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Photodecomposition of Methylene Blue by TiO2-mounted Diatomite
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Abstract: TiO2-mounted diatomite photocatalysts were prepared by a sol-gel method with diatomite

support, a kind of natural biological diatomaceous silica earth. SEM observation shows that TiO2

is well mounted on the surface of diatomite as films and some particles. TiO2-mounted diatomite

decomposes efficiently methy1ene blue (MB) under UV irradiation. Within 36h irradiation, about 90%

MB is decomposed by TiO2/diatomite photocatalyst. After 48h irradiation, MB is decomposed almost

completely (about 98%). However only 35% MB is decomposed by pure diatomite after 48h irradiation.

With the increasing heat-treatment temperatures, the photocatalytic activity of the TiO2/diatomite

is increased with the formed anatase type of TiO2 increasing, but decreased with rutile type of TiO2

formed at 700◦C and 900◦C. Adding H2O2 in MB solution can improve the efficiency of the TiO2-

mounted diatomite photocatalysts greatly.
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658 1 1 H ? o � 23 ���&kY TiO2 �E���H[��WI TiO2 sE�G�H[��-#�6�;ZfpV+26;Za TiO2 w05[�RA~�:40$6�
o6O����`[jwO�i� [7,8,13−16].*h�M#'�G#~� X GL�G��e5�L8 TiO2 XE
�~L�aV�fn~W�M#-^ - t^DI�"~L�AXE TiO2, e$
TiO2/ ~L�U�JA�I��yUGBt
y~�W��{� TiO2/ ~L�U�JA8vE/&�y[jfp�
2 Of#"~L�8�S0>,f~L���fDV8�t
�w�#J{Exj�&~L��WL9:
(L9: / �,& 1:200), _�9A%a 80◦C, Xv
2h��2_� (zw 1000r/min)0.5h,#�)�o8
t
6+F=��W�QY(&#�zF=y��9#qQ�\OI 105◦C �\�F��AAsrUF=8z�5�F=y��"�Vy�nA2vHx (x / �,& 1:1), I 90◦C o6nA% 5h(I\_�), #�)�oFU=�anf�I 105◦C 
.\M 3h, "� 800◦C &D 3h, 
,'��5��w~L��M# FE-SEM�XGL�GL8�w�~L��#fn
^L�V[��{da 160 i (�� 97µm) �& TiO2 �E��I
,�QB�-#-^ - t^DÆ��x)[�ojI�w~L�AXEkY TiO2, ��tw
Ti(OR)4(R & –C4H9) &8A�2o�t&+2-:�x&~�: (�e:) "}$ Ti(OR)4 ��Coj [19]. Samuneva �{�5`��x)[ - �t - o8	L�>�N� [20] �It^��v��
Y(�5=(-��&=YF�pp^
I~L�5[t
�W�nN�x)[ - �t - o8	L�>v��ze?����-^
����^XE TiO2~L����d^L�r;,&�~L��2o�t��xs)���)�o�vWx =5.00:63.20:

10.00:10.00:0.14.fDV 5.00g �w~L� (Diatomite-purified)-2 80mL 2o�tn�e�~L� / 2o�t�W�"�I�2_��QB�V 10mL �xs)��A�Al�Wn�F#�
vV
n$T�A
10mL �)�o�G�A2 0.1mL vWx (HNO3,

65%∼68%, A.R.) �~�:�I�2_�B^-F� 24h. "�#`w)℄2 (HITACHI CR22G *.

h2) )℄k~L��� (9000r/min, 10min), #�)�o}=;z�Y
anf�>�I 110◦C B\M 6h, e^ 110◦C &D�� (TiO2/Diatomite110).F�sNXE TiO2 ~L�\M��L7I 300 �
500 � 700 � 900◦C B&D 1h, e^&D��{da 160 i (�� 97µm) �&$#���a[L7& TiO2/Diatomite300 � TiO2/Diatomite500 �
TiO2/Diatomite700 � TiO2/Diatomite900.Vw~L�
XE TiO2/ ~L� (0.15g) 	A� 150mLv4& 20mg/LvE/& (Methylene Blue,K[ MB) -
n�I��yUGBt
y~�W� (��y�4 806µW/cm2). M# HP8453 ���NLyy4<JPvE/&-
v4�1��F�
,4& 41◦C, W��bÆVdl 48h.M#T AG;℄'�G#~ (AMARY kr� 1910 FE-SEM) ���- X GL�G� (Rigaku

D/max2000, CuKα), L8 TiO2 XE
�~L�aV�fn~W�M#;℄'�G#~ZQ -TN -5500

X GLp���8XE TiO2/ ~L�t
^L;℄L8�V�"~L��w��M#-^ - t^De^XE TiO2/ ~L��I��yUGBt
y~�W��'0��:ppA�+26�[j [17,18], W�n	A���� (H2O2, 30%) t
8,d��
3 Of>25RG
3.1 1nV�W?+%Z~L�v	' 80%∼90% �~L�	^ (� 1),
+`G�L6fn [11,12]. �0�X& 1∼500µm,���>& 0.05∼0.80µm. ��~L+:wa�:ya� (� 1(a)). ^4Lt:wa (� 1(b)), ^�
8∼15µm, X 15∼20µm, �-� 0.5∼3.0µm. ~L�[A�"��.��`{OxB�0:=L (�
1(c),(d)) ^�> 20∼100µm, n℄�� 0.3µm, /<��1X (0.1µm). 1~�#�fnY~L�
+�/��,5[3��;Zp2��~%��?4`� 90%∼92%, ,5[3� 20∼70m2/g.XE TiO2/ ~L�aVN� 2(a). ;℄'~tRAI�~L��05[�#�mE�>S=
TiO2(� 2(b) � 2(c)), TiO2 `�
}�EL��^�0} (� 2(c) � 2(d)). XE TiO2 �~L�#�)"�I (� 2(d),(e)). f�p�^L;℄ (� 2(f)),2QI~L�5[�"`#�n�+ TiO2 a^�#�n TiO2 ;;0~L�5[�XE� TiO2 �0�X (> 0.1µm)(� 2(d)).
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� 1 )WD TiO2 �7[}K�� FE-SEM T|
Fig. 1 FE-SEM photographs of purified diatomite without TiO2 modification

(a) Diatomite; (b) Melosira granulata; (c,d) Coscinodiscus gorbunouii

� 2 WD TiO2/ }K�� SEM `U� Ti �o�℄KK:\�
Fig. 2 SEM photographs of TiO2-mounted and XPS of Ti line scanning

(a) TiO2-mounted diatomite; (b)TiO2-mounted coscinodiscus gorbunouii; (c) TiO2-mounted Melosira granulata; (d) Pores in

TiO2-mounted Melosira granulata; (e) XPS line position of TiK in TiO2-mounted Melosira granulata; (f) XPS of TiK line scanning

in TiO2-mounted Melosira granulata� 3$|J�
VC TiO2/|J�� XFJ~F��	|J���3\Ju�$O� ( � 3(a)).V C TiO2/ |J��~iH3��^ TiO2(� 3(b)∼(f)). (z�^*p*�VC TiO2/ |J�l3���~FO<^E	z^*p*� (300 �
500◦C), VC TiO2 |J�l3��~FO^E�~



660 1 1 H ? o � 23 �FOG3�Æ2PÆ	�=�z�%C*2M^�BJ3��^ TiO2 x0$k�O^ TiO2. 700◦CSiHE9k�O^ TiO2(� 3(d)). 900◦C %C�~lk�O~FO^EPÆ (� 3(f)), z�%C*2M^�k�O^ TiO2 tSP9	
3.2 &j TiO2 /lT4�/lT�[( - -�6`JG<�SHO*sB,#+��u2	e�j\
 R = (Co −Ct)/Co×100%(	l R �Co �Ct J6�4�lM�gZS�sB,#u2
O*S�sB,#�u2);y
bSH$sB,#��lM	%� 4 � 5 �Z�GE�g���lMzw|�E�SH�P?=P��p^zSHP?�(03�l?9	VC TiO2 |J��lsB,#+�zSH0��9w2�JM� 4. E�℄ÆZSsB,#+��9w2$ 3�,�G��w���?VC TiO2|J��sB,#'�l� 36h �sB,#+��9w2bu$ 0, 4Hi5���<Y�	GE�= 3h,u|J�6sB,#��lM�Æ 28%(� 5), �=�z�E�SH?W�sB,#�u20�<���l�J��/�#	GE�=
3h, VC TiO2 |J�6sB,#��lM2u|J�,)M�		^�E�SH?W�VC TiO2|J�6sB,#��l^E�E� 36h ��VC
TiO2 |J�6sB,#��lM�Æ 90% �?�
48h S�Æ 98% �,�sB,#,)�z�B�l	E� 48h ��u|J�6sB,#��lMpp�Æ 35% �,	u|J�6sB,#��lM+VC TiO2 |J���u 60%. %x�M�u|J�6sB,#_(9Y�!�G 3h S�u|J�6sB,#�9Y�z�
��x�Hia6��ldn	VC TiO2 |J�<	(5��9Ydn�=��(5��w|�Xgdn	%x�M�VC TiO2 |J��U9Y�!2w|��!5� d��!	VC TiO2/ |J�� 48h sB,#+��lM�� 98% �,� 110 � 300 � 500 
 700◦C �%C��lMJ6$ 97.93% � 98.35% � 98.04%
 95.28%. %C*26|J��w|�)d�P<�	 900◦C %C� 48h �lMB��p$ 88.62%.+a 110 � 300 � 500 
 700◦C �%C�6sB,#�Xgdn� 300◦C VC TiO2 |J�%C�
TiO2/Diatomite300 6sB,#�XgdnM6a^ ( � 5). d� X FJ~FJ7�($VC TiO2

|J�6sB,#�XgdnhÆ TiO2 |J���f9S�P	z�3����9P?�VC
TiO2 |J��wXgdnPÆ		^��*2M^Æ 700◦C, TiO2 %3��^x�$k�O^�VC TiO2 |J��wXgdnz\X�	z�k�O^ TiO2 �9�P?� TiO2/ |J�w|�)dX��w|�XgdnX�	VC TiO2 �|J��
<5���dl
9Yn1	Gw|��al�|J�UsB,#9YG	4Z�X	2 TiO2 eJbn� TiO2 �(5��w|�Xgdn	�x($�VC TiO2 |J�X�9Ydn
w|�Xgdn/���� �%	

� 3 }K��WD TiO2/ }K��2~4���
XRD ��
Fig. 3 Comparison of XRD patterns for diatomite,

TiO2-mounted diatomite and standard anatase

(a) P-Diatomite 105; (b) TiO2/Diatomite 110;

(c) TiO2/Diatomite 300; (d) TiO2/Diatomite 500;

(e) TiO2/Diatomite 700; (f) TiO2/Diatomite 900;

(g) Anatase

� 4 ��xA 300◦C WD TiO2 }K��mtC-$,��:x3�K
Fig. 4 UV absorbance spectra of MB solution against

irradiation time of TiO2/Diatomite300
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3.3 9N H2O2  &j TiO2 /lT[( - -�6`J�i^%/��8no?�(03�Xg�)U�m!9Y - w|�Xgdna�� 300◦C %C�rbU�	J6Z9 0.150g �~I1 150mL sB,# (20mg/L) +��C l�G��wSF�rbw|�U�		lÆC �.w9Y6+U�
(Dark-TiO2/Diatomite300),F�7bJ6?1 (0�
1 � 2mL/L) � H2O2 +�rb6+U�	E�b*2$ 38◦C, XbU��a
U
k 36h.VC TiO2/ |J�6sB,#�.w9Y 1h4�
 (� 6), 9YMp$ 10% �,	?1 (1 �
2mL/L)� H2O2 +�n^E�^
?vVC TiO2/|J��9Y�l)d� 12h ���lMJ6�Æ 92%
 96%, +M�
O�W(?1 H2O2 +�

� 5 }K�3WD TiO2 }K���H��x�PA7tC-$,���mN�K
Fig. 5 Decomposition rate of MB against irradiation

time of diatomite and TiO2-mounted diatomite under

UV irradiation

� 6 ��xA�� H2O2 TWD TiO2/ }K�7tC-$�mN� Q
Fig. 6 Decomposition rate of MB against irradiation

time of TiO2-mounted diatomite by adding H2O2 un-

der UV irradiation

��lM (73%) ^iu 20%, ^E�^<w|�YM	V^�$ H2O2 GE�l��$&�;+8�G(?1'Æ&�;+8SwJ&�
�r�.��JR��
bN2E���rmgLE�|�)dX�	a9�?1 H2O2 n(Y {r&� /�r6�J(�X|�)d�^ [17,18,21]. �PVC TiO2/ |J�w|�8��u�9�E�0*(�rÆ?I1x�	
4 >GK!+\ - r\B
"< TiO2/ |J�R�w|�8	VC TiO2 |J�6sB,#��lYM^E^/u|J�	VC TiO2 |J�<	�(|J��9Ydn�=�Y?< TiO2 �w|�)d	VC TiO2 |J��w|�XgdnhÆ TiO2��f9S�P	z�3���9�P?�VC
TiO2 |J��wXgdnPÆ		^�z�*2M^�TiO2 %3��^x�$k�O^�VC TiO2|J��wXgdnz\X�	�? H2O2,sB,#�lM=�^ 20%. �$5��w|�Y��a��\)� TiO2/ |J�R�G>(�nG(0/#3� |j*l�%q��!	�DX\
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