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Mg<0.02, Ni &&.

HARNIBGERE LGS, BEE2HTHAS
ik, MARGEH . BAE, BAHE. AEHE
S FERAR R B KR <100 pm, A BRI 7R
120 pglg LA - #EEE K ] B2 K A (115040) °C, K 7)
(15045) MPa, [ =4 h. HIP J5FE 595 )9 A3-HIP.
PIRAREF R G W, a4 1130 C (45
A3-HEX-1130) 11150 ‘C (45 : A3-HEX-1150) 2
FRANERREESY 2 PORESHF R L8 4.5, Ff RE %
40~50 mm/s.

PIBLHIP &, 1130 CHf&. 1150 CHf Ik 3 MpA
AR 745 1 4 FH B i A1 Gleeble #4J% 45 S2 36K 5 . Gleeble
R GRS R VD EN I B 7 ) EOM RE, R T
BN TR <) @8 mm X 12 mm B 4E 7 .

L 4 2307 Gleeble3180 LRI I 4T .
IR RS, RAHBEMA, n#uEs 5 Cls,
TS PRI 2 mino i Sk FRE S 8] i 28 V0 70 RE A s A
T I R B AEAE b ) FR A SE I O SR BE . R 4 58 R
J& 70 ARG A HRE G R

FI 26 A6 W7 15 HIOR A7 5 R 3k (electron backsca-
ttered diffraction, EBSD) 714 Hi T & 48 (scanning
electron microscopy, SEM)(%5 CARL_ZEISS _EVO-
MA25). &AHEMEMEE HIP &5, 1130 CHEZ.
1150 CHEZ . HIELE 5 RS Al ' Sk 54
ZUE R . %18 GB/T 6394-2002 (4 )& 114 ki i I 5
1), R FHERILIN B SR o 45 R 45 52 56 R 2 41
SIRTEE R, BRI HTAS [FDIR A5 X B i 4 4 78 T2 F 4
S b 1) 5 I R

2 HREHR

2.1 FRIFRHHLELR
MEE WZ-A3 # KL 3 MAFERRES I B2,
Bl 1 Frn. B la. 1d 25 WZ-A3 #1 K HIP 25 254
21, BRI 4> PPB FIFHK o/, MKy RSHEE 2 um
DLW, AT anAmEst. B b, 1c MR 1150 C
(A3-HEX-1150) A1 1130 ‘C (A3-HEX-1130) ¥ /&5
B4, B 1b v 1150 C H % 5 A b bk R

K1 AFRE WZ-A3 HZL: A3-HIP. A3-HEX-1150. A3-HEX-1130
Fig.1 Microstructures of WZ-A3 under different conditions: (a, d) A3-HIP, (b, e) A3-HEX-1150, and (c, f) A3-HEX-1130
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Fig.2 True stress-strain curves of A3-HIP samples obtained at different strain rates and deformation temperature of 1050 ‘C (a), 1080 ‘C (b),
1110 'C (c), and 1150 C (d)
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Fig.3 True stress-strain curves of A3-HEX-1150 samples obtained at different strain rates and deformation temperature of 1000 C (a),

1050 C (b), and 1100 C (c)
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Fig.4 True stress-strain curves of A3-HEX-1130 samples obtained at different strain rates and deformation temperature of 1000 C (a),
1050 'C (b), 1100 ‘C (c), and 1150 C (d)
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Fig.5 True stress-strain curves of the three samples obtained under different deformation conditions of 1050 °C, 0.001 s (a); 1050 C,
0.01 s (b); 1100 “C/1110 C, 0.001 s (c); 1100 “C/1110 ‘C, 0.01 s (d); 1150 °C, 0.001 s (e); 1150 °C, 0.01 s* (f)
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Table 1 Parameters of peak stress constitutive equation
under different conditions
Condition a n A Q/kJ mol™
A3-HIP 0.0067  3.40 6.78X10% 861
A3-HEX-1150 0.0042 2.75 5.37x10% 858
A3-HEX-1130 0.0127 1.59 1.10x 10 489

A UT20Li A 4 A8 B F7 3 5530 B 690 kd/mol™,
A3-HIP &4 3% e N 861 kd/mol =T FGH98 & 4:,
KT FGH4096 & 4. A3-HEX-1150 I A3-HEX-1130
FE b B0 RE 43 1) v 858 AT 489 kd/mol

G TR, A3-HEX-1130 & G UEAE N S8, 5
Fam. WK 1 R, 3 PRk R X 52
B RSE o SCER[A5]H, TR E AR TR T . B R
I, I 5 5 i IS A R DA A R 7 Bl ) G R RS 1 ik
ANTIR /N o 0GR R ST IR /S, T 485 o T REE A0, T 2
I REANAEE T B |
2.3 RIEHERER

A3-HIP AR 5 #E SO H LK 6 frow .
1050 C AN IRl B AR 2 T, FE AT A7 TR JE R 4 41
1050 C, 0.001 s*fEHL T, WELR|H 4 PPB L. &
BARERET, MBERHARKETEDEHE L, W
B 2R, 545 mEEH . 1080 CA TR, 1
RN AF T (0.01 A1 0.001 s, HHLEES 45 5,
(EARSRAEAE R4y IR UG 204 . 1110 Ci i % (1s)
AR TR K o0 SRR dfokl Kk AE 45 . 1110 °C, 0.001 s
A LS i 7e 5o 1150 CAS [A] B AR 3K AR LA
RETEAHEE . KRR T (0.001s HILRF
Wk K.

BE# 1050 CARIRAZTE AT, A3-HIP {FE 47 H
KR HEFLE B L PPB AL, T8 K & 1 0 5 A 4
MEMCRHRRTE, B2 TR B E, &R
A5 A ST, TR T BT A /) T 4
AR IR ZY, R & L TN E M, W 6.
P4 b A% B S RLTE N BE IR BN T, ] W A B v
M7 A IER, RS VAR R AR T X 38, RSP KR
W, T4 A 0 B R T v R RN T,
&5 i I 7 N % B 5 AR T Ui RM R ) R AR RS K
IR T R T F RS NES DI Y VA= i AN T E T AN o A
(o T gk A7 I JE T AT H A AT L A 2 A B
1050 ‘C. 1080 C, 1s™. 0.1 s'ZHMF, A3-HIP F4h
i R R IRB AR, Wl 6 RIPE 2, AR 77l
LRINIEBNEA WG 5, BMEZR T, (2455
BALBCRAE &, RAZM 0.1 F) 0.3, NS R

BEEZ TR E TR, SRR S, EAs
b A ST RS RE U, AHIRI N AR TR AR, S A AR R

&L, 1150 CH, SRAGAH » I fif 2k 55 44 1) Lol &5
Pem, GEMILEEE T, VAR AR R K
AR BRAR . 1150 C, 0.001 s inF, BRI Gk KoK
() o AR, ARRLROR, A B KR SR
i 2d i, VRN E AR (29 30 MPa), il AR
EF 0.7 B HBU/NEIE N, 5784 F G A AR 4k AR
¥, M IREEA K.

A3-HEX-1150 1 FE AR T Jo FF i O R A ] 7
fizm. 5B 1b #tk, B 7 7, 1000 F1 1050 C A4
%, 0.01 F10.1 s NAFH R, FFERBLALN, H
Eo T b i, ERLAS TR A R STOIR A8 TE 2H 23 A b S B
U H BN NS S X, SRR . 0.001 s,
b I B, (R BT A TR K B A /N P 4 X
s IR 78 55 . 1100 CHARTEE TN, 5 H I 45
A4, 0.1 s i A A REA AT L. 1100 CET
YA MRIRE, K&E oA BLAS 4 5 R K
K, BEEEE SRR S48, 0.001 s MAEZKMET,
GRSy, AT WD ER 4 JRAE kL. 0.001 s AR
TR ERNS, EAHFA TSRS LT, 4 il ik
ITHBCNFE Sy . 4548 3a. 3b o, 1000 A1 1050 C %
IR T, AL Ly Bl AR AT AE DR /N, P45
BALI . 1100 °C, 0.001 s™ I, F&45 & AL AN R AR 1
POAE FLHGTHE P AT, FR SRR

A3-HEX-1130 X Ff AT J5 5 7E 1100 C .
1150 “C A1 0.01 s™. 0.001 s™ % 488 R 4 1~ R n 1
8 ffizn. K 8a. 8bH, 1100 CAZILAREE KEHI K ',
AR RHE, SRRSTN, RWES SR &
I i S AL s A AR "B P8 A (il 1), 1100 °C
W, R FEA T 5], TR a5 A S B
o in kL, HAR AT RET, 2R KER ARG
yETAL, a2, R4/, wE 8a. 8b. &
4c, B PALEALAE RAR 0.1~0.7 T Bl N FF 42717, 5
By L LAY S R GH N R O

Kl 8c.8d 1, 1150 CARTEAE il K 4y DV A
R o 9% 2306 T 45 & 5 0 N 67 85 02 3l IR £ T L 1E
H, A o AR R i A, B b R 2. 45
HE Ad, WEE RN BUL, AT S, 3EN IR
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Fig.6 Microstructures of A3-HIP samples under different deformation conditions
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Fig.7 Microstructures of A3-HEX-1150 samples under different deformation conditions
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Thermal Deformation Behavior of Novel Ni-Based PM
Superalloy Under Different Initial Conditions

Yang Jinlong***, Ma Xiangdong?, Li Yuan? Xiao Lei?, Guo Jianzheng"?
(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)
(2. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(3. Shenzhen-Shantou Special Cooperation Zone Wedge Precision Technology Co., Ltd, Shenzhen 518000, China)

Abstract: The microstructure, thermal deformation behavior and microstructure evolution during the thermal deformation of novel
Ni-based powder metallurgy (PM) superalloy under different initial conditions (1150 °C hot isostatic pressing, 1150 °C hot isostatic
pressing + 1150 °C hot extrusion, 1150 °C hot isostatic pressing + 1130 °C hot extrusion) were investigated by scanning electron
microscope (SEM), optical microscope (OM), Gleeble thermal compression testing machine, and electron backscatter diffractive (EBSD).
The results show that the previous particle boundaries (PPBs) and coarse y’ still remain in the HIP samples and the PPBs disappear in the
1130 and 1150 °C hot extrusion samples, which are equiaxed grains. During the thermal deformation process, the work
hardening-recrystallization softening phenomenon is observed in these three samples under different conditions. The thermal deformation
activation energies of peak stress are 861, 858 and 489 kJ/mol, respectively. The deformation temperature has an obvious effect on the
deformation microstructure of the samples. The abnormal grain growth appears in both the hot isostatic pressing and hot isostatic pressing
+ 1130 °C hot extruded samples under the condition of 1150 °C, 0.001 st Compared with the other two conditions, the sample of 1150 °C
hot isostatic pressing + 1130 °C hot extrusion shows the best deformation behavior.

Key words: Ni-Based PM superalloy; microstructure; thermal deformation behavior
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