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Abstract: Potassium titanate nanofibers (K1.34H0.66Ti2O4(OH)2) were prepared by using ion-exchange

reaction between KOH solution and titanic acid nanotube (H2Ti2O4(OH)2). TEM and XRD results

show that the nanotubes change into nanofibers and the crystalline structure alters. K/Ti atomic ratio,

chemical state of K and Ti elements for the product were determined by means of atomic absorption

spectrophotometry, colorimetric method, and X-ray photoelectron spectroscopy. The results indicate that

the empirical formula of the product is K1.34H0.66Ti2O4(OH)2. Compared with H2Ti2O4(OH)2 nanotubes,

the thermal-stability of potassium titanate nanofibers is higher. At T >700◦C, the crystalline structure of

this material changes into monoclinic phase K2Ti4O9. High temperature treatment results in nanofibers’

sizes increasing, but the aspect ratio is still high. The BET surface area of the material is 104m2
·g−1.
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℄��}g1�,2�3�Tp��p?�*�sqTp��p6e�pb [12,17−19].!7P} KOH :i� H2Ti2O4(OH)2 �p?"NIH�b�z�q K+ IH(d H+, sqYTp��p/Æ�.Æ�"NY,"	
2 ��[b
2.1 �l

H2Ti2O4(OH)2 �p?�J3�!b\��!!W�z�^?q	\U`y<�7D	
2.2 �}_�V

H2Ti2O4(OH)2 �p?v3�
�4 [7], Æ
H2Ti2O4(OH)2 �p?{Pd
 A. Tp��p/Æv3�;,
ÆC3v 2g H2Ti2O4(OH)2 �p?S 500mL 1mol·L−1 v KOH:ik~�<q5j%n%G�7�E�EW,XS�� 2h, �$
 3d;.X"*DB#i�}�gnV�&,B<y�q*R�9;℄,t�*v KOH, �*L
�_�EW0��sq��"{�{Pd
 B. d
 B y9v K S Ti 
lMVv!!!-�}
H$
!BB��SLb\!$���!-�7P 180-60H
H$
!BB�lS HEλIOSα HE�A
$
B�l (wF UNICAM 8i) D�A	
2.3 Z�Æd
 A S B !-� 100 � 200 � 300 � 400 �
500 � 600 � 700 S 800◦C v��, G 2h, .X!-N�2~�� Gvd
 A S B v XRD ,"Sd
 B v TEM !!	d
v TEM �℄�
JEM-2010H�H0�.Ddsv�d
v XRD �℄� Philips X’ Pert Pro X I6℄IlD!!v��} Cu Kα 6�n��W 40kV, �a 40mA; d
v XPS �℄ AXIS ULTRA H (KRATOS ANALYT-

ICAL Ltd., UK)X I6B�H��lDA�	d
v N2 $* - �*z�6sC1!4AVV} Mi-

cromeritics ASAP-2010 H$,tSC(bA�l�$,tm� BET ��zq�C1!4�( BJH yHÆ�*&6"Nzqsq	
3 qfh�xd
 A vLJS�;!!
�4 [7,20]. d

B vLJ!!�I,x�y9 K/Ti 
H$� 0.67.\U!!�H�� (ESCA) �I,x�d
 B ,t

K/Ti 
H$� 0.60,�y9�#	� 1(a) � 1(b) !-℄d
 Bv Ti2pS K2pv XPS��Ti2p3/2 v�U�� 458.2eV,�#j� Ti4+[21], K2p3/2 v�U�� 292.6eV, �#k� K+. g�Df�d
 B v*`YAq,Z� K1.34H0.66Ti2O4(OH)2.� 2(a) � 2(b) !-℄d
 A Sd
 B v XRD���d
 A 9$�d
 B v℄I$�0S��E�(\�k6e#�'H	� 3(a) ℄d
 A v
TEM��A�=Q��p?v?1:���1aÆ�
10nm, H�Æv��p�3!)�. (HRTEM)(�

� 1 
� B u Ti2p(a) R K2p(b)XPS �
Fig. 1 XPS spectra of (a) Ti2p and (b) K2p of

sample B

� 2 
� A(a) R
� B(b) u XRD ��
Fig. 2 XRD patterns of sample A (a) and sample

B (b)
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� 3 
� A(a) R
� B(b) u TEM �
Fig. 3 TEM images of sample A (a) and sample

B (b)

Insets are HRTEM images

3(a) C�) 0Z�B?v9^B�8� 0.8nm. ��
3(b) Aq=Qd
 B ��p/Æ�HRTEM � ( �
3(b) C�) 0ZB�8� 0.3nm. �ZAq=Q�
K+ IH� H+ �N�bX�/(Y
d
v�;SKi�tq}Z��2�3��p?BvTp�	k℄� K+ IHv0<,/AY�9kÆ�p;℄v1��Q	� 4(a) � 4(b) !-�d
 A S B *2~��ULXv XRD �	mUL�� T >300◦C R�d

A 
�(�=TE�;��℄t��m T >300◦CR� H2Ti2O4(OH)2 �p?
�NB��gKJ=TE9��p?BvKiS#�''v�;�q�℄ [22],mUL��"k6O3, 800◦CRQ3�VQ9	� H2Ti2O4(OH)2 �p?9$�m T >300◦C,

K1.34H0.66Ti2O4(OH)2 �p/Æ7k�Q3=TE9�m G�� T >500◦C R�� 4(b) 7De�#�''v℄I$6��=�$�6��,xrC G��vO3�d
v'QN�2��a��'�2�w3�m G�� T >700◦C R�R
�'H��CQ3YhBH K2Ti4O
[23]
9 . �?�I,x�d
 B7��Pv1��Q	* 700◦Cq,v��U

� 4 1}�
+�F 2h u
� A(a) R
�
B(b) u XRD �
Fig. 4 XRD patterns of sample A (a) and sample

B (b) annealed in air at different temperatures for

2hL�2/(d
 B v'H�*℄�'�2�w3	� 5 ℄2~��, G 2h vd
 B v TEM ��Aq=Q�rC G��vO3�Tp��p/Æv'1<����m T=800◦C R�d
 B m2�K/ÆB��℄(JN^�av�B ( � 5(f)), �A�℄t���3�,�p/Æ$��N5q�KJY�BvKi�~R'H�N�(�Q3hBHv K2Ti4O9.� 6(a) ℄d
 A v N2 $* - �*z�6	d
 A 7�~Hv II H$*v"	�9ÆWS P/P0�{v���$*Vr P/P0 _e���$*&6�Æ_��℄ N2 !HqhB$*�Tp�p?,tv�v���39ÆWS$�`dv N2 $*Vr P/P0 v�a�Vm���$*&6��DO�.k'q�#�S �Wf�K3Q$*�S3<�D�� N2 !HvhB��B$*,Tp�p?�S�p?�(��Nf*?�5v�v	�9ÆWS P/P0 �3���v4X^,x�p?v℄�	� 6(c) ℄d
 B v N2 $* - �*z�6	d
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N2 �d
 B DvMa$*V0>{��d
 A D
v�Dt�d
 Av�p?�;7���U4,t�d
 B �7��,t	tqd
 A $d
 B 7�6av BET $,tm (d
 A: 379m2

·g−1, d

B: 104m2

·g−1). � 6(b) S 6(d) !-℄d
 A Sd
 B v BJH C1!4&6�Aq=Q�d
 A vMAvC1!4aÆ� 12nm,Æz�Tp�p?v?1N^�d
 B vMAvC1!4aÆ� 5nm,Æz�Tp��p/Æv�(N^	

� 5 1}�
+�F 2h u
� B u TEM �
Fig. 5 TEM images of sample B annealed in air at different temperatures for 2h

(a) 100◦C; (b) 300◦C; (c) 500◦C; (d) 600◦C; (e) 700◦C; (f) 800◦C
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� 6 
� A R B u N2 #) - �)x�5RB0 3%5
Fig. 6 N2 adsorption-desorption isotherms and BJH pore-size distribution curves of sample A and B

(a),(b) Sample A; (c),(d) Sample B	Sj Na2Ti2O4(OH)2 }n={J� H+ �`�KI H2Ti2O4(OH)2 }n=�� H2Ti2O4(OH)2} n = { J � K+ GF � ` + 0 � K I
K2Ti2O4(OH)2 }n=� �l3	=e�s��\
K+ GFt�/" Na+ GFt_ (rK(I)=137pm,

rNa(I)=99pm, rH(I)=0.001pm), l K+ GF'
 H+t�/W��F�O{R%
�K&Y�[�u��9:K�s��o�L}n=At�9��?&	�95��t}n-��:)t?&hJ�e j5tY2�i\��8Rn�}n-���_tF/"�/��O�N� BET *rk�_�so�&T8Z��x�\Y8ZQ�o8Zw_�6���tx{�+�
4 qx�l>{j8GF�`��to KOH 8g� H2Ti2O4(OH)2 }n= L�x�{ K+ GF'
 H2Ti2O4(OH)2 }n=6t H+, 1�Rn�

}n=� TEM Q XRD �G*v�>{Y�-&W}n=t�9QIg�0�1�Rn�}n=�)�rpRn�}n-���F"a���	��">�Q XPS t���G*v��(^W	 K1.34H0.66Ti2O4(OH)2. ioY�rptRn�}n-�� H2Ti2O4(OH)2 }n=7"�6��1t/��O�700◦CoBt/SJ<T�%F�K-&�O1f�Ft K2Ti4O9. 1�SJn-Rn�}n-�t%/�}�i4�L�_F/"�+8Zt BET "*rk	 104m2
·g−1.\t��

[1] Halberstadt M L, Rhee S K, Mansfield J A. Wear, 1978, 46

(1): 109–126.

[2] Kim S J, Cho M H, Lim D S, et al. Wear, 2001, 251 (1-12):

1484–1491.

[3] Tjong S C, Meng Y Z. Polymer, 1998, 39 (22): 5461–5466.

[4] Yu D M, Wu J S, Zhou L M, et al. Composites Science and

Technology, 2000, 60 (4): 499–508.

[5] Kasuga T, Hiramatsu M, Hoson A, et al. Langmuir, 1998,



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

242 � i 9 [ S � 22 9
14 (12): 3160–3163.

[6] �hO�;,���5;�y�>T|�� 2000, 45 (10):

1533–1536.

[7] YANG J J, JIN Z S, WANG X D, et al. Dalton Trans.

2003, (20): 3898–3901.

[8] SUN X M, Li Y D. Chem. Eur. J., 2003, 9 (10): 2229–

2238.

[9] Ma R, Bando Y, Sasaki T. Chemical Physics Letters, 2003,

380 (5-6): 577–582.

[10] ZHU H Y, GAO X P, LAN Y, et al. J. Am. Chem. Soc.,

2004, 126 (27): 8380–8381.

[11] MENG X D, WANG D Z, LIU J H, et al. Materials Re-

search Bulletin, 2004, 39 (14-15): 2163–2170.

[12] YUAN Z Y, SU B L. Colloids and Surfaces A: Physicochem.

Eng. Aspects, 2004, 241 (1-3): 173–183.

[13] ( u��+��dD#�y (FU Min, et al). �j:\T�
(Journal of Inorganic Materials), 2005, 20 (4): 808–814.

[14] ZHU H Y, LAN Y, GAO X P, et al. J. Am. Chem. Soc.,

2005, 127 (18): 6730–6736.
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