
� 48�    � 5�                               ��������	                                Vol.48,   No.5 

2019�      5�                      RARE METAL MATERIALS AND ENGINEERING                     May    2019 

 

�����2018-05-10 

���	����	
��
�51664005�51574095, 51474079����� KY��2015�334���
������2015�4005���

�������2017�5626� 


��
�������1991� �!" �#$%�&'()
�*�#$ #+ 550025�E-mail,328247879@qq.com 

 

SOM ��������	
��� 

 

���

1,2

����

1,2

���	

1,2

�
��

1,2

 

(1. #$%��#$ #+ 550025) 

(2. #$-)
./(0/1234567�#$ #+ 550025) 

 

�  ��89:;< TiCl

4

 =0/>= ?0@ABC�D CaCl

2

EF>GHIJK?0@ABC8LM�N<OP

QRST�SOMT�UVWXYZ
[B�\]^_D 1100 `a3.5 VWbc�ABCLM?WdRe/fgh?i

jk8lmnop,qrWXstuv�LMwxy:z�{|}c~������%��WX 6 h ��
[Bop

SOM T���A?W��}l0@ABCWdRe/8,TiO

2

→CaTiO

3

→Ca(Ti

2

O

4

)→TiO→Ti�� AlaMnaFeaSi �

gh�0WX�����h�%���� CaCl

2

EF�������F����ijl 

����OPQRS�0@ABC�
[B�WdRe/�ghk8 

�������TG146.23        ������A        �����1002-185X(2019)05-1671-06 

 

��������	
��� 1 t TiCl

4

���


200 kg���������������������

��������� 
��!"#$%&'()*+

,-.
/0�1234�5678

[1,2]

9:;<��

���=�>&?@A#BC�DEFG
HIJ

[2]

������KLM=��NOPQ
RKLST�

15%U
�����/0�VWXYZ[
NOU\

]^
_`a�bcde

[3]

&fghijk����


l�����	TiO

2

mSnop 38.3%q�r 58.5%


shitu	fgvwx 4 mol·L

-1

�yz{x 10:1


g`|�b}�~

[4]

>&��)+���p����

	=� TiO

2

�x��PQ���
������=�

150 kg��'
=�����q�b��
�S��

������r�n>&9 

Nf������������_�n>&��

���#������ ¡9Mae

[5]

�Chene

[6]

%&

¢£��FFC� ¤¥�����n¦��i���

�TiC/SiC��9§z¨W©ª��SOM� >&W©

ª«¬­®�¯®
�|�°�±tu²Nf�³´

µ�	Y
¶·A¸¹º�»�
�¼q��½��


|FFC�¾�¿À�ÁÂ
Ã�jk�ÄÅ����

������TiFe�Ti

5

Si

3

[7-9]

bÆÇÈÉ>&ÊË�

�������������A���Ì��     

�

[10,11]

9Í_�SOM�º&Î�������=�

	
ÏÐ_�n>&����12
s�ÑÒ�ÓÔ

ÕÖ|×
ØÙÎ�������Úk�ÛmÜÝÚ

��Þßàá
��
ÆâãäåA%&SOM���

����������
æç<�������è©

é�ÌÛm@x?@FG�êë9 

1  �  � 

SOM �ì&z¨W©ªx 8%©�íKÛ�©�

î(8Y-ZrO

2

)ï
�x©¬ðñ¨
#òów²ô�

O

2-

�/¨9������è©�kõÓÔ[11-13]#

0
ö÷�kø���°ùúûüøn¦ýø 1a�1b

ìû
þ��®¹ºý²� 

¯®�2O

2-

+2C=2CO + 4e                  �1  

­®�TiO

2

 + 4e

 

= Ti + 2O

2- 

                �2  

�¹º�TiO

2

 + 2C = 2CO + Ti              �3  

 

 

 

 

 

 

 

 

  1  SOMWX56¡¢  

Fig.1  Schematic of SOM experiment: (a) electrolysis principle 

and (b) schematic of SOM system 
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Table 1  Composition of the high titanium slag (ω/%) 

Ti O Fe Si Mn Al 

49.60 38.46 4.76 3.07 2.75 1.20 
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  2  LM? SEM¤w 

Fig.2  SEM images of cathode before sintering (a) and  

after sintering (b) at 1150 `¥

10 µm 
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  3  LM?¦§K¨ 

Fig.3  Macrostructure of cathode sintered (a) and electrolyzed for 

3 h (b), 6 h (c), and 9 h (d) 
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Fig.4  XRD patterns of cathode before and after soaking in CaCl

2 
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Fig.5  XRD patterns of cathode electrolyzed for different time 
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Fig.6  SEM images and EDS spectra of cathode electrolyzed for different electrolytic time: (a) 3 h, (b) 6 h, and (c) 9 h 
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Table 3  Physical and chemical properties of metals 

Metal Electrode reaction 

Electrode 

potential/V 

Boiling point of  

chloride/* 

Fe Fe

3+

 + 3e
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→Fe -0.036 315 
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+2e
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 →Mn -1.180 1190 

Ca Ca

2+

 + 2e
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→Ca -2.866 1600 
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→Si -0.843 57.6 
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 + 3e
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→Al -1.662 178 
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Table 4  Mass of residual impurities in different treatment  

processes (mg) 

Metal impurity Fe Al Si Mn 

Total amount of 

impurity 

66.70 16.81 43.02 38.53 

Impurities in CaCl
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molten salt 

26.06 13.24 13.46 18.10 

Impurities in HCl 

wash 

10.20 2.40 2.64 1.54 
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Fig.7  Schematic diagram of impurity removing in cathode 
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Preparation of Titanium by SOM Electrolytic Process  

from Ultrafine High Titanium Slag 
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Abstract: In order to recycle the ultrafine high titanium slag produced in TiCl

4

 production process, the titanium slag was sintered and 

employed as the cathode in a solid oxide membrane (SOM) electrolytic process in molten CaCl

2

 to prepare metal Ti. The deoxidization 

process of the cathode and the behavior of impurities removing were studied at an electrolytic temperature of 1100 °C with an electrolytic 

voltage of 3.5 V. Results show that with the increasing of electrolytic time, the size and porosity of cathode is decreased while the particle 

size in cathode is increased, and after 6 h electrolyzing metal titanium is obtained which indicates the SOM process offers a high current 

efficiency. The deoxidization process of this electrolysis process is carried out as: TiO

2

→CaTiO

3

→Ca(Ti

2

O

4

) →TiO→Ti. Impurities such 

as Al, Mn, Fe, and Si are mostly reduced to the corresponding elementary substance, and move into melting CaCl

2

. A small amount of 

residual impurities in cathode can be removed by washing with dilute hydrochloric acid. 

Key words: solid oxide membrane (SOM); ultrafine high titanium slag; titanium; deoxidization process; impurities removing  
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