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Synopsis

Recently, Co-AI-W alloys with a new stable y’ phase consisting of Co;(Al,W) have been found. Furthermore, in Co-Ni-Al-W
system, y-y’ region is broadened with increasing Ni content. In our study, it was found that the Co-Ni-Al-W alloys with addition
of Cr and C has high mechanical properties at elevated temperature. However, while the alloys are concerned about long term
phase stability since it is expected that i phase generates in calculated phase diagram, there is no knowledge about long-term
phase stability at high temperature.
In this study, a relationship between amount of Cr and long term phase stability of developed Co-Ni-Al-W superalloy is examined.
The following results are obtained.

(1) M,;,Cs and M,C type carbides were observed in state of ST-AG and heat treated at 750 C and 850 T after ST-AG in 12.6 mass% Cr
addition materials. In addition, generation of M,,C type carbide was also identified in long-term heat treatment at 850 C .

(2) In 15 mass% Cr addition materials, above three types of carbides and u phase were observed in states of ST-AG and heat
treatment at 750 C and 850 C .

(3) The u phase formation is suppressed due to increase in the phase stability of the y phase because W content decrease in the
matrix by consumption for y’ generation. Precipitation behavior of carbides and u phase was different between Thermo-Calc
and in this study.
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Table 1. Nominal chemical composition and y’ solvus temperature measured by DSC.

Alloy C Ni Cr Co w Al vy’ solvus
mass% 0.01 47.5 12.6 |Bal.(19.8) 16.0 3.7 .
Alloy C3 1009 C
mol% 0.05 50.0 15.0 |Bal.(21.1) 5.4 8.5
mass% 0.01 47.5 15.0 |Bal.(17.8) 16.0 3.7 .
Alloy C4 1004 C
mol% 0.05 49.8 17.8 |Bal.(18.6) 5.4 8.4
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Fig. 1. Calculated phase diagram of Co-Ni-Al-W-Cr-C

alloy.
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Fig. 2. Typical microstructure of several heat treated specimens.
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Fig. 3. BSE images of specimens with long term heat treatment after ST-AG at grain boundary (a) and transgranular (b).
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Fig. 4. Cross sectional EPMA of Alloy C3 (a) and Alloy C4 (b) treated for 1000 h at 850 °C after ST-AG.
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Fig. 7. SEM-EDX results of extraction residues in Alloy C3.
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Fig. 8. SEM-EDX results of extraction residues in Alloy C4.
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Fig. 9. SEM-EDX results of specimen heat-treated at 850 °C for 1000 h after electrolytic extraction.
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Table 2. Identified statements in each heat treatment condition by XRD.

Heat treatment state
- ST-AG+ ST-AG+
il ST-AG 750 “Cx1000 h|850 ‘Cx1000 h
T e - - McC. M;.C
Alloy C3 Gramn .m0
boundary M23Ce, MsC - - .
. MeC, M;,C, ~ - =
n grain u phase
Alloy C4 -~
rain _ - -
boundary M23Ce, MeC, M;,C

3. 3 Co-Ni-Al-W-Cr-CIREER] & D HE8;
Fig. 10 |2 Thermo-Calc TE L 72 Co-Ni-Al-W-Cr-C &
SIREEXIZ XRD 12 & B AHFEE DR EZEBMLZb D%
7R3, Thermo-Calc FHHIREEX 1% 750 T, 850 T D>
FTNOEEEIZBWTDH Alloy C3, C4 13 u DA RTH
BTHHH, SRIOAEEERED S Alloy C3 Tk u Mo
Wi E8 577> 72, Shinagawa 5 ¥ 12X % & Co-
Ni-ALW A&12B VT, 5mol%W #TlE, Wity K
TEELTECZEMoNTEY), Wiy HOAERK
WKHE SN2 ETT M) vy 7 Ao WEDBA L,
~ M)y AOMBEENENSLEFE L ETuMoE
WAl SNz EZ NS, LALARDS, 1000h £
0 Rl L ORI ARCREE T oMM e 3R T
ETCWRWZ ENnS, £%IE7 ) — TR M L72S
AR X 2IN#RAERZ 1T > THERT A LEDNHDH. F
7z, Alloy C4 |Z Cr O & CHIRZEEPET L2 E
TutHOEEAMEAE S N2 L EZ BND.

—EOBLEM TIE M,C T RALY DAL ASFRD H
A%, Fig. 10 ISR TIREEXZ B\ Tk M,C Bl o b A4
BE R Ens, TORMWICE L CAEREEE &
O AR B R DO BB O W CHIZHRAE - i 5
VBN D 5.

Fig. 10 1213 DSC (2 & 2 %M D y " solvus FEHIfE 2>
LIEEND p solvus 74 ¥ ERT. FIERERIZH
LEMMEIZINI D ERMIZY 7 M52 ED00 5.
Shinagawa 5 12 & % & Co-Ni-AI-W RIZBWTWid y’
ERItEL LTEHE, 20 WIRNEOHINZI LTy’
solvus " EH$ 22 ERZRMLTWE Y. 72, HES
IFEFUME L7y’ MO SEM-EDX (2 CEESI 1T\,
WHy MIZEETAZERERLTVE Y Zehb,

REFEMIZBATO WAy BEICRE L THESM
72T, MERONEBEET - N—=ATRIMHE S
Ay solvus 12X LERMANC Y 7 M L7zEEZ SN,
WIIHEHR DO Ni B LU CoFEBEETIE y BHILE &
LCTHbILTND, ALZRINT 52 & Ty -Co, (Al
W) DPEEMERY WDy BEITERL LTH. £
D7z, HFIZ 9y solvus (BRI LHEADFEEDK & <,
W, Al &8 THHMERICOVTIIEEHFEB Ty’
ANDTEEFEUN D W CTHRET T B BB D 5.

12 mass%Cr 15 mass%Cr
|

1600 -
Ver.S (Ni Ver.8)
1500 -

1400 f————e———

A—
§ 1300 - v //_
“E " 00 _/V"'Msc/ V+M6c+” B
S 10004 __—--- _____-____7{’ Yy’ solvus Line
IS % / i) expected from
2 900 Y+ +MCHp - - the measured
800 - -
o A
700 =

YHY'+
600 {MCath

A 5 1|0 15 20

Cr content (mass%)
0 : My;Cq, MeC
® : M,,C,, MsC, M,,C
4 : M,;C¢, M¢C, M,,C, p-phase

VY +MpCtp

Fig. 10. Calculated phase diagram of Co-Ni-Al-W-Cr-C
alloy and identification results of forming carbides

and p phase at each experimental temperature.



Beftiam s>y AT HERILE Co-Ni-AL-W & & DRI 517 2 Kk AL E % 25

4. ¥ R

Cr&= D7 % Co-Ni-Al-W-Cr 54 750 T, 850 T2
BT 5 ERHMHMEZEELZFHEL, DTOMmEH.

(1) Alloy C3 (12.6 mass%Cr) Tlx ST-AGIREB L O
750 T, 850 CRMEHELILIZ BTy O M,,Cy
B MCHE O RALMAESND. F72, 850T FHf
LTI RTR O AL I 2. M,,CEID jr bt
ROLND.
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FREHEALE I B\ CHIR O 3fE 0 e b oMl u A
AT 5.

(3) M,CEIRALY B & OF u AH D A B 25 ) 13 5K R Y
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