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Table 1 Nominal chemical composition of FGH4113A PM superalloy (/%)

Co Cr Mo w Al

Ti Nb Ta Hf Ni

18.5-19.5 12.5-13.5 3.7-4.2 3.75-4.25 2.8-3.2

3.5-3.9 1.1-1.3 0.9-1.1 0.17-0.23 Bal.
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Table 2 Parameters of hot compression experiments

Parameter Temperature/C Strain rate/s™ Nominal strain
1 1070, 1100, 1130 0.01,0.1,1 50% (true strain 0.7)
2 1100 0.1 10%, 26%, 40% (true strain 0.1, 0.3, 0.5)
3 1160 0.1 50%
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Fig.1 Microstructures of as-HIPed FGH4113A superalloy: (a) OM image, (b) morphology of y' phase, (c) IPF, and (d) KAM
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Fig.2 True stress-true strain curve of FGH4113A superalloy

under deformation condition of 1100 °C, 0.1 s*

SR A, X 1100 °C-0.1 s 4644 T 4 #3801,
0.3. 0.5, 0.7) MMERHL AT T A 54T

3 N FGH4113A & 41 1100 C-0.1 s &/FA
[Fl A8 R ) EBSD A4 Mg R (ki ELn Bl Fii 4
i B DL R R A 22 D o M EN AR N 0.1 1, M IPF
BIA] DU H AR ok v A R4 7 ik, IF BL7E &
F BT R B2 /N 1) B0 75 T 45 i R o 85 AR R RT3
Ao ST B PG SRR $ g it 4 R A B 4 B o LN
Bk 0.1 B, B S ECN 10.7%, P

KRS 7.8 pme MENAEIE KRS 0.3 0, &3
AE4 RSN ESREZ, SR FELS R ERSH0E
#53.4%, “FIHERT RN 5.5 ume 2 H N AR 4k SR
KZE 0.5 I, ZhAHLEMEERE DR, a4
AR N GRVS AT Y A I S FTE AN RS B AT
AL AR BN 62.1%., BEFE RARHE— D8
0.7, AEMEEHE MRS, BIELTY R
b O 58 A TH B, BRI 3025 P 45 S AR AR 4 B0k B 74.3%,
SR ERRLR T A 3.1 pme CARRLEE 13.4 48D, EEAIAG #4
SR A TRR ST 40 6.9 pmo B ERTRT, BB 4
I TR 1 30 2 P45 b IR 4H 40 bR A 0.1~0.5 3%
N IPF BT RUR I, SRR A LA TR
k= TR URRE DR AR TR o J L 60, 5 55 2 /N (1) Bl 4 T 45
froRE, DR RT DI FGHA113A & & R E M3 F 4
mm ML A A IE L3 & 45 & (discontinuous dynamic
recrystallization, DDRX) . DDRX MLl 47 1E B &/ &
AR KR 2 MR, —RESE . KE
FEREMI & B AR I, & 5t 2 DDRX HLI 32
(A% gy B8,

Sy 1 1) B 1) 22 W DA AA B AR ) RS 38 28 AR TR A
B, B Z2 AR A BT AL A HEA R B0, B 22 K/
AT CiRAL A= F 0 N N W N s
1) KAM R LU, R HC1a) 22 K 30 Ar 3 A S b
TIRAE AokL b, JUIH R TR A db ok 1) di SR A, JF HLBE



.+ 226 - WA S REMES T2 4553 %

IPF Recrystallized KAM

£=0.1
£=0.3
o
§=]
8
]
f
§=]
[%2]
Ff
S
£=0.5 g
O
e=0.7
v

"{' th S %

4 B4

I Recrystallized 0° mmm - 5°
Substructured
50 um
I Deformed

001 101

3 FGH4113A &4 7E 1100 °C-0.1 s 45 {1 AN [F] Ri 42 F 1) EBSD 2H 2143 #7 45 5

Fig.3 EBSD microstructure analysis results of FGH4113A alloy at different strains under temperature of 1100 °C and strain rate of 0.1 s
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Fig.5 Morphologies of y' phase under different strains: (a) soaking at 1100 ‘C for 3 min only, (b) 0.1, (c) 0.3, (d) 0.5, and (e) 0.7;

(f) volume fraction of y' phase
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Fig.7 EBSD microstructure analysis results of FGH4113A alloy at different temperatures under strain rate of 0.1 s™ and deformation of 50%
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Fig.9 Morphologies of y' phase at different temperatures: (a) 1070 “C, (b) 1100 °C, (c) 1130 C, and (d) 1160 °C; (e) volume fraction of y' phase
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Effect of Deformation Parameters on Microstructure Evolution of
FGH4113A Powder Metallurgy Superalloy

He Yingjie®, Ma Xiangdong®, Li Yuan', Xiao Lei, Yang Jinlong>**, Guo Jianzheng'?, Feng Ganjiang"?
(1. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(2. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)
(3. Shenzhen Wedge Aviation Technology Co., Ltd, Shenzhen 518000, China)

Abstract: Through a series of hot compression tests on a novel powder metallurgy superalloy FGH4113A (WZ-A3), the effects of
deformation temperature, strain rate and strain on the microstructure evolution were investigated. The results demonstrate that when the
temperature is 1100 °C, the strain rate is 0.1 s™ and the true strain is between 0.1 and 0.7, the increase in strain is beneficial to promoting
dynamic recrystallization and grain refinement. With the increase in strain, the volume fraction of y' phase first decreases, then increases, and
eventually remains stable. The morphology of y' phase gradually becomes spherical during the thermal deformation process. Under the
conditions of temperature 1100 °C, deformation 50% and strain rate of 0.01-1 s™, the increase in strain rate can improve the degree of dynamic
recrystallization and refine the grains. With the increase in strain rate from 0.01-0.1 s to 1 s™%, the adiabatic temperature rises and dislocation
slip intensifies, reducing the volume fraction of y' phase by about 2%. When the strain rate is 0.1 s™ and the deformation is 50%, the increase
in deformation temperature can promote dynamic recrystallization and grain growth in the temperature range of 1070-1160 °C. With the
deformation temperature rising to 1130 °C, a large quantity of y' phase has dissolved, the ability to pin the grain boundary has been
significantly weakened, and the average grain size has increased to 12.1 um. At the deformation temperature of 1100 °C, strain rate of 1s™ and
deformation of 50%, fine and uniform y+y’ dual-phase structure with the grain size above ASTM 12 can be obtained.

Key words: powder metallurgy superalloy; hot deformation; y’ phase; dynamic recrystallization; grain size
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