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 1  !"#�$%&'� 

Table 1  Chemical composition of the experimental K317  

and K325 alloys (ω/%) 

Element Cr Mo Al Ti Co Nb Ni 

K317 22 8 1.2 0.4 12 - Bal. 

K325 21.6 9 - - - 3.8 Bal. 
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Fig.1  Mass gain vs time curves (a) and oxidizing dynamic 

curves (b) of the two alloys 
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� 2  C�y��G 2WB�HI�yVg�QO�HI\ XRD�� 

Fig.2  XRD patterns of oxide scales of K317 (a) and K325 (b) after oxidation at 900 and 1000 � for different time 

 

�i��Ã xe)��¡@�|¢¥¦PQ���

���nPQ�g�GVm��&|*�XRD���

�BF�Vm γ��Ã γ��z{~��& 

Ê��;(ÕN�*+]y���:;���&

�))u K317 ïø�*+tu���PQ�ß�)

u K325 ïø�*+q5���«�PQ�¨©��

q� ���ß�b¢ 1000 ���N�*+�;:*

+�(ø]y XRD ÎÏ�< 3���)������

�¢ MoO

3

PQ��Mo��� 700 �²i�¤P��

�� �����?� MoO

3

���1�_�*+�

q�i

[11]

ßÊ��OW1� 2.3 ��ÎÏ�\���

��PQ�¨©¢ NiCr

2

O

4

& 

2.3  ��������	 

< 4! 2eWX� 900� 1000 �PQ 100 h�1

¥¦PQ��§7&[�:§7<�< 4a � 4c�\

p�K317� 900 �Ì�PQ�B¸no�#�PQ�

¨©´&�u��e�&OW< 4e �¥ 3 ÎÏ��

900 �PQ1�K317¥¦¨©�PQ��^  2�¢

¡ Cr ���ª�« Ti � Ni�OW XRD ÎÏO¢\

p�x³PQ�¨©�:¢ NiO�TiO

2

� Cr

2

O

3

£W

�&[w¤�&�>PQ�PQº�¥¦���.�

�§VÄK¢ÉÊPQ���&� 1000 ���K317

¥¦PQ�åæ¤j�§ ¯j�¨�PQ��^ 

5�&¨�PQ�¢[©°ª§¨©«¬� �¡ª

Cr� Ti�¢ Cr

2

O

3

� TiO

2

­W�&;È< 4b�< 4d

\p�� 1000 �PQ��K325¥¦PQ���'å

æ�®Qß� 900 �PQ��K325¥¦PQ�¢[t

uv�� NiCr

2

O

4

�< 4fc^  3��¨©�� Cr

2

O

3

�< 4fc^  4�_ &�� 1000 �PQ��K325

�¥¦PQ�2)'¯I��)��< 4dc^  1��

y����°PQ�! Cr

2

O

3

ß��ä���PQ�

¥¦iÎ±�no�NiCr

2

O

4

tuv�< 4hc^  7��

Ê����«¡ Nb � Ni �¨©�PQ��< 4h c

^  6��:PQ�! Nb

2

O

5

� NiO��&� 1000 �

PQ��PQ����)��
�n K325 PQ?�

Ì�&ÎÏ�!�K325�PQÇÓc�� Cr

2

O

3

PQ

�¥¦§ 'j«� NiCr

2

O

4

�2ePQ�´&�q�

�Çj¢Ã PQ����¡@�|�q��¡@f

�w�¤���G����¤��¢ NiCr

2

O

4

¤ Cr

2

O

3

� PB 6�PQº�¤;��²XZ�m_È�ÉÊ

Ø³��

[12

�

13]

��G��¢[w NiCr

2

O

4

¤ Cr

2

O

3

�

G´µÀã�¶·�Ã 2ePQ���>G¸>� 

 

 

 

 

 

 

 

 

 

 

 

� 3  K325HI��,����  XRD�� 

Fig.3  XRD pattern of the crucible used in K325 oxidation 

experiments at 1000  for 100�  h 
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� 4  2WB�C 9003 1000 �GHI�yVgQHIcv¡ 

Fig.4  SEM images of the oxide scales of the two alloys after oxidation for 100 h at 900  (a, b, e, f) and 1000  (c, d, g, h)� � : 

(a, c, e, g) K317; (b, d, f, h) K325 
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Table 3   EDS analysis of the oxide scales of the two alloys in  

Fig.4 (at%) 

Point No. O Al Cr Ti Nb Ni 

1 61.37 - 37.49 - 0.43 0.71 

2 69.77 0.24 28.79 0.81 - 0.40 

3 54.09 - 33.76 - 0.28 11.87 

4 52.00 - 44.58 - 0.37 3.06 

5 60.11 0.34 32.80 6.39 - 0.34 

6 60.56 - 15.65 - 13.36 10.43 

7 54.61 - 23.94 - 0.60 20.85 
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� 5  K317C 1000 �HI 100 h�Q¢�v¡£ EDS���/¤ 

Fig.5  SEM images of cross-section (a) and EDS element mapping (b~h) of K317 oxidized at 1000  for 100�  h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  K325C 1000 �HI 100 h�Q¢�v¡£ EDS���/¤ 

Fig.6  SEM images of cross-section (a) and EDS element mapping (b~f) of K325 oxidized at 1000  for 100�  h 
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Fig.7 Schematic diagram showing the oxidation processes of K317 (a) and K325 (b) at 900 and 1000 � 
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High Temperature Oxidation Behaviors of Two Cast Ni-based Superalloys 
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Abstract: High temperature oxidation behaviors of cast K317 and K325 alloy at 900 and 1000 °C in air environment were contrastively 

investigated by TGA, XRD and SEM (EDS). The results show that K317 alloy has a superior oxidation resistance compared with K325 

alloy. The kinetic curves of the two alloys oxidized at 900 °C for 100 h obey the parabolic rate law while those at 1000 °C obey sectionally 

the parabolic rate law. The oxide structure of K317, from the top surface down to the base material, consists of NiO-TiO

2

-NiCr

2

O

4

 

composite oxide, Cr

2

O

3

 oxide dense band and Al

2

O

3

 internal oxide. In comparison, internal oxidation is not observed in K325 alloy whose 

oxide layer is composed of two oxide layers: NiO-NiCr

2

O

4

-Nb

2

O

5

 composite oxide and Cr

2

O

3

 oxide layer. Serious MoO

3

 volatilization and 

oxide spallation take place in K325 alloy after the oxidation at 1000 °C for 100 h. In addition, the adhesion property of K325 alloy is 

worse than that of K317 alloy due to the occurrence of the micro-voids on the oxide layer/substrate interface.  

Key words: Ni-based superalloy; anti-oxidation element; oxidation kinetics; oxidation mechanism 
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