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Abstract: Anatase TiO2 and TiO2/Al2O3 films were successfully prepared on foam nickel substrates by

sol-gel technique. The characteristics and photocatalytic activities of the TiO2 and TiO2/Al2O3 films were

investigated by XRD, FE-SEM, etc and by photocatalytic degradation reactions of gaseous acetaldehyde

under ultraviolet light irradiation, respectively. The TiO2 and TiO2/Al2O3 films coated on foam nickel

substrates display a high photocatalytic activity for the degradation of acetaldehyde. Compared with the

onefold TiO2 films coated on foam nickel, the TiO2/Al2O3 films show much higher photocatalytic activities.

It is confirmed that photocatalytic activities and stabilities are enhanced by coating Al2O3 as transition

layer on foam nickel, which increase the specific surface areas of substrate surface and absorption property,

resulting in increase in the photocatalytic activity.
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364 ; q = j i  22 9Mu��7+�#q1 [17,18] "qi�3�B\
(PVA) y?�|:�F#��S/7 TiO2 !�����#s:D?JliRMulb�mp!(?�|:8��
)�A[El��[���)��:D?u�-��%`.N�b��PiAda|ulb�%;{��F#��{)7��� Al2O3{)Ga�D��I� - ���/7N�JMu TiO2 �Æ����5�uAda��Bt.lb�q1i�M TiO2 �Æu!*a~OGa�Dy\#;	� TiO2 �Æu�Mw.Adalbu�P�
2 XrÆ�
2.1 �B�~	#��$ (X�1) 1.4mm, FEz ≥95%,

Ni≥99.947wt%) j�7)G=��\uLXC|XS�8)Kq�C|�r2f3��w$ (Al,

3.78g) )�(xaw (AlCl3·6H2O, 38.632g) O>Rs� (H2O, 600mL) �KQ�isoZa�( 95◦CT2isWw$%A��I��\s8����u
Al2O3 uI���#��: Al2O3 uI�a'u 60sYdd�V�{3�r23; 12h Y��KUNa
120◦C �2 2h, 8�K~(ua� 550◦C �2 2h,\s# Al2O3 Ga�Du#��������� (Ti(OBu)4, 20.42mL) O��\�
(DEA, 5.76mL) �K=��\ (C2H5OH, 70.74mL)a�:r28n��u�
F�g{{�>Rs�
(H2O, 1.08mL) O=��\ (C2H5OH, 2.0mL) ujP~��_7=�I~�� 2h Y:�X�(,Z
1 d, sp8����u TiO2 I���E�#���w6# Al2O3 Ga�Du#��: TiO2 I�a'u 60sYdd�V�{3�r23; 12hY�:~(ua 550◦C �E 45min ℄Q TiO2 �Æ� 1\Q#��pu TiO2 O TiO2/Al2O3 uAda|�d,/7g\#�
O;	M��\Q�Dm/7a~:�u#��p TiO2 O
TiO2/Al2O3 �ÆAda|y%�.a/7a~:�u TiO2/Al2O3 �Æ� A1T1 � A1T2 � A2T1 O
A2T2 NTj� A /l Al2O3, T /l TiO2, ~v/l/7a~�
2.2 �B�}2%�,lL��Z? l u ( \ �℄ � � w ' / � u  1 !
XRD(Bruker, D8 ADVANCE) � FE-SEM(Philips,

Sirion 200) O BET(Quantachrome, NOVA 1000) %

`/M����5�u��NBt TiO2 O TiO2/Al2O3�ÆuAdalb�/7i TiO2 m TiO2/Al2O3�Æu#��-$ (�u1) 153.86cm2, xxA�u) �Z:�u1) 1000cm3 u-l\d�6_��3}<�mK��3u��5�uUk �)
100ppm,k��5�epA1(S�Y�kDV�A.)r$P<v (i7K 253.7nm, 15W), )Ada|/�u[R7R) 25cm, Ada|/�u%V8�) 400µW·cm−2. ��O CO2 5�u �!5MO+� (GC9160) B��
3 7&)℄C
3.1 PIN�x TiO2 * TiO2/Al2O3 �G�jE8" 1 � 2  1p#��/7:�a~ TiO2 �Æu XRD O FE-SEM  �b 1 D�BV�n TiO2�Æ/7 1 ag�Wip}�O!(�EF[uxa�usV$�$��#�Ju TiO2 sV$�_g/7u TiO2 e�T��� XRD BtN/M�n/7a~LG 2ag�#�JuN�J TiO2 (�usV$VK�#��/7 TiO2 �Æ 1∼3 ag�TiO2u=dz 1) 5wt% �8wt% O 12wt%.  2 JliE�#��O#��/7 1 a) 2 a TiO2 �Æu℄��E�#��u'/�u) 0.12m2·g−1,#��/7 TiO2 �Æ 1 agu'/�u) 0.7m2·g−1,

TiO2 �Æ/7 2∼3agu'/�u1) 0.9m2·g−1.'/�uu=h�=8Ada|ulb#q dhu�Æ�

� 1 "��.69�`} TiO2 �t XRD �
Fig. 1 XRD patterns of TiO2 films loaded on foam

nickel with various coating cycles

(a) Blank sample; (b) One coating cycle; (c) Two coating

cycles; (d) Three coating cycles� —Anatase TiO2; � —NiO; � —Ni
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2 , [ H	w�"��.6 TiO2 N TiO2/Al2O3 �t�`a�o/ 365

� 2 "��.69�`} TiO2 �t FE-SEM� (a)0 `� (b)1 `� (c)2 `
Fig. 2 FE-SEM images of TiO2 films loaded on

foam nickel with (a) no coating cycle; (b) one coat-

ing cycle and (c) two coating cycles

� 3 "��.6 Al2O3(a) N TiO2/Al2O3(b) �t XRD �
Fig. 3 XRD patterns of (a) Al2O3 films and (b)

A2T2 films on foam nickel� —Anatase TiO2; � —NiO; � —Ni; � —Spinel

γ-Al2O3 3 � 4  1p#��/7 2 a Al2O3 G

a�DO:.QS&/7 2a TiO2 �Æu XRDO
FE-SEM  �b 3 D�BV#��/7 Al2O3 Ga�DY�!(/7u Al2O3 e�T�U#�J'Ru�(d γ-Al2O3 (�usV$VK�n:Ga�DS&/7 2 a TiO2 �ÆY�#�JuN�J TiO2 (�usV$VK�b 4D�BV�#��/7 Al2O3 Ga�DY�:#��/�#:;5u Al2O3 �Æ�,GA_u/�}!(�E[Qp$puxa��:Ga�DS&/7i:afu$p TiO2 �Æ�#��/7 A2T2 �Æg�
TiO2 u=dz 9.4wt%, '/�u) 2.5m2·g−1.

� 4 "��.6 Al2O3 N TiO2/Al2O3 �t
FE-SEM �� (a) "��.6 Al2O3; (b) "��.6 A2T2

Fig. 4 FE-SEM images of (a) Al2O3 films and

(b) A2T2 films loaded on foam nickel

3.2 PIN�x TiO2 * TiO2/Al2O3 �G�%�,lL
3.2.1 PIN�x TiO2 * TiO2/Al2O3 �G�tSR^�e�J 5 � 6 �l�#��/ 7 TiO2 ��1p TiO2/Al2O3 � Æ����5�#R8nuA1�:��5�mK��3 (Uk �)
100ppm)90min Y�p%epiA1(S�Ig��3a5	��u � 11) 70ppm(TiO2 �Æ) O 25ppm(TiO2/Al2O3 �Æ). D	�#��/7
TiO2/Al2O3 �Æ���uA1�^00h( TiO2�Æ�
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� 5 TiO2 ��0�/t��2`�?4��
t+`
Fig. 5 Time course of concentration of gaseous

acetaldehyde by adsorption on TiO2 films coated

on foam nickel with various coating cycles

(a) No TiO2 coating; (b) One coating cycle; (c) Two

coating cycles; (d) Three coating cycles

� 6 TiO2/Al2O3 ��0�/t��2`�?4��
t+`
Fig. 6 Time course of concentration of gaseous ac-

etaldehyde by adsorption on various TiO2/Al2O3

films coated on foam nickel

3.2.2 PIN�x TiO2 * TiO2/Al2O3 �G�tSR^�%�,69�'tuP��:�#Ada|m=AD (��epA1(S�Y) u�
F���u �5�#,a� 7Jli#��/7 TiO2 �ÆuAdalb�q TiO2 �Æu/7a~u=���7� TiO2�Æ/7a~) 2 ag�Adalb�/7 1 ag#�h�7� TiO2 �Æ/7a~LG 2 aY.AdalbME:h��� TiO2 �Æuw~/7a~) 2 a�I)7��Bsu'/�uu:KMn6P��kADY��u>Wzm�S℄���u��z: 6h �D�ep 85% x$� 8 /��#��/7 A2T2 �ÆuAdalb)-/7 Al2O3 Ga�Du TiO2 �ÆM'#�JJku�7��kADY��u>Wzm�S℄�AD 30min Y��u>WzDe 75% x$�D

� 7 "��.69�`} TiO2 ���?t��y
Fig. 7 Gaseous acetaldehyde degradation rates

of TiO2 films coated for various cycles on foam

nickel

(a) No coating cycle; (b) One coating cycle; (c) Two

coating cycles; (d) Three coating cycles

� 8 "��.6 A2T2 ���?��yt`e
10 `st
Fig. 8 Consecutive reactions (10 times) of gaseous

acetaldehyde degradation rates on A2T2 films

coated on foam nickelV 90min Y��u>Wzxep 90% �S��9)Gaf 10 atu� A2T2 �ÆuAdalb5-Jk�z�:AD 90min Y��u>WzGCDep 80% x$�.Ada8�b007(-/7
Al2O3 Ga�Du TiO2 �Æ��'#��/7 TiO2 O TiO2/Al2O3 �ÆuA1 ( 5 �6)OAda�� ( 7 �8)u�E�D��KAda|w.7����uA1�Ada��Wz#�Juvu�P� TiO2/Al2O3 ���5�uA1�^00LGi TiO2 �Æ�.Adalb}7( TiO2 �Æ�#q1 [19,20] }"qi5	4�uAda���.aA1|uj�����z#Rhu�P�Ada���J�[:Ada|/�m1&��9A[�sOElu,P�Jm����Ada|w.7��:D?u+A1OA1D�=�Ada|/�1&?^6�s	u ��:Ada��%`g��=#W~Y� TiO2 F[5
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2 , [ H	w�"��.6 TiO2 N TiO2/Al2O3 �t�`a�o/ 3676�p��u�s - El�OA1: TiO2 /�u�Ox5�F[u8xabp" [21,22]. !( Al2O3Ga�D���uA1�: TiO2 Ada|/�O1&℄Qi��5� ��7ub-�#Y(Ada��u%`��9#��/7 Al2O3 Ga�D}D�=h TiO2 �Æ'/�u�=�Adalb�u~e�j TiO2/Al2O3 �ÆuAdalbO8�b#�JJku�7�
3.2.3 PIN�x TiO2 * TiO2/Al2O3 �G%�,3�W.*yV)i)�#��/7 TiO2 O A2T2 �ÆAdalbu8�b�%`iM��
Fafu��Ada��tu�J 9 �l�#��/7 TiO2 �ÆuAdalb�qtuua~=�g�z�C�� TiO2 �Æ: 300◦C �E 1h Y�.Adalb�=%Ah,�&J 10 �l��af%`i 10aAda����iuu#��/7 A2T2 �Æ:
300◦C�E 1h Y�.Adalb}D�%Ah,�

� 9 "��.6 2 ` TiO2 ���?t��yt`est
Fig. 9 Gaseous acetaldehyde degradation rates of

TiO2 films coated for two cycles on foam nickel

(a) 1st run; (b) 2nd run; (c) 3rd run; (d) 4th run;

(e) 5th run; (f) by heating at 300◦C for 1h after 5

consecutive runs

Sopyan O Fujishima[23] yF:q1��uAda��sSa�V�nr$A ( λ <380nm) DVp
TiO2 �o�Y��s! TiO2 u�i (VB) 36poi (CB), �g:�iF[El�6�p�o�/�u�s - El�::�ulb�)$A1ux5O� s�[xa,��� 1[Q/xRs
(O2•

−) O�pt!p (•OH). /xRsO�pt!p8)�� s�[��[Q��ya�F?�8%�;��[Q�xa
O����:Ada����uGSa�!(��?�wa�F?A1�4ix5O� s:lb�SuA10��Ti/

xRsO�pt!pu[Qe��9$A1u��?�wa�F?�xj�xi�s - El�}:�$[xxa,�mG℄Q�=#W%`xa,��u8xabp"�b��PiAda��u�[���lb�g$A1�4�oYiAda|g`l�!(#��/7 TiO2/Al2O3 �Æu��lb�~e00h( TiO2 �Æ�:S|M�utu�
F�.��lb��q��g�$A1�4u'z00R( TiO2 �Æ��� TiO2/Al2O3�ÆAda|`l���Jli�Mu8�b��)�EXS�=j$A1u��?Oa�F?#1���)G�EXS�YAda|ulb*s�h,�

� 10 A2T2 �tkag+st
Fig. 10 Gaseous acetaldehyde degradation rates

of A2T2 films coated on foam nickel

(1) 1st run; (2) By heating at 300◦C for 1h after 10

consecutive runs

4 7C#��/7 TiO2 �ÆJliMuAdalb��9d,/7 TiO2 D�=� TiO2 u/7eOAda|u'/�u�=�Ada��lb�u~e�jAdalbsp�7��1p��i Al2O3)Ga�D�Y� TiO2/Al2O3 �Æ���5�uA1�^hh=���7i TiO2 /�1&u�� ��b���iAda��u%`�!(#��/7 Al2O3 Ga�D�7i TiO2 �Æ'/�u�=�iAdalb�u~e� TiO2/Al2O3 Ada|#:7ulbO8�b��>bg
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