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Abstract: The TiO2 nanofibres with the diameter of φ20–30nm and the length of micron-dimension

were successfully synthesized by hydrothermal method. Their crystalline structure, morphology and

chemical composition were characterized by the transmission electron microscope (TEM), X-ray dif-

fraction patterns (XRD), infrared spectrum (IR), etc. The forming mechanism of the TiO2 nanofibres

and the effects of pH value in the process of washing on the nanofibres structure were investigated and

analyzed, respectively. The results indicate that the forming mechanism of the TiO2 nanofibres can be

described as following: K2Ti6O13 nanoparticles are initially formed in alkaline solution using anatase

nanoparticles as raw materials, and then gradually grown to nanofibres along a certain crystalline axis

obeyed the dissolution-growth mechanism. The pH value of washing solution has a significant influence

on the structure and composition of the products. The nanofibres of K2Ti6O13, H2Ti3O7 and TiO2 can

be obtained by the controlling of the pH value of washing solutions and heat-treatment temperature.

The products, washed in solution with pH=7 and dried at 80◦C, form the nanofibres of H2Ti3O7, which

is subsequently calcined to form TiO2 nanofibres at 400◦C.

Key words: hydrothermal method; titanium dioxide; mechanism; nanofibres
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1076 � � � � E � 23 kh�ui�}FB��^ov;℄	Mars�Æ^o�}F$%�)n
;&�}F+hUY;�Y	P!��yM�6℄lF!b� TiO2 9+t
 [3] �9+5 [4] v9+f [5,6] �ML� TiO2 9+�u [7−10] pr�8�hu9+B��Vv�%..�vCQ�gl
��j	YQ�{�(;�xo��HZ?�℄�g0�5�gl
B���?+Q{
ZL�<��F!�[Nr<�b� TiO2 9+�u;X��:.�Pdwn�?W [11]. Bian� [12] �h>�xhx4xX�Q`%o��hv� /TiO2 Ex9+�u�6vrI9+�u+�Xs��d�<&�Q�Q;X�� Wei � [13] o Na2Ti3O7 r℄kO�Xp6t4F!��v�8 TiO2 9+�u�E(�vr6tp\K.�;X H2Ti3O7 9+I�q�mJ?�j
��Rh>�J;X9+�u�
Bavykin� [14] �vr TiO2 t
.��.��℄K;X9+I�9+I�(� H �bv.M2�bB#�<o{xY..?�p��%�9+I..�
G�℄<O{�k.ljX9+f��hU�u+�9+I?Jp\K�4%��6���r�<
p��..?�H��<o{%9+H1�i��zH�i�Æ9+I�hj℄"R>"�D���..?foo{B�K��hjvljD}A����4%��XpK+xXS5��D9+flj�?#xo}F��<℄8`�9+f��K1S5�.eg�K��;X9+�u�
M��VOG`Æhxv> H2TinO2n+1 � TiO2-B $℄�C�8� [15] ��E4xXb φ50∼200nm �
TiO2 9+�u�E(vr{e #�v0+m�XgÆX�u�b2D��{e��Ep\KWa0'�{e��\�N�v{ed��..%��~(�z\�N�v�{e�..%�"�eÆf�1�?�� #C0�{e;X�0eÆ�. #CQ�{e�;X?I��9� Liu � [16] �4�4F!bQ#r��%n+� TiO2 9+"��F!p\K�M�U_ AAM 4��{`o��QX�u�4��{`m���u�8`��uX;��)�}F�u;&?bMa�ui�#\p)6t4xX�u�X;��!
GiXR>�?
�k.rxXQ�?� TiO2 �u���d�
2 $:
2.1 ;�Ex�}� [17] F!�v�$9+ TiO2 �O�:

1gTiO2 �OÆ 25mL 10mol/L� KOH{e�x�C�,'�7{CK�� 150◦C S5�?1�| 8 �
24v 72h. 6)M�R>|�g��(1) �.�6T���? pH=9; (2) �� 0.5mol/L�ÆL>T������.�6T���? pH=7; (3) � 0.5mol/L�ÆL>T���? pH=3. D	M�j��3ZT�?�6� 80◦C ~N�
2.2 ;�{BD��/�^ (SEM, JSM-6700F,x#) v^
�^ (TEM, JEM-30108�x#) )M��;&vVSK1R>.1�� X 
"X
j (XRD, Siemens

D5000 8��j) )M��V8R>?
�F,S5r� Cu-Kα "��/8o 5◦ ≤ 2θ ≤ 75◦; �ext?
j (STA449C, �j) vF
b�fgRj
(WQF-410, �W�/gGjZR) )M��G`R>?
�
3 ���(�
3.1 5~Æ�:�v�8 TiO2 9+�OÆ 10mol/L� KOH{e� 150◦C S5�6tg��<℄�"+ (8 �
24 v 72h), 6� 80◦C ~N�� SEM dJM��;&+
 (b 1). 6tg� 8h � (b 1(a)), ℄kO
b..b�0t
℄�H� Wang � [18] vr��v�t
..j_+O���zÆ KOH {e7{���t
..�Xz+0�_Y�.*30_Y�G`Æ9+�u�G`hA�z6tg�"+RQ? 24h � (b 1(b)), 0t
�`*:*�T8�Q�mJ{J -�Q���6tg�"+RQ? 72h� (b 1(c)), t
℄�H�#-��M�Y��u℄;&�Wio�?
�xodF9+�u;X���|���v�8 TiO2 t
.�Æ KOH7{�

TiO2+KOH→K2Ti6O13 (1)kb 2xoqb�M�� 2θ=25.35◦�28.13◦v 47.93◦gb��Ua��X
B�?1){ K2Ti6O13 �
(1̄11) � (402̄) o! (020) V.�83i"l;X�
K2Ti6O13 Vs�*Æ Yuan� [19] �PdGmhA�E(vr�v� TiO2 Æ KOH{e7{p\K�/\
vVOK�h?? Ti–O–Ti2&���/\
v..U_ (010) V.;XH℄� K2Ti6O13 �.O�.6t7{%�9+VU_ (010)V.�Q�T8�QXr K2Ti6O13 9+�u��� 0.5mol/L ÆL>��p\K� K+ Æ H+ 6+1��b>Æ��X� H2Ti3O7.
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a 1 ;\5sf�!*�L�� SEM 'H
Fig. 1 SEM images of the samples prepared by hydrothermal method with different times

(a) 8h, 150◦C; (b) 24h, 150◦C; (c) 72h, 150◦C. Washed to pH=7 with 0.5mol/L HCl and distilled water, dried at 80◦C

a 2 150◦C 5sf� 8h �L�� XRD aQ
Fig. 2 XRD pattern of the sample prepared by hy-

drothermal for 8h at 150◦C

K2Ti6O13+H+ →H2Ti3O7+K+ (2))fEkj pH=7  7)�s� XRD P (`
3(b)) Pf=�~4#	yK���~I?��
2θ=24.4◦ t 48.4◦ e`���T^��V�A�=/'z
 H2Ti3O7 � (110) t (020) T-�=�
2θ=25.3◦ e�fT'z
}t�� (101) T-�A.�V�A�,1Un6z (2)��K2Ti6O13 X)p H2Ti3O7. )
Wang � [20] �MaEkf�	Y
400◦C re���el�
G
,-���4tTRI�Ew4�X)p TiO2 7)�s (` 4(c)), #z�6z&p


H2Ti3O7 →TiO2+H2O (3)` 5(a) p4re� 72h �wV7)�s (4re�z! 150◦C, pH=7, 80◦C |L) � HRTEM &G�` 5(b) )H7)�s��`V�`�vmp`�7)�s)�#5�*TG\E^gV	Yuan� [19] up7)�s�E^I�y*n t%G	` 6 ) pH=7 Q3��K�� TG-DSC i!	�`v0� DSC i!� 120◦C GS�fTA~�
rA�#zwB��L#i! (" TGi!)��1���L�U_)4=�-0t��� (�D
K�I�2Y) ��0CwX�	?^z!��O��
250∼400◦C5)�fT1��;rA�h �G�

a 3 5sf� 72h ��;\��R4�L�� XRD aQ
Fig. 3 XRD patterns of the samples prepared by hy-

drothermal method for 72h in different washing condi-

tions

(a) Washed to pH=3 with 0.5mol/L HCl, dried at 80◦C;

(b) Washed to pH=7 with 0.5mol/L HCl and distilled wa-

ter, dried at 80◦C; (c) Washed to pH=9 with distilled water,

dried at 80◦C

a 4 ;\sf�{"R4�L�� XRD aQ
Fig. 4 XRD patterns of the samples (150◦C,10mol/L

KOH,72h) heat-treated at different temperatures

(a) pH=7, 150◦C; (b) pH=7, 250◦C; (c) pH=7, 400◦C
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a 5 TiO2 8*�t� HRTEM a U�aW�a
Fig. 5 HRTEM image and electron diffraction pattern of TiO2 nanofibre

150◦C, 72h, pH=7A�As�U_)E ����[�=HtK�R6T�im�nZ�)
?^re�z!�O℄J� XRD Ek (` 4) f�	 400◦C 5���Lh
M
	` 7 ) TiO2 7)�s� FT-IR `P	
3000∼4000cm−1 e)��4 O–H 1�ÆB+�A� 1900∼2500cm−1 e)o1�ÆB+�A�
1650cm−1 e)Ew4� H–O–H �gi+�A�
1120cm−1 e) Ti–O–C 1�+�A� 756cm−1 e) O–NO �
� N–O 1�ÆB+�A	 550cm−1e) Ti–O 1�ÆB+�A	=�vmp`�r�� TiO2 7)�s (` 7(b)) � Ti–O1$r�\ (`
7(a)) �^�)tp�D
�s,-�|& Ti t O�`D�����Yr��/
�>,��$�
Ti �`t O �`D�X&�D� TiO2 ETX&i�	
3.2 pH C�>2` 3 )4re� 72h, :[��Q3�K��
XRD `P	vmp`�:[���Q3'K��V=tE^�As|&	y pH=3 �2θ=24.4◦ t
48.4◦ e`���TA^�V�A�'z
 H2Ti3O7� (110) t (020) T-� 2θ=25.3◦ e�fT'z
}t� TiO2 (101) T-�A.�V�A� pH=7 �Ek
5#$�O� 2θ=28.13◦ e*�fT
K2Ti6O13 �.V�A�71HQ3���
�E � K2Ti6O13. - pH=9 �K��U_p K2Ti6O13.9 pH=7 �K��:[z!�r� (` 4), 0�
H2Ti3O7 R6X)p}t�# TiO2, bETi�	� TEM'℄JP<�,/ (` 8), Ek,1�v���℄JI7)�skYm� (` 8(a)), 717)�s)�4re�nZI9V��-<Une���	 pH=3 t pH=7 �℄J
 pH=9 �℄J#$`GXpe��v=)tp���nZI
l

a 6 5sf�^K� TG-DSC a)
Fig. 6 TG-DSC curves for the samples

(150◦C,72h,pH=7)

a 7 ;\sf�{"R4�L�� IR Q
Fig. 7 IR spectra of the samples heat-treated at dif-

ferent temperatures

(a) 80◦C; (b) 400◦C (150◦C, 72h, pH=7)�E�� KOH,x)2N9$4'�GsJ)�v07)�s�9$
�� y
� pH 9�a	�` 8(e)� HRTEM vmp`�K�p#5�7)�s�-<Iz�7)e	̀ 8(b) �8(c)t 8(d) I7)�s�O!t7_�"f��7_p 20∼30nm,



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

5 S N p�	Æ5s3E o[J TiO2 8*�tW:��Nb 1079

a 8 ;\��R4�L�� TEM 'H
Fig. 8 TEM images of TiO2 nanofibres

prepared by hydrothermal method in dif-

ferent washing conditions

(a) Unwashed sample; (b) Washed to pH=3

with 0.5mol/L HCl; (c) Washed to pH=7 with

0.5mol/L HCl and distilled water; (d) Washed

to pH=9 with distilled water; (e) HRTEM of

sample (c)O!pl)#�=�Apn�	)27)�s*3gi�
3&7�O�'�1��
g�+�)v=)�
�S����nZIL℄�s�=��|�K-#Æ;��$N��~�?�^��`)�F[/
�j-=�An�	
4 ��Un4r2D��O!pl)#� TiO2 7)�s	#YEk,17)�s)�4re�nZI9V�	e� y
� pH 9'�V�7)�sV=tE^�ys|&	 pH=9  �K�IU_) K2Ti6O13; pH=3  �U_K��) H2Ti3O7, �
� TiO2 �V� pH=7  � 80◦C |LQ3��~�U_) H2Ti3O7, 400◦C r��X)p TiO2 7)�s	x) pH 9'K��9$'�|&	T9V��v=)}t�6 TiO2 7)r��^,n��9V K2Ti6O13 Tr�)2TrkHyH - �O���Sf�T-�O�4R6�OVp7)�s	|�,0
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