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 1  Hastelloy N!�"#$%� 

Table 1  Chemical composition of Hastelloy N alloy (ω/%) 

Alloy Si Mo Cr Fe Mn C Co+Al+Ti Ni 

0%Si 0.05 16.15 6.97 4 0.52 0.05 <0.2 Bal. 

0.15%Si 0.18 16.24 6.89 4.05 0.53 0.05 <0.2 Bal. 

0.5%Si 0.56 16.11 6.88 4.01 0.53 0.05 <0.2 Bal. 

1%Si 1.01 16 6.87 4.04 0.53 0.05 <0.2 Bal. 
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� 1  ?E SiFG Hastelloy NI
MNWX�YZ 

Fig.1  Oxidation kinetics curves of Hastelloy N alloy with 

different Si contents at 850 J 
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� 2  ?E SiFG Hastelloy NI
p 850 JMN 100 h`�� 

��H XRD�� 

Fig.2  XRD patterns of Hastelloy N alloy with different silicon 

contents oxidized at 850 J in air for 100 h 

0 20 40 60 80 100

-1

0

1

2

3

4

5

6

7

 

 

M
a
s
s
 
G
a
i
n
/
m
g
·
c
m

-
2

Time, t/h

 0% Si

 0.15% Si

 0.5% Si

 1% Si

10 20 30 40 50 60 70

e

d

e

e

e

c 

c  

c  

c 

e

b 

d NiFe

2

O

4

e Cr-O

a  

c 

d

d

d

b 

b 

c  

c  

a 

a 

 

 

a NiO

b MoO

2

c NiCr

2

O

4

1%Si

0.5%Si

0.15%Si

I
n
t
e
n
s
i
t
y
/
a
.
u
.

2θ /(

o

)

0%Si



� 3�                                  $%&k9Si� Hastelloy NI
MNOPH��                            �887� 

ÓÇG]~����Ký���v�:�=uk"�

z84Ó��������K�84Ó��¹'��

�������84���¨�|84���084

Óuk:­ 0.5%Si� 1%Sicd�ukþ���(ù

zúYu 3ZÔs�4*84|z] 3 |��r��

A��B�� C�:­ A�ukþ��(ùzú� 

Ôs�q)|84|rs� Ni � O ]Ç�*"¡y

Mn�­ XRD� Ôs= NiO:A�84|�}~��

($¢Â8rs�ÃBÄ×Ø�m¢ÂcdbÕ
�

84£�B6�£¤��:­ B�ukþ��(ùz

ú� Ôs��Z84|rs� Ni�Mo�Cr�O ]

Ç� e= NiO�Cr

2

O

3

�/¥g��¦c84�:­

C �ukþ��(ùzú� Ôs�à84���r

s� Ni�Mo�Cr�O ]Ç� e= MoO

2

�Cr

2

O

3

�

Ni�84�: 

­r 3�u 2�u 3Ôs�4^èí Si�y�cd

0 850 î84 100 h!����~�G¹� Cr

2

O

3

£¤

'84Ó��½84b%&cò.yz	G5���

Wagner §¨�84Ó2�ò�ãb%&��¾
ý

B~:vw Si�y�ë��)| NiOh��'(°³�

© NiOè!�¥¦�h84'(��=~�� NiO

|Áª�8�ÃBÄ×Ø:íÎ��� SiO

2

à8 

 

 

 

 

 

 

 

 

 

� 3  ?E SiFG Hastelloy NI
p 850 JMN 100 h`����MNe SEMt� 

Fig.3  SEM images of Hastelloy N alloy surfaces with different Si contents after 100 h oxidation at 850 J: (a) Si-free, (b) 0.15%,     

(c) 0.5%, and (d) 1% 

 

� 2  0%Si � 0.15%Si Hastelloy N �������	
�� 

Table 2  EDS results of Hastelloy N alloy without Si and with 

0.15%Si 

Alloy O Cr Fe Ni Mo Si 

0%Si 24.44 7.79 2.38 38.87 26.52 - 

0.15%Si 28.45 12.97 3.72 31.38 23.14 0.33 

 

� 3  
 3� 0.5%Si � 1%Si Hastelloy N �������	
 

�� 

Table 3  EDS results of marked zones in Hastelloy N alloy with  

0.5% Si and 1%Si in Fig.3 

Alloy   Zone O Cr Fe Ni Mo Mn Si 

A 18.44 0.64 0.87 79.66 - 0.38 - 

B 24.88 10.41 3.00 36.33 25.38 - - 

 

0.5%Si 

C 29.98 6.13 1.42 18.29 44.18 - - 

A 20.43 0.58 0.74 77.80 - 0.44 - 

 

1%Si 

B 27.45 11.14 2.33 32.23 23.78 1.38 0.34 
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� 4  ?E SiFGH Hastelloy NI
p 850 JMN 100 h`MN�2��t� 

Fig.4  Cross-sectional SEM images of Hastelloy N alloy with different silicon contents after 100 h oxidation at 850 J: (a) Si-free,    

(b) 0.15%, (c) 0.5%, and (d) 1% 
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� 5  � Si Hastelloy NI
p 850 JMN 100 h`HMNe���t�� EDS���d� 

Fig.5  Cross-sectional SEM image (a) and element distributions (b~f) of Hastelloy N alloy without silicon oxidized at 850 J for 100 h: 

(b) O, (c) Ni, (d) Mo, (e) Cr, and (f) Fe 
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� 6  1%Si Hastelloy NI
p 850 JMN 100 h`HMNe���t�� EDS���d� 

Fig.6  Cross-sectional SEM image (a) and element distributions (b~h) of Hastelloy N alloy with 1% silicon oxidized at 850 J for 100 h:  

(b) O, (c) Ni, (d) Mo, (e) Cr, (f) Si, (g) Fe, and (h) Mn 

 

 

 

 

 

 

 

 

 

� 7  ?E SiFGH Hastelloy NI
 850 JMN 100 hH��� EPMA� 

Fig.7  Cross-sectional EPMA patterns of Hastelloy N with different silicon contents at 850 J for 100 h: (a) Si-free, (b) 0.15%Si,      

(c) 0.5%Si, and (d) 1%Si  
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� 8  1%Si Hastelloy NI
��MNaR ¡¢� 

Fig.8  Schematic diagram for oxide film on the Hastelloy N alloy 

with 1% silicon content 
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Effects of Silicon on the Oxidation Behavior of Hastelloy N Superalloy at 850 °C 
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Abstract: The isothermal oxidation behavior of Hastelloy N superalloy with different silicon contents at 850 °C in air was investigated by 

a discontinuous increasing weight method. The results show that oxidation mass gain kinetics of the samples follows the parabolic law 

with increasing Si contest. It is observed that the surfaces of the alloys exhibit a multi-layer structure after 100 h oxidation. The outer 

oxide film of Hastelloy N superalloy mainly consists of NiO, NiFe

2

O

4 

and other oxide composites. The middle layer is confirmed to be 

Cr

2

O

3

 and MoO

2

. A continuous and dense SiO

2

 sublayer is formed at the metal-oxide interface, it is effective to prevent Cr diffusion. The 

addition of Si promotes the formation of a relatively continuous and compact Cr

2

O

3

 and it can strongly improve the oxidation resistance. 
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