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Study on the microstructure evolution during hot
deformation of GH5188 superalloy
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Abstract: In this paper, the transformation law of microstructure evolution during multi-pass deforma-
tion and heat preservation was investigated by a Gleeble-3800 thermal simulation testing machine. A
hot working diagram was established at deformation rate 0.01—10 s, deformation amount 50%, and de-
formation temperature 980—1 230 °C. The effects of holding time after single-pass deformation on the
microstructure of double-pass deformation, holding time after double-pass deformation and holding
temperature on the microstructure evolution, and deformation and holding time after double-pass cool-
ing on the microstructure were discussed. The results show that the boundary conditions of the high
power dissipation zone in the hot working diagram are 1 050—1 175 °C, 0.01-0.1s ', and 1 200—1 225 C,
0.01-1 s ', respectively. The boundary conditions of the low power dissipation zone are 975—1 150 C,
0.01-10s ', and 1 150—1 225 °C, 0.1-10 s ', respectively. Too long holding time after the first deforma-
tion is not conducive to the second dynamic recrystallization. The recrystallization phenomenon oc-
curred after the double-pass deformation, and the grain size did not grow obviously with the increasing
holding time. In addition, with the second deformation temperature decrease, the proportion of recrystal-
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lization in the specimen decreases, and the lower the holding temperature, the less likely static recrystal-

lization occurs.

Key words: GH5188 superalloy, multi-pass deformation, thermal processing map, recrystallization,

heat preservation
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Table1 Chemical conposition of GH5188 superalloy bar %
C Cr Ni Co w Fe B La
0.078 21.023 21.447 R 13~16 0.497 0.002 9 <0.4
Mn Si P S Al Bi Pb Ti
0.837 0.430 0.007 0 <0.001 0.054 <0.001 <0.005 0.012
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Table 2 The strain rate sensitivity index m of GH5188 alloy under different deformation conditions

-
e’ 980 °C 1030 C 1080 C 1130 C 1180 C 1230 C
0.01 0.157 77 0.170 63 0.261 44 0.398 0.144 36 0.513 28
1 0.03578 0.058 18 0.033 82 0.048 66 0.162 38 0.068 07
5 0.043 56 0.064 79 0.060 49 0.112 01 0.099 37 0.160 33
10 0.054 95 0.074 96 0.088 93 0.168 88 0.061 17 0.239 61
TE GHS5188 A 478 W il 8 1 7% 15 i A 1l 1Y) W2t (9)F A (7)o, 755
ST 2 1 Tl AR HORCR 7 1 S (E A B R 28, 3t Sln(m/m + 1) 2c + 6allog, ¢

53] GHS5188 &4 28 11 50% 1) 3 RAEHA,

K1 R,

£@) Jlné

T m+ D)Inlo
(10



- 148 - ™ £ # 5K 2022 45 43 &

B m AHH AR (9) BRI ASIE 24 T 1Y E?*’JBEE’J”?EJ:Z%%‘J?;ﬁﬁ“ﬁifgﬁfﬂﬁﬂgéﬂﬁf/‘ﬁEHE%J‘L, it
AR R Fa JNPEAE, W3R 4. TEASTE IR B RN AR R 15931 GH5188 G4 & 50% FISFaE, & 2 s,

&3 GH5188 EEANFBHFH THREMERET &

Table3 The power dissipation efficiency factor 7 value of GH5188 alloy under different deformation conditions

el U
s 980 °C 1030 C 1080 C 1130 C 1180 C 1230 C
0.01 0.272 54 0.291 52 0.414 51 0.569 38 0.2523 0.678 37
1 0.069 09 0.109 96 0.065 43 0.092 8 0.279 39 0.127 46
5 0.083 48 0.1217 0.114 08 0.201 46 0.180 78 0.276 35
10 0.104 18 0.139 47 0.163 33 0.288 96 0.11529 0.386 59
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Table 4 Rheological instability criterion { value of GH5188 alloy under different deformation conditions

s’ E
980 C 1030 C 1080 C 1130 C 1180 C 1230 C
0.01 —0.055 77 —0.047 05 —0.056 63 —0.050 45 —0.000 74 —0.045 67
1 —0.038 44 —-0.023 14 —0.006 47 0.081 02 —0.064 42 0.104 18
5 0.03598 0.019 75 0.096 98 0.123 56 —0.149 83 0.121 58
10 0.050 94 0.0318 0.092 92 0.102 52 —0.280 07 0.097 96

2.2 FASEYRARTE Jo A T st T X LA Yk 78 T 2 4L i) WS E 4 ATLIEH, GHS188 A-4:1E 1 180 C
2] Y 40% JS AR GRET ], & 48 A4 T ANRIREEE
@l 4% GHS188 &4 7F 1180 C Lh 0.1s ' By ZhalSF4h i TR 758 ERIE h & S 4kSL k& 4
HRARTE 40% J&, AR GHR R B2l ZiSmaiih. iE 4(e), 4080 30 s J5 755 A
%ﬂ$lﬁlﬁyﬂﬂa‘lﬂiﬁﬁL4T%_ﬁﬁ\ 40% BTE I RARTERE, BRSO AR T S8 A4S s A 4(0), fRIR



55 5 1

60 s P RE AR B T RS8R M BLR ; B PR IELIN
] A, AN TAT 4(h), PRl 30 min J5RE S BE T
TEELHEL . X FEHUERMIXGE R AR S, K
Wt 2 — IE U PR o 8] A9 A 1, b RS i
RN, RS B UG B A5 AN A LB s
Ao X EEIE I T AR S A A M EEE AL
B, SRR R, ShA A AL S8 >, B LS
TIEWIVIIE R TP Eh S A S A A R, R,
S —IE UL PR N TR AN 2 T
R sh S Ak A .

— R
})29 \ 0.016@70[.9‘1
0sf \\0.,10 9.02
0.12 —0.060
or 0.07
Y os) 0.029
& —0.016
“10}
~0.060
-15)
~0.060
/
_2.0 1 1

1000 1050 1100 1150 1200
T/°C

El2 GH5188 A&HIFEE R 50% BTHYKIEE
Fig. 2 Instability diagram of GH5188 alloy at 50% strain
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(a) 1 180 C—40%—30s; (b) 1 180 C—40%—60 s; (c) 1 180 C—40%—15 min; (d) 1 180 C—40%—30 min; (¢) 1 180 C—40%—30 s—40%;
() 1 180 C—40%—60 s—40%; () 1 180 C—-40%—15 min—40%; (h) 1 180 C—~40%—-30 min—40%
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Fig. 4 The microstructure before and after deforming 40% in a single pass and then deforming 40% after different holding

times
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(a) 1 180 °C, 20%+5 min+1 180 “C, 40%- 0 min; (b) 1 180 °C, 20%+15 min+1 180 °C, 40%, 0 min;
(c) 1180 °C, 20%+30 min+1 180 “C, 40%- 0 min; (d) 1 180 “C, 20%+5 min+1 180 °C, 40%, 30 min;
(e) 1180 °C, 20%+15 min+1 180 °C, 40%- 30 min; (f) 1 180 °C, 20%+30 min+1 180 °C, 40%, 30 min;
(g) 1 180 °C, 40%+5 min+1 180 °C, 40%; 0 min; (h) 1 180 °C, 40%+15 min+1 180 °C, 40%; 0 min;

(i) 1 180 C, 40%+30 min+1 180 °C, 40%, 0 min; (j) 1 180 °C, 40%+5 min+1 180 “C, 40%, 60 min;
(k) 1 180 °C, 40%+15 min+1 180 °C, 40%; 60 min; (1) 1 180 °C, 40%+30 min+1 180 °C, 40%, 60 min

El5 TRMERERZFHEMERE 30 min F 60 min B ERELAR
Fig.5 The microstructure of different two-pass deformation conditions after deformation and holding for 30 min and
60 min
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(a) 1180 °C, 40%+15 min+1 180 “C, 40%, 0 min; (b) 1 180 C, 40%+15 min+1 180 °C, 40%, 5 min;
(c) 1180 °C, 40%+15 min+1 180 °C, 40%, 30 min; (d) 1 180 °C, 40%+15 min+1 180 °C, 40%, 60 min
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Fig. 6 The microstructure of different two-pass deformation conditions after deformation and holding for 30 min and

60 min
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(c) 1180 “C—40%+15 min+1 150 “C—40%—90 min; (d) 1 180 C—40%+15 min+1 150 “C—40%—120 min
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Fig. 7 The microstructure of 1 180 “C-40%+15 min+1 150 “C-40% double-pass deformation and heat preservation for a dif-

ferent times
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