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¨ 1   T©ªY��«¬ 

Fig.1  Dissection and analysis of the castings: (a) casting product, (b) 1 # thicker area (about 70 mm), (c) 2 # main thickness area (about  

30 mm), and (d) 3# thinner area (about 8 mm) 

 

=>��?l?� 50 kV��?l@� 100 mA�76

'ABC 20º~90º�DÆ 0.02º/s�ED 0.5 s�� î

õ�ß
FG>HI.� Ïþñ��{ MH-50øJ

K)éñ�LMz�ñ�NO HV

0.3

�P� 300 g'Q

NRSPQÏ¯�hØ 100 µm 'ÅT]_�ß
M

z�B�UÉMz 3V�
WXY. 

������	
�

����������

qZ���¤q¥¦§�ªüý��,-@­[

\ {�È@­])'®¯°±�qZ�ÂÍß^�

¯þYp'_`���Ä��,-¤
�RLIÍ@

­î¼ß^��qW��ßàPQÏ¯ÍGa�bº

cdefaç.²¦% 1ê,� Ï¯g�])�b�

�B)é*ê,RäÈ% 2f&æ�@aPQÏ¯b�

hV�®¯2/g�])'®¯°±þ�i]®¯°

±�C�j�k. 

�B)é*R� 'ð+*+VW�lþ�mð

+�nê,@aÏþ�î$&o¤3¿þð+¦p$

&�¦p$&ð+�])�PQ_�ð+qØ�¾�

)CrsoÃ¦§ÎPQÏþK_�ð+*+'áâ

��tu��Ärs� ��	v�?��Ôw'á

â�tu¾x$&ABGamU�nyW��¿xS

®¯]_�'mUz{.S%�|G�1#� äb�

$æð+¦p$��å 450 µm�2#� ä�)}�$æ

ð+¦p$å 300 µm�3#� ä|$æð+¦p$å

250 µm�1#� PPQb�$��*+}aÚ�~�

'Ïþð+¦p$�à 3#� PPQ|$*+'Ïþ

ð+¦p$BÎb|�s�ð+Ú�qØ�¾�)C

rsPQ|}�!oÃ?�b��ªüýPY[\ 

{ÄÅb�. 

�HÚ»'ß
Ïþëìîõ��{/0l*ê

,äÈ% 3f&æ�¤ 1#� K 2#� 'Ïþ@aH

])��s�Wð+'®¯°±þ�1#� °±þ�

�hX��å 10 µm�2#� °±þ�� 6 µm�à¤

3#� Ïþg�@a])'°±þ�s�ð+Ú�q

Ø�¾ª�B)é*ê,*�¿u. 

�����	
��
��

PY,-ªqZ��'°±¦§�)Wa��w

'��¦§

[6]

�ÔÕ��Hß¿D`aPY,-ÎP

QÏ¯®¯°±'áâ��{ EDSI�Î 3ð� '

Ï¯ß
H�w�/0�È% 4~% 6f&.�/0*

��g�@a Y�w��Ä�Zr�wVWg�>��

i]Yp�' Y�wK Zr�w�g�����W��

PQÏþ�)��W�w�Y �w�1��bX�s

�¤ Ti �'Ã��bØ�ÔÕ�ã�Ë����W

��à Zr�wo¤s�*����*�{z���Ô

Õ��óô�]).�/0*���� Ïþ@a O

�w�zF
��W�w TiK Al�zR��¾i]�

WÏ¯'°±þ�)� O�w'��þ�1#� O¸

�w'����å 7 µm�2#� O�w'����å

5 µm�3#� O�w'����å� 3 µm�1#� O 

a 

b 

c 

d 



§892§                                       ­%�F[\®��                                              � 49� 

 

 

 

 

 

 

 

 

 

 

¨ 2  ��d��¯�� 

Fig.2  Surface microstructures of specimens: (a) 1#, (b) 2#, and (c) 3#  

 

 

 

 

 

 

 

 

 

¨ 3  ��d� SEM°± 

Fig.3  Surface SEM images of samples: (a) 1#, (b) 2#, and (c) 3#  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¨ 4  ca 1#�� SEM²³� EDS��´µ¶ 

Fig.4  SEM image (a) and EDS element line scanning (b~e) of 1# sample: (b) Ti, (c) Al, (d) Zr, and (e) O 
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� 5  �� 2#�� SEM�� EDS!"#$%&' 

Fig.5  SEM image (a) and EDS element line scanning (b~d) of 2# sample: (b) Ti, (c) Al, and (d) O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  �� 3#�� SEM�� EDS#$%&' 

Fig.6  SEM image (a) and EDS element line scanning (b~d) of 3# sample: (b) Ti, (c) Al, and (d) O 
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� 1  1#~3#��� EDS �����	 

Table 1  EDS analysis of 1#~3# sample (ω/%) 

1# sample  2# sample  3# sample 

Element 

Diffusion layer Matrix  Diffusion layer Matrix  Diffusion layer Matrix 

O 3.77 12.88 1.17  3.02 13.63 1.26  5.56 8.43 1.08 

Ti 71.27 56.64 85.17  71.75 52.78 85.53  64.78 68.87 86.13 

 

 

 

 

 

 

 

 

 

 

 

� 7  1#�� XRD�1 

Fig.7  XRD pattern of 1# sample 

 

 

 

 

 

 

 

 

 

 

� 8  2#�� XRD�1 

Fig.8  XRD pattern of 2# sample 

 

 

 

 

 

 

 

 

 

 

 

� 9  3#�� XRD�1 

Fig.9  XRD pattern of 3# sample 

 

 

 

 

 

 

 

 

 

 

� 10  ��23456# 

Fig.10  Surface hardness curves of sample 
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� 11  ����� !" 

Fig.11  Comparison of fluorescence penetrant test: (a) unpickled, (b) 0.3 mm pickling, and (c) 0.6 mm pickling 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 12  #$%&' SEM()* EDS+,-.� 

Fig.12  SEM image (a) and EDS element line scanning (b~d) of sample after pickling: (b) Ti, (c) Al, and (d) O

50 µm 

a 

0 40 80 120 160 200

0

600

1200

1800

2400

 

  

 

Ti Kαl

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

b 

0 40 80 120 160 200

0

100

200

300

400

  

 

O Kαl

Distance/µm 

d 

0 40 80 120 160 200

0

100

200

300

400

 

  

 

Al Kαl

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

Distance/µm 

c 

a 

b c 

Kα1 

Kα1 

Kα1 



�896�                                       /0�123456                                              � 497 
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Fig.13  Surface OM image of sample after pickling 
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Interface Reaction of Large Size ZTA15 Titanium Alloy Investment Casting 
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Abstract: As oxidizable metals, titanium alloys are very active on melting point. It is easier for large-size titanium castings to react with 

the casting materials which will affect the surface quality of the castings during casting. In this experiment, large-scale titanium alloy 

castings were cast by Yttrium oxide mould in a vacuum consumable shell furnace, and the surface layer of samples with different thickness 

was tested and analyzed by SEM, XRD and EDS. The results show that there is an oxygen diffusion layer of certain thickness on the 

surface of the samples, and there is a tissue transition zone of certain thickness on the surface. Finally, an acid pickling method was used 

to remove the reaction layer and the transition zone of the sample surface, which effectively improves the surface quality of the castings. 

Key words: large size; titanium casting; interface reaction 
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