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T Gleeble L AR BAIRTE, AT FLALTLR LA R ASH A0 — Flr L 55 3 URE M Rl & & WZ-A3 FTEDS

WREAE AR TR B 1040~1130 °C, BiA8iE & 0.0025~0.01 s 451 FIRIE A TAT N, W 7 &S ERRRIEH 4T W
R R) B BRI . SRR WZ-A3 &4 H R MR7E 1070~1100 CiREVE R, 0.005~0.01 s™ % 38 # V5 Fl
IIEGATE JG 0] LSRR 4 um A SN2 p+y RMOUH A A, S AR IR SR KB R . MR35 DL sk

I R4 T 2 FE AR 190 mm & 115 mm ) RBBR G A

A E WZ-A3 & &R EREE L 2R T S H K.
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BRI R 1y B 4R I 2 R B AL e e i e i
MEEME, Calh T =Ra&MEE. Bl 3/
BRI R i G 4 i e B 1) 2 R R T In) A2 B A WL
PEREIR R, R MR T E & N REFHE
Chot isostatic pressing, HIP) + #$%J% C(hot extrusion,
HEX) + ZEiR#%i& Cisothermal forging, IF) + XU EHE 4L
I AbHE (dual microstructure heat treatment, DMHT).
EERR R S BRI K, AE = 1A N AR T 3R
BRATE, AR T AR R % RO R 46 8 R
i1 #L (prior particle boundaries, PPB), ki f2 25 40
1, HIBVEERIH R . BAA MR NEETREE
T S IR RO R SRS BN TR AR R . AR
RS P AR R SR, SRR — IRTEAR T AV R
R F#1T, &G4 DMHT #AbHE, {f 420k 3
6~8 UM AL, B miGEA R R P
B MRRF 10~12 g fh 4, B Sdhihn s
M R A 9% 95 1k g,

N T EE DMHT SRR REimFe i, BRI G
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AR K SR A SE RN T, KAWL &
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SHEURR, T RERIA Y, SIS SN

fs HEA: 2021-04-12

5L, JR AT R H I IEE S, HARAE B A R OR
(abnormal grain growth, AGG), X Fft [ 1R i i Ji5
SR IRAE PR SE AT B, R R AE I B B Ak 3 A
AGG &t Kk, BRAREL LA A A a] ek,
DR S F 9 4 11 80 448 1 o A 5 8 A 1) e AR #im T
TR 24 B G B SEPRE L.
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SEIG A WZ-A3 | yiRfL ALY 50% (BE 7
B, y' e MG 4 1150 C, H R EA R W
* 1. WZ-A3 &M & RN : BB (VIM)
WG4, RAFHERSEEmAK, &g, 3%
AE, HEMA, WEFHEREERE T, AASH
78 AP IR T 200 A B R B 5 I B4R 125 mm, K
FEY) 1.8 m IR, WK 1 REE. HIP S5 8MNE
WAL 2 s, P &R 10~20 pm, KR
FORFNBOIR y WS A, A/NBUREIR ' A 72 SR
/0% PPB, LHRMAMAL. FIESEEMERMA
LN EEMEALE B, C, D, EZRIERE (K 1.
Bl 3 NhiE B, OB, “FAT THE T M AR AMA L.
HE 3a fin, S ELREPES SRS, Bak
B PPB, WA SR MLk . AEFIEE
TV R ERRE K i R 5 4 P 45 i I RST 2 4 pme 1948/
S ARE, BRI WA 3b T LLE B R
S 13 um B2k BUIR p' o A e d B, SN R BORL
R RST By MR EC AT AE SN, U EE p A
FEBS Mok 72 i 19 B Ak, T Yy A RS AR
AR B3y FEA p RS RGE . 4i/ 35 5] 1 23
MR, — IR p+y B E 421 (microduplex
structure) M3, WRAE R, LL oy A 1 B GRAL ML) 1
BREER R i & SRR T AH 58 4 T AR P AT $4AR
e, SRy oy 2 R R, 2R
AT, y MREZNASFEES &, BRI  AH &R DL AR
AT ML 7 X (strain induced boundary
migration, SIBMI1) ¢ o7 4 5 B v 1) 8 B 9 T 4%
T TG I3 38 1 T 45 o ok . [RIAN, FE AR it FE
BUK BRI BE Ay E B TR ROG &R Al Ti s

BN B AR, 7E AT 2 FLAT I X AT Y, T R
SPRORH) yAE, X FRAE A B R B AT W A
ISR HOR LA, B & TE Ry FIgR A A R
FHZEAS K BN S 412 . SRR R H I PR ik 1 2
TN il A 2R dfoRE R AT LA £ 1.2~6.8 um, B A
IR BB, AT DL RO T AR v AR B )
BRARDTO), whot A SO AR &S ERT
HH B R P AR TEAT N, AR R R B4 dhsh )
2. RS B A R fae e, AAH
BB S L bR A L.

WZ-A3 5 [k & & & 1 3 8 J8 47 8 BF 7 R
Gleeble-3180% FAML RIS WL AT o AFF e e 1 Hp o0 350
AL HCHA R e BEPLARE, 7R8I 21040, 1070, 1100,
1130 'C, MAR#EZ 4y 51°40.01. 0.005. 0.0025 s 4 {F
TNRHAT RS . ARG R NP8 mm><12 mm,
BT T M B AR R ], AR )0.9 (MR TE R
60%), MN#AEZE K10 Cls, LRENS A3 min, AEHIJ7
F{REE

TG 25 G TE R L R i B T s A, 12
AMAFEBI R KRG BRI YR 2 554,
a3 93 FH T #8451 25 423 43 A 0 ] 3 A Ak 3RS 4 41 4y
Mo ATFARSHHRELEME, KA Kallings
J& i (5 g CuCl,+100 mL HCI+100 mL C,HsOH)
JE b S, I Nikon MMA00 % 6 2 5 488 W1 %% 3
A FE ST CRPSPAT T3R8 7 7D [ 2 24,
K HLR I v (15 g CrO5+10 mL H,SO, +150 mL
H3PO,) X i B E 4T ML AR JE v, MK 3V, B [A] 3~5's,
FIH Sigma 300 B4 454 B T 2 B WL 5% o' AH s ¥ S AH
B i E58 %+ 38 3 % J5 ) Sigma 300 24 14 HEL
BT R4 EBSD 4, i M RN 20 kv,
H KN 0.3 pm.

x1 BEMKSESE WZ-ASHLERS
Table 1 Chemical composition of Ni-based P/M superalloy WZ-A3 (/%)

Co Cr Mo w Al Ti Nb Ta Hf Ni
18.50 ~19.50 12.50 ~13.50 3.75~4.25 3.75~4.25 2.80~3.20 3.50~3.90 1.10~1.30 0.90~1.10  0.17~0.23 Bal.
70 245 245 295 190 55 360
Tail Head
E D B A
1 WZ-A3 &&FEErER

Fig.1 Schematic diagram of WZ-A3 alloy extrusion billet (mm)
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K2 WZ-A3 &&MEHES ZMAH
Fig.2 OM (a) and SEM (b) microstructures of as-HIPed WZ-A3 alloy

Kl 3 WZ-A3 &8t EikE-TAT T 55577 i A 2 M R
Fig.3 OM (a) and SEM (b) microstructures of as-HEXed WZ-A3 alloy parallel to the extrusion direction

2 HREZH

2.1 MEHRWERNH-BEMNT %

WZ-A3 H L2 Gleeble iR FEFE A [F 38 46140 N #4
FEAR BN - BN AR fh 2 an P 4 BoR . 78 4 MR,
3 AN E R, MR B T, VA
JIE B, BRI E NP, WEE N B R,
LINTEA R T & & — 2 B AT BMAL
AR A S HREgTERE . B 4a M 4b BoR, 478
T N 1040 F1 1070 CHY, 3 ANRAZHE N N )
PRGN, BREAE S, EN IR AR, N
IRF) 0.7 FEAa, Bl N AR I N BN ) B AR AN
B, RWEELH TN, FRA KSR
3 AAFEMIM B . & & TF a7 BT 07 485 % B RIK, &
TEFF UG I BT A8 S el 0, (45 vE R s R8 e 5
ZRH, X BB R RN TR . B R AR
B, E AR BRI DX T AR dioRE DL R AR i 5
LR T RAE BN TE R, B SIBM JEAZ,  #i4: dhoke
FEHERR AL 5 T8 BUC AR PR 45 dh dikn, B RS
FAE AR . M FEL S ER KT T

EFRS, NG THE, GE&RINRERNL. EX
— W B A R A B A4S TG 1 RS RN A A AR AL
S o9 Y s ) N DR L B i o @ R v v e
RINFRERE, EERAEBBEERE, HNAE
I, FERARFEEAAE . X B B SR A
EATEE AN DI B R A

AT R FE AR = 1100 CHE (El4e), 2R
273 320,01 0.005 s {1 1 28 47 BA S 11 T4 £ - 7 28
PH-Fa S AR FARFAE 5 1 7518 I 25 35 % 0.0025 s 2% 1F
T, BMNJJEFNEELLE, BEEENABRR, HNT)
AR TR R, h&EE SRR
R, M T B SR R M SR . YA TR IR
FEHE— 03 1130 CHE (FE4d), E3NMMAHE TR,
B BN AR, BN —EH2UEEN, L
EAE N A ESRKAERDRAMBSRE, R
LRINIEABREAE, & S IR

PLEZE R R T WZ-A3 HFIESHKE &R
1 3B, RBTE A GREE, M) XiRAR dh 4k
TEAS IR o AR 26 I T SRR A I IR SR M BE,
Sl SR BE TEMEESERKE.
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Fig.4 True stress-true strain curves of as-HEXed WZ-A3 alloy under various deformation conditions: (a) 1040 C, (b) 1070 C,

(c) 1100 °C, and (d) 1130 C

2.2 REGHKAHEBARSF
221 ZEXNLLLILE
j(EIFﬁﬁiﬁl?EﬂT%%ﬁ*ﬁ*%ﬁA%T%rf@
B R SRR A Y, ST SHEZ, /)
TG5 & TV 1) 4 /)N it bor B S8 75 2R 545 o 1) ~FIR K
K, 2—MBMMAGG. ZARBEE. N
WEDL N R, HIMAGGH A AR, A
AGG I B A7 7 WA 2R P v — e 52 IR IR K o Bl R
WZ-A3%% & 25 Gleeble i £ 7£ AN [7] 2% 44 N #4 e 4 A8 T
Ja A TBALII AR IR AGGH R, W E5H~.

2.2.2 B EAT B0 Bk
KﬁmgﬁﬁﬁmﬂﬁﬁﬁﬁmﬁR#W%%%
m%zoﬁﬁﬁﬁﬁomsﬁﬁ,ﬁﬁ%ﬁmﬁﬁﬁ
AT 5 b0 AL R R B 6. 7E 4 ANHUE
%ﬁ&?,méﬂkéTmﬁﬁ%%,zwﬁﬁﬁm
SR k. 7E 1040, 1070, 1100 ‘CASIEI, FH45 %
froRE RS 5 B R S AR EL R IR B2, P 4 pm A4,
%ﬁmﬁﬁﬁyw&ﬁiw B R
Ty R AOOURE A SRR s R R U R 1 o 3
1130 CHY, éﬁﬁi?%ﬂ%ﬁﬂ*ﬁkﬁ7 LR AN

EIEIEI

5
Fig.5 Macrostructures of the longitudinal section of specimens after various thermal compression: (a) 1040 C, (b) 1070 °C, (c) 1100 C,
and (d) 1130 °C (the strain rates are 0.01, 0.005, and 0.0025 s™ from top to bottom)
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Table 2 Average grain size of the specimen after thermal compression
Temperature/C 1040 1070 1100 1130
Strain rate/s™ 0.01 0.005 0.0025 0.01 0.005 0.0025 0.01 0.005 0.0025 0.01 0.005 0.0025
Average grain size/um 3.8 4.1 4.2 3.6 35 4.2 3.7 4.0 4.5 6.5 6.8 8.0

B 6 AR 0.005 s i A 7] 28 T 5 ik B 05 30 ik AR 41 41
Fig.6 Microstructures of the center part of the specimens compressed at strain rate of 0.005 s™* and different compression temperatures:
(a) 1040 °C, (b) 1070 C, (c) 1100 C, and (d) 1130 ‘C

INE7~8 pm. tE6dFTR, EXANEE Ry HITiHVE
filt, W I AR By RSE N, B>, AR
BN, SaRAWER SRR, BMALKE
T yty WA S R R AE . B B AdET AT, 1130 CHFY
TR i 2 (0 RFAIE 2 B BN AR S I BN ) — B B, B
B AR W R E A R A T AR AL, B M R
TR LA B b g SR AR B S RSy A X S AT
HLEA R ESFRIFRIN TR E TR, [HEEH
(1 2 S AR i 2 2 1 o R R Sy b A 3
B, SAE SN B IREU A ANy AN —FE, BT T
PATE AR R g i LG ST RS e BT
TRALHETE S NI R, [ RIBIME TR
223 RFER#EENEMALRG R

AR PR B 1100 CH, AN [R] AR 3 R 4 4k
FER O IBAL B A S B 7 s . FIH Image I8 £
Giit e M, AR 2 N0.01H1 0.005 s, Fy! A
2915 11%, T %32 58 R 44K $0.0025 s, Ay,
29159.5%. 454 R0 A1, NAFHE ZN0.0025 s AR
JR~FHG R A8 5 22 790.005 s I 4800 7 24905 pm, AT
A Ty IR B R A 1.5%, IS 1 A BT LIE
N R BRI, S R R BB ] SRR K

H E 4c T WL, LU AR il 2% (0 R AE A 10 I A AL Y
BUE A ML R MR, wET7a, TR, B
A F N0.01810.005 s, AERANEHLE N, &
T2 2R R 2B B 5 ) AR O, LIRS il 26 P AR A it
A XA RRIALE—TIRFE T, 24N ASH 5 I
Bl— Mg FHE, A SN RRAT G R AR, &
T AU SR R~ 4 4 e 2B KK o R P M AR T ok R [
T-Zener-HollomonZ: % (2% 2R Bl g
mR Q) PR

Z=¢- exp(IS—T) (1)

Forp, & MR, RAYSAH £ (8.314 J/(mol K)) ,
TAZILIRE (KD, QMBI RAZ ISR Gl B )
NAR i 2k B WZ-A3 4 41100 CHE A Q N526
kd/mol). FC(1) A E1 U ZS R FEA A, AR 2R A
AR TR FET AT DL AR A, AR o 26 BRI AR A, A4
TR B o X JE RV M T B S A
A IR ARORE B

FRE LA EWZ-A3E & #4531 BN - H AR
MARRFIE . SbRL RS AR A o B el s, EA R
TR FE AN [ AR T 2R i 4 78 T ) 4 Hh o A I 2
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Bl 7 TR EE 1100 °C I A [7] R A8 A R 8 3 B A AL 41
Fig.7 Microstructures of the center part of the specimens compressed at 1100 “C and different strain rates: (a) 0.01 s, (b) 0.005 s™,
and (c) 0.0025 s™

B oM. R RIRESGESMBTERNEZERFEK.
WZ-A34 41100 CHr M A5 41 2100 i 7 1) 5 SlO0UAH &
M ARG RIS SRR, IR 48 A A N AR 2
40.005 s, AR 43 107011100 °C BT AR 4
7 RAMXUE SR, WE8HaR. 1070 CATEHT,
it /N [y TR ARV A BB R D, i Ty RSH I 2 (
8a). 1100 CAZJEZIF, &b ANy BEAVE iR, JUiky
FEEELST, FHEmEES (E8h.

fn I BE 2155 U/ FE dn 5t Clow angle
grain boundary, LAGB), & 7t B i 159€ SN KA
JE & 5+ Chigh angle grain boundary, HAGB). — i\ Jy
LAGB/>, HAGBZ {141 41 &5 i 5 56 % . EBSD ik
$FOIM (original imaging microscopy) K% 7> #7 &7~
1070 ‘CA KR FELAGB (E9al414k) FIHAGB (A
QalE k) 4355 EL21%A179% (K9a2), 1100 ‘CAFIE
A FELAGB (E9b1414k) FIHAGB (E9b1H k) 7
il 5 1 19.69%180.4% (FI902) . 24NRKFE /I £A JEE 4
i LR LB D, K A R O L AR R, B 2R
1 2 75 T 25 o A1 LU 3% 5
2.3 AEHTRRHETEBFALERRR T

T X A SRR R A T R BR

BR, HABTY )G 06 i B AT A FIRT RO FE . B
T [ AL BT R RS S AN K, ASHIE FA iR i
[E] 75 4 A B X WZ-A3 4 4 55 1 45 +Gleeble #4 1 4 i B
doRE RST B . 221190 °C/ 2.5 hid [ 7 b B 5 AL
T LA E10F 7~ . Gnaf ik, 41070 C,
0.005 s* 11100 ‘C, 0.005 s LA LMk EE B A
yHy RO SRR, ST 21784 um, 221190 “CIRIRH2.5
hock [ AR B S, R B R A K, (BB R I TRUEE ¢
ML RATFEHAR BRI 70 SRR, 7 W0 df kL 43 A
B4, &KL S N20~40 pm (ASTM 6~84%), Jifi &
DMHTH A BE X 4% 25 dobi ST ISR .
2.4 IpRSFEAPRIERINE

REIE WZ-A3 & & #n TrERE, 4351 H 1100 C,
0.005 s™ £i1 1080 “C, 0.005s™ AFH T, FIF 3000 t i
JEABALEEAT T 4R T 20808 AT AR A BLAR 125 mm
1) WZ-A3 #A45% b, BB AE RS M B4R 190 mm, i 115
mm. BB A R AR T 2 AL S 10, R ke R
SO EEAL WK 12, S5 RWEE 3. AR EIR, 1100 CH
& AL SRR ST EE 1080 C UL 1~2 um, 2 AL
BIFRERIAE 13 UL L, S gi3y ), WA BaE AL,
5 JE UM R A B A PR A S A A S R

8 JMAF I %0.005 s, 1070 11100 °C KL [ y+y B IR i kL 41 41

Fig.8 y+y' microduplex structures of specimens compressed at strain rate of 0.005 s™ and temperature of 1070 C (a), 1100 C (b)
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Fig.9 Typical OIM maps (al, bl) and fraction of HAGB and LAGB (a2, b2) of as-extruded WZ-A3 alloy after different hot compression:
(a1, a2) 1070 °C, 0.005 s%; (b1, b2) 1100 C, 0.005 s

200 i 200°pm

10 ASIEHFEGR % AF T F2 1190 “C/2.5 h 3ok [ 75 A dab BE50R: 0048 1T 1) 2 00 A0 Bl W0 2L 21
Fig.10 Macrostructures (a, b) and microstructures (c, d) of the longitudinal section of specimens after solution heat treatment at 1190 C
for 2.5 h and different hot compression: (a, ¢) 1070 °C, 0.005 s%; (b, d) 1100 °C, 0.005 s*
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Kl 11 1100F11080 C#i& $190 mm><115 mm/ < 45 14 5 W 4 21
Fig.11 Macrostructures of the two sub-sized plates with a diameter of 190 mm and a height of 115 mm forged at 1100 ‘C (a) and

1080 C (b)

12 BB AN R A R RT3 £
Fig.12 Grain size measurement locations of the forged sub-sized

plate

#3 BLuRpFUEMBRESNRTEGFHEMRT
Table 3 Average grain sizes of the positions marked in Fig.12

for the two forged sub-sized plates (jum)

Position H1I H2 H3 H4 H5 H6 H7 HS8

1100C 53 48 29 44 42 32 30 30
1080°C 48 43 29 37 37 27 30 29

3 & it

1) WZ-A344:4:1100 'C, 35 mm/s$ Ik & 35751
KR SF294 pmBy+y SUHE S & 70 VB TR IR
1040~1100 ‘C, %748 %0.0025~0.01 s}, A8 A1 A
RIF, ARHITFR., TS, BHEBRNKERERR.

2) HHEABWZ-A3EEHARILIREE1070~1100 C, M
A3 %0.005~0.01 s, kN F4 umAE A, B SUE
FFSHEREESER-FERA Ny WM SHL ., &

1190 C/2.5 hid [P AL EE 5 ok 2 N6~82%,  To S i
LAY
3) HFFEAWZ-A3H 4G R £ 1080~1100 'C, M

AR 2£0.005 s, SO A LR ALK K,

A DA 2135 DL EA/N S S g ki 0 2L, 9 EDMHT

A PR R AR A S AL S K
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Hot Compression Deformation Behavior of Novel Ni-Based PM Superalloy WZ-A3

Xiao Lei', Cui Jinyan®, Wang Chong®, Ma Xiangdong®, Xiong Jiangying"?, Long Anping™?, Yang Jinlong*?,
Guo Jianzheng™?
(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)

Abstract: A novel third generation Ni-based PM (powder metallurgy) superalloy WZ-A3 was evaluated for its hot compression behavior.
Gleeble simulation tests on the extruded WZ-A3 samples over the temperature range of 1040~1130 <C and strain rate range of 0.0025~0.01 s
were conducted. The samples compressed under different conditions were analyzed for grain size and microstructure evolution. The results
indicate that under the compression conditions of temperatures from 1070 <C to 1100 <C, and strain rate from 0.005s to 0.01 s™, a
uniform fine grain around 4 pm with y+y' microduplex structure can be obtained, and no abnormal grain growth and necklace grains are
observed throughout. To validate compression property of the extruded WZ-A3 alloy, hot die forging was conducted successfully to make
two prototype forgings with the size of 190 mm in diameter and 115 mm in height.

Key words: Ni-based powder metallurgy superalloy; hot compression; grain size; y+y' microduplex structure
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