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Table 1 Chemical composition of experiment alloys (w/%)

C Si Mn Cr Ni B W Fe Co

0.10 0.33 0.66 20.71 2559 0.005 13.73 157 Bal.
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A= FE A 4 mm FAELAHR 0.5 mm A EL T (5L
TZ 29%) Mo Hl4id 1080 CiE-k. 1100 CiBk.
1080 ‘CiB-k+1170 ‘CS ¥ . 1230 CiB‘kff1 0.5 mm
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GG TP A BT T AS [R) R KT B T 74 LA H 21
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Fig.1 Images of longitudinal section of as-cast GH5188 ingots at

center: (@) OM dendrite morphology and (b) SEM

microstructure
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Table 2 Chemical composition of precipitate phases in GH5188
ingots (w/%)

Phase C Si Cr Fe Co Ni w

MeC 449 0 3201 050 1552 7.23 39.85

M2sCs 127 0 6859 0.65 10.64 584 12.87
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Table 3 Dendritic and interdendritic chemical composition of

as-cast microstructure (w/%)

C Cr Mn Fe Co Ni w

Dendrite  1.48 16.89 0.14 1.41 38.13 29.74 12.19

Interdendrite 1.73 19.76 0.38 157 34.95 28.36 13.25
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Fig.2 Equilibrium phase diagram of GH5188 alloys (a) and its

partial magnification (b)

TS y H—RHTH. REREE R 1265 CHY,
Ma3Co AH + y AHAN MeC AH [FIBS #T HH o 2 BB ALY BT Hi T
FERAR, 8 R AP LA AR o AR B %,
HrRefFEE DLl 4 3b 4l T GH5188 &
S LW R O R R, FTRLE R, Cr fil w
JCERNIEmTGER, FEEREMA G ESE: W Ni
RN R, FEEMEME ST EE. i
R FAIHT I B T E AT 3L, 5 Thermo-Calc
B A R & . Rk, el & GH5188 & 4113
SIA AL R ) BT, BOZE AHE R A4S Ni, Cr
W T F AT 1)

213 HBEILIZHRE

T T 1540 6 5 ST E] t 2[R {95 R AR ik U

Crox —Ciin 4n’

Co Co =exp(——7 DY )
HKHs Coaxs Crnin 70 B RIS E I S AL AL B 5 {7 70 R
) e et IR L M B IR VR B 5 D i T 78 R I B R £ L
DA A TR, B o B A R — A o il ) B

0 n I
0.0 0.2 0.4 0.6 0.8 1.0
Mass Fraction of Liquid/%

P13 GH5188 & 4k 117 it [ % 1% 15 76 % F o e e
Fig.3 Calculated results of solidification path (a) and element

redistribution (b) during solidification process
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Fig.4 Theoretical relationship between the segregation index of

Cr (0) in GH5188 and the homogenization time period at

different temperatures
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Fig.5 Dendrite morphologies of GH5188 alloy after homogenization for 10 h at various temperatures: (a) 1140 <C, (b) 1180 <C, and

(c) 1220 T
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Fig.6 Dendrite morphologies of GH5188 alloy after homogenization at 1200 <C for different time: (a) 10 h, (b) 20 h, and (c) 30 h
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Table 4 Segregation coefficient (K) and segregation index (J) of

Cr after homogenization at 1200 “C for different time

Holding time/h Dendrite/% Interdendrite/% K 0
10 22.15 22.69 1.02 0.21
20 21.26 21.45 1.01 0.07

30 21.46 21.14 0.97 -0.12
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Fig.8 Hot-rolled microstructures of GH5188 alloy: (a) OM image, (b) SEM image, (c) EDS spectrum of massive phase, and (d) EDS

spectrum of fine platelet phase on grain boundaries
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Fig.9 Cold-rolled microstructures of GH5188: (a) OM image
and (b) SEM image
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Fig.10 Microstructures of OM (a~c) and SEM (d~f) for cold-rolled GH5188 at various annealing temperatures: (a, d) 1080 <C, (b, e)
annealing at 1080 <C and gas quenching at 1170 <C, and (c, f) 1230 <C
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Microstructure Characteristics and Microstructure Evolution during Hot and Cold
Working Process of GH5188 Superalloy

Gao Yawei', Dong Jianxin', Yao Zhihao', Zhang Maicang®, Niu Yongji?
(1. University of Science and Technology Beijing, Beijing 100083, China)
(2. Beijing Beiye Functional Materials Corporation, Beijing 100192, China)

Abstract: In order to provide theoretical guidance for production process control and products performance optimization, the
microstructure evolution and heat treatment in the production process of GH5188 cobalt-base superalloy were investigated by SEM, EDS
and Thermo-Calc software. The result indicates that the main phases of GH5188 alloy include y, MsC and Mj3Cs. The 1200 <C/20 h
homogenization could reduce segregation of as-cast microstructure. Hot-rolled microstructure has a fine grain size, and a large number of
aligned carbides precipitating along the rolling direction. In the cold-rolled microstructure with serious grain deformation, granular MeC is
found to be the predominant phase. When the annealing temperature is higher than 1170 <C, secondary carbides at the grain boundaries
dissolve back into y and recrystallized grain can grow in normal way.

Key words: GH5188; microstructure characteristics; microstructure evolution; heat treatment process
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