR Ni-Cr Z TR0 o D5 2 — x5 —
CRice & L CKAUFMAN & NESOR J\RE U7-{H & Bir B8
ZHGWBEZ L Lich, T THED Chor OHEYTT
5. Fig. 4 iz, Ni-Cr=5HRD o MR (Ni,, 35Crg.e2)
CRWTRILENR (r+a) ZH¥HELoHEDHE
=R AF —E AGTre” D EEERE SR L. Fig. 4
DR LOPEHIE, Chicr DEL LTERLELANDGE
R 5 BEEME L0 KaurMan & NESOR2Y) |2 I %
PHWCEHELERAYRT. KAaurMaN & NEsSOrR2Y D
% HWBROBE, 46T+ 11 800°C LI DK
Bl CiiE—Ef %R T 800°C Ll ko iR fcikig

4000 Y
\ 1000°C(1273K )
\
£
S W solubllity in O (Yy=008)
fé 3800 \"/ }
>:s \ v\ solubllltyl In 0 (¥e,=055)
(¥
A \\
o]
o & \
© 3600 \
\
\
\
\
\
3 \
~3000 2000 -000 0

Crw / cal/g-atom

Fig. 3. Relation between the compound para-
meters and the composition of the single phase
field of ¢. phase at 1000°C.

Temperature/°C
600 800 1000 1
T T T T T Jp_,
4
0 phase? Nig3sCro62 7
£ 400 // -
£ This study /
T Chc=-640048T 7/ .
= /
Q , /‘-—— Kaufman
g 200 e a:rd Nesor
3 Chicr= 2.5T
o
< ",—”
0 | 1 1 1 i 1
1000 1200 400
Temperature/ K

Fig. 4. Formation free energy of unstable ¢ phase
in Ni-Cr binary system. Solid and broken lines
were the formation free energy curves of the ¢
phase as a function of temperature calculated by
using the compound parameter values estimated in
this study and reported by Kaurman and NESOR,
respectively.

Eo LR LS VEBCHEMmT 5. —F, AWEOM
RSB L, AGT+ar>0 13 1000°C [ F o EE M Tk
BEDOEFICE S VCEFECEAT 52 1100°C {1
CTHUMEZR R Lt 1100°C L) ECikiBED ER &
Lo WY 5. # 900°C 5L UTHiR & EfROK
ANBERITEEE LT\ 5 4%, 800°C B FoEEANC 3135
o AGT+ae Offizs LU 1100°C (s 5%E
MO AGTree pfEr3hd 100 [cal/g-at] FBREE
LIBIFE LSO TWS. b~ X 5, Kaur-
MAN & NEesor2¥(3 Ni-Cr —TRic ¢ #HRAERAEWE
WS L& HEHRT S Clior DEKFMEE LT Clic:=2.5
Tlcal/g-at] Z#EE L7z, Lo L, Fig. 4 0:bHbh 3
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Ni-Cr-W =% FHREROGHE 867

X5 b Chice DfEIX 900°C LU LD EREMC I\
T Ni-Cr ZEHRO o 03 (7 +on) “HREBSHEBCH L
TE L AREECLD LOCEEIR TV, D7
B, HHD Cice OfEZ AT 1000~1200°Cd Ni-
Cr-W =0 RRERAHET 5 L ERERY > E(HHA
LicWEWHIREEIEL B ERED. 2D X SK
KaurMaN & NESOR D25 4 — & — (3 BIRAT o Y AL
FBRAICIHE L O AERAOB D Lk, b0 Fe-Cr-
Ni, Co-Cr-Ni# jg ¥ O=n R BIREEN & EBRIRAER
LR TS L RTERS. Tinbh, 1000
°C fH:FrekiF % Ni-Cr-W =530 o #HOREN Xt
B IoTBEXSHERT S LOIERE L Clue OfF
—6400+8 T[cal/g-at] WREKAV-HR T 2.5T
[cal/g-at] X0 BYULETHLEV25.

3-2:2 BHDATA—&—

°GY : BRADEKET fecc THBH DT °GLIL G Lig
% (i=Ni, Cr, W).

YEMT ¢ Ni-W —pRic BN % g HIERERE I &
AEELIWEERTA VLA TH D, TOMBIT
NiW rExhs®. Fihbb, YRVT=0.8TH52.
—75, Ni-Cr = pRsec i iz EEME LB ik
DT, ZIORIRER, SEEE Yo HRDH LT
Zie\s., T ITUE, 0 MO & & LA YRV =YEMY
=0.8 L ¥5%.

Cfix : Cliw 13 Kaurman & NEesor2?yzZ X h Table
3 Dr3cEzbhTwA. ChelibzbhThizy.
BWEDE =5, Ni-Cr-W Z5FRD  Hb~D Crols
REEIZA BTV D T, BIET Glior XV Cluw
BRDIX S BFEIEL K. £ T, RERT 2D
DOERFBERLFE LI Chic: DEOTHEYRDI. T
7eb, (i) B #Hix Ni-Cr —mHRicidd7e< & 3500
°C Ll ECit gz EME LTHRR, (i) (r+f+a)
=H=AME 1000°C i\ T (Yor/Yni) <0.2 DMK
WECERBY. Zh bR/t cdicid, Cle
<7000[cal/g-at] THIUL X\ . EBIETIE, EED
LR BRTIEENTR b BEL 8 HEKRE L,
Cfic:=7000[cal /g-at] & L7

3.3 800~1700°C )REREICHTSEHHKER

800~1700°C DBEECHVTHEL = ZRERE
HR% Fig. 5 (a)~(f)rLi. BEH 800°C 7
5 1700°C ~ & ERT B 2oh T PO EE s X O
BRI KD X ST 5.

800°C —Tit, 1 RkEBGEEILT 7, a BIV a;
Y, &BREAwHEE LT B BT h ZThEEH
LLTHR, (+8+ta) BIV (r+a,+a)d 2@

D=E=H=AKr RS, Zhe Fig. 5(a) xRl
3:2-2 JHTRRI- X 512, R TIXERBERSLFEHL
WCEEATRILERL B HEEEL TW5b. Licao
T, EED (r+B+a) =H=AWIE Fig. 5 (a) oFt
BREN X D K Cr BEMCET20LE2 bR
A.

980°C T, Fig. 5 (b)isRrT ks 204 BRHIE
Ao P EEMRE L TCHR, (r+a+a+ o) THHEE
BEYHETS. Thbb, ZOBRER 6->(rtatay)
SRENKIGO®RETHS. 20X 5 HREHKT
RER o MIBEMETT5E 1, a1, aa THBETS
Z &k 900 % Xt 800°C THRERMICHHER I h T v
23, i, Ni-Cr-W =TRICE VT 1000°C
To HRBHEN e WEBR THIES Cr-BWE&IE W T
3 1000°C LAUFo{RECo T & b ie 5l 2 &
BTA0EXE. ¥, (r+f+a) ZH=ZAM X
800°C =it 5 X b MK 7y, Ni-W  Z5pRalic
ESX, B Mo Cr oFBERRBAVT 5.

1100°C iz7c 2 &, Fig. 5()RT X5 B AN
Sl o BHEBEBIIEYN D /o X 51Cied. v BHBER
W THRIEL b2 TH 5 2, o BHEER IS
Ni BEMEH BN S.

1350°C (Fig. 5 (d)icien &M (L) 2 7, au B
Ve RMEFHETH LoD, (r+az+o), (a4
ay+a), (L+r+0) BIV (L+teo+a) OEERO=
H=AmrEhs.

R R SR T e as, 1396°C s\ vC (Lt o
+a;) DB|OTEREMFEELFEN, Thib LERMAT
o Hitl%&T 5. Thbb, ZORER (L+ta)—o
BOTREHRRIGOERBRTH 5.

1400°C (Fig. 5 (e)) T3, LEAAFEELE Ni g
ek L (L+74+a) IO (L+a+a) =ZH=AH
FhBhzn. 1700°C (Fig. 5 (f)) &ien & r MM
%L (L+a,+a,)y ZH=AEILES.

4. ¥ B

Ni-Cr-W =GRk %ML, —REWRE 1 (fec-
Ni), a,(bce-Cr) 3 XU az(bcec-W) #, 3 XU EM
{bEYo 3 L0 B MO FE L BNFREEE G bat
BLEREMARRLER L. fTERY), KavrMan &
HORAFREE SORB LULHBEAEA L. T
b, BB LO—REBEHOBRE = v ¥ —13=TH
YERTLIEHEOLROBFEH=F A F TN X
EhEB R IOoTELRELDLEL, ZTROBF
Hii= 3 A ¥ - 3B ERBGCALTCE S0 & L.
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Fig. 5. Calculated isothermal sections in the Ni~-Cr-W ternary system.

¥, SBEULEWHEES A VLB THDEL, £D
BlE=3 A ¥ -R=TREERT 5 2E8HO - TROE
BRELawHO AH=F A F %Mz AbesT LILX
S>TEbhb0 & LI

1) #HOBHE=3AF-%KBATEHLDOKEHD

25 R — & —DOWT L, KAURMAN £5292028)20) 3 D

TTTRELRTHWB DAV, FrsfD 5 2
—Z2—1HUTD X5 EELT.

2) r Mdo C L W ofEERHMAREEZ, 1000~
1300°C =1 % Ni-Cr-W =F%H%0 r/(r+az) HE
RABOFERBENERER L 2 b > T—&T5 X
SIEEL, &8w=h5%=9000[cal/g-at] & L.
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o

Ni-Cr-W =ZTRAFHREBROGFE 869

3) KaurMAN B2 1 % Cfic.=2.5[cal/g-at] I3,
Ni-Cr-W =3% 0 1000°C (s % o O HZRE
WrBEHT s co0FYfETw. 22T, oD
Chicr B X Chiw 1T, 1000~1200°C it % Ni-
Cr-W =Z50% 0 o BHFEIBROFEERPERBR E—H
THIHSREEL, Clic:=—06400+8T K IO Chw=
—7100+4 T[cal/g-at] & L7

4) B KD Chice 1, Ni-Cr-W =% D B M4
REMRYBETHHHEACTRLLER fHEHEEL, Clio:
=7000[cal/g-at] & L 7-.

5) IhbBDAT A —x—FHL, 800~1700°C =3
7% Ni-Cr-W Z50RREM & FHEC Lo THR L 7.
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