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Influence of grain boundary sliding on
ductility-dip cracking of Ni-based alloy

CUI Wei, CHEN Jing-qing, LU Hao, CHEN Jun-mei

(School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: According to the improved strain-to-fracture test (STF) method, the value of grain boundary sliding was used
as a new criterion to evaluate the susceptibility of ductility-dip cracking (DDC) in Ni-based alloy filler metal
52M(FM-52M) under various temperature and deformation conditions. The results show that the threshold strain of the
test is 6%, which is larger than 4% obtained by previous STF method. Heat pretreatment, peak temperature, strain rate all
have a great influence on the DDC susceptibility. Microhardness was used to mark interested micro-regions, from which
SEM images were made before and after the test in order to explain the roles of grain boundary sliding and precipitates in

DDC.
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Table 1 Chemical composition of FM-52M material (mass
fraction, %)
Cr Fe Mn Nb Mo Al
28-31 7-11 <1 0.5-1 <0.5 <0.7

Ti C S P Ni
<0.7 <0.04 <0.01 <0.01 Bal.

1.2 KHFE

ML TIG 15K FM-52M J5 22 SR AE )RS 24 10 mm
M b, HESRZERELh 9 mm. K5, HZU)IH
IR 3 mm FHERREZ, TN R STF HJRLARikFE,
Wik 1 fios.
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Fig. 1 Dimensions of STF specimen (unit: mm)
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Fig. 4 Influence of heat treatment on grain boundary sliding
at different temperatures: (a) 950 ‘C; (b) 1 050 C
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Fig. 5 Influence of peak temperature (a) and strain rate (b) on
grain boundary sliding
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Fig. 6 Crack formation mechanism of grain boundary sliding: (a)—(c) Crack initiation; (d)—(f) Crack propagation
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Table 2

fraction, %)

Elemental analysis results of precipitates (mass

Phase Nb C Ni Cr Fe Mn Si

Precipitate 61.2 14.17 12.89 891 221 0.62 0

Matrix 251 033 56.61 29.82 9.17 1.57 0.33

B8 SCHHTEHTH A SEM £

Fig. 8 SEM images of precipitates and cracking: (a) Before test; (b) After test; (c)—(f) Local areas ¢, d, e and f in Fig. (b),

respectively
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