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Co-Al-W B =i & & B A ERLT Ni S G & 09y 4+ o AL ZUS5 0 . AR 0 7 5 [ 4 1 P A i
F T A5 R NI e 3 TR G A 1 g 2 B e AR 9 Ak 5 D AR e 5 4 BT AT DA AR R B — 3 4T e A3 22 T 1R
PRI 1 UG SR Y =S 4 B0 AR SO AR 25, IR G 1 T Co-Al-W ki I & 4 19 1% it 20 2. AL
Ji 2 22 R0 AT A SR AR A AY | T3S M Co-ALW = I 6 4 M R i 433 2, Ky [Al-Co,o) (Co,ALW);, BILL AL
PO R TF . Co BRI T [Al-Cop) HIFEM E = EE 7. M T 2064, KT g8 #7025 iR
JLE——2 Cogt % Co (Co, Cr, Fe, Re, Ni, Ir, Ru) FIIAFi T £ —— 25 Al JGE Al (Al, W, Mo, Ta, Ti, Nb,
V) BT 3 2 4 T LA TR, 4% Co TEE 4 Co” (Cr, Fe, Re) A1 o' (N, Ir, Ru); MR A4,
B2 ALTGE AL, W (W, Mo) il Ta (Ta, Ti, Nb, V 45). fiilt, fE1] 250 Co-AL-W JE &5 iR & 4 27 fi 1k
Jg Co-Alth =Ttk Rk # Co-Al- (W, Ta)th = Juk &, HLIA % i% # )5 7 i 4 2 [AT-Coy2] (Coq.0Alz)
(2 [Al-Co12] Co1.0Alo.5(W, Ta), . = Cogi1.250Alg.375 (W, Ta) g .0 at.%). i, 5 " 4 i 1 1t 43 43
51 & [Al-Coy2] (Co1 5Al15) (3t [Al-Coyz] Cop 5Alg.5(W, Ta), , = CosasrsAlgsrs (W, Ta), ., at.%) Fil
[Al-Coy2] (Cog.5Alz.5) (5 [Al-Coyo] @0,5A10,5(W,Ta)2_0 = §78.125A19.375(W7T73)12,500 at.%). Bl i,
CogpAlgWy 15 4 1 W 1 73 30 [A1-Coyy)Coy 1Alg 4 W1y (— [Al-Coys] Coy gAly sW1 5), HoH o A B AT 173 50
[Al-Coyy]Coy ALy sW 1 (~ [Al-Coyy]Coy 5Aly s W1y), ' Ml B H 7% 1 73 XA [AL-Coyy)CogsAlg s Wy p (~— [Al-
Coy5]Cog 5Al) s Wa ).
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=T Ni & 5 i & 4 Waspaloy, Nb A1 Ti A #H 1
YEH. Bauer %1 &I, & B A4 MEASHRE A 5 Ni
Foenii 4 INT13C FRIESE, FRUtER LA 2 at. %
Ti o] DA% A 4 0 A8 5 8 0 4, $238 1 IN100 =
A4, Klein %0 &9, Cr 4254 SHi A LrERE,
B Z U INOU 2 IR ~ /' PIARES G, 5 35—
FE 1 B9 Ni, Mo ¥ Ta >k Fa % ~'#1. Ooshima 55 0
RIS AT BRI, TEZF G 2 0FE H HA Re
REAR G 4 1 P 0 L 5 T 3l 3 S 3 B )5
I Nb, Ta H1 Ti #5524 5 o AHE IR EE . Chen
1 Wang™ 3 o 5F — PR R B3 58 &Z 3, Mo, Ta,
Ir Al LAFESE ' M. Bauer %5 B 7£ 2010 4E & B, W,
Ta, Ti, Nb Fl V #RHE & ~ AHARBL 5505 [ i
JE; 0 W SR I A INER St m a4
AIRAHZR IR . Kobayashi 45 1 i i 5298 2 K, /D
Y HE P INRTLIBRRE A A, 15 2.2 at.% Ta BN
AU Co-Al-W =TT RAAIE-A. Meher 55 10
KB, FIXTF CoggAlW; & 4, CosgAlsWNigs 7
e rp Ni A 5 ZUAC o B o HH R 3 HL y R Ny
E@iﬁﬂé\%%ﬁqj W B/‘J @{gg, 7{ 0083A110W5T32
A4 Ta AR AL RIS R 8G LT IR
T iz, AT £ NI A4 Cog(ALW) H
Co FONEE, T Al, W I Ta AR 507, HETF
W Ni HEm A E—FE, RN E 245 4,
Co-AL-W EmiR A4 2t s &M 1EE i et
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TR M DL ST d T B A AR 12
HRICTE S B AR B S T R

I, Ni kiR A S AR A T E
Kk, Hi D = T5IA Tl H FHiiA & 4
Vo VAR Al 20 R P 5 ) 1) < PR T 34 42 - 25 A A
T [13-15] 2RIy, B RAFEE A R E
ARG & R 1 JR B R BT HE R I A, R4
PATT 7 55 frealn AR TC A 22 T A4 (A1 7 LA S Uk S8 R A
TR, PIFRAR AR [ A |G
T). X T HEA S At MR R N iR
G, FCBAEVA R A5 2 A2 [ALNGL] Al (CFos
s )19, L BRETE R RT3 (P T

FESL SR I ASOR 7 0 F Co-ALLW
FRTR A A Y ZE AR ST R A AT, T T B
A R IV PR 1) P RN e D 25 R R A ST
SR Co-Al —JeAFEEE M SR IT, AR A R RAs
IG5 G~ Fly UM S W RS & & R R R

BRI EL, BETAGE] Co-AL-W iSRG &Y
A . KRB &It R, BT RN
i TN Co-AL-W L&A 4 i
O3 SRR AT AR A ST, #65E Co-Al-
W I 5 3 4 4 0 B A B A% B 5 3 [A1-Cons)
Coy.0Alg.5(W, Ta)l_5, #ilan, CogAlgWeTa, &4 1Y
% 1 2 [Al-Coy5)Coy oAl s Wy 3Tag 5 (—~ [Al-
Coyy|Coy gAly5(W,Ta)y 5). fieJ, BHZET5 %,
FE Ty FEAHD B AR A ERAR 8 2K, G g X
Ry 4 LR 5 T A

2 BEEEmHEEmERER TR

AP, Tolk 4 @b Rk & e B B IR G 42,
M T X AR A A B R IEIAEAR 2, B LS
PERE 1Y ARG 4 il o #1022 K TR R i 2 50
KRR 2.

B ARG & R EE AR F s A —E iR
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B AR A VA BT ARV A 8 23 A R, i PR
T [ AH B AR, 7RI R s e, s
T-RIH R RAITATR, TN EE R 451

MNITE T Z 03k g AR 2= 75 9 7
5, 6145 Bragg 1 Williams!'"18 (K FEH S50,
Bethel! 2k () A F 280 L) K Cowly20-22 4
BRI SR, HIX SR NG T B
K, AT BT AR S TC R R A A o .
FERTHA TAE, AL T — PRI A P 451
B, RPN % B2 I 7 S5 R A A I HA Y
C LI A iy 12324 4 g 3 35 (25280 il — 2L ]
ARG 4 2330 v RIS R T 25 R Ry B4
AEA]—A G A AT AR 7 S5 /R T LB VR 2 i
TN T AT B i 34 42 - 2E ks, FH AT A
AT DRI [ B | (&4 ), b i Ty
F5 LA R O S — I AR L 22 T, T
FEDR A WIS T UG AR

23 Ry R B b & A A Bl R UG 2
frE, L Ni-Cr-Al FEm il G A 2 S ) B3] A
PR THT O SE T AR (), HEdRe s S8 AT & 43 A T
A% 12 iS5 NHHA, B4Rl Z A 6 1T,
R 422 7 T L Ry 1606381 AT e X544
FITIRIL T BUAR AL A B S5 A RRAE . BT A
HHE LR G R RS, BI7E Ni-Cr-Al G548, 5
WA SRR GRMITER, Bl Al 06 E TR
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U E, REIEAERIR AR, mVEHBS M
Cr {E TR TOUE, A4~ AT DIk
WM [AI-Ni] ALCr, (FEEERTTRITRFFTTEM
SEHJET Al Cr ¥ 53MEHI 400 Ni £ 0RA
Y5 m oy o B RN E R T ALFD Cr 19514~
B, ARYE SR [34), B AIFER PR TN Z %
IRNZ =cxp,xri, ¢ = 11.476 h o= P H %L,
pa TR TR AT B (SRR BUR TN, 3
JEFARBU IR, B 1/pa = Vo =Y fi x Vi, f; M
Vo BEIC R i R F BN EFRRY), r 3R
AR (55— AR PR ), X ) = (R
+ Ryy) (Rxi 1 Ray 20912 Ni Al AL T HY2F48).
O T B HER N 0.74 (R 5 B
A E), Ni-Cr-Al AR -8 AT 1/ p, I

ST pa R
i: (371/0.74) x (131;;9:;/ < RS,
+ﬁ x R3; + ﬁ x R%r) (1)
pa = Z _ B4aty @)

¢ % (Rai+ Rni)® ¢ x (Rai+ Rui)®

¥ (2) XA (1) b, IFRAE 7R ME
Ry = 0.126 nm, Ry; = 0.125 nm, Re, = 0.128 nm,
15 @,y ZIAC RN

3.39 = 1.02z + 1.07y. (3)

KA (3) AR, A5 2 1A 1y 0K
[Al-Niy] Crs.

B AH ' HHEA AuCug 2548, M1 O 7 5 )
SERA FEEH, BIFEMIR N [AL-Niy], TR T
N 34~ AL SREIEAEARG Y, N [AL-Ni o] Al .

Ni K6 g it 15 8 o0 X e Pl 0 X ) 458 1
B A 15 58], B 50% x [AlNip] Crs + 50% x
[Al-Nij2] Al = [Al-Nipo] Aly 5Cry5. fEFTES R 55
TLARFNES 7S AR Ni B8 R TR A 4 0 e JE — 2L
AT Ni BB i U B 4 i T A X = A
HEAE T P Co-ALW = JCHER A R
HH ) R FRASEAEL.

3 Co-Al-W H a1k £ oy 38 | % A%
I

Co-Al-W 34 4 UL 4'-Cog(ALW) + ~-3k
PR SRR GE, 5 Ni 35 T A & HOLES H H 1,

H Ni‘5 Co JuZR MBI, 1 7331 B i 9 AH K
B4 AR R

3.1 ~HEMEEEAZEKS K

7E Co-Al-W =JuikZ, X Ty Bl G481k
JLE Al, W LR Co B R TIRARE (AHcen =
~19 kJ/mol, AHcew = —1 kJ/mol), H ' Al
Co MIRA RS 4 0B, W o 4 e oo
b ALK S RE R AL WS Co IIRA
AN B /N, BT EAT AL i H8 A FE e 1 1% Bl
T, W S ¥EER RO E . KL Co-ALW [ 4
B4y AR E O DL AL Rl R
577 N A $E [Al-Coy) il 45 4> Co, Al
W AE 3 42 5T, B [Al-Coy)(Co,ALW),, Hir
[Al-Coy,) A 1 fis. ZERMA &t EE,
A5 P oT RS i B T AH T LA 7 43 2
NIZSER B, IR R e e AL

Pl 1 Co-Al B 1037 J7 B R B AuCuy BT 4546 T i
<777 N [Al-Coyo) FI#%

Fig. 1. Cuboctahedron [Al-Coy,] cluster in Co-Al-base faced
centered cubic solid solution and in AuCus-type ordered

structure.

P JESCHE [34) Frog ftiy ik, ¥ Co-ALW &
Gy AL S5 BT Bl [AL-Coyy)Co, AL W,
Ho 2, y, 2 00 RR TR R AL E T =R R
JEFAEL, ¥ =R R R (1) X 2R
JRFARFR (BRI oo BB

1 47 12+ 3
—=(=/014) x [ ————— R
Pa (3/ ) (13+z+y+z co
14y 3 z 3
Btozt+y+z M 1B3+a4+y+2 V)

(4)
HZ=c pa-rihB n = (Ro, + Ru) THL 13
TN
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Z B+z+y+z
Pa = 3 = 3 (5)
¢ X (Ral+ Rco) ¢ %X (Rai+ Rco)

¥ (5) XACA (4) b, AT RS 2, y, 2 Z[H]
EFRHA
(Rai + Reo)® % 2.03
=(12+2)Ri, + (1 +y) Ry +2x Ry, (6)
B 14 J5 7 i) Goldschmidt ¢ 12 N Re, =
0.125 nm, Ry; = 0.125 nm, Ry = 0.141 nm, R, =
0.128 nmB. fF Co 5 Al 2 [8] 77 7E 5% £ i A 1
YER, AL 236002448 Ry = 0.126 nmP4. {H2
TCR PR ] BETE v A A& S0 5 & A28k, T
DL TSR R AR L o 5P JETEAE R Z 1A
MXFRHNR=2a/4, X TZICHESE, ks H BT
TR AERICE AR R, BRTE 5 sk £
L Z(Rz%m x4 -
Bt , X F A 4 CogoAlgWo, Ho~ 4 L2 N
Cog; 7AlysWy o, ¥ FRSITTER PR LS 2 £ 4G
A (7) =28, WA A AAS H A @ = (0.125 x 0.817 +
0.126 x 0.093 +0.141 x 0.090) x 4//2 = 0.3579 nm.
v AH S B TR AE R ANk 1 g, AT LU F,
X T Co-Ni-AL-W Mot G4, WA (7) LA S
(R AR A% T BSCIEL 5 2% SCHR b S 30 i DU 15 25 24 Ty
1073 g, HAD A SR 2EITE 101 w4, BiV]
G A TCRAE B IE L FHE 2R LT ARk,
W R SR R R RS Re, = 0.125 nm,
Ry = 0.141 nm, Ry = 0.126 nm.
¥ Co, AL, W R FHRCA (6) K, 15 2, y Al
2 Z IR R
6.62 = 2.00z 4 1.95y + 2.80z. (8)

B 8) XHREREFEBN s+ y+ 2=
3.3 — 0.4z, ML 53 H7 oA A3 AT, 42 )R rh
WIRFNELA ML, =1, M z+ y+ 2= 3,
PRIt A 0 A = A R T

3.2 ~yHENEEAZRES

75 Co-AL-W =JTiR R, ' F o AT [ 7E i
s & R LAY Coy(ALW), B AuCug 25
. i, v AR BRI RE S [Al-Coyy) (K 1). T
T MRS T i, ARG I 22 5 Ak W RO T
BT

EE N R ivee R A S el e
Cos(ALW) Hig 2k A28k, AR SR [43] iy
BRI AL, Cog(ALW) 55 NigAl MY A% #0531
4 0.3565 nm 1 0.3568 nm, X0 R TR 80K
9 WL A X~ AR Y A% i B0 el 2 5
Wi, B W -2 A AR AR o B . AR A
PLE LY e G I G MR S SN S| R )
vy AR EE R, P2 ALJRF (G W) A T8
(08, HOPREFEEN > R x fi, 28 Co LR
THLOALE, HAP R RS Co, W%
W al

2% Reo+2x YRy x fi/(100 — fco) .
a = 7 . )

B, Xt F A 4 CoggAlyWy, Hoy' M 434
Corr 0L 03Wiaas, FF 77.49 at.% Co, 10.03 at.%
AL J 12.48 at.% WARA (9) X, & HI75 1y
~ HE R H A 0.3594 nm, U W JETE 42
Ry = [(V2 x 0.3594 — 2 x 0.125)/2 — 0.126 x
10.03/22.51] x 22.51/12.48 = 0.1317 nm. 1545
RINTF 2 .

F1 TEMAY RS FAE 012 LUK IR (7) S5 s 4

Table 1.  Measured compositions and lattice constants of ~ phase in Co-Al-W-base superalloys“*=*2, in comparison with

the calculated lattice constants.

BRI /at. % MY at. % H R RS /nm A RO /am HXTRE A
CogrAlyWy Cogp.7Aly sWy 0.3580 0.3579 0.0001
CogzAlgWy Cogy 9AL1goWs.1 0.3576 0.3575 0.0001
CogpAlgW Cogy 7Alg 2 W10 0.3586 0.3588 0.0002

CorAlgWyCryg Corz 9Alg )W sCry19 0.3578 0.3575 0.0003

CogyAlgWNijg Cogy 1 Als s W7 oNijg 0.3577 0.3562 0.0015

CogsAlyWoNigCrg Cogg 7 Aly sW 7Nig 3Cr10 7 0.3581 0.3584 0.0003
CozsAlyWoNi sCrg Cosz9.9Als 0 W7 4Niy56Cryy 5 0.3583 0.3581 0.0002
Cory sNijgAlgWr 5 Corg9Alg 7W;5 4Nig 7 0.3578 0.3562 0.0016
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Fe 2 T ARG R A 012 DU (9) 2R W R TR

Table 2.  Atomic radii of W fitted from measured compositions and lattice constants ' phases in different alloys/*0—*2,

B E Y /at. % 3 ST /at. % Ak BB /nm WIEF-242 /nm
CogyAlgWy Cor7.49AL10.03W 12,45 0.3594 0.1317
CogzAlgWy Corg6Alg 4 W1y 0.3589 0.1306
CogyAlyWy, Cors 1ALy 1 Wis 5 0.3595 0.1311
CoryAlgWCry Corz 9Alg 4W 10 4Crg 3 0.3587 0.1314
CogyAlgWNijg Cosg 9Alig sW11 oNigg 3 0.3590 0.1317
CogzAlgWoNigCrg Cogy 9Al1g.1 Wy gNig 4Cr 4 0.3587 0.1317
CosAlgWNi;sCrg Cosy 5AL105Wo 7Nijg 7Cr5 6 0.3587 0.1319
Cory 5NijpAl )Wy 5 Cogg sAl1g.sWo oNijp 5 0.3593 0.1324

HRYEZR 2 FroN 25 R 31, B AE v AH
W R 712K 42 R Ry = 0.1316 nm, # Co, Al
W RFPRARA (4) 2, 15 2, y Fl 2 ZEACER N
6.62 = 2.00z + 1.95y + 2.28z. (10)
B (10) X EEEREF OB 2+ y+ 2 =
3.3 — 0.3z, BT 5307 ALY, PTAIEE B R
MNHE2NWIET, Wz + y+ 2= 3, Bl FHAAE
SR INEH A ERR T
25 FRTR, X T Co-ALW =084, Hivy Fly
WIAHI AR P 8 3 AR T, US4
1) 3 iy 1A 7 1 43 2R S8 28 [AL-Coyo) (Co,ALW)s,
RPN 3 i A 4 100 R 2 [ AR5 89 B2 (I
a3 PR 4 B A B AT LA TR B 16 Ji
F oy AT, (ASEBRE Co-ALW iR & &1
A ZMHAL A ST E, FIE e a7
Rk, W,

4 AA5TEHE

21 Co-Al-W il & 4 1 B s @ =k
[Al-Co,,)(Co,ALW) 4, 1T U5 78 A% A7 16 = Fh
AR IR AR | 5T )25
R, BARFRERITER Co 58 RS2
PO, AR RIS R g, ik 1 gk 2
AL, FERA ) Co B IR 2 T o/ HH. 6F H 1A]
TIN5 B2 R T S5 AR AT & 4 R i), TR AR R
TN A A Ak 4l TT 5 B4 T 2 (] TR 0 St )
W HAE AR R A B, BT Co LR 5 Ni L&
P, HAMFEME TR, XHER Co-Al-
W B SR A 45 Ni SR A 4 0 ROWZH 200
FRL, BFATEXS Co-AL-W LR A 4 h e Kk T
IyRET, ATLAIS % Ni AR A 4, HouR a3k

DA Ebon RS FEER Ni o Z [ RAE N
AR 161,

I A A Co-ALW 3 B IR A 4 4y, 1)
Co-Al-W = JrIARF RN &Lt EA Ta, T,
Nb, V, Cr %, AR SCHRHE A 414l o0 5 5k 41 ot
Co Z [ MIRAK AH A S ILEIE vy HZ
[ L AT A A e R AT 4028, 5 Rk 3
3.

# 3 AL dT5EARIT Co ZMPIRE R
AH (H07: kJ/mol) MTE /v PIAH B4 FR AL
(Kz — Cx'y'/cz’y)[9,10,40—42,-14—52]

Table 3. Heats of mixing AH (unit: kJ/mol)
between alloying elements and matrix element Co
and their partition coefficients (K = C’gﬂ// C.7)

for 107 and ,YI [9,10.40—42,44—52].

JLE aatb REKE JLERLS>

s PIVE AH /kJ-mol FEK
Cr —4

Co’ Fe -1 0.48—0.60
Re 2
Ni )

Co” Ru -1 1.081.27
Ir -3

Al Al 19 0.93—1.60

_ A% 1

W 1.036.21
Mo -5
A% 14
Ta 24

- Nb 925

Ta 157 8.67
T 28
Sc -30
Hf 35

BEICR A NMRE: —REEFTR,
PR Co oz, HIFTS Codimn, Ak Co, Ni, I,
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Ru, Cr, Fe, Re 5%, EA1#4Y5 Co Z AR 5RG1S;
H—RRE TR, I AL TR, HFS AlR
7N, A% Al, W, Mo, Ta, To, Nb, V%, Bl
Co B HIRAK. LIl LI Co-Al-W He4 4 ik
i Co-Alfh — o & 4 Kk &, H A i 4338 =0
[Al-Coy5] (Co, Al), .

Hop WG & ITT RN TR, WRITE Co
Al LL4rk Co' (Cr, Fe, Re, f5CHL4r = A1) Al
Co' (Ni, Ir, Ru, fJERI4 5 v/ #H); IR IEE Al
Brf1a] T8 B~ A ARG IR A4, 2408 Al
My EEITE) . K WILEW (F WH
Mo, 5 Co Z [0 %55 F Al-Co i iR & 4%) 2k
Ta JLZX Ta (% Ta, Ti, Nb, V%, 5 Co Z[A] &5k
F Al-Co ITIRAKE). ILZ 06 4 A A% i 4
j# X [Al-Coy2] (Co, ALW, Ta),.

g TR, B ke Z T Loy k2 Co
JLE Co MI=FEIICE Al, W, Ta, FEAUITF.

1) %HICE Co: 1145 Co, Ni, Ir, Ru, Cr, Fe,
Re %5, 5 Co JE Wi S2ol SE [ (AR, H05E i 4 A1 7
(52 207 B, A A B R 07 B Hh Co’
(Ni, Ru, Ir) fLFEBC o 3]+ A, 2T HIARTE AL, &
fI14E v Fieh 4 Co HBLE 21053 i Co” (Cr, Fe,
Re) t 56 le 7 2] v B A, 2R IRt E.
XFF Cr, Ping %5 P #E—Fp Co Emild G 4 At
T (Ni,Co,Cr);(Ti,AL) M ATE, VLW Cr TR
v FHH A i Co MTR], BIESE 4 A e 207 B

2) Al: FEHEFOCE, 5 Co ZM ZHKIMFIM
TORAKS, Rl ON12 R
P, IR E 2T E, ML [Al-Cors] S i
JNHERRR, St AR 0 . Rk
[ A RN HAH o, FEPRAH R A C o R AR 1.
‘BH Co HEBIE AR v 41, A28 1Y ~ AR ok 7%
W RSB 2.

3) XEWILEW: FEEFRLE, B W H
Mo, 5 Co Z R 2K TR AR, 5 Co LK E
b &Y, TS IER R FOIE. W RS 4
) EZICER P, Mo WA R RIMER, (ARFE 5 HAD
JCEVLEL P20 A TSR 2y B i A, 2R
DURESRALAEH.

4) K Ta LK Ta: MEERITER, 04 Ta,
Ti, Nb, V, Si, Sc A& Hf, 5 Co 2 [a] & #F 4 7
RAK, S EEFETAE, 5 Co W EMiLs

Y. HAERZSRIT W, (B2ILT- 52205 2y Hr i
A, TR A AR R OT R, FHILl D Tals W
HIF% K.

F I, ZIC Co-AL-W 4 44 n] ik A Co-Al
IR Rk # Co-Al- (W, Ta) th —Jiik &,

5O M, NigAl Al DURS 2 77 78, (R & 7€ Co-
ALFH B o I RE E 1Y Cos ALFETE, I TR 3 W,
Mo JTCR B ALRARE M, KB ITR K
Ni SR A& S AEE K2R W H Mo Bl AN
—2 HAEMAE TR Al —&, LR fda i
A, X AR Co-ALW iR & 4 R 2 A, HA
JCEMES Ni EEIREG4E 3L

TR B B FRAR R RO C R 2, AT L
A Co-ALW L=l A 4 Lo L.

5 Co-Al-W X5 iR A 4 4o fET
51 AEEENENRSE

25 TR, MR O ST TR A A A A i i 4
JEFEERIRERI AT, Co-AL-W =J08 4 A Sy Fily!
AR A 538 2034 R [AL-Coyy) (Co,ALW)5, Bif
16 AN 1AM TR OALE R G AL
T 1247 TR )20 B I T /N A A 7%
1) Co i+ DAL 3 AMTRZR 5 7 i3 1.

P O AT RS S AR P AT 88 0 32 2 i 5 A A Y
f#RT Co-Al-W R E A & TN 1) 1/t
W LA S A A X o5 B, R T
TR LL 0.16 (= 16/100), 3R15LL Z = 16
P 2 Bt 0 1803 205 2) KT R 2R R B E A
P 1l 2 R A N 7 5, BIAS 3132 45 4 1 A1 7 A
g1

Ph Cogy 3Alg Wy 5 &4 M, ILIE 2236348
JRFE 5, BN T 0.16, 15 EI7E 16 5T
A5 =8 g 4y B 13.01 4 Co. 1474 ALLL K
1.52 4~ W. MR A A, 1A AL BT & 35 A1 %
UL ALE, 1249 Co JiF RIS 200 E, HaR
J -3 5 i AR S A = ) R e -, RS
FNZ A A AR [AL-Coy)Coy gAlg s W 5.

4 & Co-ALW & 4 W H % i 43 38 =X (Al
CO1Q](CO,A1,W)3 HZ&k 3 E"J%%fﬁ%ﬁ%, POEI
A1 Co-Al-W HEZICE 4 W s AT i ,
AR B0 R A AL A 1 =X, TR 4 g, Rl 4
TGS A S WA TR, 255851
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T 5, k&N 1) 64 ComEERA
FAETF 50 at.%; 2) A4 RORAL v R ST
B2 3) A 4 IO AL SU R ~ A B PR R 43 5 1Rl
HA0% < Vi, < 90%; 4) Brdh AFETE v/ P,
ToHABMT A 5) & aRREOREE R 1173 K.

X% 4 P A4, ¥ Co &yl 78 at.%—
83 at.% KT LTEEN 1 at.% BT IX E), 48
AL TREA X E N A& SEH, 26 Co-Al—JT

#4
Table 4.

B BEARRR R Co & i, PAARAR g Ab T4 — 1oy
D TE] N Y B, 25 RN IR 2 s ATRLE
Ji A ¥4 T Co s 78 at. %83 at.% i [l
W, MR E A R RE Co & AR by iads, /]
PLGE I S 3 Co & 5 294 80.76 at.%, Xf L
AL 19.24 at. %, ff B 5 H B R X8
[E-@lz] ao.gmm (N W-&u] a1.0E2.0)-
e arh Co-AL-W Ik & 4 i 73 il 7t Co-

Co-Al-W HELITLA SRR, FrF I8 STk [2—4, 6, 8, 10, 39, 40—42, 44, 45, 48, 51, 57—62]

Compositions formulas of Co-Al-W-base multi-element superalloys. The alloy compositions are taken from refer-

ences [2—4, 6, 8, 10, 39,

40—42, 44, 45, 48, 51, 57—62].

G Ay /at.%

PR o3 3 (R (R BT )5

BT

CorgAlLyW g Ta, [AL-Coy5]Cop sAly W, ¢ Tag 5 Co”0.5A10.6W1.6Tao s
CozgAlgW oMoy [Al-Coy,] Cog 5Aly 4 W1 sMoy 5 avro<5A10'4W2-1
CoryAlgW Ty [A1-Coy5]Co 6Aly W 4Ty 5 Co"0.6Al0.4W16Tag s
CorAlgW oV, [A1-Co15] Cog 6Aly ;W Vo 5 C0"0.6Al0.4W1.6Tag 3
CorgAlgW iy [AL-Co15) Cog ALy W, ¢Sigs Co"'0.6Alp.4W1 6Tap 3
CorgAlgWgTasNb, [Al-Coy5]Cog 6Alg 4 W 3Tag sNby 3 W’0~6A10~4W1~3ﬁ0~6
CozgAlgWyTa,V, [Al-Coy5]Coy Al sW1 3Tag 5V 3 @’0-6A10~4W1<3ﬁ0<6
CorgAlgWyTayTiy [Al-Coyy]Cog ALy sW1 4 Tag 3T 3 w,0'6A10-3W1<4T7a0<6
Corg5Alg 7 W1 g [Al-Coy,]Cog 7 ALy W1 7 Co” o.7Alo.c W17
CorggAlg W7 [Al-Coy,]Cop sAlg s W, 7 Co”0.8Al0.5W1 7
CoggAlW1, [Al-Coy]Cop sAly W ¢ C0”0.5Al.4W1 5
CogyAlyW,Ti, [A1-Coy]Clog sAly ;W1 4 Tiy 5 Co”0.8Al0.4W1.4Tag s
CogyAlyWy V5B 04 [Al-Co15]Cog gAly s W1 4V 3 Co” 0.5Al0.4W1.4Tao.3
CogoAlgWyTa, [A1-Coy,]Cop sAlg W, Tag Co”0.8Al0.4W1.4Tag 3
Cogy3Alg 3W 10 4 [Al-Coy,]Cog gAly s W1 7 00" 0.5Al0.s W17
Cogo 5AlW i 5 [AL-Coys]CopgAly ;W 6Sig. C0"'0.9Al 4 W1 6Tap 1
Cog AlgWMo, By o, [AL-Coy5]Coy oAlg ;W Moy 5 Co"'1.0Al.4 W1 6
Cog AlgWTa, [Al-Co15]Coy gAly s Wy 3Tag 3 @’1~0A10~4W1-3ﬁ0-3
Cogy 3Alg 2 Wy 5 [Al-Coy,y]Coy gAly W 5 67’1<0A10~5W1-5
Cogy 5A1WoNb 5 [Al-Coy5]Coy gAly 4W ) 4Nby 00" 1.0Alo.aW1.4Tao.1
Cog; 5A1yW; 5TasMo, [Al-Coy5]Coy gAly sW g Tag sMoy 3 Co” 1.0Alo.4W1 2Tao.3
CogAl W, [AL-Coy]Coy Aly W, 4 Co”'1.1Alo.aW1 .4
CorpAlgW,Ni, [AL-Coy Nig5Ni; 1ALy W, 4 Co"'1.1Al0.4W1.4
CogyAlyW; sMo, 5 [Al-Coyy]Coy 1ALy W 4 Co'1.1Al0.4W1.4
CogyAlyWyCr;By s [AL-Coy5]Coq sCry 5ALy ;W Co"'0.5Co " 0.3Al0.4W 1.
CozgAlgWyCry [Al-Co,5]Cog 6Cro 6Alg 4 W14 00" 0.6C0” 0.6Al0.4W1.4
CorsAl3W,Nig [AL-Coy, -Nig 5 Niy 1ALy W, 4 Co"'1.1Al0.4 W14
CogrAlsWoNi,g [AL-Coyo ,Niy ] Niy 1 Aly W, Co”'1.1Alo.a W1 .4
Cogy gAly s Wy [Al-Co,5)Coy 1Al s W 4 Co'1.1Al0.5W1.4
Cory 5Al1g W7 5Nijg [Al-Coy; ¢Nig 4]Ni; 2ALy s W14 a“{’l-?AlOAWlA
Cog; 5A1gW; 5 Taslr, [Al-Coy]Coy gAly 4 Wy 9T 311 3 Co” 1.3Al0.4Wo.oTao.3
CorgAlgWyTayCry [Al-Coy5]Coy 4Cro 3Alg 4 W1 3T 3 00" 0.6C0” 0.3Al0.4W1.5Tao.3
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5 WS Co-ALW HEFGIRA 4y Py PRI 10020000

Table 5. Composition formulas of ¥ and 4’ phases in some Co-Al-W-base superalloys!*’- .

42,44,45)

BT/ at.% v AR R ilZ1) 3% e
CogyAlyWy [Al-Coyy]Coy ALy 4W1 [Al-Coyo]Cog 3Alg s W3 o
CorgAlyWoCry [AL-Coy,]Cog gAly 3 W 4Cro g [Al-Coy,]Coy 3Aly s W1 5Cro 5
Cor3AlgWoNig [Al-Coyy 1Nigg] Al 1 W11 Niy [Al-Cog 4Niy 6] Alg 7 W1 sNig 5
CorgsAlg7Wigs [Al-Coyy]Coy ALy 4 Wy [Al-Coy5]Cog 4Aly W2
CogyAlgWTiy [AL-Coy,]Coy Al sW g Tig s [Al-Coy5]Coy 2Aly 4 W1 o Ti 4
CogyAlyWyTay [Al-Coyp]Coy gAly 4Wo 7 Tag [AL-Coy,]Cog 2Aly W1 gTag s
CorgAlgWyTa,yTiy [AL-Coy5]Coy gAly W 5Tag 04 Tig [AL-Coy,y]Coy 1 Aly 4 W1 g Tag 5T 3
CorgAljgWigTa, [Al-Coyp]Coy Aly 7 W 7 Tag [Al-Coyp] Aly 7 Wy gTag 4
CorsAlgW Moy [AL-Coy,]Coy 7Al 1 W gMog 4 [Al-Coy5]Coy 2Aly W1 zMoy 5
10 T (L1 .
R @ TEL 012 X EAISy
[AI-COH]COLUAIQ,U : — :l ﬁﬁ
s : 0.16
‘ 0.08
i 0.20
= O " CosW(DO01g) 0.04
58—% i 0.24 A
dn 4t | 3 0.00
' 0.76 0.80 0.84 0.88 0.92 0.96 1.00
Wtk W/at. % Co&it Cofat.%
2 ]
E b 7' (L1s) x YRS
0 1 1 F 1 . j 1 1 1 1 ( ) X ’yl*aﬁiﬁ

1 1l 1
75 76 77T 78 79 80 81 82 83 84 85 86 87 88
Co/at.%

Bl 2 AE&BREE Co &k, & RR TS
[ﬁ-au] Co1.0Al2.0

Fig. 2. Statistical distribution of alloy compositions as a

function of at.% Co. The dashed vertical line represents the

ideal composition formula [ﬁ—@lg] Co1.0Al2g.

Al- (W, Ta)Ph =Joisr 8, 4R aiE 3 P, Jop
2128 F Sato %5 2VHIER) 1173 K F Co-Al-W =JC
RFR T E Co Uil SFIRBIE, v/~ WIAH DX AL 53
WAE 9 at.% Al 8 at.% W—11 at.% W Z[&], nJ
D388 3o 7 16 5 04 4 3 2R Ty AR DX .
RIER 4 th &SRR, 2806 &0t
R, AL RPN E%E T y = 0.5. ik,
Cogi AlyWeTa, & 4 H 16 T 1i 70 3R [Al-Coyyl
Coy oAly ;W 3Tag 5, CornAlgWNiyo & 45 B 16 J5
F 433k [Al-Coqy 7Nig 5] Nij 1Al W, 4. 45A I
SC A5 B Co-Al ot 2k filh A 5% 1 43 =X [AL-
Coi2] Coy0Alrg, A LA 3| Co-AlW 5 & i &
4 19 B AR A O g3 X8 [Al-Coyz] CoroAlgs
(W,Ta), ., B HAH A 4 7 A Cosi 250Alg 375
(W,Ta), .., X5 4 PEZI0HBRIEHTEE R
— 3, O AR 3 TR TR A O = AR bR

0.00
0.76 0.80 0.84 0.88 0.92 0.96 1.00
WER W/at.% Co®& & Co/at.%

3 Co-Al- (W,Ta) th=TCHsr 1 (a) 484 (b) v
Hl ' A ALY R 2 Co-AL-W = TG B & Co ¥
1173 K 55 i #K 18 AH B 2, o 54 8 Cosizs0Ale.a7s
(W, ) g 57 1K €55 0 = BRI

Fig. 3. Co-Al- (W, Ta) pseudo-ternary composition diagram:
(a) Alloy compositions; (b) v and +' two phases composi-
tions, where the dashed lines represent the isothermal sec-
tion of the Co-Al-W ternary system in the Co-rich portion
at 1173 K, and the blue hollow triangle points to the cen-
ter composition Cogy.250Alg.375 (W, Ta)

5.2~/ PR D R

el 432z A 4 S PIFHI R E Co &
B A5 4K B LA K Co-Al- (W, Ta) = 7t AL 4343 i [
SERANAE 4 PR,

I 4 W%, ~ A Co & RyE Iy 84 at.%—
88 at.%, ' HHH Co EHETLE N 75 at. %—79 at.%.
HRAEE 4 th& a8k Co SR LES, AT LA
Geit iy A1 Co 5 i 2928 85.85 at.%, I
ALS B A 14.16 at.%, i Hr e H A R

9.375°
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= [A1-o12]Gor 4115 (=)
4L
[A1-Coy2]Cop Al 5
3¢
<_
4
dn

1
1
1
1
1
1
1
1
:
20—
1
1
1
1
1
1
1
1
1
1
1

0 L L L
75 76 77 78 79 80 81 82 83 84 85 86 87 88

Co/at.%
5 T
:] Bb i [1?1-(7012](%1.01?12.0 (b)

it s
® 3r —
)y |
] i
&2t !

i s

075 7I6 7I7 7I8 7I9 8IO .8I1 8I2 8I3 8I4 8I5 8I6 8I7 88
Co/at.%

4 BEBRREZ CoTTR M Co AL (a) yHIy

FHBLSY () B A gy, B R R 45 5 B LS

Fig. 4. Evolution of numbers of alloys with Co content:

(a) v' and v phases; (b) alloys. Vertical dashed lines rep-

resent the ideal compositions.

W—ﬁm} Coy.7Al 3 (~ [m-ﬁlz] @1.5m1.5); 4t
iy A2 Co SR 2978 76.37 at.%, X AT
1 0]y 23.63 at.%, fif BT 5 AT 2 [AL-Coys)
6o.zﬂz.s (’\’ [ﬁ-ﬁm] @0.5m2.5)- ﬁiﬁﬁy\*ﬁ@tp
By + ' SAIEXGHE X B =i (18 3(b) He
MR IFARTE), 43908 CorpAlgW1y, CorgAlgWi,
(v FHI A £ ) A1 Cogs AlgW g (y AHIX [ e R
[V 2 ). ARG HITIAR T 1, MR 210X = AR 16 J5
T AR K 7 3R [A1-Coyy)Cop3AlysWa,, [Al-
Co15)Coy 5Alg Wi g Ml [Al-Coyy|Coy 6Alg W1, FI
LA o) [Al-Coy5|Cog ALy s W5 g (W’Hﬂﬂ AT
) Al [Al-Coy,]Coy 5Aly s W1 (7 IR B ).
A, MR (8) A (10) X, Y RIFEA iR
T ALBANECR 0.5 IF, X Ty iy PAE 23 500 AT
fi# (1.5, 0.5, 1) A1 (0.5, 0.5, 2), 5 FiRSCH45 R
T, BIAS 5] 6] 35 K SR T2 104 28 [AL-Cos)
Coy5Alo5 (W, Ta), ,, ' Hr i AH AR P o XA
[Al-Co1»] Coo5Alo5(W,Ta), . MiEEMGEIEL N
FIH LU, BI[A-Co15) CoroAlos (W, Ta), ..

6 4 %

& B AL G -~ 7 ALY Co-ALW Sk &
G4 HA S Ni SSRGS AR ROREs 1, 25
AT Ni 2 il 5 S TR 2 JEM AR A
oral, AR T Co-Al-W SR A4 UL A
)5 =

1) MRYEA 4~ Ay PIAH IS5 e o 2
SCERAE AL, HEWTIE WY IR AR AE o Fy BAR
854 0.1316 nm Al 0.141 nm (Goldschmidt 2}
12); A28 A 242, BD 0.126 nm. 1
A B AR Y B S5 R BT Ol [AL-Coyo) RN
b 3 A IER R, SRR LAMERT R A 4 i AR AL
53N [Al-Coyo)(Co,ALW)g;

2) MTZIuh e, WHEER LEFRITTREMW KR
2 {i#& M2 Co JLE Co (Co, Ni, Ir, Ru, Cr, Fe,
Re), J5# B2 AlJTE Al (Al, W, Mo, Ta, Ti,
Nb, V %), Hrp @ HIoeE ik —443 8 Co' (Cr,
Fe, Re, Fi4r 25U 1) M1 Co’ (Ni, I, Ru, 4y
FBOKT 1), i BOCR AT TR A, 2
HALKEWILEW (W, Mo, 5 CoZ [R5 TF
Al-Co By TIRAHE) F12& Ta JLE Ta (Ta, Ti, Nb,
V 4 5 Co ZEIE#T Al-Co MTIRAES). HIL,
AT 52 2% Co-Al-W L& & ¥ iRy Co-Alfh —
JGHI Co-Al- (W, Ta) th =GR R ;

3) L fEATHA Co-AL-W A4 sy, 153
T A 4 1 FRAR AT L X [AL-Coia] (Cor.0Als)
(2 [Al-Co12] Co1.0Alo.5(W, Ta), . = Cos1 250Al9.375
(W,Ta), ... at.%), BIEL AL gHLy, CooumAEN
S — TR Y S 5 /N TR AT [AL-Coro |10 E 3 4N i%
Tﬁﬁ%, v*ﬁﬂﬁﬁiﬁfﬁﬁ W—@u] (51.5ﬂ1.5) (E‘Z
[Al-Co1z] Co15Alo5(W,Ta), , = CosasrsAlg.a7s
(W,Ta), ., at.%); 4 8 5 53 3 O [Al-Coy,]
(Coo.5Aly5) (B [Al-Corz] CogsAlp5(W, T75‘)2.0 =

Corg 125Alg 375 (W, Ta) |, . at.%).

S 30k
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Abstract

Having a +/7' microstructure similar to Ni-base superalloys and also including various alloying elements
such as Al and W, new Co-base superalloy, namely Co-Al-W-base alloy, has been widely studied as a kind of
potential alternative of Ni-base superalloy, which is the most important high-temperature structural material in
industrial applications. Besides, Co-Al-W-base alloy has also excellent mechanical properties, for example, creep
properties comparable to those of the first-generation Ni-base single crystal superalloys. In our previous work,
the ideal composition formula of Ni-base superalloy has been obtained by applying the cluster-plus-glue-atom
structure model of faced centered cubic solid solution, which shows that the most stable chemical short-range-
order unit is composed of a nearest-neighbor cluster and three next-neighbor glue atoms. In this paper, the ideal
cluster formula of Co-Al-W-base superalloy is addressed by using the same approach. Based on cluster-plus-
glue-atom model theory, according to lattice constants and atom radii, calculations are carried out. The results
show that the atom radius of Al is equal to Covalent radius (0.126 nm) and for 7' phase the atom radius of W
changes obviously (0.1316 nm). After analyzing atomic radii, the chemical formula for Co-Al-W ternary alloy is
calculated to be [Al-Coyo)(Co,ALLW)3, which signifies an Al centered atom and twelve Co nearest-neighbored
cluster atoms plus three glue atoms, which is in good consistence with that for Ni-base single crystal superalloy.
For multi-element alloy, the alloying elements are classified, according to the heat of mixing between the
alloying elements and Co as well as partition behavior of alloying elements, as solvent elements-Co-like elements
Co (Co, Ni, Ir, Ru, Cr, Fe, and Re) and solute elements-Al-like elements Al (Al, W, Mo, Ta, Ti, Nb, V, etc.).
The,solvent elements can be divided into two kinds according to partition behaves: Co’ (Cr, Fe, and Re) and
Co’ (Ni, Ir, and Ru). The latter is further grouped into Al, W (W and Mo, which have weaker heat of mixing
than Al-Co ) and Ta (Ta, Ti, Nb, V, etc., which have stronger heat of mixing than Al-Co). Then all chemically
complex Co-Al-W-base superalloys are simplified into Co-Al pseudo-binary or Co-Al- (W, ﬁ) pseudo-ternary
system. Within the framework of the cluster-plus-glue-atom formulism and by analyzing the compositions of
alloy, it is shown that the Co-Al-W-base superalloy satisfies the ideal formula W—@lg] (@Loﬂg,o) (or

[Al-&lg} Coi.0Alg 5 (W, ﬂ)lﬁ = Cog1.250Al9.375 (W, ﬁ) at.%). In the same way, those of v and 7’ phases

9.375
are respectively [ﬁ-alg] (61,5M1_5) (OI‘ [Al-alg] al,5A10,5(W,ﬁ)1_0 = 584.375A19.375(Waﬁ)6_250 at.%)
and W-&lg] (&05@2.5) (or [Al-@lg} @0,5/\10.5 (W, Tia)m = @78‘125A19,375 (W,Ta) 12.500 at.%). For

example, alloy CogAlgW, and its v and ' phases are formulated respectively as [Al-Co;o)Co; ALy Wiy
(~[AL-Coy,Coy gAly s W1 5), [Al-Coyy]Coy ALy 4W o (~[Al-Coy5]Co; 5AL 5 W1 ), and [Al-Coyp|Cop 3Aly sWo o (~[Al-
Co15)Cog 5Alp 5 Wa ).

Keywords: Co-Al-W-base superalloys, composition formula, cluster-plus-glue-atom model, chemical short-

range order
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