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^��zv (TiO2) B�á�?»� 547 ��(�àÜÔ1n (MPOF) �gý����
�z�+ª1xz
�Aìéæ`Ä=�1xz©)?1ïÄ. òp1xz¹5� P25 .��zvB�âfþ!©Ñ3 TiO2 M�¥,

é 547 ��(�àÜÔ1n�ÉS9?1Á�, ��
K11xzJ�
�z�+á�. T TiO2MPOF kSEÜ�

�z�+Ø=é��zvB�âfå�K1�^, ��±��1Å�0� (rolling - up ��Å�, à1!�1?\
��zv���)!À/Ô�A6NÏ�. ±kÅ/�æ`Ä=��[À/Ô, ïÄ
 TiO2 K1þ!æ`Ä=�Ð
©ßÝ9M� pH ��Ï�é1ü)�J�K�. T�Aì 547 ����SL¡^uK11xzJ, Ø=O\
� -

��>¡È, �Jp
1�áÂ�Ç, lJp
1xz�Ç. î8��, ù«oä�1!à1!D�!K1õUu
�N�1xz�Aì�����.

'�c: �(�àÜÔ1n�gý��, ��zvB�âf, 1xz©), æ`Ä=

PACS: 42.70.−a, 42.81.Qb, 42.81.Wg

1 Ú ó

Cc5, p�°��N��zv±ÙûÐ�1
ÆA5ÚzÆ½5!p�1xz¹5!ÃÓí
d�A5, 3��U>³!Y?n!�íÀz�ï
Ä+��É'5 [1−6]. ��N1xzEâ´ò��
1U���NxzJ�(Ü, 5ü)YÚ�í¥�
�«kÅÀ/Ô, 3�¸ÀzÚ#Umu�¡ä
kã��då. 8c, ��N1xzEâØ=31
xzÅn!�AL§±9K�Ï��Ãõ�¡, 3
¢SA^�¡Ñ��
Ê8�?Ð.

�
�Ñ]2�1xzJ´và!´�¹Ú
J£Â�":, <�m©ïÄ^1NòxzJ�½
�¤�«/G��Aì. du1xz´�1Úxz
J�(Ü5u�xz�^, �k1-¹�xzJâ
äkxz�J, ¤±^u1xz�1NI�ä�û
Ð�1ÆA5!F�w5!pÅ�rÝ!��'

L¡ÈÚíd�A:. 3ù
K1Eâ�ïÄ¥,
�
ïÄ�|��
ò��zvK1�1n�L
¡�¤�Aì?11xz�AïÄ [7−11].

yk�ÄuB� TiO2 xzJæÆ3�=½�
�1nL¡����Aìþ�3�
Ø�;��
":. ~X, �
Jp��zvxz��FÈ59
ÙÓ1nL¡�(Üå, ²~�¦1nL¡Co÷
¿��ØàÜÔ��, �´ù�òØ�;�/��
xzJ31nL¡©Ù�Øþ!, ��1Ål1
���AÔ�xzJ.¡�DÂ?§¥, du�¯
�/�¦, Ïd1Å31n¶�DÑ�ål�~k
� (Ï~�u 50 cm), 1nåSÜ�9þò¬�
�ÛÜ�xzJðz [12]. d	, ù«�EØU|^
�Aì���SL¡, Ïd�8c��, ¤JÑ�
�«1nª1xz�ìÑvk¢S�A^cµ.
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ïÄó� [13−15]. �©æ^�¢�¿g1�O!�
E� 1.5 cm �»!547 ���(�àÜÔ1n ({
¡: MPOF) �gý��, 3Ù�ÉS9K1��z
v1xz��, l��¤�«#.�1xz�A
XÚ. ù�äk��zv1xz��K1� 547 �
�Ép�0B�� MPOF �gý��, �¤�N(
�ª+�
�. ù«#L�(�zÃÅkÅEÜ1
xzá�, �±��1xz�AXÚ�Ú6¿!�
Aì!±91Å�DÂ0�. �éuæ^±>b
á��á����õÏ�1xz�Aì5` [7,12],
§�`³Ø==3uUJøp�SL¡ÈÚNÈ
', ä�ûÐ�1xz1N�A5, �duÙ��
¤äk�p�²1ü����ê8���, I?n
6N (íN½�N) �±�NB¿6Ï; §����
±��1Å��n�0�, é\�1å�®à�^;
547 ��?»��¤òÙ.��Å�
�, é\�
1åD��^ [16].

· � æ ^ ò ä k � p 1 x z ¹ 5 � P25
. TiO2 B�âfþ!©Ñu��Ð� TiO2 M
�¥, ¿3�½Øåeé�ÉS9?1Á�. ±k
Å/�æ`Ä=�8Iü)Ô, ïÄ
 TiO2 K1
þ!æ`Ä=�Ð©ßÝ9M� pH ��Ï�é1
ü)�J�K�, ü«
·�M#�O�k�5.

2 ¢ �

2.1 TiO2-MPOF ýýý���������������

�©æ^� MPOF ý����¢�¿g��
8�ü�� 547 � PMMA àÜÔ1n�gý��.

3¿§�^�e, ©Oò�½þ�v�¶|
�ÃY¯UUì 1 : 1 �'~?1ð§��, ��
�L§¥òßí�%\�I/´¥·Ü, ±�y
¤���·ÜM�ØÑy·Z. ·Ü��M�3
^å��ìþ���ã�m�M�¥yþ!ß²
G���zvM�. ��O(¡��½þ� P25
. TiO2 B�® (.Ò P25, 80 bv¶., 20%7ù
�., 'L¡È 50 m2/g, �I Degussa úi)�)
\\� 10 mL �M��¥, ¿3^å��ìþU
Y���½��m�/¤þ!�ZZ�. méý�
", N!�À´�NØz, ¦Øå½3 0.05 MPa,
ò MPOF ý��,�à×��\M��¡e 1 cm.
3Øå��^e, TiO2 M�� MPOF SÜ6Ä,
¿3 MPOF ý��S9×�ÁÐ. 3�� 3 s �,

ò MPOF ý��l�N¥£Ñ, ¿�±$ØG�
� 2 min. Eö� 2 g, ¦S9 TiO2 �Oþ. ?
»Ð� MPOF ý���\ZHì¥3¿§e�
z 15 h, ���uý�ZH�¥?1ZH?n. N
!ý�ZH��§Ý, 30 ◦C �ZH 30 min, 60 ◦C
�ZH 1 h, 90 ◦C �ZH 3 h.

2.2 TiO2-MPOF ýýý���������NNN���AAAììì

¢�C�Xã 1(a) ¤«. �Aì�)���
�1 (500 W �®��), TiO2-MPOF �gý�
�,  uý��þÜ�?�Ü©Ú uý��e
Ü�^u�N©lÚ6Ñ�Ü©. �Aì�ÌN
´�� 547 � PMMA àÜÔ1ný��, ¿�z
��É�SL¡þÑ?»
 TiO2 1xz��. �
AìÌNÜ©��Ý� 25 cm, z��É�S»
� 270 µm (ã 2(b) ¤«). �âO�, ��ü��
�SL¡È� 2.119 cm2, @o 547 ��É�SL
¡È� 1159 cm2. ��1xz�AìÌN� TiO2-
MPOF ý���,�N�NÈ¿Ø��, %kXd
��K1¡È, ùéu¢y���E;n¿�p�
�1xz�ANX��ï�~k|.

ã 1 (a) ¢�C�ã; (b) ��Å��nã

1æ^�´�� 500 W �®��, 1�R
�u�Aì���ì�, ¿�1ål�Aì�
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ål� 20 cm. ��¢��?1?u��±Y�
Ì��ªe¦�M��±õg�6²�Aì. æ
^ JACSCO V-570 .b	��Cù	©11ÝO
Ú FEI Quanta 200 .�¸×£>fw�º (SEM)
?1á1Ý�ÿ½Ú�*/m�L�.

2.3 ¢¢¢������{{{���LLL§§§©©©ÛÛÛ

ò1xz�Aì��3V¿�¥, ¿¦�Ü
©�æ`Ä7M�Ê33 TiO2-MPOF �gý�
�¥ 30 min, ¦æ`Ä7M�3xzJ�L¡�
�áN/øN²ï, ��áN²ï. ��ò1�
m, zm��½��mÿ½�gæ`Ä7M��

á1Ý�. ^b	 - ��©11ÝOÿþ�A�
3Å� λ = 665 nm Ú?�á1Ý. Äu��Å�
�nØ, 1Å3 TiO2-MPOF �gý��¥�DÑ
I÷v�����n. ù�Ò´`, Å���ò
�Ç (n) 7LÓ�puCX� (no) ÚÄ.� (ng)
�ò�Ç, Xã 1(b) ¤«. TiO2 ����ò�Ç
�V� 2.0[17], KÓ�pu PMMA �ò�Ç (1.49)
ÚYM��ò�Ç (1.33). Ïd, ù«#.� 547
� MPOF �gý���±w�´��ò���
Å�
�, 1Å�DÑÌ�8¥3 TiO2 ���. Ï
d4��~�
XÚ�1U�ÑlJp
�A
ì�1xz�Ç.

ã 2 (a) 	» 1.5 cm, ���» 270 µm MPOF ?»c��é'ì¡; (b)TiO2 ?» MPOF �gý��ü���� SEM ã

3 (J�?Ø

3.1 111xxxzzz���AAAÄÄÄåååÆÆÆ

ïÄöÊH@�, 31xzÀY?nXÚ¥,
kÅÔ3xzJL¡�áN´K��A�Ç�
�Ú½, 1xz�A�ÄåÆ�§ÎÜ Langmuir-
Hinshelwood �ª [18,19]. L«ªXe:

r =
−dC

dt
=

krKaC0

1 + KaC0
, (1)

ª¥, r �å©L*�A�Ç, C0 �kÅÔ�Ð©
ßÝ, kr ��A�Ç~ê, Ka �²ïáN~ê, t �
�m.

²ïáN~ê Ka ���é�§�/ªk²
w�K�, XJ Ka ��, Ka � C0 �¦È���,
Ó 1 �'��u 1, K 1 �±�Ñ, 3ù«ráN^

�e, éª (1) È©, K��"?�A�§ª:

C = −krt. (2)

XJ Ka ��, Ka � C0 �¦È���, Ó 1 �
'�±�Ñ, 3ù«fáN^�e, é (1) ªÈ©,
�±���?�A�§:

ln
C0

C
= krKat, (3)

þª®²A^uNõ1xz�A [20], �A�Ç÷
v�g�AÄåÆ, ª¥ k �L*ÄåÆ~ê, Ã
²(�Ôn¿Â, ��\�1Ë�rÝ!�AìA
Ûº��NõÏ��3�'5.

3.2 áááNNN²²²ïïï¢¢¢���

3V¿¥ò 20 mg/L �æ`Ä7M�á\¿
¿÷���Aì, �� 10 min �, òM�ÄÑ¿ÿ
�gá1Ý. ��2gòTM�á\¿¿÷���
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Aì, zm� 10 min ÿ�gá1Ý, Xd�Eêg.
¢�(JXã 3 ¤«. �X���m�ò�, æ`
Ä7M��øÚÇ�3O\, ��� 30 min ��
ÿ, æ`Ä7M��øÚÇ����, ¿3��Å
ìªu½. �Ò´`, 30 min ��ÿ��
áN
²ï.

ã 3 �Aìéæ`Ä7M��áNK�

3.3 TiO2 ���������áááÂÂÂ111ÌÌÌ

Äkæ^J�{ò�,
ØÓþ� P25 ��
zvB�®�M�©Ñ�3 1 mm þÝ� PMMA
Ä¡þ?1Á�, ���?n�{Ó 2.2, ¢�(J
Xã 4 ¤«. TiO2 ���3 300—400 nm �Å��
�SkáÂ, ¿��X P25 �,þ�O\, �Å°
ÝkO\¿���áÂ¸� �kù£�ª³.

ã 4 ØÓ P25 �,þ� TiO2 ���áÂ1Ì

3.4 éééììì¢¢¢���

�	
ØÓ P25 �,þ�1ný���Aì
¥�æ`Ä7M� (20 mg/L) 3�� 30 min �á
N²ï��b	��áÂÌ±9©O²L 25 min

�1ìxz��b	��áÂÌ, ��ò�ö?1

'ì. ¢�(JXã 5(a) ¤«: ��, P25 �1
ný���Aì¥æ`Ä7M��áÂÌ31x
z�Ac�¿vkwÍ�Cz; �X P25 ��
,þlÃ�kÅìO\, æ`Ä7M��A�áÂ
¸ (665 nm) �rÝÅì~�, ù`² P25 31xz
ü)�A¥å
Ì���^; ¿�lã 5 (b) �±
wÑ 0.75 g ��,þ�' 0.50 g ��,þ, �Ac
�A�áÂ¸ (665 nm) �rÝ�UC¿vk²w
�O\, Ó��Ä� 0. 75 g ��,þ�1ný��
�Aì�ß15ØX 0.50 g ��,þ�1ný�
��Aì, ¤±�ªÀJ 0.50 g P25 ���`��
,þ.

ã 5 (a) �áN²ï��áÂÌé'; (b) 1xz 25 min
��áÂÌé'

3.5 æææ`̀̀ÄÄÄ777���ÐÐÐ©©©ßßßÝÝÝ���KKK���

�	
l 10—40 mg/L ßÝ��S�æ`Ä
7�Ð©ßÝé1xz�A�Ç�K�, ã 6 £ã

çV¥²L 30 min �áN - øN²ï�31ì
e�ÄåÆ�A�«O.

1xz�A��Ç�XÐ©ßÝ�O\�
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Åì~�, aq�¢�y��Q3�'©z¥�
� [21,22]. ©ÛÑyù«¢�y�����U��
Ï´: �æ`Ä7�Ð©ßÝ�p�, ��Ü©�
1Ë�ò¬�æ`Ä7©f��¤áÂ, �Xæ`
Ä7�Ð©ßÝ�O\, �5�õ�1f�YM
�¥©Ñ�æ`Ä7©fÚáN3 TiO2 âfL¡
�æ`Ä7©f¤áÂ; ,	���U��Ï´�
Ü©�1Ë��æ`Ä7©f²L1xz�A�
�¥m�Ô¤áÂ. ù
¥m�Ô�U�)��x
zÜÔ!�!Ñ!kÅ���zÜÔ [23,24], §�
òÓ/�©f¿� TiO2 âfþk��áÂÚxz
: [25], l³�øÚ. �Xæ`Ä7�Ð©ßÝ�
O\, �)�5�õ�¥m�Ôù«³�øÚ�y
�ò��wÍ.

ã 6 æ`Ä=Ð©ßÝé1ü)�A�Ý�K�

�â�?�A�ÄåÆ�§ ln(C/Co) = K1 t,
± ln(C/Co) é1ì�m t �ã (�ã 3), ¿|^�
��¦{?1�5[Ü, ¦�ØÓÐ©ßÝ�æ`
Ä7/�M���?�AÄåÆ�§9�A�L
*�?�A��Ç~ê K1, O�(JXL 1 ¤«.

L 1 ØÓÐ©ßÝ��?�AÄåÆ�§9ëê�

C0/g·mL−1 �?�AÄåÆ�§ K1/[g·(ml·min)−1]

10 ln(C/C0) = −0.6071 − 0.0695t 0.0695

20 ln(C/C0) = −0.4623 − 0.0688t 0.0688

30 ln(C/C0) = −0.5088 − 0.0521t 0.0521

40 ln(C/C0) = −0.9718 − 0.0407t 0.0407

3.6 pH ������KKK���

Ï~ pH �3ó�¢Y�A�ïÄþåX�
��^, Ó��@�´K�1xz�zL§���
��ëê. pH �é/�øÚ�Ç�K�Ì��

±)º�UC
��>)�.¡>V�lK�
áN - øN�?§±9xzâfL¡1)>f - �
Çé�©l [26].

TiO2 ´ü5�zÔ [27] 3YM�¥�Y��
 �^/¤vU�, ¦ÙL¡¹k�þ���Ä,
ù«vU�´���, 3ØÓ� pH ���3Xe
�w²ï:

≡ TiOH2

ps
a1←→≡ TiOH + H+, (4)

≡ TiOH
P

S
a2←→≡ TiO− + H+, (5)

=Yz� TiO2 L¡�3 TiOH+
2 , TiOH Ú TiO− õ

UÄ, du����)l�ª9§ÝþÉ pH ��
K�, Ïd, TiO2 L¡A5dM� pH �û½, 3 pH
� 6—7 ��¸¥, ?u�> :. � pH ��u�
> :�, L¡Ì�´ TiOH+

2 ; � pH ��u�>
 :�, Ì�´ TiO−. Ïd, ���lf./��
æ`Ä=�N´��5M�¥���K>Ö½ö
>fqáN3 P25 ��zvâf�L¡Ó��N
´Ï�·>�^�w5M�¥���·>Ö|¤
áÚ.

ã 7 pH �éæ`Ä=Ð©ßÝé1ü)�A�Ý�K�

¢�(JXã 7 ¤«, � pH � 3, 5 ��ÿ, æ
`Ä7©f3 P25 ��zvâf�L¡ TiO2 ¥y
����áN, ù��¢�(J´� P25 ��zv
âf�L¡��lf�'é�; � pH � 8, 10 �
�ÿ, æ`Ä7©f3 P25 ��zvâf�L¡¥
y�î�áN. aq�¢�(J�Q3�'©z
¥�� [28,29]. 3 pH � 3 ��ÿ���Ç�=
1xz�A��Ç$u pH � 5 ����Ç. 
3 pH � 8, 10 �, 3��1xz�A�L§¥, æ
`Ä7©f3 P25 ��zvâf�L¡�áNÑ
�î. =¦3æ`Ä7M��C��øÚ��ÿ,
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�AìSÜ�xzJ�EÎw«bÛ=Ú. ù«¢
�y�´Ú3w5�¸ebÚ/�©fÓxzJ
L¡�r�áN�^�'é� [30].

r��áN�^´��¹5¥%~���Ì
��Ï, lÚåxzJL¡áÂ1�~�, ù�
´3w5�¸e1xz�A��Ç'3¥5�¸
¥$�����Ï; 3�5�¸e¤w«�$
u¥5�¸e�1xz�A��Ç, K�N
du
·>�^��3/�©f�CxzJL¡�(J
5. Ïd, nÜþãnØ©Û±9¢�(JL², ¥
5^���Z� pH ^�. aq�¢�y�3/�
±9Ù¦a.�À/Ô�1xzïÄ¥kL�'
�� [31,32].

4 ( Ø

�©Äg��
± TiO2 ?» 547 ���(�
àÜÔ1n�gý���ÌN, ��1xz�AN
X�#��, ¿±æ`Ä7�
�n�yÁ�. Ï
Lé8Iü)Ô - æ`Ä71xzü)�ïÄ(J
w«: T�ANXäkûÐ�1xz�Ç, éu�
Á�¥�æ`Ä7/�M�Ð©ßÝó, 1xz
ü)�ALy��?�A, ÷v�?�AÄåÆ�
§; 3¥5�¸¥äk�p�1xz�Ç. Ï, y
¢
r1xzEâ��(�1nEâ�(Ü�Ã
{, k"�EÑ�«{ü!k�!²L�#.1x
z¢Y?nC�.
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Abstract

In this paper, we report on a novel photocatalytic reactor having 547 pieces of TiO2-nanofilm-modified capillaries, which is

derived from a microstructured polymer optical fiber (MPOF) preform. TiO2-film-modified MPOF preform is obtained by directly

inhaling P25-doped TiO2 sol into array holes of MPOF and forming TiO2 film on their side walls. The MPOF perform acts as not

only a light-transmitting media (rolling-up thin film waveguide, collecting and transmitting light into the TiO2thin film), but also a

TiO2supporting and waste-water pipe to supply for photocatalytic degradation of toxic organic solute. Methylene blue (MB) is chosen

as a model contaminant in water. The effects of loading quantity of TiO2, pH of MB and initial concentration of MB on photocatalytic

degradation are investigated. The photocatalytic reactor has so large surface area for TiO2 loading that photodegradation efficiency

is enhanced. As far as we know, the photocatalytic reactor with functions of collecting and transmitting light, conveying matter and

loading catalyst has not been reported before.

Keywords: microstructured polymer optical fiber preform, photocatalytic degradation, TiO2 nanoparticle, methy-
lene blue
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