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Table 1  Chemical composition of GH3535 superalloy (ω/%) 

Mo Cr Fe C Mn Si Ni 

16.3 6.55 3.71 0.04 0.49 0.45 Bal. 
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Table 2  Shot peening parameters 

No. Strength of shot peening/N·mm Overlap/% 

1 0.27 150 

2 0.36 150 

3 0.45 150 
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Fig.1  Backscattered electron images of GH3535 alloys with different shot-peening strengths: (a) no shot peening, 

(b) 0.27 N·mm, (c) 0.36 N·mm, and (d) 0.45 N·mm 

a 

b 

c 

d 

135 µm 

118 µm 

152 µm 

100 µm 



� 10�                         ����/BCj5A GH3535G
 900 HIJKLMN| ¡                      �3521� 

 

 

 

 

 

 

 

 

 

 

 

� 2  BC¢k GH3535G
£¤2�¥¦Y§¨ 

Fig.2  Residual stress distribution of GH3535 alloy with diffe- 

rent shot-peening strengths along depth from top surface 
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Fig.3  Cross-section microhardness distribution of GH3535 alloy 

after shot-peening 
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Fig.4  Oxidation kinetics curves of GH3535 superalloy with dif- 

ferent shot peening strengths oxidized at 900 H in air 

 

d� GH3535 ��EQR;F���1�Kcd��

ÎÕQR�|��¬��*-Ö�¬3QR 4 h �3

QR�£�Y�X3QR 200 h ����£* 5.32 

mg/cm²�3.z{cdIJ&0.2730.3630.45 N·mm'

� GH3535��3QR� 10 h-QR�|��¬��

¬;de3QR�£v �QR 10 h���[��w

��;[�QR�3�£ �V��QR 200 h�î�

�X¾Ù* 1.3031.1831.08 mg/cm²�0.45 N·mmcd

IJÎÕmKcdÎÕ¸y3QR�£8 5.32 mg/cm²

gr 1.08 mg/cm²3gh� 79.7%�8���J�3c

def�����I GH3535��EQR;F��nc

dIJ��X3GH3535��EQR;FÑU�I� 

�� �����!"#$�
 

F 5*z{cdIJ GH3535��L 900 �67

AQR 200 h�[�v»��AF 5a*KcdÎÕ3

QR 200 h �[�QRS�P���U3*+-�`

�����QRS���ÍÎ[�*���QR��

L3��-uµ�QR�3,S ¡�¾
�ÎÕ[

�K�P$¢W£QRS3zF5¤¤¥ O��^j�

8F 5b~5d ��J�3cd�ÎÕ[�?�Pz{Á

J�¦�§¨m÷d©]ªw�¦«¬ �̈mKcdÎ

Õ¸y3cd�ÎÕ¢h ���3­\QR�A®

5�� Cr���QRS[�Ú\��U¯°3QR�

�±i<�ncdªw�²³¹i�´�QRB�8

¾
L0h�µn(QR�&F 5e'mz{ìí�¶

v�LQR�&F 5f'#w3� 2.B�m��0h

}1·£3LQR�ÁAF5¤¸¤¥ O��i-q

r3¤¥QR¹��^-_^�� 

0 20 40 60 80 100 120 140 160

-800

-600

-400

-200

0

200

R
e
s
i
d

u
a
l
 
S

t
r
e
s
s
/
M

P
a

Distance from Samples Surface/µm

 No shot peening

 0.27 N·mm

 0.36 N·mm

 0.45 N·mm

–

–

–

–

0 50 100 150 200

150

200

250

300

350

400

450

500

550

M
i
c
o
h
a
r
d
n

e
s
s
,
 
H

V
/
�

1
0
 
M

P
a

Distance form Shot-peening Surfac/µm

 0.27 N·mm

 0.36 N·mm

 0.45 N·mm

0 50 100 150 200

0

1

2

3

4

5

6

M
a
s
s
 
G

a
i
n

/
m

g
·
c

m

-
2

Time, t/h

 No shot peening

 0.27 N·mm

 0.36 N·mm

 0.45 N·mm

0 50 100 150 200

0.0

0.2

0.4

0.6

0.8

1.0

1.2



�3522�                                          �������	
                                           � 49��

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 5  ������ GH3535�� 900 ��� 200 h������ SEM�� 

Fig.5  SEM images of GH3535 alloy with different shot peening strengths oxidized at 900 � for 200 h: (a) no shot peening, 

(b) 0.27 N·mm, (c) 0.36 N·mm, (d) 0.45 N·mm, (e) spinel oxide, and (f) spherical oxide 
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Table 3  EDS results of two oxidation products of the alloy 

with 0.45 N·mm shot peening strength (ω/%) 

Oxidation product Cr O C Mn Ni 

Spherical oxide 35.5 31.5 13.7 12.5 6.8 

Spinel oxide 19.5 24.8 16.4 29.4 9.8 

 

 

 

 

 

 

 

 

 

 

 


 6  ������ GH3535�� 900 ����� 200 h� 

!��" XRD
# 

Fig.6  XRD patterns of GH3535 alloy with different shot peening 

strengths oxidized at 900 � for 200 h in air  
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Fig.7  XRD pattern of oxide film powder of GH3535 alloy with 

no shot peening oxidized at 900 �for 200 h in air 
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 8  ������ GH3535�� 900 ��� 200 h�6��� 

Fig.8  SEM images of cross-section of the GH3535 alloy with different shot peening strengths oxidized at 900 � for 200 h: (a) no shot 

peening, (b) 0.27 N·mm, (c) 0.36 N·mm, and (d) 0.45 N·mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 9  ������ GH3535�� 900 ��� 200 h� EDS789 

Fig.9  EDS line scanning of GH3535 alloy with different shot peening strengths oxidized at 900 � for 200 h: (a) no shot peening, 

(b) 0.27 N·mm, (c) 0.36 N·mm, and (d) 0.45 N·mm 
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Fig.10  EPMA spectra of the cross-sectional distribution of elements of GH3535 alloy with different shot peening strengths 

oxidized at 900 � for 200 h 
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Fig.11  Isothermal oxidation model of GH3535 alloy after shot peening 
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Effect of Shot Peening on Isothermal Oxidation Behavior of GH3535 Alloy at 900 °C 

 

Wang Songlin

1,2

, Zhang Jixiang

1

, Lu Yanling

2

, Fan Guangcheng

2

, Dong Anping

3

, Zhou Xingtai

2

 

(1. School of Mechanotronics & Vehicle Engineering, Chongqing Jiaotong University, Chongqing 400074, China) 

(2. Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China) 

(3. School of Materials Science and Engineering, Shanghai Jiaotong University, Shanghai 200240, China) 

 

Abstract: The isothermal oxidation behavior of GH3535 alloy before and after shot peening at 900 °C was investigated by using 

discontinuous increasing mass method. The results show that the mass gain of the samples of the 0.45 N·mm shot peening strength is 

decreased by 79.7% compared to that of the unshot sample at 900 °C. The main oxide products of unshot GH3535 alloy are NiCr

2

O

4

, MoO

2

, 

NiMoO

4

; While the surface oxide film products of GH3535 alloy is composed of NiO, NiFe

2

O

4

, Cr

2

O

3

 and NiCr

2

O

4

 after shot peening 

treatments. Plastic deformation appears on the surface of GH3535 alloy and results in grains refinement and dislocation density increase 

due to shot peening. The main reason for the increase of Cr atom diffusion flux is that the dislocations and grain boundaries of the plastic 

deformation zone of the alloy surface act as a fast diffusion path of Cr atoms, which promotes the diffusion of Cr to the surface to form 

Cr-rich oxides, makes the Cr

2

O

3 

layer more quickly form, and shortens the transient oxidation period. 

Key words: shot peening; high temperature oxidation; GH3535 alloy; oxidation kinetics; oxide film 
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