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Microstructure and Medium Temperature Creep Behavior of Directionally

Solidified Nickel-based Superalloy

Tian Ning,Zhao Guogi, Pan Ling, Zhang Shunke, Yang Na, Zhang Weihua

(School of Mechanical Engineering, Guizhou University of Engineering Science)
Abstract: The morphologies of directionally solidified nickel-based superalloy after heat treatment and damage
mechanism of the alloy at 760 C and 700 MPa for different creep duration were investigated by creep property test
and microstructure observation. The results reveal that after heat treatment, the sizes of ¥’ phases between inter-
dendritic region and dendrite arms are greatly different, where the coarse and fine y' phase exist in interdendritic
and dendrite arm region, respectively. The cubic ¥’ phase does not form raft structure after the alloy creep rup-
ture at 760 ‘C and 700 MPa, and the closer to the fracture area, the more severe y'phase distortion, which is at-
tributed to the necking to a greater extent at the fracture during the creep. In the later stage, cracks in the alloy
are firstly initiated and propagated at grain boundary and eutectic structure that is not eliminated, where the grain
boundary at a 45 angle to the stress axis suffers the higher shear stress, enhancing creep damage probability.
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Tab.1 Nominal chemical composition of master alloys %
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Al Ta Cr Co Mo W Ti B Hf C Ni

5.24 3.68 8.68 9.8 2.12 7.08 0.94 0.012 1.52 0.09 4

FHEZ ) FHs Pab 35 0 324 i T A 48 1 R 2R
4.5 mm X 2.5 mm,FrEE R 15 mm A IE AR RRE , 5 X
HEAT ORI, IR b 3147 19 055 722 i RE il A GTW504 B i
AFRIEHL A L FE 760 C 700 MPa 44 #E47 I 78 1
Mt

2 RBEERL5HH

21 AREERHNASHARHRSETITA

B AR HUS MRORAH LU SO 1, af LA
FALE B G 4 W B TE BT SR 3 B AT L — OB A K
T (REBO S5 “ B GE&BOMERE. HKE
Ib 0] LA BT MKy A R 20 /)N AE 5 A
fh T Z BB S ) N X y AR .t T RIAR
A it 22 (A7 A H ) 22 5 B0 PO TR T DX, R AR

A PR S 4 b AR o s LA N BR A A D B
e H LU AE T RO 1] X

B — BT

(a) (100) @ # & 51 (b) Hodh /4 & 1 R 340 3 K T 42,
H1l A2ALZEWHARTR

Fig.1 Microstructure of alloy after heat treatment
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Fig.2 Microstructure of alloy in the dendrite or interdentrite

regions after heat treatment
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Fig.3 Creep curve of the alloy under at 760 C and 700 MPa
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Fig.4 Morphologies in the different regions of specimens crept
for 218 h to fracture at 760 'C and 700 MPa
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ZAE S T M PS8 760 'C 700 MPa &4 F

Ho6 MEHEBEETHERALRTLR
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