
� 49�    � 8�                                   ��������	                                 Vol.49, No.8 

2020�      8�                        RARE METAL MATERIALS AND ENGINEERING                      August 2020 

 

�����2019-08-26 

���	����	
���0220001104470�����
��	������KJQN201800106� 


���������1991����������	 !"#	$��� 401331� %&023-65678952�E-mail: danlinyang@cqu.edu.cn 

 

��������	
������� 

�������� 

 

�����  ����	��
� 

(���	��� 401331) 

 

�  ��'( )*+,-./012345�36789:-./;<=*8�>"?@�0�'( )*ABC

DE�FGH�0IJK*LM8NOPQ@RS�T��UVWXYZ[\]�^_��`abc[defZ[

8gh�ijklmnop	=*�qr` TiO

2

8Ystu v+@wxyz{|}~���|`����@�� TiO

2

��� 6 h8 )����`�Yn� 0.35%~0.40%8-./���b��������@��9:8��+,=*�

 )Z[���FV3@������)�` )Z[��n8���\'( )*8"�fmV�`��8� @ 

����'( )*�¡Yp/�Yst�¢£�¤ 

�������TF111�TG146.23        ������A        �����1002-185X(2020)08-2773-06 

 

������FFC��	
���������

Koll ���������������
�����

 !"#�$%&
'(�)*+,-.
/012

�3456

[1-4]

�Rajulu

[5]

7819:;� TiO

2

���

�
<=>?1!"#
���@ABC 240 h�DE

FGH.��$%
�56������IJKLM

NOP� 

QR��ST�78UV��
W���XPY

�Z[\
]^�_G`R
ab�c4def�g

%hij,
klm����nopqrstu�

Schwandt

[6]

vw+ij, 25%~30%
g% 3.0 mm

� TiO

2

ef�� 16 hx?y!"#zLi

[7]

vw+ij

, 68%
g% 2.45 mm� TiO

2

ef�� 4 hx?

y!"#zTripathy

[8]

vw+ij, 71.4%~74.7%


g% 12.0 mm� TiO

2

ef�� 21 hx?y!"#�

{@��1|}~i�
NH

4

HCO

3

~i���+
H

�1� .ij,]^�����

[7,9]

����]^

�_GU���tuc�������'��
��

tu��c$%

[7,9-11]

�Chenv

[10]

� O

2-

�����

��
��1 PRS��
��]^��`Rm��@

A�tu�Pritish

[11]

U����%h����1R�

����1 TiO

2

��cno�y�� 
<=m]

^�_G`R¡�1¢Q��
�£¤�H�P¥�

��¦�]^� ���§¨©D�ª

[7,9-12]


2P�

ij,�H«�PY�¬%
nPYR®l~¯e

f�°±²%\³
W��´^µ¶4
��·¸z

�¹n.�ij,��l~¯º»Aj¼s
³½�

�¾¿À,
/0Á�¡�
DEef�ij,ÂÃ

PÄÅ�W 25%~70%�2ª�efg%�Æ
<=½

g%�]^ef��ÀH«��$%
��ÇÈ�e

f� Ç·¸
�¹ÉÊ��?y�pd)Ë
-*

Ì�����ÍÎAÏ����34�+�PÄ�


ÐÅij,§¨Ñntu O

2-

�¾¿
CyH«��$

%���
��ÒmÌ��ÓÔÕ�-*tuz�g

%�ÐÅ-Ö���tu O

2-

����tu��×�	


�¹-ØÙ��¾¿À,�DE
ef�g%ÐÅ�

ÚÛ�ÜÝ���FG�Þ½g%]^p)-ß�à

á�â���IJMN� 

DE
â�ã�H«�c$%�ä
åæ��

1efg%m�c$%�tu
çè�w+)�4�

��
��1 TiO

2

�'�°���Ì78UV
��

1Qé]^
�Þ1½g%]^p)-ß�êë


�������3�+Hì1`í� 

���������	
��


�
����

TiO

2

¶îï�ð
X�
ñUx�¯]^ef


*+ò�óô�õeij,
öä÷øõeg%
k



¥2774¥                                           ¦�-.§¨�"#                                          � 49� 

efùúûüý¯]^�|}þ��� 1000 g ��

CaCl

2

�ÌÁ��´
�	
�	
o�«� 850 

�
+��úûã]^
.�|}ûã�^
�

� 2.4 V�X��� 2 h
����´������@


k��� TiO

2

�]^f�� CaCl

2

��´
.�|}

ûã�^
�� 3.2 V�X¡���� 

��pdW�	�Ã\ !�"
ç+#$�

%&'
60 �()�w+ X *+,*(Shimadzu 

X-ray 6 000)-./ü¯
Cu0
,*1 10°~90°
2

3$% 5°/min�4c-.5õe6c)� 


�����������

w+ Castep78¡�1���9
�� TiO

2

�'

�°�
!:| TiO

2

�A; P42/mnm
<=>R

a=b=0.4594 nm
c=0.2959 nm�?�1 2×3×3�<

@
FA 1a���´�c�BC¯@ÑnWDE�

2×3×3��´�� 1¥c©�F��
FA 1b� 

DE� 2×3×3�<@6� 108¥©��72¥c

©�
36 ¥#©�	
�G 1 ¥c©�
C¯�c�

BH% 1/108
I 0.93%�J 1KU�Û4
J

2 K*+Û4x�U�¡��)�9
�9��L

M�NU�hO�%��9w+ GGA-PBE��¡�


PÆQRPST��Y 420 eV
JPUVWXRP

� 2×2×5
SCF YZä[� 1×10

-6

 eV/atom�Ti

�\��]^ 3s

2

3p

6

3d

2

4s

2


O©� 2s

2

2p

4

� 

��������

��
������������� �

â��åæ� 1 0.8
1.5
1.9 mmg%
ij

,_ 30%�]^ef¡���78�A 2]^e

f��-{@A� XRD `A�aA�bc#d�C

¯e=������ !"#�f�g=Kh
ef 

 

 

 

 

 

 

 

 

 

 

© 1  -ª« TiO

2

 2×3×38¬® 

Fig.1  Model of rutile TiO
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Fig.2  XRD patterns of products from electrolysis of the TiO
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 pellets with different thicknesses at 3.2 V for different time 

in molten CaCl

2

: (a) 0.8 mm, (b) 1.5 mm, and (c) 1.9 mm 
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Fig.3  SEM images of the products from electrolysis of the TiO
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 pallets with different thicknesses at 3.2 V for 6 h: 
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Fig. 4  DOS (a, d) and PDOS (b, c, e, f) of TiO
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 (a~c) and TiO
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 supercell with an O vacancy (d~f): (b, e) Ti-3d, 3p, 4s, and (c, f) O-2s, 2p 
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Fig.5  EFL of TiO
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 with an O vacancy 
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Fig.6  Conduction mechanism of oxygen vacancies in TiO
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Fig.7  Schematic illustration of cathode design (a) and TiO
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 pellet 

cathode prepared in laboratory (b) 
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Fig.8  XRD patterns of products from electrolysis of the TiO
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 pellets at 3.2 V for 6.0 h in molten CaCl
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: (a) multi-layer cathode, 0.8 mm 

and (b) TiO
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� ��������	
����

Table 1  Oxygen content of the products 
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Oxygen content/% 0.3655 0.3784 0.3548 0.4015 
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Study on Conductivity Mechanism of TiO

2

 with Oxygen Vacancies 

Prepared by FFC Process and Cathode Structures 

 

Dan Linyang, Liu Nan, Li Zequan, Li Xuemin 

(Chongqing University, Chongqing 401331, China) 

 

Abstract: FFC process is a vital method to replace the traditional titanium preparation methods that are of high pollution and high energy 

consumption. However, both low efficiency and long electrolysis time hinder the development of the FFC process. Therefore, in order to 

increase the deoxidation rate, the effect of cathode-geometry parameters on the deoxidation rate was investigated. Meanwhile, the quantum 

mechanics method was performed to analyze the conductivity mechanism of TiO

2

 with oxygen vacancies. Based on the experimental and 

calculated results, a multi-layer cathode was proposed to improve the deoxidation rate. The titanium sponge with oxygen content of 

0.35%~0.40% was obtained after 6 h electrolysis using this cathode, and thus the electrolysis speed was effectively improved compared to 

the traditional cathode. Another benefit of the multi-layer cathode is to solve the contradiction between the deoxidation rate and 

production of the FFC process. 

Key words: molten salt electrolysis; TiO

2

; oxygen vacancy; geometry parameter 
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