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Fig.1 Creep curves of DZ411 alloy under 950 °C/190 MPa
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Fig.2 Microstructures of DZ411 alloy along the [001] tensile direction at different creep stages: (a) 3 h; (b) 24 h; (c) 100 h; (d) 200 h; (e) 300 h;

(f) 400 h
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different creep stages
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Fig.4 Distribution maps of y/y' segregation in DZ411 alloy at different creep stages: (a) 3 h and (b) 400 h
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Fig.5 Partition ratios of individual elements between y and y’ phases at different creep stages (a); relationship between partition ratio of elements

and creep time (b)

5y HIZ I 76 RARHTRE I , HRiA O -
k=" (D

Aty e, e, 73 G TR i 15 y FEARR y AR o i1
D k>R YA IGER i 7E y B m R, H kAt R
T SRR s R 2 2 k<L, JG 3 i 7E y AR 3, L ke ik
TR M RFE . Ho, 71 Sa i k<1 I« R
FUNFRIRTT I, AR KN

MR LUE o A 2R TR (AL Ta M T 7E p 2
WS R R TGS Ey b S ERA R
FHaH ; 52 A0S, y AR 5% 76 % (Co Cr Mo AT WO FE y'AH
S ERAR R R EGS Ay B AP S ERARE
FriaF . X PP A 1R A 15 B R AR R AR SR G 2R L
TREMIER, & —Fp B HOIAR . XA RT R E
[T & A ARs | VR 12 Wl 51150 0 L W% T X P
AR B AT PR30, A O 2R TG 38 ANy A o 1) A R
e F i SRR R B0 23 5y AR SR T R IR A I ) 5 2
FAIR o IR Tl SR 70 3 1 E T HUS BT AL 2 A
3.3 EETHIERMAEES

Kl 6 Wox 7 /£ TEM WL %~ & 4 A0 85 1 B AOE 3 .
LR R A A P I R R R R SRR L DR I, 7E

500 nm

AR 26 A N UG AR B, A7 8 EBEAE p M A . AL
(A B R BN b=a/2<110>, AL 45 22 J7 TR B HE R 28 : (1D 43
ALE {11 2 HE B <110> % HE 77 [ I <112> Wk & He 7
6] 5 (2) 2 A PE AR 2 HE T _E<100> 77 1] o X 28— 28407
B BT S TR R BRI e AT S S R A 4 i B AR
T s Ho— PR 2 i A B ) BTl 5 58— A B8 U AF 6 A
METE i, e T A5 B % H ) 24 7 468 1 35 o 2R 8 A A5 1L 15
2w 25 B HETH 5 F Tzt FE A DR 3 ) 3 LR A [ S T
Bt B8 1A B A S e AT T e SO LB ) B4 4 o 7 6 AR i
Y, R ARARA , B 4 00 1 35 B 8 R UACH8E R 351 0 1
77 A — 8053 5 38 5 A7 45 TRV B0 A3 BRI, DR e A
B, FLAE R A3 A 5 5 o A AR KB  SE AR 2 o, 4
Kl 6a 1 s o

G G AE il AR 052 S AR T Bl T A W AR
B,I0HE A 2NN R AR E), AREE R LREE
B 1) B 85 A L AE B I 23 T R 9 2%, il P b 6¢ B
TN TEMHAR T WIS S B I = A W B T ) LA
i/ b A JE DO B8 BIE B TE BSR40 7 5 R TR i
WG AR AR OR8N W EAT L A [ L B A
B IR, PR A IR RS AL B B B R, HRIE R
B 1) B BB BN & p/y P AH S THI BN, 52 380 5 1 1) BELAS , 0%

B6 ARG B DZ411 &4 hi4 5 TEM B 5
(a) bright field image after 3 h creep; (b) dark field image after 400 h

Fig.6 TEM images of dislocations in DZ411 alloy at different creep stages:

creep; (c) high definition structure of dislocation network
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Fig.7 High resolution microstructures of y/y’ phase interface in DZ411 alloy after 400 h creep: (a) overall morphology of y/y’ phase interface;

high-resolution microscopic morphologies of y’ phase (b), y/y" phase interface (d), and y matrix (f) after Fourier transform; fast inverse

Fourier transform patterns of y’ phase (c), y/y' phase interface (e), and y matrix (g)
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Research on Creep Fracture Behavior of DZ411 Alloy at 950 °C/190 MPa

Li Yan', Huang Yao', Yu Shan', Wang Yuqi', Shang Jiaxin', Zhao Chengzhi'?, Zhang Hexin'
(1. College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin 150001, China)
(2. School of Metallurgy and Materials, Wenshan University, Wenshan 663099, China)

Abstract: The creep behavior of the DZ411 alloy at 950 °C and 190 MPa was investigated using high-resolution transmission electron microscopy
and scanning electron microscopy. The relationship between the deformation mechanism of the y’ phase and the strain rate during creep was
elucidated. With various creep durations, the alloy forms a raft structure due to the directional diffusion of elements. Because the length of the
rafted y’ phase is significantly extended, the impeding effect on dislocations is greatly increased. Consequently, in the early stage of creep and
before the rafting of the " phase, the alloy exhibits a higher strain rate, with a total strain variation of 0.31% and a strain rate of 2.78x107 s™". As
the rafting process of the y’ phase progresses, the impeding effect on dislocations also increases, causing the alloy to enter a steady-state creep
phase. In this phase, the strain rate significantly decreases, with a total strain variation of 2.35% and a strain rate of 2.17x10* s™'. However, when
the stress in the alloy accumulates to a certain extent, dislocations will enter the )" phase through a climbing mechanism. A large number of
dislocations cutting into the y’ phase adversely affect the continuity of the raft structure, reducing the effective length of the y' phase, significantly
weakening the impeding effect of the dislocations, and causing the alloy to enter an unstable state. This accelerates the creep process and
ultimately leads to the fracture of the alloy. The total strain variation in this stage is 17.05%, with a strain rate of 2.22x107 5™

Key words: high temperature creep; element diffusion; rafting; dislocation slip
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