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Effect of stress aging on the microstructure and

stress-rupture properties of a single crystal superalloy DD11
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Abstract; The effect of uniaxial stress aging at 1 070 C /100 MPa on the microstructural evolution and the
stress rupture properties of a single crystal supperalloy DD11 was investigated. The microstructure before
and after the stress aging was observed with scanning electron microscope and transmission electron
microscope, and the stress rupture properties before and after the stress aging were also tested. The
experiment results show that the evolution of the microstructure can be divided into two stages, rafting
(first 50 h) and coarsening (after the first 50 h) of the rafting microstructure. At the first stage,the vertical
direction of the y phase channels becomes narrow or disappears gradually, and the width of horizontal
direction of the y phase channels increases gradually. At the same time, the cuboidal y" phase expands
horizontally and gradually connects with each other. At the second stage, the dimension of the rafts coarsens
slightly. However, the morphology of rafting keeps stable. The stress rupture properties of 1 070C /140 MPa

decrease slightly at first stage and degrade gradually at second stage. After stress aging for 500 h, the stress rupture
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properties decline from initial 360 h to 140 h. The results show that the key factors for the degeneration of the
stress rupture properties are the coarsening of the matrix channels and the rafting of the microstructure.

Keywords: single crystal superalloy; DDI11; stress aging; raft; stress rupture property

R B e LS e A I e 1 i L 5 A2 MR 57 RE L T A S BE AT S A Sl LR M TR SRR L T R
(S HEBE R BRI A A SO PERE R IR AT MR 0 4R A A L DTVE T A ST O R o SR A DA
A% 14 75 3R LE [V SR AL 1y S AAARELE P A Y R B SR X A e i MR

PRI G B AE R R (T>900 OO R INEA A T 2 A AL BEG , RIAEHESL . —BE O SR g A
Y/ AR IR TC I 2 L S HE A A B 5 0t o B3 A SR Iy RS C I g i SR TRV P S L4 7E
SR IE A MRS B WIAE v/ RS T A A B P AL A T A OB /A R S TR 7 A 1 A T R
I3 TR (LA REAE A ity VR T A 27 3B 13 L A2 7 T 28 114 5 1) 97 180 TR A R ZL A A il

BT S SR HE N & & 00 1 22 PR R A 3 B L Reed TEMFFE AL 00 5 4 1O B 42 5 e v R BRAK HE
ZH 21 B A% BEL I AR PN 305 11 0 R AR RS R TITRAEAIR & 4 () 5 A R, X B B M R IR A A 22 o (LR A B 5T
FWIEHFH L2 FEAR CMSX-4 Rl CMSX-6 454 (R A4 RE R 57 1 AE AT 106 540 48 1 A AR A3 194 2 e P A
ALEEPEN L FHT B B AR SO S MERE RS N IE A AE AL, R, D B v B B R R RS T IR Y
LA PE AT SR AT BT AL A A 1 AR AR I R v AL S A Tk B LT g 2 e A 5 R R AT 2R SR RO

DD11 St a2 RHIFIE Be WF ] 155 — AU BE B 8 45 4 - & 306 Re T T 1 4 S 0t it 25 % sl L s e
R AR sy PEAN DDL BB G 7E IRBOIRZS T YL ZUR ) 2 MERE I A 8 1 L 2B 38 %) DD B & 4 34T
T RAR R AT 00 10 7 B A S 56 IR ST I S I RCIR A T DD 3G 4 v /v M AL SUE LA L DL AL 2L AR Ak
XIE AR BE 4 82 00 D i 58 It IS 19 22 A PR A R SR PR AR 62 25 FPEAl . B 2 TR R S R

1 SLWMBITTIE

DD11 &4 2 U W3R 1, BG4 ok T L 28 TN W 6 . R TR E 3% & 1 7E HR'S 6 1] € &1 4 o i)
#% $21 mm X210 mm BB TR PR 3 mm/min, R EUS Laue 200 % AR B L 9F e F 4R K
J7 11 5 LO01 JH ) ffd 5 /N 10° (i i oAy S 36 b R} . B 35 B o3 TR 4 T [ A A A KR IR s oy T 3 I
RS 22 588K s HLOG 2R AE B 0 1 P9 BT B P2 . PRI 7 3B 60 0 048 A0 T R T 5 20 30 5 3 110 1 0 R Ak 3 3L
JIE S5 R P b T Bk 4 0 AR EE ] i AT 5 7 IR A A B B R R IR SR N R . AR 4 A
JEH 1290 C/1 h-+1300 C/1 h+1310 C/2h+1318 C/6 h(zs¥%)+1130 C/4 h(%¥%) +870 C/32 h
(Z¥) . MG B $F— MR R E A7 A 400 58 A 5 P AR i I 3K L 4 S 7 7 B 280 2 R4 A1 i 1 % L
FEdE . ISR 1070 C Bl Bz A Bz 3 2 100 MPa, I 280 8] 4351 24 20,50,100,200,300,500 h, 2y
PRTE S50 19 0] 58 1 3k e 07 g B 800 R 2 T ) ST B I B O R A BB T DR 1) R L 18 T RORUSE B ) B AR
BELUE T 25 B i 805 iXRE R TE A BB . 0 ) B RO AR BE B AR 12 mm, AR BE K E 130 mm, 5 0RE BK
190 mm, i J7 85005 BUR 38RE 5 AP a) 3B 45 BORE JEAT 4 200 BT o 76 b B 3 3 BBORE I T H0 9 A A o 4 KRR L
PR UERE 2GR AR BE N B AR 5 mm FRBE KB 25 mm, S B 60 mm, R A MK &4k 1 070 C/140 MPa,

&1 DDl EEMEBEXUERS
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Fig.2 The y/ v’ microstructural evolution of DD11 alloy during stress aging at 1 070 ‘C /100 MPa
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Fig.3 The y/y’ microstructure dimension of DD11 alloy during stress aging at 1 070 ‘C /100 MPa

Pl 4 Sy DD11 & 47 1 070 'C/100 MPa Ji Jy B8 B2 /o MR T D245 AL 3. W) LU th L £ 1
JIBERCE 20 b i A i AR AE y AR SEURGHE W RS . LT IR 50 i RLESAE v/ A SR AL 2 B 2
BEL + 457 5 [F0) RS2 IO A 7 5 0 o B E 0 B 2880 R ) ) S L 1 T IRE AR 500 b I O IO AR R PR A5 S8 R Y
S5 o TR TE N T I RG2Sl A A B BEZH R, R N T I R 38 SR 6 5 I AT B B 2205 A
W AR E AL B BE

(¢)200h (d)500 h

E4 DDl A& AR ARERE y/y AARELERS(B=L[001])
Fig.4 The v/y  interfacial dislocation of DD11 alloy different time after stress aging
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Fig.5 The stress rupture lives of DD11 alloy after stress aging
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Fig.6 The stress rupture lives as function as degradation parameter of DD11 alloy
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