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Fig.1  Schematic drawing of the burning test 

 

J=Z[ Ti40 ��´ Ti14 ��ïäa³\�]�9

2-�i�É¤R^�QFÅÆ[_U��Y�Fd

xy�:`v23�#U�a�¶�½¾bU=TC4

��Ì�7ä÷æ�PdüS[23	�� 7 mg/s�

� Ti14��c� 5.5 mg/s= 

>\2R23�åøabz1ôõ��d²�n

� 3 )Ü=��;<²�����_*	�½
e�

�f ��²�*C�~?�23|}�PdüS[

gFxy� 20%�Wj23q���S²�*CYZ

�S�Ti14·Ti40. TC4���23²�v¬�h 3·

2.5. 3.5 sv¬sRi*� 11.5·10. 16 mm=�2

3ïKq�9�TC4 ���²�Àj´ Ti14 . Ti40

��ïäôõ�Kq�Ti14 ��. Ti40 ���23

5.5. 4 s923kl�� TC4��m3423� 7 s

kl239=5623q�·23	�.²�*C��

�rn\´¢o TC4 ��ïä�Z[ Ti40 ef�]

�92-�i� Cu µ¶�SJp6 ���a³\

Ng92-= 

2.2  Ti14 � Ti40 ����
��	 

 �;<`�³ 2 ¤92��239�q�23

ar·zT×.ób

[6,7,9]

=��.gsrzTíM.

��µ¶�Ì!�­!Ö× XRD 723ab.23

óbzT:8v��XRD?@×t>°uv 2 mm�

wE×txy�aÜz{×t�ïíM�v¬>×t

I .×t II �|23ab.t}��{v:8~¸�

��Vn� 4)Ü=�`�Ti40��23ab�23

zTÊ�����È TiO

2

. Cr

2

O

3

.�y� V

2

O

5

��

4a, 4d��i�É�F?TG�³��|23ab� I

×t�:|�þ� II×t#�f�³F?T�Ê��

�þ Ti��ô$Ú:�þ��Fxyò�=� 4b .

4e� Ti14���23zT.:|�þ�zT�ïK��

23abÊ�����È TiO

2

��¥�Ti14 ��ef 

Thermal couple 



¼3610¼                                         Â6�8,-./0                                            � 48� 

 

 

 

 

 

 

 

 

 

½ 2  defghk 3|=�F;JªÃZ;J`© 

Fig.2  Burning time (a) and burning velocity (b) of the alloys under different oxygen partial pressures 
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Fig.3  Flame height (a) and captured images (b) of the alloys burning after different time (C

O

=20%) 
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Fig.4  Burned cross-section optical microscopic images of Ti40 and Ti14 alloy (C

o

=20%) (a, b); PDF No.(c) and the corresponding 

micro-area XRD patterns taken from area I and II in Fig.4a and Fig.4b (d, e) 
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Fig.5  Microstructures of area I for Ti40 near surface (a) and burned surface (b) 
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Fig.6  Cross-section microstructure of Ti14 after burning (a); corresponding EDS element line scanning (b); magnified burning products (c); 

Cu-rich layer (d) 

 

ï¢��\c� !�}~�jS#
Tð
� Cu

}~=��¾¿DE�>	X
�� Ti }~=�M

í�	�����É�
�=��ME�±u Cu º

m])�=�¾¿� �Cu}~=�4ñò£ ó�

� Ti14&'�ôõ��� 

2.3  ��������	
��
 

ö÷ÇÈ�øù{ìä�Ú� Cu{V{Cr }~

�Â�ÄÅ��Púû¨½Â�üý�¨^ 7 �`�

��þ����z�����&'���JK��

����wx�z�	2��FG�§Þ
N�g

Ó���Þ
M°�gÓ���FG�Ti{V{Cr

�
ÓÞ
��� 132{122{118 pm�yFG¿�

K�� Ti<V<Cr

[16]

�����uÖ<�Cr 
ÓA 

!é[FG��©ª«
 Cr =�DE�¨^ 5 �`

Cr }~z��j	�����½�©ª«
���

Cr � V }~é[FG�uÖ<���JK/�

Cr

2

O

3

/V

2

O

5

{Cr

2

O

3

�sCZ 4.89 g/cm

3

�E$ TiO

2

�sC�3.62 g/cm

3

��Ti 
Ó�Otu Cr

2

O

3

é[

FG§�JK

[17]

�@|��²�pE��\crs

C�¢���$êë��FG�%��xZ�/ª

«���¿� {���Ô�����EC �\

#S���Â���X[�	��uÖ< V

2

O

5

 �

É�Z 690 �����DBuÖ��� V

2

O

5

��u

Ö<�²�"� T��©��  

2 |Â�&'�����!z�� TiO

2

�&'}

~é[FG��:é*FG�ö÷"#$TÁ%�&

'<��FG��

[18]

Ê 

d d

= =

d d

′

′

⋅

ξ C m

J C

τ ρ τ

                      (2) 

&< , J Z&'<��FGt� , C' �y'&'}~

�� Ti ��Ô��(C�

d

d

ξ

τ

Z�(C�ρ ���

)����sC�

d

d

m

τ

Z��¥�¿���P½)

&

[18]

Ê  

d

= =

d 2 2

m K K

τ m ρξ

                         (3) 

&<, K �*Á�����¿���&)&�2���3�

�P+�Ê 

1 2

=

2

′

⋅

C - C

C K

D

ξ ρ ρξ

                      (5) 

EDS-line direction 

� 

� 

Burned surface 

500 µm 

a 

CuO Cu

2

O 

50 µm 

c 

Cu-rich layer 

� 

� 

50 µm 

d 

0 100 200 300

0

50

100

150

I
n
t
e
n
s
i
t
y
/
c
p
s

Distance/µm 

 

 

 O

 Ti

 Cu

Cu-rich layer 

BPZ 

HAZ 

b 

< 

Ti 

O 

Cu 



� 11�                                ����	
��
������
��������                         �3613� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  Ti40= Ti14
����>? 

Fig.7  Burn resistant mechanisms of Ti40 and Ti14 alloys 
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Effect of Alloying Elements on the Burning Behavior of Burn Resistant Titanium 

Alloys  
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Abstract: To alleviate "Titanium Fire" produced during high pressure and friction of titanium alloy, Ti-V-Cr series and Ti-Cu-Al series 

burn resistant titanium alloys have been developed. In this work, through a modified direct current simulation burning tests, the burning 

characteristics, e.g., flame height, velocity and burning products were measured to evaluate the burn resistant behavior. The results show 

the burning behavior and reveal the corresponding burning mechanisms of titanium alloys with different alloying elements. The formation 

of V

2

O

5

 and Cr

2

O

3

 oxides during burning of Ti40 alloy enhances the density of oxide layer to block the oxygen diffusion, which leads to 

excellent burn resistant behavior indicated by the smaller burning velocity and lower flame height. For Ti14 alloys, in comparison, a clear 

Cu-rich layer is formed at the interface between burning product and heat affected zone, where it consumes oxygen by producing Cu-O 

compounds, thus reducing the burning reaction with Ti-matrix. This work has established a fundamental understanding of how the alloying 

elements improve the burning resistance of titanium alloys. 

Key words: titanium alloys; burn resistance; element; diffusion; burn-resistant mechanism 
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