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FRRAR]: BRI SS: oMl M MeC Bk BIAL, M

&K TG 132.3; TG 113 SCERERIRED: A

Formation and transformation of a phase in Ta containing
low Cr and high W content cast Ni- base superalloys

ZHENG Liang
(National Key Laboratory of Advanced High T emperature Structural M aterials,

Beijing Institute of Aeronautical M aterials, Beijing 100095, China)

Abstract: The microstructures of as-cast and specimens heat-treated at 1 100 C for 500 h or 1280 C for 2 min ~ 3
h and stress ruptured properties at 1 100 ‘C, 118 M Pa for four heats of low Cr and high W content cast Nrbase su-
peralloys were investigated. The results indicate that the addition of element Ta increases the amount of eutectic Y.
(o+ \;) eutectic forms in the later stage of solidification as the amount of Nb and Ti maintains at 2. 1%, Ta and Al
reaches or exceeds 14. 4% (mole fraction) . Small amount of a phase does not decrease the stress rupture life obvious-
ly. However, a phase is unstable during the period of solid solution heat treatment at 1 260 ‘C or thermal exposure
at 1 100 C because of its solid solution or transformation to blocky MsC carbides which result in a deterioration of
the stress rupture properties of alloys at elevated temperature. Although tantalum is a beneficial element for increas-
ing the high temperature strength of superalloys, its content should be matched with the suitable Al content. There-
fore, the substitution of Ta for Al should follow the principle of equal atomic fraction. The alloy with the composi-

tion of Nr10Co~1. 5Cr-16W-2M o- INb-5AF4T a possesses the optimum properties.
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Table 1 Chemical compositions of alloys

Alloy

No. Content Cr Co W Mo Al Ti Nb Ta C B Zr Ni
Mass fraction/ % 1.31 9.63 16.22  2.13 5.96 1.13 0.95 0 0.10 0.024 0.097 Bal.

: Mole fraction/ % 1.50 10.00  5.40 1. 40 13. 60 1. 40 0. 60 0 0.50 0.14 0.07 Bal.
Mass fraction/ % 1. 47 9.84 16. 19 1.95 4.94 1. 07 1. 06 4.40 0.10 0.034 0.100 Bal.

2 Mole fraction/ % 1.80 10.70  5.60 1.30 11.70 1. 40 0.70 1. 60 0.50 0.20 0.07 Bal.
Mass fraction/ % 1.39 9.61 16. 00 1.99 4.99 1.05 1. 04 6. 69 0.10  0.049 0.098 Bal.

’ Mole fraction/ % 1.70 10.60  5.70 1.30 12. 00 1. 40 0.70 2.40 0.50 0.29 0.07 Bal.
Mass fraction/ % 1.26 9.48 14.77 1.99 6.00 1.03 1.15 4.18 0.11 0.031 0.098 Bal.

¢ Mole fraction/ % 1. 40 10.10  5.00 1.30 13.90 1. 40 0.70 1.50 0. 60 0.20 0.07 Bal.
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Fig. 1 Microstructures of as-cast alloys
(a) —Alloy 1; (b) —Alloy 2; (¢) —Alloy 3; (d) —Alloy 4
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Fig. 2 BSEI micrographs of as-cast alloys
(a) —Alloy 3; (b) —Alloy 4

®2 aW, Mo) M RENE 73 73 BT 46 R
Table 2 Composition of al W, Mo) phase by !

; ; = — (W, Mo)
EDX analysis (mole fraction, %) -—I\I\g%c
s
Alloy No. Ni Co Cr A\ Mo +— M5B,
3 1.9 0.4 0.7 87.1 9.9
4 6.3 1.6 0.9 78. 4 12.7
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), PTEARIARIBUR T W Mo IRIZRZTT B335 s FAIMOR A0 X LR ATA
EHLWA W Mo 5% B BAARE L ~a(W, Fig. 3 XRD pattern of extracted minor
Mo)+ ¥ 3&dh J B, 7 %845 K St i v A 1

phases in as-cast alloy 3
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Table 3 Relationship between amount of
(Al+ Ta), eutectic ¥ and
a(W, Mo) for different alloys

Alloy Mole fraction/ % Volume fraction/ %

No. A+ Ta Ti+ Nb W+ Mo Eutectic ¥ a(W, Mo)

1 13.6 2.0 6.8 7.2 0

2 13.3 2,1 6.9 7.4 0

3 14.4 2, 1 7.0 20.2 1.6

4 15.4 2, 1 6.3 22.8 0.6
ZoRa(W, Mo) A, X2 N4 RE a8 3L 5 ¥
WW%ﬁﬁawmﬁﬁUM§u@¢)ﬁ@@°
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Table 4 Chemical composition of eutectic ¥ in as-cast alloys

Alloy No. Content Ni Co Cr Al Ti W Mo Nb Ta
Mass fraction/ % 66. 20 9.37 1.33 7.18 0.99 11. 89 1.95 1.58 0
: Mole fraction/ % 66. 30 9.30 1.50 15. 60 1.20 3.80 1.20 1. 00 0
Mass fraction/ % 63.75 9.04 1.10 5.99 0.86 11.19 1.53 0.96 5.34
2 Mole fraction/ % 67.20 9.50 1.30 13.70 1.10 3.80 1. 00 0. 60 1. 80
Mass fraction/ % 61.60 8.39 0.83 6.87 0.96 10. 49 1..27 1.04 8.67
’ Mole fraction/ % 65.10 8.80 1. 00 15. 80 1.20 3.50 0. 80 0.70 3.00
Mass fraction/ % 69.5 8.80 0.77 5.06 1.88 7.81 1. 00 1. 00 3.82
! Mole fraction/ % 71.40 9.00 0.90 11.30 2.40 2. 60 0. 60 0.70 1.30

K4 21280 CREWAEARKNEE 3 5& KU
Fig. 4 BSEI micrographs of alloy 3 after

solidsolution heat treatments at 1 280 C for different time

(a) —20 min;

(b) —3h
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MeC HIR N, ZFERN EEHT o W, Mo) M7 R
M5 EET R NTTE . |5 finh 3 5684
1100 C, 500 h # & 5K WAL . WJLLES], o
+ VRS a AR AR SRS, (HEL 0. 49N fidk
TR R EMAEEE S H a i 4. 52 GPa BN
9.48 GPa. KR a #HK I [A] R 78 J5 R A &8
A MeC, FOARAFE affl, A% LEHAEN
MsC . 2K M6C FIEEFHTH B AR MeC 53
FHIE(R S5) .

BI5 21100 C, 500 h #4855 3 5 & &M BHMAN
Fig. 5 Microstructure of alloy 3 after
500 h thermal exposure at 1 100 C

FSHIHT 1280 °C, 3h [EWEALFR G HT H KB
AR Mo C FIERAZERIR o W, Mo) #HII RSy, [H 1
T 1100 C, 500 h #BFEEFR atd  FEZH MeC
WAL AT 1 IR MeC BRI 82y, IEWI AT
MC ALY W+ Mo BEH BIKT afH, mHA
BERER Ni. BARE S De s E & =, H4)
RINENE 5 AR MeC XBREW BT aMIX,
T a M 1) Mo C IS .

e W G SR A ST, & 1260 CHH
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FORFIAAR(E 5) - S FE&F afii 3 54 $ﬁ4
SHE4, FET Y WRIBREL M C 2 R 1 Bk
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Fig. 6 Stress-rupture life of as-cast alloys
under 1 100 C and 118 MPa

RS 35EELAFPEIE oW, Mo) M MeC IR
Table 5 Compositions of q W, Mo) and MsC after different

solid-solution heat treatments for alloy 3(mass fraction, %)

Condition Phase Al Ti Cr Co Ni Nb Mo W Ta
Blocky M¢C 0.56 0.34 1.34 5.62 15.86 1.89 7.23 57.39 9.76
1280 C, 3h

Spheric a phase 0.15 0.02 0.00 0.62 3.81 0.23 4.42 89. 96 0.83

Granular MsC 0.08 0. 06 1. 64 9.44 18.23 0.95 10. 30 57. 66 1. 60

Plate M6C 0.51 0.14 1.27 8.71 21. 80 0. 40 6.75 59. 31 1.59

1100 C, 500 h

Transformed MsC 0. 16 0. 07 1.54 9.28 15.36 0.00 6.11 68. 90 0.00

Residual a phase 0. 04 0.01 0.26

0.52 2.93 0. 00 6.13 88. 88 1.68
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