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Effect of Solution Temperature on Static Recrystallization
Behavior of High Quality GH4738 Alloy
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Abstract: The effects of different solid solution temperature on the recrystallization behavior of as-forged high-quality
GH4 738 superalloy were investigated by optical microscopy , field emission scanning electron microscopy (FE-SEM )
and mechanical property tests. The results indicate that complete static recrystallization occurs in the as-forged high-
quality GH4 738 superalloy during solid solution treatment at 1 040 “C. When the temperature is lower than 1040 °C,
the grain size changes slightly, while grain coarsening and poor uniformity occur when the temperature exceeds
1050 C. The primary vy’ phase not only pins grain boundaries to hinder grain boundary migration but also increases
deformation stored energy to promote recrystallization. Therefore , solution treatment near the primary y' phase solid
solution temperature (1040 “C) can induce complete static recrystallization and refine grains in high-quality GH4 738
alloy. However, when the holding time is too long (>4 h) or the solid solution temperature is too high (>1 050 ‘C),
a large amount of primary vy’ phase redissolves into the matrix, leading to rapid alloy grain growth. The alloy strength
first increases and then decreases with the rise of solid solution temperature , and the high-temperature creep life of
the alloy is significantly affected by the solid solution temperature.
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Table 1 chemical composition of high quality GH4738
alloy Y%
Cr Co Mo Al Ti Ni Mn Fe

19.14 1.34 442 1.46 24 P 0.0050  0.47

R2 MBRGHATIS A LMK EH
Table 2 Experimental conditions of high quality GH4738
alloy C
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Table 3 Grain size statistics after solid solution and aging at different temperatures

) G IR
miH

B 1010 1020 1030 1040 1050 1 060 1080
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Fig. 1  Changes in grain size and y 'phase after solid solution and aging at different temperatures : (a) forged, (b) 1010 °C, (¢)

1020 °C, (d) 1030 °C, (e) 1040 °C, (f) 1050 °C, (g) 1060 °C, (h) 1080 °C, (i) primary -y’ fraction and grain size with solid so-

lution temperature
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Fig. 2 Grain morphology of high quality GH4738 alloy : (a) forged grain, (b) local organization
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Fig. 3  Grain refinement due to recrystallization core growth
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Fig. 4 Morphology of vy’ phase near grain boundary of deformed elongated grain : (a) grain profile, (b) vy 'phase
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Fig. 5 Grain of experimental alloy at different solid solution temperatures :
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Fig. 6 Primary vy’ phase at grain boundary of experimental alloy at different solid solution temperatures :

1040 °C/1 h, (¢)1 040 C/4 h, (d)1 050 ‘C/4h



128 - RN 47 %
1400} (a) 2101 )
1300} SRR R B 1801
1200} 150}
= ERppEREE | < '
E_ 1100} N ﬁ:ﬂ; 120
% 1 000 | 535 TR LRI ;é ool
o00] 5% G R BE -
60 -
800 |
30t
700 - ¥
- . - : - 0
980 1000 1020 1040 1060 1080 980 1000 1020 1040 1060 1080
B IR B/ C [ R B/ C
B 7 AR EEX Bt GHAT38 & 4 o FE K f 5 AMERERO M 2 (a) BRI , (D) FF A FH 1

Fig. 7
strength, (b) creep life

L H S5 R 2%

2) T — Ry MR ETHL S A, AT i AT
B SUA B I AR it A7 Re A 1E P45 AR IRt
TE— Uy H B IR E (1040 °C) B 3T [ 375 4b 2 AT
DA O 5 GH4 738 A 4 & A 0 A5 45 i, d s 4

S% 3k

(1] BWIF, ZH T, kL6, % KRB GHA738 & 4445 5E 1)
JUE AT IR SIS T 21T ] e B2, 20, 44(6)
81-89.

[2] XuH, Yang SF, Wang E H, et al. Competitive oxidation behavior
of Ni-based superalloy GH4738 at extreme temperature [J]. Inter-
national Journal of Minerals, Metallurgy and Materials, 2024, 31
(1): 138-145.

[3] BERSE, A, BHOR, 4. GHAT38 G a Mok ]. b
[z, 2025, 35(3): 16-33+11.

(4] 2 X, sk&6, BAUK, 5. TR GHT38 & 4 A it Fi v
BOFESS AL [T ). JERIIESE-24, 2021, 33(6): 530-538.

[5] EWkEE, MDA, M#CE, 55, GHAT38 JHLIR IR M H] 46 vk 23
A X R A RL AL 2L 2 [0 ). vh A (6 Jm 2 i, 2024, 34
(12): 4016-4029.

(6] 4300k, ¥6 &, B, % B GH738 & & sl &
FRES R ) BT R & m MRS TR, 20, 51(1) -
183-189.

(7] EWRsH, WPQ, Ak, 55 . mER R GHA738 & 4 AR IE
170 SR AU )], A A (g Jm 7l 2025, 35(3)
903-917.

[8] % 3, W

B, O, L BB EIA O GHT38 &
Y SIES

REMIRZIA ()], BTS20, 2016, 28(11):

The effect of solid solution temperature on the tensile strength and creep life properties of high quality GH4738 : (a) tensile

P, AR 25 DR I E] a4 (>4 h) s 9 3 R O v
(>1 050 °C), th FRE— Uy M T A, & &
IHETB LTS SN

3 ) b o JRE I 9 O T ST e R R,
<& Rl 5 A A7 i 32 1 7 B R ) S

74-78.
(9] Z= W, & X, Hpioat, 5. e AT 85t GH738 & 4
I 2 ERE RS [T]. A RHAE B2 37, 2021, 42(7) -
65-71.
[10] REM, AU, &R, & b B GHT38 & 4
HA R Ty R Ry Zma ()], 4 J8 Bk B, 2021, 46(12) -
13-18.
Fmont, 2P, ihEoE , 5. RKBIRROS GHAT38 & 4 41
PERERISE I LT ], MOEHAL BE22 4, 2024, 45(9): 160-168.
B M, AL, AR, 4. [V EE 4 GHAT38 k4l 4L
SREEER M (], FRRER, 20, 29(1): 22-24.
[ 13] Lifshitz I M, Slyozov V V. The kinetics of precipitation from su-

[11

[

[12

[

persaturated solid solutions[J]. Journal of Physics and Chemistry
of Solids, 1961, 19(1-2): 35-50.

[14] Wendt H, Haasen P. Nucleation and growth of v’ -precipitates in
Ni-14 at. % Al[]]. Acta Metallurgica, 198, 31 (10) : 1649-
1659.

[15] REES) . fmar(M]. JLat: ma Tl b, 1989.

[16] BF5e, 008 . mila & IM] Jbat: 164 Tk i ik,
2000: 59.

[17] 855, M, RO, 55 . WA EXT GH4742 54 ) %
PERE By ARSI [T ], BORMITSE 248, 20, 37(7): 502-510.



