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Effect of high temperature cyclic loading on y’ phase evolution
behavior of DZ411 alloy

ZHENG Wuyue, ZHI Yiheng, ZHOU Tongtong, CAO Tieshan’, CHENG Conggian, ZHAO]J] ie

(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China )

Abstract: Optical microscopy(OM ) and scanning electron microscopy (SEM) methods are employed to investigate the effect of
various load conditions —including a constant load of 200 MPa, an average stress of 200 MPa with a stress amplitude of
130 MPa, and an average stress of 150 MPa with a stress amplitude of 130 MPa—on the microstructural evolution of DZ411
alloy. The experimental findings reveal that the dendrite structure remains relatively unchanged under high temperatures and
stress conditions. When compared to a constant load, DZ411 alloy subjected to cyclic loading exhibits a reduced number of
interdendritic pores, which are also smaller in size. In the absence of loading, the y' phase undergoes rafting to form a sheet-like
structure. Notably, cyclic loading exhibits a more pronounced promotion effect on the rafting growth process of the y’ phase than
directional constant loading. Additionally, cyclic loading facilitates the merging and growth of small y’ phase particles, leading to
the formation of longer sheet structures as more y’ phases become interconnected. Furthermore, under cyclic loading, the size and
morphological differences among y’ phase particles become more pronounced.

Key words: DZ411 directional solidification superalloy; cyclic loading; y' phase; fracture
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Table 1 Nominal composition of DZ411 alloy(mass fraction/% )
C Cr Co Ti Al W Mo Ta Ni
0.09-0.1 13-14 9-10 4.6-5.2 2.8-3.4 3.5-4.1 1.3-1.7 2.5-3.1 Bal.
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Table 2 Experimental parameters of stress cyclic loading

Sample  Temperature/°C Average stress/MPa  Stress amplitude/MPa  Loading rate/ ( MPa + s') Rupture time/h
1 950 200 0 9.6 354.5
2 950 150 130 9.6 69.1
3 950 200 130 9.6 22.6

2 BRESH

21 AEBEHAHARBTNEEHALEMILBH
=AU

E AT AR (15 DLRAEA AT (2 5 ) 1Y
e SR 3 R . B 3(a-1) LR 3(a-2) K
PIRRE B e R GA R IER IEH), EE AR KA M
B PRASE A T R IE G A it (B AL, A5 [R] DX 30 A
Vit (LA, 1 28 ny SR e A o 1 FLIR £t 2 T
PRAARTIRAE, 33100 B it 2 I TR] f0 88 o, L IR R g
Jins T R 2 R 7 N, PR B A AR TR X,
F3(b-1) . B 3(b-2) fim, B FIERIF R LA B
AR A, F 00 0 A i [ L T 0 A RS i 34
i, 3 B RS N 0] LA Kk A i [E) TR B AL B Y
9, FEEERN.

Xof b P R S T 11 Ak (AT 3 (e-1) AT 3(c-2) )
AL, 2 DX 300 F A FH S B G, AAEIRT L& B, A

BT 1SR, TR ATE T 2 S ilke
o A ) DXL SR T A, R B/, (2R
e, FLIRP R i 4208 i/ N B, TG IR 3 o
REE, JFIEX LS, FLIR AY & e E AR V5 )5 T
fE TR RE Y, 254 2 5 iU R 0 1 W7 24 55 i 4%
Br, UEHH 2 SR RE AR A i R s B R AR, X1
HPRER 3 of S B T8 T i R 8L 8, W 3 A
BHER F 1 o
22 AEEINE R XS v E LR B0
2.2.1 %y AR B A HE I SR AR A R B S B

] 4 Sk 950 °C KNIRRIE AT B] 5 DZ411 52 [0 %
o W A 4 AT T AR A AR K ) B R T DX R
YA BTG, #5585 RE 35 I8 T Je F5 i (A X)),
iz BR3P HE S, o B 4(a) A Z 3
I 15 SR AR A R AR L2, R 4 R R R
VERATR v AH B 2 s 18] 38, o043 1 A 2
TR, e BT UR 1 5 T 3B Wi AL BRI, HR



48 o= M

545 3

3 1(1)F12(2)%5 DZ411 & 2RFE AR S 21 2]
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Fig. 4 SEM images of DZ411 alloy at 950 °C under different time
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Fig. 5 SEM images of the stressed ends of DZ411 alloy under different loading conditions at 950 °C (a)200 MPa average
stress/0 MPa stress amplitude; (b)150 MPa average stress/130 MPa stress amplitude; (c)200 MPa average stress/130 MPa stress
amplitude; (1)uniform deformation zone; (2) proximal fracture area
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