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Table 1  Chemical compositions of U720Li alloy (ω/%) 

Cr Co W Mo Al Ti Zr C B Ni 
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Fig.1  OM (a, c) and SEM (b, d) images of as-cast microstructures of the low B (a, b) and high B (c, d) alloys 
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Fig.2  OM (a, c) and SEM (b, d) images of as-homogenized microstructures of the low B (a, b) and high B (c, d) alloys 
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Fig.3  Isothermal oxidation kinetics curves of the as-homogenized 

low B and high B alloys at 1100 L in air 
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Table 2  n, K and C values for oxidation of the as-homogenized 

low B and high B alloys at 1100 �
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Alloy Exposure time/h n K C 

0~60 0.362 1.019 –0.002 

Low B 

60~100 1 0.058 0.949 

0~60 0.339 1.029 –0.006 

High B 

60~100 1 0.048 1.171 
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Table 3  Oxides identified by X-ray diffraction of as-homogenized 
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Fig.4  SEM images of cross-sectional of the as-homogenized low B (a) and high B (b) alloys after oxidation at 1100 L for 100 h 

0 20 40 60 80 100

0

1

2

3

4

5

6

7

 Low B (Experimental)

 High B (Experimental)

 Fitting curve

 Fitting curve

M
a
s
s
 
G
a
i
n
/
m
g
·
c
m

-
2

Time, t/h

a 

50 µm 

Pore 

Oxide layer 

Region C 

Region B Region A 

b 

50 µm 

Pore 

Oxide layer 

Region C 

Region B 

Region A 



� 6�                            ���²'BA³´Y Al+Ti¬�YN=
OGDP<QR                        ®2113® 

 

 

 

 

 

 

 

 

 

 

µ 5  2´=
OGxyz{|<[}~� 

Fig.5  Volume fractions of the pores near the oxide films 

for low and high B alloy 
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Fig.6  Thicknesses of region B and region C for low and high B alloy 

��A¡¨ B�¡¨ C
��'Qx�6� BHIÔ

ÐS¶ 2�¡¨
��' 

a��» SEM ©LM­¶¡¨ A A¦at)(

ÌïR
]^? 0.9~1.35 µm
¬4 γ′¾¿�<êa¶

)¬4 γ′rm
��AÚ¦a4IïRÏÐÑ γ′É�

7a� 7bÊ'ðñ³ò[33]�¶)¬4 γ′�? 1100 v�

�u��PAA· 
tã γ′�yÏÐ
ÏÐÑ γ′?

�BýþËó~
�=�PAO�
ôã γ′Ì¡¨ B

AÀ:¬4tã γ′�¹¦a4IÏÐÏÐÑ γ′¾¿�

<ê BHIfõ¡¨ γ′
�Ó]^À:�Q°±É�

7c � 7dÊ'ðñ Furrer �
ïðË�

[34]

�¶)ÏÐ γ′

�åa=>�PAO�
ÌaW�ö©LM1Æ¡¨

CA:÷øO�C�ya;�ö©É160000×Ê­	¥

�õ¡¨AÌùO�S0¡¨ B A;<ÏÐ
 γ′É�

7e� 7fÊ'­¶a 1100 v���B�PA���§


tã γ′��S�/� <ê¡¨ B+C,? γ′� ¡'

Qx�3< BHI�QÔÐSõ γ′� ¡
��' 

�������
��	��
��

¯� EPMA�J�OS_`B�� B�� B��

B 1100 v�B 100 h~�B��(
EF���Ë�

�� 8 q�'aú�'ÉBSEÊ©­ùúû¥��2

Û B HI��
�B�­�? 3 §'¯� EDX �O

S� B����B§
D��Ë��� 4q�'Ë�

XRDGEPMA � EDX �OË�­û2��Y�§¥

7�üý
(Ni/Co)OGTiO

2

�² NiGCoGCrGTi
å 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ 7  2´=
�[( 3Á�À<¶·¾¿ 

Fig.7  Microstructures of region A (a, b), region B (c, d) and region C (e, f) for low B alloy (a, c, e) and high B alloy (b, d, f) 
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Fig.8  Element distribution maps of the scale formed on the as-homogenized low B (a) and high B (b) alloys after oxidation 

at 1100 L for 100 h 
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Table 4  Composition of the oxide layers in the as-homogenized 

high B alloy after oxidation at 1100 �

��

� for 100 h 

(EDX results, at%) 

Oxide layers O Al Ti Cr Ni Co Mo 

Outer 59.12 3.28 9.33 12.51 8.33 7.28 0.14 

Intermediate 61.20 3.80 1.92 33.08 - - - 

Inner (root-like 

particles) 

58.76 41.24 - - - - - 
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Effect of B on High Temperature Oxidation Behavior of 
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Abstract: Three U720Li ingots with different B contents were produced by vacuum induction melting and afterwards they were fully 

homogenized. The effect of B on the isothermal oxidation behavior of as-homogenized U720Li alloy at 1100 °C was investigated by a 

discontinuous increasing weight method. After the homogenization treatment, extremely serious B depletion from the alloy matrix is found 

by ICP-AES, indicating that B could diffuse rapidly towards the oxide scale during high temperature air exposure (above 1100 °C). The B 

addition decreases the oxidation rate and reduces the volume fraction of pores and the thickness of γ′ depleted layer. The scales formed on 

both low B and high B alloys consist of three layers: the loose outer layer is composed of (Ni/Co)O, TiO

2

 and complex spinel, the compact 

intermediate layer is mainly Cr

2

O

3

 and discrete internal oxides are Al

2

O

3

+TiO

2

. It is demonstrated that B improves the oxidation resistance 

mainly by promoting the formation of a more continuous and protective Cr

2

O

3

 intermediate layer. 

Key words: nickel-base superalloy; oxidation; boron 
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