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Fig.1  Schematic diagram of Perovskite structure 

 

������
�

���� ����	
��CaCO

3

ZrO

2

������� 

ü 2 �UVG°����� CaCO

3

� ZrO

2

no

�=£m\¤� XRD üâK%ü 2 �N�ZrO

2

UV

CaCO

3

¤��^� ZrO

2

^�-Od�HX� CaZrO

3

  

 

 

 

 

 

 

 

 

 

 

� 2  ABCDEFGHCaCO

3

>ZrO

2

��950 �<=6 h> 

XRD�� 

Fig.2  XRD patterns of pure ZrO

2

 and ZrO

2

 doped with different 

contents of CaCO

3

 sintered at 900  for 6�  h: (a) 15%, (b) 

10%, and (c) 5% 

^�Ca

6

Zr

19

O

44

^K1PUVX�r��CaZrO

3

^�

Ca

6

Zr

19

O

44

^�OXr�Kö�%;#ZrO

2

QR~S#

�CaCO

3

�#950 �m\?��w�CaO�CO

2

��?

CaO'ZrO

2

#=£��ûT^tuYICaZrO

3

^�UÇ

ZrO

2

+CaO=CaZrO

3

K 

Fray

[7]

V��ZrO

2

�WX��+P&tuYZ;

'+a½¾$[�QR8�D#QRùx\ð]^�

RS&'2-.YI5D�*ùx(�D_`a¨B

QRTKUVCaCO

3

Ôû�CaZrO

3

^�bcd�H�

g+h�cdZrO

2

`a@e°f�WX�K+P&t

u°�ggYZ;'+a½¾$[�QR8�j�Y

Z;h�`a@Kön-.#�H�b8sMG+P

&tu�ðbK�i�jd�!"ôõ

[2]

�CaZrO

3

�

ZrO

2

+P&tu�T~Ô2�UVCaCO

3

Ôû�

CaZrO

3

^�e�kûI�ÉH
l�#ZrO

2

+wS�

T�ÁmkYI�CaZrO

3

�
l�678n�ãäP

&tu�0�sM+wtu�ðb�<=+wBCK 

Ca

6

Zr

19

O

44

�ûI� ZrO

2

' CaO#=£�YI~

�þTN�

[8]

Ç 

2ZrO •• ''

O

i Zr

2CaO Ca 2O Ca→ + +

 

',þ�ÇCa

2x

Zr

1-x

O

2

�x �o��Ca

6

Zr

19

O

44

p

q��',þ� Ca

0.27

Zr

0.86

O

2

, xr�; 0.135K 

Ca

2+

q; ZrO

2

�
�x�~�T�ûI~�T

Ì��isVt Ca

2+

.fã¨ ZrO

2


~�?�-.

½4 ZrO

2


�\]T+��°uv�ö?e�RSû

Ipq�Ôûef��,l'sw�+�uvKjà�

~�þTÌ��ûI�—xy_
z�r��rs

B�H�b�{| ZrO

2


�t"}~�d¸h�½4


��
�2�h����l�_TÌ�lF°É

H��;=�X�v'/,�dF;ÁHIñ��6

7���~=£S��@T^tu)^�l�m\S

��KjNO+w%&'2�	38?����S�

@�Ç(1)tuef%N��+a���ö���#�

��b8�HI!ñ�(2)tuef#+aùxãä+

atu���'S��@ùx����(3)+f#+a

8���(+',&'>+',-.tu)�(4)tuÔ

2#+aùxãätu¤��'S���@tuÔ2

��1)�w�/b',tu�(5)tuÔ2YI�^�

>tuÔ2�+aùx�+wtN����K#ö�

#��V�tuS�T��S#���������

HPh�+atuS���:,K# ZrO

2

�+P&t

uS�T�HIS��tu���ó��ZrO

2

' CaO

YI~�TÌ���=ãHItu�ãä�ij=ã

+P&tu�ãäK 

� ZrO

2

�Sm\¤�^éIg� ZrO

2

^KZrO

2

20    30    40    50    60    70 

2θ/(º) 

1200  

800  

400  

0

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

ZrO

2

 

CaZrO

3

 

Ca

6

Zr

19

O

44 

1200  

800  

400  

0

1600  

800    

0

ZrO

2

 

CaZrO

3

 

Ca

6

Zr

19

O

44 

ZrO

2

 

CaZrO

3

 

Ca

6

Zr

19

O

44 

a

 

b

 

c

 

O ion 

A ion 

B ion 



� 9�                            ����0LMABk"45.67VWY.cqv>~V                       �1577� 

 

UV°������ CaCO

3

¤��YIG�HX�Z

([\]^ CaZrO

3

�~�þTN�^ Ca

6

Zr

19

O

44

�à

ö 2�^�OX1UVX�r�jr�Kö 2�^�

ûI��<=+gC)rs`a�+',tuvh�

ij=ã+wtu�ãä�<=+wBCK 

UV°����� CaCO

3

� ZrO

2

no�=£m

\¤��/®b)D�C)Jùxy�u�D��/

\J@ù 1|ýKiù 1� ¡�UV CaCO

3

� ZrO

2

`a�D�C)Jùxy)u�D�rs�®b>��

jà1PUVX�r��®b�>�D�C)Jùx

y�1�r��¢UV� ZrO

2

no'UV 5%CaCO

3

no�u�D�^£KUVX¤��Jùxy)u�

D��l'¤�K 

 

�������CaCO

3

�ZrO

2

��	
�������

Table 1  Effects of doping content on porosity and specific 

surface area specific surface of ZrO

2

 pallets 

Properties ZrO

2

 

ZrO

2

 doped 

5% 

CaCO

3

 

ZrO

2

 doped 

10% 

CaCO

3

 

ZrO

2

 doped 

15% 

CaCO

3

 

Density/g·cm

-3

 5.42 4.81 4.48 4.30 

Porosity/% 8.0 18.3 23.9 27.0 

Specific surface 

/m

3

·g

-1

 

1.26 1.33 1.83 3.25 

Mean pare size/ 

nm 

129.79 128.04 144.21 179.65 

�

���������	
��CaCO

3

ZrO

2

�������

$;�ZrO

2

no�UV°�XCaCO

3

�`a@�#

900 �)3.1 Vêë�ãä8 h+w¤�MØÙ+Üãä

ùxYß���/\J9ü3K 

 

 

 

 

 

 

 

 

 

 

 

� 3  �ZrO

2

������	
CaCO

3

���� 900 �3.1 V�

�8 h���SEM�� 

Fig.3  SEM images of morphologies of ZrO

2

 and CaCO

3

 doped ZrO

2

 

electrolyzed at 3.1 V in molten CaCl

2

 at 900  for 8�  h: (a) 

ZrO

2

, (b)ZrO

2

 doped 5% CaCO

3

, (c) ZrO

2

 doped 10% CaCO

3

, 

and (d)ZrO

2

 doped 15% CaCO

3

� 

|dno+w¤���������	
��

�����������CaZrO

3

�Ca

6

Zr

19

O

44

#+

w?��w¡CaO�+wtu@�Ç 

3 6 19 44 2-

CaZrO (Ca Zr O ) Ca ZrO (1+ )CaO

x

x x+ → +

 

CaO#CaCl

2

Td�=�Ìwb�A19.4%(���

�)�CaOÌw;NOCaCl

2

�¥�p��UVX¤��

Ì¨NOT�CaOe¤5�|FÔ2�D�¤�K 

$;ZrO

2

�UV°�����CaCO

3

�no+w

8 h¤�$/¦xM�âãäI����/\J@ù2

|ýKiù2T�Á ¡��ZrO

2

no+w8 h¤�+

w�b���&OX�44.23at%�*OX�10.58at%�

OdZ:;)§:;KUV5% CaCO

3

�ZrO

2

no+w

¤�&OX�39.52at%�*OX�56.25at%�OdZ

:;�¢¨¡§:;�$;UV10% CaCO

3

�ZrO

2

n

o�+w¤�&OX�35.07at%�*OX�60.97at%�

OdZ:;�¢¨¡§:;��Á ¡�UV10% 

CaCO

3

�ZrO

2

no+w8 h¤��K��&:;jP©K

$;UV15% CaCO

3

�ZrO

2

no+w¤�&OX�

22.65at%�*OX�77.35at%�¢¨¡Z)§:;�

ª�#«¬[2]T�45�*#862 �Á8����

\]�*�Ìw29at%&jYITÌ��+�*#T,

?$&d^£�Ìwb�jà&#*T���x�~

��\1®TK+��$;NO+P&Qs¯�TÌ

&�P©}��°�+w?~Ki�â���\J 

¡�1PUVX�r��+wðb�+w�b1�<

=K  

�GGwUV°�XCaCO

3

�`a@$+w\J

����$+w¤�noãäXá¾çá��(@ü4

|ý)K�9��ZrO

2

+w8 h¤�P&�b-J���

Ô2���38 Zr)Zr

3

O)Ca

2

Zr

7

O

6

)ZrCl

2

)ZrCl)

CaOKtu�T~Ô2�5�Od*���&'2)

§'2�+P&tu�T~2Ca

2

Zr

7

O

6

KUV5%CaCO

3

  

 

����������	
�CaCO

3

�ZrO

2

��900 �

��

��

��

�3.1 V��

�8 h���

��

Table 2  Compositions of pure ZrO

2

 and ZrO

2

 doped with 

different contents of CaCO

3

 electrolyzed at 900  �

��

�

for 8 h (at%) 

Elements 

Pure 

ZrO

2

 

ZrO

2

 doped  

5% CaCO

3

 

ZrO

2

 doped 

10% CaCO

3

 

ZrO

2

 doped 

15% CaCO

3

 

O 44.23 39.52 35.07 22.65 

Cl 24.36 / / / 

Ca 20.82 4.23 3.96 / 

Zr 10.58 56.25 60.97 77.35 

10 µm 

a 

b 

c d 



�1578�                                          �������	
                                           � 38� 

 

�ZrO

2

no+w¤�Ô2���Zr)ZrCl)ZrO)ZrCl

2

�

� ¡���*�±X*���&'2�§'2�U

V10%CaCO

3

 �ZrO

2

no+w¤�Ô2���*��

±X�ZrO�ZrCl

2

KUV15%CaCO

3

 �ZrO

2

no+w

¤Ô2²³´K�*�µda±X�ZrOK1PUV

X�rs�Ô2�^éIT38*�Xr��+w�

br=K 

+�BC�¶q·þ

[1]

�Ç 

C.E(%)=+a8Ô2�!�tX/æú�¡2t�X 

=W/qIt                            (1)

 

 

þTÇC.E�+�BC(%)�q��¡2t�+',£X

(g·A

-1

·h

-1

)�$;Zrs¯�0.8506 g·A

-1

·h

-1

�I�+w+

�(A)�t�+w?~(h)K 

ª�noTZrO

2

�X��¡38�X�FM·þ

(1)¶qZrO

2

�UV°�XCaCO

3

no#^�+wêë

�+w8 h�+�BC(@ù3|ý)Kiù3 ¡�UV

CaCO

3

�Úò<=ZrO

2

+P&�+�BC�jà�

+�BC1PUVX�r�j<=K  

 

 

 

 

 

 

 

 

 

 

 

 4  ZrO

2

���������CaCO

3

����3.1 V�900 �

����� 8 h XRD! 

Fig.4  XRD patterns of ZrO

2

 and CaCO

3 

doped ZrO

2

 electrolyzed 

at 3.1 V in molten CaCl

2

 at 900  for 8�  h   

 

����ZrO

2

�ZrO

2

�����	
�CaCO

3

���3.1 V�

��

�900  

�

��

����8 h������

Table 3  Current efficiency of ZrO

2

 and CaCO

3 

doped ZrO

2

  

electrolyzed at 3.1 V in molten CaCl

2

 at 900 �

��

� for 

8 h 

Contents of CaCO

3

 /mol% 0 5 10 15 

Current efficiency/%  4.19 11.45 12.57 13.58 

�

��������

1) ZrO

2

TUVWX� CaCO

3

#=£m\?��û

T^tu�YIZ([\]�^ CaZrO

3

, _`a#�

H�b8cdef-+fg+h�ijkl`a�h

��rs/+',tuvh�<=+wBC�dBz

{�+P&|}�?~K 

2) ZrO

2

TUVWX� CaCO

3

#=£m\?, ûI

~�þTN� Ca

6

Zr

19

O

44

�½4 ZrO

2


�\]T+�

�°uv�ijRSûIpq�Ôûef��,l'

sw�+�uv�~�þTÌ��ûI�_
z�

r��{|G ZrO

2


��t"}~�d¸h�_TÌ

�lF°ÉH�dF;ÁHIñ��67�tuãäK 

3) CaO# CaCl

2

NOT�ÌwbAB 19.4%(��

��)?�#+wS�T�`a�+wÔ2 CaO Ìw

#NOT�YIC5�DE�dF;NO�G¨�j

àr�tu�Jùxy�CdF;+wP&�ãä�

0sM+wtu�ðb�<=+wBCK 

 

����    References  

[1] Du Jihong("#$), Xi Zhengping(%&'), Li Qingyu(()

*)et al. Rare Metal Materials and Engineering(�����

��	
)[J], 2006, 35(7): 1045  

[2] Li Qingyu(()*), Du Jihong("#$), Xi Zhengping(%&

'). Transactions of Nonferrous Metals Society of China(+,

�-��./)[J], 2007, 17(S1): 560  

[3] Du Jihong("#$), Xi Zhengping(%&'), Li Qingyu(()

*) et al. Rare Metal Materials and Engineering(�����

��	
)[J], 2007, 36(1): 96  

[4] Du Jihong("#$), Xi Zhengping(%&'), Li Qingyu(()

*) et al. Chinese Journal of Rare Metals(����)[J], 2007, 

31(3): 336  

[5] Li Zhongqiu((+0), Hou Guiqin(123), Zhang Wenli(4

56). Journal of Hebei Institute of Technology(789	.

:./)[J], 2006, 28(1): 71 

[6] Wang Jide(;<=), Su Xintai(>?@), Liu Ruiquan(ABC). 

Progress in Chemistry(D.EF)[J], 2004, 16(5): 829  

[7] Fray D J, Chen G Z. Materials Science and Technology[J], 

2004, 20(3): 295 

[8] He Yunqiu(GH0). Physical Chemistry of Inorganic Material 

(IJ��K9D.)[M]. Beijing: Chemical Industry Press, 

2005 

 

 

20    30    40    50    60    70 

2θ/(º) 

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

 800  

400  

0

Zr 

Ca

2

Zr

7

O

16 

1200  

400  

1200  

400  

1200  

400  

Zr 

ZrO 

Zr 

ZrO 

ZrO 

ZrCl 

Zr 

ZrCl

2

 

ZrCl

2

 

ZrO 

ZrCl

2

 

CaO 

ZrCl 

Zr

3

O 

15% CaCO

3

 

10% CaCO

3

 

5% CaCO

3

 

Pure ZrO

2

 



� 9L                            ()*MNOP��QRST�UVWXY��Z[ JW                       �1579� 

 

 

 

Mechanism on Increasing Electroanalysis Efficiency by Cathode Doping for the Metal 

Zirconium Prepared by Electro-Deoxidization in Molten Salt 

 

Li Qingyu, Du Jihong, Xi Zhengping, Li Zhengxian, Yang Shenghong 

(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China) 

 

Abstract: Metal zirconium was prepared by electro-deoxidization method by using CaCl

2

 molten as electrolyte, sintered ZrO

2

 and ZrO

2

 

doped different mole CaCO

3

 pallets as cathode, graphite rod as anode. The pallets were electrolyzed at 900  � and 3.1 V for 8 h. It is found 

that the rate of electro-deoxidization reaction for ZrO

2

 and the current efficiency were increased, and the reaction time of 

Electro-deoxidization was shortened by adding CaCO

3

.  

Key words: doping; CaCO

3
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; zirconium; current efficiency; mechanism  
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