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� 1  CTKLMN~����� 

Fig.1  Compact tension specimen for crack propagation test 
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� 2  A^B^C��KLMN�� ¡¢£¤ a-N ¥¦ 

Fig.2  Relation between crack growth size (a) and fatigue cycles (N) 

of the sample A, B, C: (a) a-N curves holding for 90 s and   

(b) a-N curves under fatigue 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  A^B^C��KLMN~� da/dN-∆K¥¦ 

Fig.3  Fatigue crack growth rates (FCGR) da/dN-∆K curves of the 

sample A, B, C: (a) holding for 90 s and (b) under fatigue 
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Table 1  Comparison of fatigue cycles in different stages during crack propagation of the sample A, B, C 

Sample A  Sample B  Sample C 

Crack propagation stage 

Hold 90 s, A1 Fatigue, A2  Hold 90 s, B1 Fatigue, B2  Hold 90 s, C1 Fatigue, C2 

N

c

(Initiation-∆K30) 2644 2565  1567 1429  561 1538 

N

n

(∆K30-instability) 1851 2395  1472 1414  89 1083 

N

s

(Instability-fracture) 8 6  6 6  5 6 

N

f

 (Total cycles )

 

4503 4966  3045 2958  655 2627 

N

c

/N

f

 0.587 0.517  0.515 0.483  0.856 0.585 
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# 4  A$B$C%&���� '()* 

Fig.4  Crack growth morphologies of the sample A, B, C fatigue fracture 
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# 5  # 4+%& C2-b'(, -./0 MC12345 EDS67 

Fig.5  Speciation of MC on the particle surface of sample C2-b fracture in Fig.4 (a) and its EDS spectrum (b) 

 

 

 

 

 

 

 

 

 

 

# 6  A8B8C%& �9:; 

Fig.6  OM microstructures of sample A (a), sample B (b), and sample C (c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

# 7  %& C+<=-.>?(PPB), EPMA@AB1 

Fig.7  EPMA elements analyses on the PPB in sample C 

10 µm 

a 

20 µm 

20 µm 

b c 

10 µm 

Nb 

Al Ti 

Hf 

Ni 

Cr 

Co 

W C O 

Mg 

a 

10µm 

MC 

b 

800

600

400

200

0

0           2          4 

Energy/keV 

I
n

t
e
n

s
i
t
y

/
c
p

s
 



� 10                             �  ���PPB��������������� !"                        �3287� 
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Fig.8  TEM images (a, d), SAED pattern calibration (b, e), and EDS results (c, f) of MC (a~c) and M

6

C (d~f) on the particle boundary in the alloy 
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Influence of PPB on Crack Growth Behavior of PM Ni-Based Superalloy 

 

Zhang Ying, Zhang Yiwen, Sun Zhikun, Huang Hubao 

(Beijing CISRI-Gaona Materials &Technology Co. Ltd, Central Iron &Steel Research Institute, Beijing 100081, China) 

 

Abstract: The effect of prior particle boundary (PPB) on the crack growth behavior of a powder metallurgy nickel-based superalloy formed by 

direct hot isostatic pressing (As-HIP) was investigated. The results show that the precipitated carbide and oxide on the boundary of prior particles 

in the powder metallurgy superalloy decrease the fracture toughness (K

IC

) and initiate cracks from the interface easily. In the course of crack 

propagation, fractures occur along the inter-particles, which changes the direction of extended edges, aggravates the propagation of cracks along 

the grain boundaries, and thus increases the crack growth rate. The fracture toughness of the crack tip extending along the boundary of prior 

particle is closely related to the physical properties, amount and size of the precipitates on the PPB. The denser the precipitates, the smaller the K

IC

, 

and the crack propagation is accelerated in these weak areas. 

Key words: powder metallurgy nickel-based superalloy; crack growth rate; inter-particle rupture; prior particle boundary (PPB); fracture toughness 
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