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X} 2 B e AR AT T AR A AL B (1121 °C/2 h,
843 ‘C/8 h), JpWIAEREAFI AL FRAS (R4 B AR
FE, AT IOGJE th (R 50 g CsHeO3+30 g
HNOz+2 mL HF). &I Nikon MMA400 4+l & s s &
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%#1 GTDL1 K WZ-D2 A& B XS
Table 1 Nominal composition of GTD111 and WZ-D2 alloys (/%)

Alloy Co Cr Al Ti Ta Nb W Mo C B Zr Ni

GTD111 9.5 140 3.0 49 28 0 38 15 0.1 0.015 0.04 Bal.

WZz-D2 9.5 14.0 45 2.3 4.7 1.0 4.0 1.5 0.095 0.008 0.05 Bal.
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Fig.1 Schematic of rupture specimen
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Fig.2 Eutectic microstructures of GTD111 (a, ¢) and WZ-D2 (b, d) alloys under directional solidification (DS) (a, b) and heat treatment (HT) (c, d)

condition
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Fig.5 Microstructures of the y' phase of GTD111 (a, c) and WZ-D2 (b, d) alloys under DS (a, b) and HT (c, d) condition



%7

FEEHEAE: 8 AR iR & S SR AN R AR RE AT RE I

* 2571 -

Y AN WZ-D2 15 A B R .

T RIE yMHEFRSSEES y MBS E R
W 2. Xy e BRIEG T WK 3. HEI M, 25
BEWIIREF. L. BREMEARKR, 1 FR ¥
e 1.41. K8 s GTD111 ' AHfY FR &b FIX ]
1.2~1.4, ZX[E) 5 KT 65%; WZ-D2 1 A FR 4
T IX A 1.35~1.6, FR=1.41 ML ' b B e T
GTD111, i8] WZ-D2 1y y' B3R L T FEE R, 5K 5
MEBIMALHM . XEEE 2 MELSWRYE
FRBEEE 6 AFEAK, o 8K, LT,
YIS T A AR RERI S BEZ (IS5 4, 2 0 ]
ANEF, FRRE ST, SRS pfy WA S AR R
o, BRIEMILCRTA SN, yAHE TR 4 6 KT,
RIARRE 5 35, TH<001>77 [ B A ARSI &,y AH
KK, @T s, 444 W, Co. Cr. Mo fi
Br Ty M, Al Ti. Ta & Nb fi#r T y4HES2, H Ta
HMINb 5 Ni (455 H18E, % & Ta M Nb I, W E
e ALFTTi, Sy A dis 5 B8 O, RT3 R St A A TG 2

550
500
450
£
£ 400}
N
@ 350}
ES
300}
250

200

GTD111

WZz-D2

Alloy

K6 HAEIRZS 2 Fhé ey MR

Fig.6 Size of y' phase of the two alloys under heat treatment

condition
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Fig.7 Area fractions of y' phase of the two alloys under heat

treatment condition
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Table 2 Relationship between y' phase morphology and morpho-

logy parameters

Parameter Spherical Cube
Shape factor 1 0.79
Aspect ratio 1 1
Compactness 47(=12.566) 16

Feret ratio 1 1.41
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Table 3 Values of morphology parameter of y' phase of the two

alloys under heat treatment condition

Alloy ?hape Aspgct Compactness  Feret ratio
actor ratio
GTD111 0.7740.05 0.8440.09 16.31+#1.19  1.3440.12
Wz-D2  0.7740.05 0.80#0.12  16.45+1.03  1.5540.19
70
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Fig.8 Feret ratio frequency of GTD111 (a) and WZ-D2 (b) alloys
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Fig.9 Microstructures of carbides in the two alloys after heat treatment: (a, b) GTD111 and (c, d) WZ-D2
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Fig.10 Diagrams of the two alloys calculated by JmatPro: (a;~as) GTD111 and (b;~bs) WZ-D2
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Table 4 EDS results of bright white carbide in GTD111 after
heat treatment in Fig.9b

%6 [E9d REHRERLIZR WZ-D2 P RE &Y EDS 247
HR
Table 6 EDS results of bright white carbide in WZ-D2 after heat
treatment in Fig.9d

Element C Ti Cr Co Ni Mo Ta W

Element C Ti Cr Co Ni Nb Ta

/% 1268 2442 6.14 331 1599 195 282 458

at% 46.68 2254 522 248 1204 09 6.89 110

l% 1347 953 357 207 944 3070 31.22

at% 5371 954 329 168 770 1583 8.26

x5 9b REFREHLE GTDI1L HiRREIRLYA EDS
TR
Table 5 EDS results of grey carbide in GTD111 after heat
treatment in Fig.9b

Element C Ti Cr Co Ni Mo W
wl% 7797 209 5124 211 394 1749 1537
at% 3162 214 4820 175 328 892 4.09
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Table 7 Stress rupture property of the two alloys at different stresses and temperatures

Alloy Temperature/'C Stress/MPa Life/h Elongation/% Area reduction/%
GTD111 1000 135 148 26 56
GTD111 980 190 56 33 61
GTD111 980 190 59 29 58
GTD111 980 230 16 27 59
GTD111 900 320 73 24 48
GTD111 816 483 188 24 43

Wz-D2 1000 135 499 19 68
Wz-D2 980 190 106 30 60
Wz-D2 980 190 110 26 57
Wz-D2 980 230 27 19 58
Wz-D2 900 320 67 10 32
Wz-D2 816 483 36 4 9

400 pm

Bl 11 2 Fif4:7E 980 "C/190 MPa i3 45 1 T I RF AT LS
Fig.11 Stress rupture fracture morphologies of the two alloys at 980 “C/190 MPa: (a, ¢) GTD111 and (b, d) WZ-D2
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Effects of Microstructural Evolution of Directionally Solidified
Superalloy on Stress Rupture Property

Cui Jinyan, Zhang Jianting, Yao Jian
(Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)

Abstract: The microstructural evolution including y' phase, carbide and topologically close-packed (TCP) phase of GTD111 and designed alloy
WZ-D2 were researched in directional solidification condition, heat treatment condition and ruptured at 980 °C/190 MPa condition. The effects of
these microstructural evolution on stress rupture property were also studied. The results show that the sizes and volume fractions of eutectic phase
in WZ-D2 are both significantly less than those in GTD111. The y' phase area fraction of WZ-D2 is apparently more than that of GTD111 after heat
treatment, and the y' phase cubic degree of WZ-D2 is slightly higher than that of GTD111. The morphology of MC carbides in GTD111 is mostly
presented as Chinese characters and is more unstable. The stress rupture life of GTD111 are obviously shorter than that of WZ-D2 when the work
temperature is above 900 °C, which is closely related to the difference in quantity and size of eutectic phase, the morphology and decomposition of
MC carbide, and the evolution of y' phase in the two alloys.
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