
� 47� � 9� ��������	 Vol.47, No.9

2018� 9�                     RARE METAL MATERIALS AND ENGINEERING September 2018

�����2017-09-17

���	����	
���51604209�


���������1983��������������
� �!"#�$�%� �� 710055�E-mail: 610504108@qq.com

FeTiO

3

-Fe

2

O

3

��������	
�����

���

1,2

����

3

��	


1,2

����

1,2

���

1,2

 (1. ����
� ��%� �� 710055)

(2. %�&!"#�'()*+�%� �� 710055)

(3. ,-
� ��,- 100083)

� ��./0 Fe

2

O

3

123 FeTiO

3

456#789:;�<=>�?@ABCDEF xFeTiO

3

(1Gx)Fe

2

O

3

12H�0

IxI1��()JKLMNO45PQR12H745S.�TUV XWXYWZ�XRD�[\]^_-`aZ�SEM-EDS�

3EF12Hb45cdeSfghijf/�=>EF12Hklmn�opqr�s x t �FeTiO

3

uvwx#

pt h12Hyz45Mp[45{|�45p α7} {|�m~� x�7}��}�h12 Fe

2

O

3

`��e FeTiO

3

45�s�456#*��6�� Fe

2

TiO

4

[ Fe

3

Ti

3

O

10

h12H-��������F��H�FeO�����u��Fe

2

TiO

4

�

[ TiO

2

�e��45�F� Fe[ Ti

2

O

3

h�KLMNO456#��������� f¡¢£`. 295.54 kJ/molh

������¤£d12H¥d�¦x¥KLM45

�������TB332        ������A �����1002-185X(2018)09-2775-07

��������	
������
���

�������������������� !�

"#$%�&'(%)*+,-�./

[1-3]

012�3

45-6789&:;<=�>?��@?ABC


D50EF�'�G�&'3��'HIJ�KLM

NF��G�O�PQRS��AB'&��97D

5T�CUV9�WQXVY�Z[0���\]�

��������O�^_`ab?cdef*+g

�'HIJhi�jk�P�lm�n�'HIJO

��opqrstupqvw

[1-6]

0xy��z{��

��-6���|}�����O�PQ�V~�_

�"�������O����`a�'HIJ��

oO���$%�����0 

Ramdohr(

[4]

g�'�-�'�HIJ���q

��`a�n��WQ9F 1050�Z�������

��� xFeTiO

3

(1�x)Fe

2

O

3

HIJ0S. Akimoto(

[6,7]

�`a���A���� 1100 �����>��n

������� xFeTiO

3

(1� x)Fe

2

O

3

HIJ0�

Pouillard

[5]

�A�  950 �¡� 2 h¢£¤�¥]`a

� xFeTiO

3

(1�x)Fe

2

O

3

HIJ������n�HI

J¦§� 2¨����©��ª0.66«x«1X 0«x«

0.33¬0Z�®F2¯`a�Nicholls

[8]

C���'�

X�'��°*s±0 

tF�'�X�'���oO�`a�²%S³

q´µ¶st`a��

[9-11]

��� xFeTiO

3

(1�x)Fe

2

O

3

HIJ��oO���·%¸¹0ºA�®F»¼¡

�?�������� xFeTiO

3

(1�x)Fe

2

O

3

HIJ�

g½HIJJ¥�¾(W�oO�`a��¿À�

oO���r^_���ÁÂÃ����9W��¢

£CU_ÄÅÆ0 

��������

�`a FeTiO

3

-Fe

2

O

3

HIJ��oO����Ç

È D. B. RaoXM. Riguad

[12]

45�»¼¡�?��`

agÉ�A�ÊËÌ± 1ÍÎ0 

 

 

 

 

 

 

 

 

 

 

§ 1  =>¨©ª«§ 

Fig.1  Schematic of the experimental apparatus 
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Table 1  Experimental samples xFeTiO

3

(1�
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�x)Fe
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and  

conditions 

No. x 

Fe:Ti 

(molar ratio) 

Solid solution:C 

(molar ratio) 

1 0 - 1:3.0 

2 0.25 7:1 1:2.5 

3 0.5 3:1 1:2.0 

4 0.75 5:3 1:1.5 

5 1 1:1 1:1.0 
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Fig.2  XRD patterns of synthetic FeTiO
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Fig.3  SEM image (a) and EDS spectra (b) of synthetic FeTiO
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Fig.4  XRD patterns of xFeTiO
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Table 2  Parameters of synthetic xFeTiO

3

·(1-x)Fe

2

O

3

 solid  

solutions calculated from XRD 

x a/nm ± c/nm ± Volume/nm

3

 

0 0.50742 0.00003 - - 0.1306 

0.25 0.50540 0.00006 1.37339 0.0008 0.3038 

0.5 0.50724 0.00004 1.38472 0.0003 0.3085 

0.75 0.50742 0.00007 1.40018 0.0005 0.3122 

1 0.51359 0.00005 1.42139 0.0004 0.3247 
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Fig.5  SEM image (a) and EDS spectrum (b) of xFeTiO
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Table 3  Composition parameters of reduced xFeTiO
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(1�
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�x) Fe
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O
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(x=0.5) solid solution calculated from XRD (ω/%) 

Phases 950   1000   1050   1100   1150   1200   1300   
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Table 4  Lattice parameters of Fe

3

Ti

3

O
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 calculated from XRD 

Temperature/  a/nm ± b/nm ± c/nm ± Volume/nm

3

 

950  0.373650 0.00004 0.967986 0.00003 0.996779 0.00005 0.36052 

1000 0.373751 0.00002 0.968767 0.00001 0.997090 0.00002 0.36102 
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Table 5  Lattice parameters of Fe
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TiO
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 calculated from XRD 

Temperature/ºC a/nm ± Volume/nm

3

 

950 0.839768 0.00005 0.59221  

1000 0.841403 0.00001 0.59568  

1050 0.844219 0.00003 0.60168  
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Table 6  Lattice parameters of TiO

2

 calculated from XRD 

Temperature/  a/nm ± c/nm ± Volume/nm
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1000 0.458945 0.00004 0.295663 0.00003 0.06229 

1050 0.458976 0.00005 0.295775 0.00007 0.06231 

1100 0.458992 0.00001 0.295900 0.00005 0.06234 

1150 0.459010 0.00002 0.296181 0.00003 0.06240 

1200 0.459300 0.00007 0.296239 0.00003 0.06249 

1300 0.459431 0.00002 0.296649 0.00002 0.06262 
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Table 7  Lattice parameters of Ti

2

O

3

 calculated from XRD 

Temperature/  a/nm ± c/nm ± Volume/nm

3

 

1050 0.508510 0.00005 1.381914 0.00007 0.30945 

1100 0.508940 0.00001 1.383609 0.00005 0.31036 

1150 0.510785 0.00002 1.387065 0.00003 0.31339 

1200 0.511089 0.00007 1.408251 0.00003 0.31856 

1300 0.514125 0.00002 1.410685 0.00002 0.32291 

 

 

 

 

 

 

 

 

 

� 8  xFeTiO

3

(1�x)Fe

2

O

3

�������-./012(x=0.5) 

Fig.8  SEM images of reduced product for
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(x=0.5) at 1000  (a), 1100   (b), 1200   (c), and 1300   (d)  
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Fig.9  Non-isothermal carbothermic reduction curves of 

xFeTiO

3

(1�x)Fe

2

O

3 

(x=0.5) solid solution  at different 

heating rates 
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Fig.10  Linear relation between lnβ and T
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Table 8  Activation energy E obtained from TG data at 

different heating rates by FWO methods 

α/% E/kJ⋅mol

-1

 R

2

 

10 337.73 0.99702 

20 338.25 0.99018 

30 276.82 0.98947 

40 272.42 0.99358 

50 270.25 0.99210 

60 270.27 0.98193 

70 281.93 0.98547 

80 316.61 0.98416 

Average 295.54 - 
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Abstract: To explore the carbothermic reduction behaviors of the xFeTiO

3

·(1-x)Fe

2

O

3

 solid solutions with various x values, the solid 

solutions were artificially synthesized and then subjected to non-isothermal carbothermic reduction. The results show that the solid 

solutions are of uniform texture and high purity. Meanwhile, lattice distortion degree of FeTiO

3

 are increased with increasing the value of 

x, and the initial reduction temperature and reduction rate which is the increasing rate of reduction degree α are also improved. The 

reduction of FeTiO

3

 could be improved by Fe

2

O

3

 dissolving, and the Fe

2

TiO

4

 as well as Fe

3

Ti

3

O

10

 exist as the transition phase in the 

reduction process. FeO, Fe

2

TiO

4

 and TiO

2

 are firstly generated in the interface of solid-graphite, and then reduced to Fe and Ti

2

O

3

. It is 

concluded that the apparent activation energy is 295.54 kJ/mol from the calculation and analysis of the non-isothermal kinetics for the 

carbon thermal reduction process.  

Key words: titanium-iron solid solution; phase transformation; non-isothermal reduction 
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