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Synopsis

Co-W-Al based superalloys are being investigated all over the world as new alloys which may surpass high temperature
strength of Ni-based superalloys, since y'-Co; (W, Al) phase was found in a Co-W-Al ternary alloy in 2006. So far, it has been
recognized that not only Co-W-Al but also Ni and Cr are necessary to realize the Co based alloys as practical use due to the lack
of y' phase stability and oxidation resistance at high temperature. Additionally amount of y' phase affects on hot forgeability to
apply the alloys to wrought commodities.
In this work, amount of Cr is optimized from view of improving the high temperature properties and effect of Ta addition which
might contribute to enhance the strength such as in Ni based superalloys is examined. The following results are obtained.

(1) Cr is an effective element to increase the high temperature tensile strength and improve creep rupture life by precipitation of
carbide on the grain boundaries. And also ductility at both of the tensile fracture and the creep rupture is improved.

(2) Addition of Ta makes hardness increase indeed, but tensile and creep rupture strength are not enhanced at all due to obvious
deterioration of the ductility by relative weakness of the grain boundary.
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Fig. 1. Relations between Cr and Ta of experimental

alloys.

Table 1. Chemical compositions of experimental alloys.

Al loy Co | Ni W | Al | Ta | Cr C_| Mo | Ti
mol% | o |80.0 | 55 [ 85 (70700 [012] - | -
massh | - [46.3 [15.9 3.6 129182 (002 -~ [ =

. mol% | [60.2 53 [84 | - (98 [012] - | -
massh | >0 [47.5 [15.8 | 3.6 | - |82 (002 = [ =

o mol% | [60.0 |54 85 [ - (747 01| - | -
mass% " (47. 5 [16.1 3.7 - |72.4 | 0.02 - -

. mol%h | 12. 1 0.4 | 48 | - | 2361027 40]4.1
Udimet520 — o T2 0] 2 [To T 20 1 = 119010056030
taspaloy —Mol% [14.8T - [ 31 ] - 24210432927

mass% | 13.5 T TS 9.5 008 (43720
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Fig. 2. Isothermal section diagram of Co-10Ni-Al-W, Co-30Ni-Al-W, Co-50Ni-Al-W and

Co-70Ni-Al-W systems at 1173 K.
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Fig. 3. v’ solvus and solidus temperatures of Co-xNi-
10AI-7.5W and Co-xNi-10AI-10W alloys.
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Fig. 4. Age hardening behavior of T, C1 and C2.
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Fig. 5. Cross sectional microstructure of T after aging for 172.8 ks at 1073 K and C1 and C2 after

secondary aging for 86.4 ks at 1173 K.
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Fig. 6. SEM image of T after aging for 172.8 ks at 1173 K and C1 and C2 after secondary aging for

86.4 ks at 1173 K.

AT A4 v bA0~ 02 % TIEERIR, 05~ 1.0% TIEr
FHEIR, 125 % D ETRAGRIZZ S Z LM b N T
Wp W ZEns, AFRIZBT Sy OFREZLILIE NI
WINEDOHINZ X 2 FERI AT 14y O IZ &
Lb0rEZHNDL. T2, 50 mol% @ Ni I Tl
I1mo% £ THTaB L0 ~ 15mol% D Cr &= Tldy”’
MOBRBITIREZRIBD O NL W, T2, FHEM O
FHARH 21 100 ~ 200 F / HRED ° MHOME, FF/ ~
BT LRVOIEF MM Z . HOFT A 5
5.

ClBLUC2IZOoWTy’ HBLV Yy OFHEELH
T B0, BRMHIC L B MEEOREEL Fig. 7 1R
$. Fig. 8 IZI3 22 2 BRI LI 2 4T o 722 D
PRI D XRD #E R &R T, AR S EETHE S
N7:bDIELBWOHIEY y* MBI URILWTHS.
Cl, C2 kb oy’ MBI ORALY T EEILLHEM T3k
DIMIEDNE , FERPELIC L o THIN$ 5. 5
DOMHFEITClL, C2EbH30% THY, Ak LTw
7240 % £ /NS WA, Fig. 6 TRLAMEY, BEahirh
& o TH/ LRV Yy HOKTHAED 5T
WLZERPL, TA4NMY—FLY UG y’ HDH -

40

o -—--C1 vehae |
e —C2 /rﬂazf);ao

O / ] 20
F— -
08 | 10
r \ Carbide ]
0.6 [ !"
04 |
N \ /
02 | g

Extraction rate of y' (%)

Extraction rate of carbide (%)

r \‘\ V —"_‘ ------- V
L Sy e
0.0 : L 4 Y
As forging As ST As praimary As secondary
aging aging

I
Q@

. 7. Extraction rate of y’ and carbide of C1 and C2 in

each state.

7mbolEZOLNL., L L, BEHAEMHE N EEE
Td % Waspaloy DIRFEHENHK 20 % Th A 2 & & LK
T, CIBIUVCQEIHEHGETH) ZVFLEN
vy BREREAHLTWA. Fig. 9 I FR#EIC X - T

19_



20 BELAIM H83% 15 20124

b7z y’ MIZDW T FE-SEM @ 2 k& T-f% & EDX O
iR zRT. L7z’ MHOBRITERIR TR AR I
150 nm T& Y, 4 Fig. 6 |2C FE-SEM THEI% L 7=
7y MEAFAZDEDTHLZENDNDL. BETR
515y’ AL EDX OF5HR2 5 CoNi,Cr i W, Al=3:1
DWERTER T EEHFLTBY, »* #iE (CoNi,Cr),
(WAl ThrbEEZLND,

AL OWVTIE Fig. 7 TRT LI, C1LBLTC2
(2B W THRERDILELA DRFERICHY 0.3 % DAEFEDFED 5
NBD, TNENOEET 1 BRI B X O 2 By
WL TEALD e W &S, FALIATHEIE T 1 B
AL TR I 2BRTH L 2 L2br b, HiibEit
WO L XRD DFEENL, WBLX P CoZ2EHTS
MC BID AW & Cr 2 GH T 5 MuC B TH ), XRD

DY = Z7IEMRD S C2 1L CLIZILEE L MyuCy B ALy
DPHFICRO 5N A, 2L CrivlEDBNIZ L - T,
MG BURALT OFT I ARE SN2 DEEZ LN L.
B ML BR T O RF X 12 B W T Cr imINE OV C2 THER)
AR E SRR @ DI Cr v & A MyCq Bl AL O #r
HWick @82 515, Fig. 10 |2 FE-SEM THi%:
L 7z Aty b iid o RO 1% 2 3. i3 5UG
BIBIZBWTHMB L IR0 2 FHO AL 25380
5, EDX & XRD DR L Y A RILWIEEICW %
BA L7z MC BAbd, IRERAIEEICW, Cr 2 d
H L7z MG BRAL TH 5. MC Bl bix C1 Tl
BIR, BURDO L OGO SN S, C2 TIHILIRD AH
HobNDL, T2, C2TIEMLCH, M,Co BIATRIE L
7B R AL RO b,

(@)
Ayr’

>

Intensity (cps)

Upper:C2

Lower:C1
J L J L

— >

40 50 60

20

70 80 90

(b)
OCo,W,C
D M23C6
&Filter

Intensity (cps)

oO
CZQ)’I:|

c1 A' AA AJ ] A

30 40 50

Fig. 8. X ray diffraction chart of (a)y’ phase and (b)carbide of C1 and C2 after secondary aging.
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Table 2. Creep rupture properties of T, C1 and C2 at
1073 K-294 MPa.

Initial | Rupture Elongation
Alloy|hardness| time LMP (g%)
(HV) (ks)
T 420 2660. 4 24. 54 16. 1
C1 390 1873. 1 24. 37 2.9
C2 400 5146.2 24. 84 13. 6
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Fig. 16. Relations between creep rupture times and Cr
concentration at 1073 K-294 MPa.

Fig. 17. Cross sectional microstructure of C1 and C2 after creep rupture test at 1073 K - 294 MPa.
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Fig. 18. SEM image and EDX of C1 and C2 after creep rupture test at 1073 K - 294 MPa.
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