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SEhr IR TR 303.73 °C, 5-CosAl AHWIS 2K, Ty MHIGIAT HIEE &, Arii 238 5 SNi A&, 35Ni
A& yFNTHIRE TR 392.85 °C, 600 “CHT 35Ni A& AT &5 ONi A &I 40.9%. M Ni X P & o R
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R 1 Co-8.8A1-9.8W-xNi(x=0, 5, 15, 25, 35, EE/RHL, %)
BERWD
Table 1 Composition of Co-8.8A1-9.8W alloys with different

mole fraction of Ni

Mass fraction/%

Alloy -
Co Al \ Ni C
ONi 70.17 3.47 26.35 - -
5Ni 65.81 3.58 26.30 4.30 0.0029
15Ni 57.10 3.70 26.31 12.88 0.0023
25Ni 48.30 3.87 26.32 21.50 0.0030
35Ni 39.94 3.75 26.27 30.03 0.0024
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Fig. 1  Relationship between mole
fraction of precipitation phases with
temperature: (a) ONi; (b) 5Ni; (¢) 15Ni;

(d) 25Ni; (e) 35Ni
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Co-8.8A1-9.8W &&HE&H y Al y A w ALK 5 #H,
Hofth 4 P G P8 E A 244 y AL yAH L w FHBLR MC
F, Hr SNi &L EE n M. S FiEE+ y M1
AT e I T v R O A N s ds, p AHBE Ni F
T IIIZ AT % o MeC AHPIHT HA 5 Bl R 1 T e A
AR, HEIHN TGS mH, S PR
i, WA HIRESHAZER. K2 sl S Fd
S PRI AR FBE DX 1) DA B %P4 AR PRI AT HH R

22 yHETHITA

y MR EIRA SN, miRESrNEER
Fy BEALAR AT #  EE Ty SRR, BT iL y AH
RS R AE — R R e T A& miE R

24T 5 FE Ay PN E SIEE 2 A
FKeF. I 2 "5, 35Ni &4 y MRIARNT =D,
ONi &4 y T E&Z . & 3 Fi5128 600 CJLF
G PR IR & &, 563K 3 "5, 1E 600 CHY,
A&y KT E R KBTS ONi, 5Ni,
15Ni, 25Ni, 35Ni. 35Ni &4 y FHTH &0 N 33.72%

R2 AERE LR X DL R S BT RO RO s L

(BEIRr 40, ONi &4 y MIINTHEREZ RN 54.35%,
B Ni &=, A&+ y M EERD. mE2
A, ONi &4 y MHTE 1111.36 CHIHTH &k F|
100%, SNi &40 y HI7E 1188.17 CHHTH EIAH
100%, 15Ni &4 y AHTE 1322.36 CH T EEF
100%, 1M 25Ni & 4K y FH7E 1395.36 CHI AT H Sk 3
K 98.99%, 35Ni A 4x 1) y #HAE 1409.55 CHIATH
HIAFIR KN 98.48%. MIXT ONi &4, HEJlfMEa4
HHAETE y A MC H, XA RS — B 710 Co.
W &IeE, 1 HBEE Ni SEMIN, y AR MC
e, HUbEEIK T &8ty S E. B
F2WH, Ni g, &4y MR EER %
Iy, A RS B B BF 2y ONi, 5Ni, 15Ni,
25Ni, 5 ONi &4 HMth, 25Ni A& HiRE KT
11.63 ‘C. 3 4 ftF1N y AHFFAEHT I p AHFD L A1
TLREE, GARAAL, Ni RN, y T E
FHAEAE T Cov ALL W BLA Ni JTCER IS A28k
R, B p MR HRIHCOR, A BRI 3G i
PR TERII . M-I y AHIIAT H IR BB ARG

Table 2 Calculated molten temperature region and initial precipitation temperature of precipitation phases

Initial precipitation temperature/C

Alloys Molten temperature region/C
Y Y n # MC
ONi 1401.03—1443.47 1443.47 - 819.38 1111.36 -
5Ni 1394.02—-1438.35 1438.35 616.94 817.30 1188.17 978.13
15Ni 1392.99-1433.83 1433.83 895.69 - 1322.39 917.42
25Ni 1395.35-1431.84 1431.84 985.51 - 1400.34 963.07
35Ni 1409.55—-1438.12 1438.12 1009.79 - 1415.09 790.64
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Fig. 2 Relationship between mole fraction of y phases and temperature: (a) 600—1600 C; (b) 1350-1450 'C
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Table 3 Relative contents of equilibrium precipitation phases in alloys at 600 ‘C
Alloy Mole fraction/%
Y ' n H M,C
ONi 54.35 - 24.27 21.38 -
SNi 50.75 1.70 24.74 22.69 0.11
15Ni 41.11 38.06 - 20.74 0.08
25Ni 34.97 42.62 - 22.30 0.10
35Ni 33.72 42.60 - 23.64 0.06
R4y MIFRHTH T A L MO & &
Table 4 Calculated chemical compositions of y phase and L phase
Element mass fraction of y phase/% Element mass fraction of L phase/%
Alloy Co Al W Ni Co Al W Ni
ONi 73.41 2.62 23.97 - 70.17 3.47 26.35 -
5Ni 69.43 2.73 23.72 4.12 65.82 3.58 26.30 4.30
15Ni 60.85 2.90 23.47 12.78 57.11 3.70 26.31 12.88
25Ni 51.65 3.12 23.33 21.90 48.31 3.87 26.32 21.50
35Ni 42.50 3.11 23.32 31.09 39.95 3.75 26.27 30.03

2.3 yHEETEITA

Y AE A R G A B AR AR, AR TE SR AE Y
A BRI S B R il & 8 ) S PR R I 2 2
HZ, A2 mE e S SCR R ALIE, y ¥R
B, RFRRERR S, A EumaE RN .

Bl 3 B y M E SR 2 M E R . H
Bl 3 TLAE Y, Bl RN y AT R R RS
WA R, 463K 2 5583 Al%1, 1£ 600 CH, 5Ni
A&y FVIEENT BB E N 616.94°C, y AHIGHT H BAUN
1.70%, 15Ni &4 y AP iR E R 895.69 C, y
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Fig. 3 Relationship between mole fraction of )’ phases and

1100

temperature

FHAIAT H A 38.06%, 25Ni &4y ABPIAGHT R E R
985.51 °'C, yHIMIHTHEA 42.62%, 35Ni &4 y'HiH]
ENTHEE N 1009.79 °C, y"AHEINTHHEA 42.60%,
25Ni Ml 35Ni &4 y AT HEREAMHS. 581y
AT I B A S T SNi, 15N, 25Ni,
35Ni, #rEH/NBIKIIF A SNi, 15Ni, 25Ni,
SNi &b MR R B AR, Brh &>, 35Ni
H&F y T IR E RS, TThERE, ZFHML,
MriiR T T 392.85 C. HMEAL, BEE NI &
N, &4 y A BIbT R E R G, y ARG
BB e, el s a4 NioR
NBESE S y A IWIAENT MRS, HLRE(AE y AHAT H .

2.4  ut8F0 n EHETEITA

w Ay AR SR AFRIR 2 HEA , 1 AR P 2
HEFH(TCP), n AT 2 HEAH(GCP). 1 AHIIHTH 22
A& & s R By MG SR A B N R
FIT LA w REAN pp R Sl S A E AR . X w AU K
n A LR S R IR AR T A BT
KB p AHEEH Co MW tEHAL, H Co/W HIME
AR 1.2 B AT HEWT H 1 ABALEE KON Co W T 7
FHEZLH Co 1 Al JGERA L, H Co/Al FIMELTLN 3,
FH LT HEWT H o A4k 22 3008 Cos Al AR A 2 HF 701224
AL, {E Co-Al ZICR AL T EA HBUEEN CosAl
Mo TG, SCHRTL] G 08 75 @ AL 5 1K) Co-14A1
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HETRBT L1, ST CoAl. AFRSE
ARG RA —ES, FEREARIALS LT
LA IR B, TS bR A A I R 2 B )
2 EHIEILEER SR, bR R TR £
MECR T2 F1 N 3R, NI T 30X S AR AT

Bl 4 oy w AR AHBOHT H B R 2 (AT O
. HE4WTDEH, EERENT G, JUFEeT
w A g MR RIZET AR, S5AR 2 1A, BEE Ni &
BN, w AHRRIUENT IR B Ry, T g AHIE
VKo o AHIRHT H i B2 R AR 21 = RIS 9 SN, 15N,
25Ni, 35Ni, ONi & iR RIS, 35N 58K
. ARG, BrHIEEE AR T 303.73 °C, M g AHVH
RAEEAM y HIFRHTHE AL A1 Ni, 23T #-CosAl
FRAN y AT ORI R, TRESE Ni & R RZEgm,
9 n-Cos Al AHIITE A RFEHE ) AL FI Ni g6 3Rk
b, TN YRR ORI R IR AL AT Ni oo 2l
KM%, My HFHTHR ALF N JCRS 4
BEE y AH BT AN K, BRI y A & 390, 10 7-Cos Al
FHIM 278 2%, Bt LAE R IR Ni 63 BUE R ' 4H 1)
TR T n-Cos Al AR AN A K
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Fig. 4 Relationship between mole fraction of x phases(a) and

n phases(b) and temperature

2.5 NitEHMER

A ARBIN NI JTER, X W, ALTE y #HFE
fift BEREAT A ORI, B IR PR, W TE
1110 CHAVERETFUER/N, T AL RIS R AZ A
Ko BIFE 1110 ‘CLEAT I, Ay FHHHTH ) WA 1-Co, Wi
TERSRAL T KKK MIJETE 820 CHA, Al ¥
R, My MR TFEHTH AL {2HET #-CosAl 1)
FEAZAIK K

BTN 5%H) Ni TR, X Niv WL AL{E y
FHA VR P BEAT A ORI, B TR P R FEAIS,
W 7E 1180 C /e A3 i il BE TR k)N, £E 1180 “C A I,
My AT WO 1-Cor W TERZ SR AL T 25 2F, 23
w-CosWe FHFFURTEAZ KR, TJEAE 820 CAity, Al
IR WD,y AHRITFEENT . Al JoR, {2k [
n-Cos Al FITEAZAIKK, T Ni 7E 820 °C /A5 I ¥ i i
WIFGRNRD, My AHHRHTH Ni JCRFEREERE T
n-CosAl FITERZAIK K.

NEEFIINE) Ni LR S RIGINE, &&0RE
y MRS R A RARRL. X Niv WL ALTE
y AR FE AT RO 2P BRI, Bl TR RE R A,
W RER IR B NI MREE AR, Ay AT
W TN u-Cos W FEAZIRAE T 254 H A2 3E u-Co W A
FUE. KR, BEE RS MSRSEE, JUTAER—
TREE™ AL Ni B AEFEES OGN, My AT H )
AL FINi A y AR AR AL T 26 2F, y FRTFLRTE It 1
hn.

3 #Zig

1) IIAATEE & Ni JE K Co-8.8A1-9.8W &4
HEREA y M w ALK o'FH, Ni JeR S ER IR
iy MBI IFAIH] 7-CosAl MEIF 42, TS24
D EEH K.

2)Ni ErEHahn, y ARATH I A AR %R
()2 B ZE R OK, ARIT o AT AR, i)
y RIS bRl D BT IR R R

3) Ni GRS A SA 4. HEEm,
FHEOHT RS, TSR, BRI S o AHY)
GEHT IR, SCRBARAE T H

4) B Ni JGREMHIM, My AHPHTHE W R
Al TEES W9 1-Co,We F -CosAl $248E T IR Je A K
%A, {H n-Cos Al AHVE R JG, AL Ni JGER A y AHAE
FRAEAE TS,y HETFAE TR I Y A



2538

T EA O8RS

20194E 11 A

REFERENCES

(1]

(3]

(5]

(6]

(7]

[9]

[10]

(1]

SATO J, OMORI T. Cobalt-base high-temperature alloys[J].
Science, 2006, 312: 90-91.

SUZUKI A, DENOLF G C, POLLOCK T M. Flow stress
anomalies in y/y’ two-phase Co-Al-W-base alloys[J]. Scripta
Materialia, 2007, 56(5): 385—388.

SHIN J C, DOH J M, YOON J K. Effect of molybdenum on
the microstructure and wear resistance of cobalt-base Stellite
hardfacing alloys[J]. Surface and Coating Technology, 2003,
166: 117-126.

ISHIDA K. Intermetallic compounds in Co-base alloys-
phase stability and application to superalloys[J]. Materials
Research Society Symposium Proceedings, 2009, 1128:
357-368.

OOSHIMA M, TANAKA K, OKAMOTO N L. Effects of
quaternary alloying elements on the )’ solvus temperature of
Co-Al-W  based with  FCC/L1,
microstructures[J]. Journal of Alloys and Compounds, 2010,
508(1): 71-78.

OMORI T, OIKAWA K, SATO J, OHNUMA I, KATTNER
U R, KAINUMA P, ISHIDA K. Partition behavior of

alloys two-phase

alloying elements and phase transformation temperatures in
Co-Al-W-base quaternary systems[J]. Intermetallics, 2013,
32(2): 274-283.

SHINAGAWA K, OMORI T, SATO J, OIKAWA K,
OHNUMA 1, KAINUMA R. Phase -equilibria and
microstructure on y' phase in Co-Ni-Al-W system[J].
Materials Transactions, 2008, 49(6): 1474—1479.

BEOK K PR, BRI, TUK, M, D s Nix)
Co-Al-W FE& G BAAZUHAR yAERAT AR,
4B 244, 2014, 50(7): 845-853.

XUE Fei, MI Tao, WANG Mei-ling, DING Xian-fei, LI
Xiang-hui, FENG Qiang. Effects of Ni on microstructural
evolution and y’ dissolution of novel Co-Al-W base alloys[J].
Acta Metallurgica Sinica, 2014, 50(7): 845—853.

PING D H, CUI C Y, GU Y F. Microstructure of a
newly developed y' strengthened Co-base superalloy[J].
Ultramicroscopy, 2007, 107(9): 791-795.

A, ERAR, BXE, ERE, Efm. Hi
Co-Al-W & &l B ALBOT REFTTE[)]. WA SR B S
T.#%, 2011, 40(4): 701-704.

XU Yang-tao, XIA Tian-dong, ZHAO Wen-jun, WANG
Xiao-jun, YAN Jian-giang. Activation energy of oxidation of
novel Co-Al-W superalloys at high temperatures[J]. Rare
Metal Materials and Engineering, 2011, 40(4): 701-704.
Hmlg, E & B A NERARAEmIREG &P

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

(20]

WA AT Z ORI B oRE & H AR, 2012, 304):
243-249.

TIAN Gao-feng, WANG Yu, YANG lJie. Thermodynamic
calculation on equilibrium precipitated phases in P/M
nickel-base superalloy[J]. Powder Metallurgy Technology,
2012, 30(4): 243—-249.

YAN HY, VORONTSOV V A, DYE D. Alloying effects in
polycrystalline y' strengthened Co-Al-W base alloys[J].
Intermetallics, 2014, 48(10): 44—53.

TANAKA K, INUI H. Effects of alloying elements on
physical and mechanical properties of Co-Al-W based
L1,/FCC two-phase alloys[J]. Trans Tech Publications, 2014,
783: 1195-1200.

ZHAO W J, XU Y T. Alloying element Ta effect on
microstructure of Co-Al-W superalloy by vacuum arc
melting[J]. Advanced Materials Research, 2013, 718/720:
10-13.

XUE F, ZHOU H J, DING X F, WANG M L, FENG Q.
Improved high temperature y’ stability of Co-Al-W-base
alloys containing Ti and Ta[J]. Materials Letters, 2013:
215-218.

£OA&, P W, ERST, IKIEEE, BESE. B Ni-Co 4
fel 4 T AR RIS R AR, 2010,
46(4): 334-339.

WANG Yi, SUN Feng, DONG Xian-ping, ZHANG Lan-ting,
SHAN Ai-dang. Thermodynamic study on equilibrium
precipitation phases in a novel Ni-Co base superalloy[J].
Acta Metallurgica Sinica, 2010, 46(4): 334—339.

TR, X M, BEE, B & % FE, HES, B
W, EEHE. DD6 B8 iR & 6 F A AT UK #8 ) %
TR RN, MR TR, 2013, 46(7): 78—82.

QIAO Hai-bin, LIU Lin, ZHAO Xin-bao, TANG Xin,
ZHANG Jun, FU Heng-zhi, LI Xiang-hui, CAO La-mei.
Thermodynamics calculation and analysis of oxide inclusion
formation in single crystal superalloy DD6[J]. Journal of
Materials Engineering, 2013, 46(7): 78—82.

T, AR, BAAZE. 5% FGHOT & 4 P fH #2 M)
P[], AbRURHE R 32544, 2011, 33(8): 978-985.
ZHANG Yi-wen, WANG Fu-ming, HU Ben-fu. Estimation
of the effect of hafnium on equilibrium phases in FGH97 PM
superalloy[J]. Journal
Technology Beijing, 2011, 33(8): 978—-985.

SAUNDERS N, MIODOWNIK A P, SCHILLE J P.
Modelling of the thermo-physical and physical properties for

of University of Science and

solidification of Ni-based superalloys[J]. Journal of
Materials Science, 2004, 39: 7237-7243.
SAUNDERS N, GUO Z, LI X. Using JMatPro to

modelmaterials properties and behavior[J]. JOM, 2003,



3295 1 BRI, % Ni &85 Co-8.8A1-9.8W & EHIEL NI # 1% 2539
55(12): 60-65. Phase composition and cracking behavior on TIG cladding

[21] #&0¥E, PR, EF IMatPro HEAF B & F layer of Co-8.8A1-9.8W-0.2B superalloy based on JMatPro
Co-8.8A1-9.8W & & ATHARM I =B []. W & software[J]. Rare Metal Materials and Engineering, 2017,
JEMHRLS TR, 2016, 45(9): 2332-2336. 46(9): 2459-2464.
XU Yang-tao, SHA Qi-zhen. Thermodynamic simulation [23] ZHOU L, WANG C P, YU Y, LIU X J. Experimental
calculation of Co-8.8A1-9.8W alloy with different B content investigation and thermodynamic calculation of the phase
based on JMatPro software[J]. Rare Metal Materials and equilibria in the Co-Nb-Ta ternary system[J]. Journal of
Engineering, 2016, 45(9): 2332-2336. Electronic Materials, 2011, 509(5): 1554—1562.

[22] RN, EoRE, Wikik, AR, T IMatPro #ff TIG [24] MAKINENI S K, NITHIN B, CHATTOPADHYAY K. A
HEJRJZE Co-8.8A1-9.8W-0.2B &4 IIAHZH B L 24T A [D]. new tungsten-free y-y' Co-Al-Mo-Nb-based superalloy[J].
Tt 4 @A RS TR, 2017, 46(9): 24592464, Scripta Materialia, 2015, 98: 36—39.

XU Yang-tao, XIA Rong-li, SHA Qi-zhen, XIA Tian-dong.

Effect of nickel content on equilibrium phases in Co-8.8A1-9.8W
superalloy with thermodynamic calculation

XU Yang-tao"2, MA Hong-li'?

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;
2. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In order to study the effect of Ni element on the precipitation of new Co-based superalloy, a research about the
thermodynamic behavior of equilibrium phase precipitation of the Co-8.8A1-9.8W alloy with different Ni content was
conducted based on JMatPro thermodynamic simulation software. The results show that with the increase of Ni content,
the precipitation temperature of y phase decreases, and the amount of precipitation decreases. Compared with ONi alloy,
the precipitation temperature of y phase in 25Ni alloy decreases by 11.63 °C, and the precipitation amount of y phase in
35Ni alloy decreases by 20.63% at 600 °C. The precipitation temperature of u-Co;W, phase increases, and the
precipitation temperature of 35Ni alloy increases by 303.73 C compared with that of ONi alloy. While the #-CosAl phase
will disappear. The precipitation temperature of y’ phase increases and the amount of precipitation increases. Compared
with 5Ni alloy, the precipitation temperature at 35Ni increases by 392.85 °C and the precipitation amount at 600 ‘C
increases by 40.9%. From the view of the precipitation of each phases the and the influence of Ni on the elements in
equilibrium phase, we can see that as the increasing of Ni content, the contents of elements in solid phase and liquid
phase become more and more different when the y phase precipitates. Only by decreasing the temperature or increasing
the supercooling degree the precipitation and growth of y phase can be satisfied. As a result, the content of y phase
became less and less, and the precipitation temperature is also lower and lower. The Ni element added in the alloy inhibits
the formation and growth of #-Co;Al phase in a form of generating y’ phase, which eventually leads to the disappearance
of 5 phase. W and Al precipitated from y phase provide nucleation and growth conditions for u-Co;Wg and #7-CosAl,
respectively. However, after the disappearance of 7-Cos;Al phase, Al and Ni precipitated from y phase provide conditions
for the formation of y’ phase, and then the y’ phase begins to generate and increase.

Key words: JMatPro software; Co-8.8A1-9.8W alloy; y phase; secondary phase
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