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Table 1 Chemical composition of DD6 alloy (wt%)

Cr Mo Co W Ta

Re Al Hf Nb Ni

3.9 2.1 8.8 7.4 6.9

2.4 5.7 0.11 1.03 Bal.
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Fig.1 Microstructure of DD6 alloy in standard heat-treated state
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Fig.2 Size parameters of y'/y dual-phase microstructure

ZME R, 1% DD6 A 4 A S F T 5 A g R, FLR ST
A350 nm, AR EOCA 70% , y FHFEAKIEIE P55 N 80 nm.

X} B v AL FIUIR A5 R 1 DD6 & S RHEAT TSN
B INAS [F) 47 . 77 1 4 % 8 1N A AL B, 52 777 171 <001>
gERIA . FLR AR BRI R R A A L 3, o, (DRI
QRN TE R F7 19 100 h #4658 75 15 250, O~O BN # 7)
R T IR 78 I AL, 28 A2 B2 N U5 R18 A TR FE B R AL
X A PEY SR

B I, K AT R I RCA B S TR AR T ) 4% R dn 1
4 Bt IR, 3R Bl ) B <00 1> 45 & 7 1) - i
MTS E45.105 J3 Be IR LT Jig 980 °C N i 5255 , J
BB % e AR R A% 3 % 0.005 mm/min , Ji AR 5 5 28 i
Z90.05 mm/min B2 Wi, 2 8 AR 5w R B o .
SR 37 56 43 4 L R AUBE TSMI7900F X i 46 J5 BT 1T
PR BT 738 . [\, R A Image-Pro Plus BI&

I Aging a 950 o
B Aging at 110 o

I3 DD6 £ < A [F) #4422 e I A A PR A1
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Fig.4 Drawing of tensile specimen
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Fig.5 Microstructures of DDG6 alloy after different thermal exposure aging treatments: (a) aging (D; (b) aging @); (c) aging @); (d) aging @;

(e) aging ®); (f) aging ©; (g) aging @; (h) aging
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Fig.6 Secondary )’ phase precipitates: (a) aging ©); (b) aging @); (c) aging
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Fig.7 y'/y phase dimensions (a) and y’ phase content (b) after different thermal exposure aging treatments
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Effect of Thermal Exposure Aging on Microstructure and Strength of DD6 Alloy

Cui Wenming'?, Zhang Xiaochen'?, Wang Wei'?, Li Zhutie'?, Wang Jixing’, Zhang Rui’, Liang Xibing’
(1. General Research Institute for Nonferrous Metals, Beijing 100088, China)
(2. China United Test & Evaluation (Qingdao) Co., Ltd, Qingdao 266000, China)
(3. National New Materials Testing and Evaluation Platform Main Center, China GRINM Group Corporation Limited, Beijing 100088, China)

Abstract: Different thermal exposure aging treatments were performed on DD6 nickel-based single crystal superalloy to obtain different degraded
microstructures. The mechanism of microstructural degradation evolution, and corresponding residual strength and fracture mechanism were
studied. Parametric characterization methods of microstructural degradation degree were explored, and a quantitative mapping relationship
between residual strength and microstructural degradation degree was established. The results indicate that during thermal exposure aging process,
y' phase undergoes dissolution or growth according to Ostwald ripening mechanism. After aging at 980 °C for 1190 h and 1100 °C for 100 h, the
content of y’ phase almost reaches thermal equilibrium state. With the increase in temperature and time, the width of y and y’ phases will continue
to coarsen and gradually stabilize. Finally, the width of y phase is about 400 nm and the width of y’ phase is about 760 nm. While coarsening, DD6
alloy undergoes rafting under the internal y/y’ phase mismatch stress or applied loads. Coarsening and rafting both reduce the strength of DD6
alloy. Considering the effects of coarsening and rafting, the microstructure size parameter w/” is used to establish a good quantitative mapping
relationship with residual strength, and this characterization method for microstructural degradation does not depend on microstructure size in the
initial state.
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