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�.[�/, z K0.8Fe0.8Ti1.2O4, K2La2Ti3O10,

KLaNb2O7�, �� ��
�1��(z� 1 ��).

<?, wxpq}~ M �[�e
����} MO6
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Y9â, �ãDE¿�HI. Ç¦, ä]³å�1�

�, �$Z-[�/�0æ, ¿�ç�123èé$

�êëìe, �ã�íî�êÁ#
ïë(z� 2 �

�)Ùð. ñ¢ò� H+GóôõÁ#YA»O�y[

s , ö§� -÷ÙðsøÁ#�e -ù�Oú

û0
����, ü�Z-[�/��ýÁ#, '§

UVWYAþ��/ . Z-[�/��ý�ã�y

K�LM.N�O
Hý, �z, y¤ Keggin �O

([Al13O4(OH)24(H2O)12]
7+, �Ïf 7

13Al + )Hý�)*[

�¤��1��
.���ý . �¡ÉG��É


��ïë(delamination)ef)*��wxpq[�

/
Ð��	ï�. ��ïë
		ê
(�� 3)�,

�1wxpqy[st� H+�OjT
ôõÁ#�

/�Í[��
�÷(ÎÏf TBAOH)Hý?���

�§, �yM.N�O(z 7
13Al + )
��ýÁ#. ¦�,

�)*��23æG��É
[�/H�RSëÕ

Ú�e
#$])*��wxpq[�/ . ��ß

^�q�êÁ#ë
Ö×.

XRD ���������
		��. \ XRD

����X{����T , !"� #d§XY

�T�Oád . �w$7����U¿À%dVW

§
�á�&'�(��LX{)*<5678��

&8. +,�O-./(TEM)\]�P01Á2é3


��=�, Çk�����
�	45��.



� 47 � � 22 � 2002 � 11 � � �

1682 www.scichina.com

� 1 �������	
��
����������

(a) K2Ti4O9 ; (b) KTiNbO5 ; (c) KNb3O8; (d) KLaNb2O7. ��� K+ ; ��� La
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� 1 �������	
����
�������

�� ������ 	
� �
�/nm (500�) BET���/m2�g−1(500�) ����/� ��

Al2O3-H2Ti4O9 ��� 7
13Al + 1.53 254 650 [8]

Al2O3-H2Ti4O9 ��� 7
13Al + 1.70 106 500 [10]

Al2O3-H0.7Ti1.83�0.17O4
a) TBAOH(��) 7

13Al + 2.40 270~300 600 [13]

Al2O3-H2Ti3O7 � 7
13Al + 1.90 105 500 [18]

Al2O3-HTiNbO5 ��� 7
13Al + 1.34 32 500 [14]

Al2O3-HNb3O8 ��� 7
13Al + 1.21 9.5 700 [15]

Al2O3-HCa2Nb3O10 ��� 7
13Al + 1.97 5 (300�) ~700 [19]

Al2O3-H2La2Ti3O10 ��� 7
13Al + 2.10 − 700 [16]

Al2O3-H4Mn14O26 ��� 7
13Al + 1.40 151 600 [17]

a) � �!�"#$

��������	
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��� , �����

��������� . ��� !"#$%&'(

)*��������+ [26], ,-.��/0 , 1
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jkl�CD�Y3wx�uAyz�@A�{A|

st, MA/0}%~�, �%[���.
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��()*�)��. Z�w�����(�u, D

���D������| . ������ APS �
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���¡
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���{A()*��
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­|.
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»2¼r½¾ . G¿Àµ¶vÁ���HIJK�
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��| , Z3ÒÓ��6��Ô+�6%[�Õ�
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õå, (2) ãõå�()*�Þâ[��HI���
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� 2 �������	
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�� ������ 	
� �
�/nm (500�) BET���/m2�g−1(500�) ����/� ��

SiO2-H2Ti3O7
CnH2n+1NH2

( n = 3~12)
TEOS 1.04~2.94 (538�) 50~470 (538�) >538 [20]

SiO2- H2Ti4O9 ��� APS 1.34 (550�) 185 (550�) 550 [31]

SiO2- HNb3O8 � APS 1.30 (600�) 165 (600�) 600 [29]

SiO2- HTiNbO5 ��� TEOS 1.41 20 600 [22]

SiO2- HTiNbO5 � APS 1.13 (400�) 70 (550�) 650 [30]

SiO2- H2La2Ti3O10 ��� APS 1.73 43 800 [32]

SiO2-H2Fe0.8Ti1.2O4 �%� TEOS 1.98 (300�) 154 300 [21]

SiO2-H2Fe0.8Ti1.2O4 ��� APS 1.32 98 (550�) 650 [33]

SiO2-HLaNb2O7 ��� APS 2.50 (550�) 251 (550�) 650 [34]

SiO2- HLaNb2O7 �%� &
'() 1.22 78 500 [35]

SiO2-HCa2Nb3O10
CnH2n+1NH2

(n = 8, 12, 18)
TEOS 2.90~4.30 50~200 600 [23]

SiO2-HCa2Nb2.9Cr0.1O10 ��� TEOS 2.45 239 600 [27]
SiO2-HCa2Nan-3NbnO3n+1

(n = 3 , 4)
��� TEOS 1.70~2.05 6~15 >500 [28]

SiO2-H0.7Ti1.83�0.17O4
a) ��� TEOS 1.51 62 500 [36]

SiO2- H0.75Mn0.75Ti1.25O4
CnH2n+1NH2

(n = 6~18)
TEOS 1.60~3.00 200~800 600 [25]

SiO2- H0.75Mn0.75Ti1.25O4 �*� TEOS 2.36 (400�) 790 − [37]

SiO2- H3.7Mn12O23 �*� TEOS 2.23 (400�) 282 (400�) − [24]

a) � �!�"#$

������ Cr3+��	
����
�����.

���
�
����������� ! XRD"

#�$%&'(
, )*+,-�./(TEM)012

34��56. 789
:;<�, =%>?@��,

34AB
C<DE, !?FGH 1.80 nmI48J

K
?LM.

NOPQRST, Matsuda UVWXYZ[��

\��]^_` [35]. \`abc(deH TIO)�f

ghHCl Pijk�, lmnop\
PQ. �O HCl

Pi
qrs�tuv, w�tuB. HCl Piqr

uv, �xy TIOlm(oPQz-. {| HClPi

qruB}, !PQz-~S�	
���, �� H+

�PQz-��{(oA>�
��^_`

(HLaNb2O7). ��\��]\`(� TiO2-H2Ti4O9),

�y2����-�%\
��� , ��34��


��. Sato UV[42,43]NOL9
�TW�� TiO2-

H2Ti4O9 � TiO2-H4Nb6O17, �O��\��i%

� T I O ��`lPi
�(o
\
�k�-

[Ti(OH)x(CH3COO)y]
z+Pi. ���������O

���TI� , {%�����+�2 �H��

\��]�� . ¡¢£¤�¥O
34�¦§¨


4©ª7«¬­<� [44 ] , ®¯4©ª§¨
°± ,

��\��]\`
�	²°� , )2C<DE%

³°± �´�µr¶· . �O¸¹ºª7«£¤

�}, ������(»H TiO2-H2Ti4O9(C-18))
C

<DE¼4 9 m2½g−1, !2 SEM"#¾�¿­À¡

�y�	² 2.80 nm
JÁ�, �ÂÀÃ>Är�y

50 nm
JÁ. ÅÆ�?Ç
<DE�tOÈÉ
N2

ÊËT<Ì.

ZrOCl2 P y l Í ( o p Î Ï k Ð � -

([Zr(OH)14−n(H2O)8+n]
n+)��i . NOL9
�TW

X��Î��]^_`Ñ4ÒÓ [35,45]. ����Ô

!BÕÖ�7« , ×Ø��dÙWXÚÛ . ÜÝ ,

SatoUV[46]Þ H2Ti4O9ßS FeSO4lPi�, Olà

ko�T, ! 120á}�À��â��]\`, =3

4ÊãØä�
�@.

�åæç�����]�åæç���
WX

�èé@tä< 3.

1.5 ���������

¾��]�åæçp�`ê� , 8Æ�åæç

���, �MoO3, V2O5U, w34�]56. �y=

ë
���ì,í, îïFð¦4©ªñò2ó�

�ô
�(o���� , ��õé7«ö÷�2�

�ìø,, {�	ù!úûÐ�-, �}üýÍ7«

��. ¡yMoO3þ�, ÈÉ
ö÷��%: ÞMoO3

� Na2S2O4� Na2MoO4
jkPi
�no�]�

�� ([Na(H2O)5]0 . 25MoO3). �]�����i�

7
13Al + , 7

13Ga +� 7
13Bi + Keggin �-��i
�, Ø�
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� 3 �������	
���������
	��
������������

�� ������ 	
� �
�/nm (500�) BET���/m2�g−1(500�) ����/� ��

Cr2O3-HTiNbO5 ������� 
! Cr(OAc)3 1.34 (N2, 400�) 122 (N2, 400�) 500 [38]

Cr2O3-H2Ti4O9 ������� 
! Cr(OAc)3 1.06 ("#, 400�)
83 ("#, 400�)

94 (N2, 400�)
600 [39]

Cr2O3-HNb3O8 ������� 
! Cr(OAc)3 1.26 (N2, 400�) 67 (N2, 400�) 700 [40]

CrOx-H4Mn14O26

(Cr/Mn = 0.17~0.97)
�$� Cr3(OAc)7(OH)2 − 160~280(O2, 200�) − [41]

TiO2-HLaNb2O7 �%� &
'() 1.13 15 700 [35]

TiO2-H2Ti4O9 ��� [Ti(OH)x(CH3COO)y]
z+ 1.07(*+,) 37(*+,) [42]

TiO2-H2Ti4O9
CnH2n+1NH2

( n = 3~18)
[Ti(OH)x(CH3COO)y]

z+ 0.45~2.80(*+,) 9~102 (*+,) [44]

TiO2-H4Nb6O17 ��� [Ti(OH)x(CH3COO)y]
z+ 1.04(*+,) 39(*+,) [42]

Fe2O3-H2Ti4O9 - FeSO4./ 1.00 (300�) 11 (300�) [46]

ZrO2-HLaNb2O7 �%� [Zr(OH)4−n(H2O)8+n]n+ 1.23 9 700 [35]

ZrO2-HLaNb2O7 �01� [Zr(OH)4−n(H2O)8+n]n+ 1.36 23 700 [45]

Al2O3-MoO3 - 7
13Al + 1.52 (400�) 107(N2, 200~250�) 400 [47]

Al2O3-MoO3 - 7
13Al + 1.54 (400�) 400 [48]

Cr2O3-MoO3 - Cr(OAc)3 1.09 (350�)
82 (350�) a)

62 (N2, 350�)
400 [49]

Al2O3-V2O5 - 7
13Al + 1.46 (257�) − − [50]

a) 23& 4%45&67#89:  

1) ;�<, =>?, @�A. BC&
D	�EFGHI
�4JK
�LMN. O 7PQRI
STUVW�X. YZ, 1994

������������	
����[47,48]. �


����� Cr(OAc)3 �������	���� ,

���� !"#$����	
���� [49]. %

&'()*+,-./0�����	
����

12, 3
456789, :;<=>?@AB C

DEF. %G HI O2 �J�KL(*+,-./

0� , ��� MD;<=>?@A����	


����. V2O5 ��NO�, ���PQRS�
T,


4U�? H+. VW, XYZ[\ V2O5 ��]^,

_`abcdbef��g�h
	 V2O5. Damme

ij[50]\ V2O5]^� Z/r�16.7 e−/nm�klmno

(3*, Z p<RS, r p<qA)[+,ref, _�
7
13Al + Keggin no+,stef�� 7

13Al +	u�


�V2O5; \V2O5]^vw�Mo6(cNb6)dxy�m

no+,ef��z�� Mo6(c Nb6)y�{	u�

V2O5, 3
	#$!", % XRD |}~� 6 � 00l

������. Cheng[51]ij\V2O5��� ��?

��KL��* , �
TRS��?r�u��'

�+,, _� TEOS���`-.������	


����. ��, O ��L{(�s���?���

�L{)	u
� V2O5��� N¡ ¢£
[52,53]. 
	

���?�����h?¤¥�<¦#§¨< 3.

2 ��������	
���



	�©kl��{Za�d@12 , � C

ª�;<=>?«¬�­®9¤ , ¯°X�±f


4	oc%
T²�³´µ¥¶·�¸±3¹� ,

V¯Za�º%�»�12. �¼NU»�½¾�,

¡�vwNU»�½, 3
4Z¿À��Á, ��{

Âocno%
4'Ã¤*ÄwÅ�ÆÇ�� . È

ÉÊË�Ì+,��� N* , ¼������Í

N	o�
	�©kl��{%»�*��O¢£

Cd.

Anthony ij[54]\kl Pd Q¾%���	
�

ÍÎ}, OÏ»�Ð?ÑÒÓ-1��Ô��, Ì�Ã

¤#§Õª. ÖO×�� MoNi pØ Pd Q¾%��
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