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BIEPESEREENE -REHE =M, £iEid Re
TEMZDKRS . BETEAREMEHERST ;B
1) =X 5 5 CMSX-10K H' Re & &%) 4 6.3%, Rene N6
' Re B R4 N 5.4%, EA#ITH DD9 Re & LN
4.5%. KEH XA, GEEM Re X1 i
i 1o i G 0 A T S R R A R e o EEAE A
HRHE SCHR[15]0F 78, BEE Re SEHIHIN, & &iFA R
FEZ W5, Re & B A 4%~5% [8), 838 o 2 .
T A K Re SR MAER, 1k B KA IR A8 58
¥ WZ30 44 Re & & E N 5.0%.

Mo & =il & & —FP A R A SR T R, Mo
FIMA T8 & & & 2 a8, Mg s ik ge, (HE
Bidw, 5%y MHdh Mo & Bk Am AT At %
6% T 3 M0 g 0 A E 1181, Biss 25 NIV AT R
Mo & &E7E 1%~2%HF, X T off BT H R 2F 7R 45 2%
T Cr & &M 2 % .CMSX R 414 4 M2 — 1 CMSX-3,
% 4R CMSX-4 P 3|55 =/ CMSX-10K, Mo & &
FEAHIEHIE 0.3%~0.7%. 4 Mo & = EKA FT
REAEnPELME. ik, ¥ Mo & &N 0.4%.

W Al Ta 2 Bl 15 < J& 70 R BRI IN &N 14.5%,
AIRIE G &R 5 M i AL R . Cr 2B A &P
AR MM EZ TR, (Him Cr 25 FUEEE off 14T
T B A e PERe, FIH & R Re A1 W BN AT BRI
Cr K4 F &R, AL Ti #2580 A ' BT &,
Al 7 B R AT AR 1 I AL, 1R A A PR
et gE, H Ti & & BRI 2 3G 3L AT T, 59
[ 9 A B X P T, BRI, T R T R A R
7KFs
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LA &L IE, Wil iR E&4 wWz30, %
AR WA 1
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il . e, B 32 N ) il 5 B R AR K D7 17 [001]
()0 25 3542 L0BAIN

A IMatPro v B I E A2 WRAHZR o il 2
s, G A S MREE B, WZ30 (1 B kb B B T N
[ 1340 C, 6 h, —ZHf &L 1120 'C, 4 h, —Zmak
827 C, 25 h. 45 A& A1 AL HE 265 B L 4L PR 2 1 31 B8
Wt s, H Kalling’s J& 7R 347 & ik, K Nikon

MM400 2% B85 A1 CARL ZEISS EVO25 4 H 7
BB AT AL ML,

B AN R B A P AR SE I ) il #R B GBIT
228.1-2010 1 GB/T 228.2-2015 #£ ETM105D 75 f¢ i %
ML EHEAT o IR FR A PERESE IR 14 1] GB/T 2039-2012 7£
RJ-50 A FF AR AL b A7 o o7 AR 35 A B 98 5
A S I8 14 W GB/T 15248-2008 7£ INSTRON 8862 %! j%
557 RIS AL L HEAT o B A T RN AT T S AE O
e AN 3 3 P S B R HEAT

TEIREAL IR FE GWL-1400SS THF&H HiE4T. iRk
FEM TR EAR N9 mm, =45 mm F/NEDE, Kt
TEBE Ry 4 0.6 umo SEERIE AN 1100 °C, FAALTEIF 200
W, DR 1 h+ XA 5 min /E N —IRIE . S A FE 1)
TEIRREG, B R T T S O 2 52

2 HERSUE

2.1 BfRAELR

B 18 WZ30 8 A F b B 1) AL 250 .
BAESH y M KA AR ply 3 FARE R, A TR
FELERLRH p A AN ply JE SR AR, BTy WLl %
e — B AT A 364 um. ZEERGHE, &4
FHOR p A AN ply L AHAS B8 20 AR . G UL HE )
RRNIE . IETT TR A . Bl 1b 2 WZ30 [ ¥ )
MAMEBIEH y TS RI\EZ MG, » RSN
329 nm, &R Eh 54%.
2.2 HhIfRMERE

Kl 2 Eo8 T WZ30 7 25, 760, 980 A1 1070 C 4
AN FE R R P RESE SR, JFAE 760, 980 A1 1100 C
N5 SR B AR B R R R A S AT T R B
Eb. WZ30 M 25 %] 1070 °C, 5@ 2 %~ 1100.
1099. 860 #1 556 MPa; Ji /il 5 & 43 %l & 1003, 938.
639 1 436 MPa; ZE{H 24 )08 14.5%. 12.1%. 34.5%
F1 46.3%. H1& 2a Af %0, 25 A1 760 ‘C T, WZ30 {4
PLORIE i AR B AT S R R AR A K, 980 Ca
B 2L B T, DU o R R R R B B R, T S
JEA 2R ) 2 25 4 v, RIUNI R BEEALTE . HIE 2b
AILLE H, WZ30 1 IR R BEAE 760 F1 980 CilafE T~
58 544 CMSX-4 Al DD6 #1124 . #£ 1100 C
=i, DD6 Al Wz30 (1) J# AR 5% FE 43 ) A 385 Al
436 MPa, Wz30 [ IR 5% % W & w5 T DD,

F1 WZ30 ZXULERS
Table 1  Nominal composition of WZ30 alloy (/%)

Cr Co Mo W Ta Re

Hf Al Ti Other Ni

3.5 6 0.4 6.5 8 5

0.03 5.8 0.15

0.006C, 0.1Nb Balance
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1 WZ30 & &84 M b S A 2SR

Fig.1 Microstructures of WZ30 alloy: (a) in-cast and (b) y’ phase in the dendrite cores after heat treatment
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Fig.2 Tensile properties of WZ30 alloy (a) and yield strength of WZ30 alloy compared with other second generation single crystal

alloys (b)

Erickson™%& A %} Lt CMSX-10 il CMSX-4 1) $7 ff
PERERT KL, 2 P& & 7EMKT 1000 'C T, Ji fil 5 Al
PrdraEEA Y, HRE ST 1000 ClE, =ARHd&
CMSX-10 [ i ik 5 B2 A1 470 4 9 B2 st — AX B
CMSX-4 £ 20%0A . =RHEFEE T Re MR,
re R VA 0 R AN RE A U A A S R R B e,
HEE I B4 m & S iR h . FTAE2E N Re
MM RESE =1y AH RGOS RE A 0B i 2 1R AL
MR, FRISOIASIZ s, RILRE R R E M miE S
G 1) v R Ao e

T P B R S S P RE R AR K, A A
WO, E KT 850 CHY, & &N ITEER &
Ay FER/NMEER, BET 850 C B, JH#4
WO ER SR, @i, SRR FIEE RN Z,
B4R/ HRE BN TAERILEES, 208
R B AL R RN G ST 760 CHY,
I .

2.3 BETHAMERE

sbEy

XF WZ30 #EAT T AN [ il B A0 SE g 26 A R 48 A P R
MR, H ARS8 2R F SE 06 45 SR L3R 2,850 CHRLE T,
N /1M 550 MPa Tt % 650 MPa, /A %M 795 h
PRi% [ 2 160 h; 980 C, 250 MPa T, WZ30 £ /A % iy
9 642 h; 1100 'C, 137 MPa |, #A %N 254 h.
Kl 38 WZ30 5 =X H 4 CMSX-4. René N5 Fl[H =
=R % DD9 3 £84&4: 1 Larson-Miller 2k xf L5 1,
Bt Larson-Miller 22205t 4 Fb & 4 0 28 i FF ¥R B2 1B AT
T L, 765 75 642 h N/ 250 MPa 44, =A%
Hidi WZ30 5 DD9 % 5 i A2 i FH i B2 35 % 985 °C, L
AR H# CMSX-4. RenéNS5 4351 7 H £ 20 A1 40 °C ;
fE5EFF 254 h N/ 137 MPa %&1F F, =AUH 5 WZ30
L5 DD s B i AR i F il 2 512 1075 °C, b AR &
CMSX-4.RenéN>5 75 il i tH £ 34 A1 55 °C . H B /] A1,
AR AR R A R E AL R, mIRAN TR
P .

K 4 Jy WZ30 fl DD9 7E 980 C, 250 MPa I [{]i#
A2, 2% 3 45 T WZ30 7E 980 C, 250 MPa %1
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*2 FTREFWEHET WZ30 HIFAFw
Table 2 Creep-rupture life of WZ30 under different test

conditions

Test condition Rupture life/h

850 ‘C, 550 MPa 794.7
850 ‘C, 600 MPa 339.5
850 ‘C, 650 MPa 159.8
980 C, 250 MPa 642.2
980 ‘C, 320 MPa 225.0
1050 °C, 190 MPa 233.0
1100 ‘C, 137 MPa 254.0
1100 °C, 140 MPa 196.1
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Kl 3 4 F& 4 Larson-Miller 545 7 i i 2&
Fig.3 Larson-Miller rupture life of WZ30 vs. DD9, CMSX-4 and

RenéNS5 alloys®*
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4 0.2%, 320 h B iFAR K & 0.5%, Ib)E, IHATIH
FITeE EJE, 391 h W AR MK Bk ) 2.0%, A
WGy 591 h, LM ZEIA 48%. 5 DD9 &4
FHLG, WHEAZET 300 h P & &0 AR R s 300~450 h
Z I8, WZ30 iFA s 2] Bk T DD9; 450 h 5, W&
SIFAHARGEIL . SRS, £ 980 C, 250MPa 414
T, WZ30 iELHERET DD9 &4, AT
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Fig.4 Creep curves of WZ30 and DD9™ alloys at 980 “C, 250 MPa

5a~5¢ v 980 °C, 250 MPa 5 A I L 4H 450,
VW AP 2 AL, ZRIE T & &P RR I m i,
T HAH B A A BB R BN AL, AT e Uy T R
TRLAM#EIT M. &4 RMAR, WA FRE
MIERIRA AT, IR H I &, RIS N
AR E A

K 5d~5f Jy WZ30 & 44 1100 C, 137 MPa A
U ISR, 5 980 °C, 250 MPa W 11141 23 %} EL ]
A1, 1100 °C, 137 MPa T & &M RAT AR B = 18
H R, WY RN R R, y &
AL, AR LR R BT, 5N
) SRS 90 p FEARIMIE AR TE .

=S 5 AR SRS S R R I ZE
£ET Re & &t 3% e 2] 4.5%0L F. B3+, =
R H 5 CMSX-4 Al RenéN5 1 Re 7 & )4 3%, WZ30
1 DD9 1 Re & &4 N 5%F1 4.5%, Zit5H, 1EE
7F 642 h 7] 250 MPa 21 F, WZ30 55 DD9 *f i i
AT R EZ) 985 C, b —ARHGF CMSX-4 &t
20 ‘C, kb RenéN5 =i #) 40 'C. Re fIn A i 25 i
RE I HR e R 2 B . G. L. Erickson™ ¥ AT 72 3iE B «
H=REA A4S CMSX-10 7 6% Re, HIFAR Mt
AE L 3% Re 128 AR HR & & 4 CMSX-4 Fll PWA1484
B 30 CAA. A, HecklaPY i ot ke R L, ¥4

F3 WZ30 &R TIREHUR
Table 3 Creep date of WZ30 alloy

Test condition

Creep elongation time/h

Creep .o, Reduction of
Alloy . rupture time/h Elongation/% area/%
Temperature/'C Stress/MPa 0.1% 0.2% 0.5% 1.0% 2.0%
WZ30 980 250 176 251 320 356 391 591 48 45
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Fig.5 Microstructures of longitudinal sections of stress ruptured fracture for WZ30 alloy: (a~c) 980 ‘C, 250 MPa; (d~f) 1100 ‘C, 137 MPa
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oA 270 YK, & DD6 (1) 1.2 % . 24328 L 0E{E N 0.6%
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Fig.6 Low cycle fatigue strain-life curves of Wz30 and DD6

alloys?!

TALEIEE), & & RGP ) TRk R . ik aT
RN RO ST R, FEMELE S & am bRk,
EAR ) Re ARG & SMANIRSE, SATEH
EE Re Fl W A& BRI Al JTER A SMIY HOE
K MR, PR ghak, wZz30
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F¥E, RERMY I GEREEAMLE . FHEARNE O, Cr.
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TCRAWIEFE, IREFAS, (15568 MM Al 510
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AL T B i ok X K252,

P9 24 1100 “C F WZ30 £ A [A] S A0 18 24 5 5 i A
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T TCP HHTE i il 05 A8 FF A0 F2 0 v i K I R R 57 1
P . Mo &IEK TCP M EE LE, Hiil

7 1100 CF, £ 10. 100. 200 RYEHEALJE WZ30 & & KR IRS
Fig.7 Surface topography of WZ30 alloy after 10 (a), 100 (b), 200 (c) oxidation cycles at 1100 C

»' Vanishing layer

20 um

B8 % 200 IG5, WZ30 A& 3 & EDS MiiHi
Fig.8 SEM morphology (a) and EDS mapping of WZ30 alloy after 200 oxidation cycles: (b) O, (c) Ni, (d) Al, (e) Cr, (f) Ta, (g) W, and (h) Co
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K9 £ 10. 100. 200 X{EI )5, WZ30 &4 TCP AHAE{k &
Fig.9 TCP phases of WZ30 alloy after different oxidation cycles: (a) 10, (b) 100, and (c) 200
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2) WZ30 7E 25, 760, 980 A1 1100 ‘C 4 MR E R
JE 5 43 530 9 1003, 938, 639 Al 436 MPa. 5 4%
HggAH b, RN 1100 CHE, WZ30 fifh e T =
IR A4, KT 1000 CHF WZ30 5 — AR H i
P BEAE 2

3) 7£ 980 C, 250 MPa A1 1100 ‘C, 137 MPa SZ4 %
T WZ30 [fIRE A i 73 il 642 Rl 254 ho HEEAF:
R T AR A4, H7E 980 C, 250 MPa I i
BT =R 54 DD9.

4) WZ30 [ AR 45 i JE 95 57 75 v 7E 980 °C T B
BRT AR R A4 DD6, MM ARLIR{E A 0.6%
I, WZ30 )95 55 73 fiir v 5253 J IR

5) £ 1100 C F#HATIEHE AL, 2id 10 MF
WG, Wz30 HR KA A 25 200 MEHE,
WZz30 HrEttR T HAHES A RAL, BT WZ30 HRAIK Mo
T, A ESRIN BRGNS R E MR,
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Microstructure and Properties of Third Generation Single Crystal Superalloy WZ30

Xiong Jiangying™?, Long Anping*?, Zhang Jianting™?, Wang Chong?, Zhang Hai?, Zhang Gaoxiang®
(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)

Abstract: The content of W, Mo, Co, Cr, Al, Ta and other elements in the single crystal superalloy was optimized through experimental

data and thermodynamic calculations. A new third-generation single crystal superalloy WZ30 with Re content of 5wt% was designed. The

metallographic and mechanical properties of WZ30 were studied and analyzed, and the WZ30 alloy was compared with existing

second-generation and third-generation single crystal superalloys. The results show that WZ30 has uniform microstructure after heat

treatment. The yield strengths of WZ30 are 938, 639 and 436 MPa at 760, 980 and 1100 °C, respectively. When the temperature is higher

than 1000 °C, the tensile performance of WZ30 is better than that of the second-generation single crystal superalloy. The creep rupture life

of WZ30 is 642 h at 980 <C, 250 MPa and 254 h at 1100 °C, 137 MPa, which is significantly better than that of the second-generation

single crystal superalloys. The low cycle fatigue life of WZ30 is better than that of the second-generation single crystal superalloy DD6 at

980 °C. WZ30 alloy has better oxidation resistance and structural stability in high temperature cyclic oxidation experiments.
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