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Table 1 Content of superalloy DD6

Element Content, w/%
C 0.001~0.04
Cr 3.8~4.8
Co 8.5~9.5
w 7.0~9.0

Mo 1.5~2.5
Al 5.2~6.2
Nb <1.2
Ta 6.0~8.5
Re 1.6~2.4
Hf 0.05~0.15
Ni Balance
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Table 2 Experimental scheme

No. Temperature/C
DD6-1 900
DD6-2 1000
DD6-3 1050
DD6-4 1100
DD6-5 1150
DD6-6 1200
DD6-7 1250
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Fig.1 Microstructures of DD6 heated for 50 h at different temperatures: (a) 900 °C, (b) 1000 °C, (c) 1050 C, (d) 1100 C, (e) 1150 C,
(f) 1200 °C, and (g) 1250 C
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Fig.2 STEM morphology of DD6 alloy under HRTEM
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Fig.3 Curves of mass fraction of phases in DD6 alloy changing

with temperaturel®
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Fig.4 Area percentage of primary y’ phase calculated by Image
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Fig.5 Microstructure (a) and EDS analysis result of element Cr, Co, Al and Nb for DD6 alloys heated at 1200 C

FETN y ML % R, iR y I BOTER A 2%
B BE AN 95, S BCR AT 8 AR

MK le. 1f i LLE H, DD6 & & Bl HIRES
In#cE] 1200 C FAREAEH KL RS, FHEAEE S
FEUE BT H RORE — 0k p AH . I H Bl A LA R R 1
W, Wk MK K. 45 G 2 bRl A
Al. Nb ZEJngm i y Bfad i, FE i Al
Nb TR R &£ . BEEAMNIET, yHEKKXFH
Iy FH S BT By H T BT BB R AR, TR MY
HORD " FH 0 RS2 21 47 8 DX 380 ) PR ), AT b 2 5
PR IETE I MR BT R AT T I AR, p
TE R v W A T8 N B OB A%, T2 BURURLIR 1 =Kk
y AR,

B 5 ARG FE P 0, ALy Nb 25 AT T 2 A
y BRI ECERS OK . 7ERE S A A AR, iRy
FHTEAZ B R I A FE R, TR E . T2 1
F, NTRECVNERIFIRE, &% /N IRy kL
A6 1) TR AR R B /N S B SR RE I BE o A L
KW yBiks, BI&AET Ostwald LR,

Wt R B, iR A e A R A
I B 8h 7 5 .y A RLAR Bl 75 253 2 Lifshitz,
Slyozov Al Wagner #2 H (28 i 5 3 181, 75 L-S-W
B, "LLER A,

[ —ro]® = ki @)

X, rde t=0 WKL 3P 2242, ro 2 t I ZIHRL T
AR, kO ER S Hd, kTR
k:[8DmaNNmTB 3)
ORT
3 (3D o, Desr s i JR 1 FE AR P OS5 200 B R 2L
o W HARIEE A b B TR A SR T RE . N 2T TR
TE AR 1 I (0 BE 2R 22 30, Vi A2 AT KL 7 1 B R AR
P, RONAEE R, T AR .
R HH e, 446K0), TRUEH yMrH

T H K O T N #vilR FE . DD6 il A 4 7E 1200 C
DA B RS I b FE v, B o D0 AR BE 1
Fa sy AH AR A 28 B K B 2 3G . T LR AR R
HOrF, InAGR R, A B =R T ARt
. RIEX (2), yHEFE R, Fit, 78
1250 ‘C T hn#A #1 2) w= 5 o A2 B b B =ik oA
SEYEAR L 1200 CTRIER, XMl le. 1f I] LUE H .

4 &

1) Bt RSO G BE ¥ v, DD6 B i A 4
oy E e R AR SO, RPN, BEJS A
y SRR, D48 L. 1150 CLLE e, FAk
R TE BT 4E /N R U A, L A T TR
N RSN

2) TEBLAE AR MA R S Y, BREREG S
DD6 A yMMEMSK KRS AlL Nb FEEREM
FHIE] y HEAR TP 3 HUH G

3) R BLALLAE FH IR A5 I #E Bl A 0 1  FE
DD6 ZHZirR ik y'AHEIHT R Ty Bk AL Nb
&y BT RS WA S BRI, TRy
(IR ISyNESYI AN TN RSN E S

2k

[1] Kakehi K. Metallurgical and Materials Transactions A[J],
1999, 30A(5): 1249

[2] Kakehi K. Materials Transactions [J], 2004, 45(6): 1824

[3] LiuLR,JinT, Zhao N R et al. Materials Letters[J], 2003, 57:
4540

[4] YuJian(%i f&), Li Jiarong(ZE3 2%), Shi Zhenxue( 52 #2%%) et
al. Rare Metal Materials and Engineering (5 & @ Mkl 5
T2 [J], 2013, 42(8): 1654

[5] Liu Jiantao(*I%#), Liu Guoquan(Xl[E %), Hu Benfu(#i 4
%) et al. Rare Metal Materials and Engineering(¥if 4%
#kE5 TFE) [J], 2006, 35(3): 418

References



#1281

A A A IR A 4 DD ey iR R A S AL AR AL

* 3171 -

[6] Li Jiarong(Z=3%2%), Jin Haipeng(&:# M%), Liu Shizhong(X!
it ). Rare Metal Materials and Engineering (%5 4 )& #4
kL5 T#2)[J], 2007, 36(10): 1784

[7] Attallah M M, Terasaki H, Moat R J. Materials
Characterization [J], 2011, 62: 760

[8] Ojo O A, Richards N L, Chaturvedi M C. Scripta
Materialia[J], 2004, 51: 141

[9] Hoshino K, Rothman S J, and Averback R S. Acta Metall[J],
1988, 36: 1271

[10] Karunarante M S, Carter P, and Reed R. C. Acta Mater[J],
2001, 49(5): 861

[11] Tancret F. Computational Materials Science[J], 2007, 41: 13

[12] Hassen P. Physical Metallurgy[M]. London: Cambridge
University Press, 1978

[13] Li X, Saunders N, Miodownik A P. Metallurgical and
Materials Transactions A[J], 2002, 33: 3367

[14] Calderon H A, Kostorz G, Qu Y Y. Materials Science and
Engineering A[J], 1997, 238: 13

[15]Wang T, Sheng G, Liu Z K et al. Acta Materialia[J], 2008, 56:
5544

[16] Mughrabi H, Ott M, Tetzlaff. Materials Science and
Engineering A[J], 1997, 234-126: 434

Microstructure Evolution of Single Crystal Superalloy DD6 at High Temperature

Guo Shengwu', Gao Yuan?, Yang Jian?, Hou Chunmei?, Xu Gang®
(1. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)
(2. China Xi’an Aero-Engine PLC, Xi’an 710021, China)
(3. Xi’an Satellite Control Center, Xi’an 710041, China)

Abstract: A low-cost nickel-based superalloy DD6 has been independently developed by China which has excellent tensile properties,
high-temperature creep resistance, fatigue resistance, oxidation and corrosion resistance. DD6 superalloy has broad application prospects
in fields of turbine components. In order to establish the failure evaluation standard of single crystal turbine blades, heat treatments were
given to DD6 in the present study to simulate the actual operating temperature of turbine blades. The microstructure evolution with
temperature of DD6 superalloy after heated for 50 h was studied. Results show that y’ phase continuously dissolves into y base with the
increase of heating temperature. It is related to the diffusion of Al and Nb elements from y’ phase to y base. When DD6 is cooled from
above 1150 <C to room temperature, the second y’ phase particles precipitate at wide base tunnels and grow bigger with the temperature
rising. The precipitation of second y’ phase is attributed to composition undercooling caused by oversaturation of Al and Nb in y base.
From the point of view of thermodynamics, second y’ phase grows to decrease interface energy, while it is related with heating temperature
and cooling time from the point of view of Kinetics.

Key words: heating temperature; y’ phase dissolving; second y’ phase precipitating; elements diffusion
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