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Abstract: The photodegradation efficiency of formic acid on TiO, photocatalytic membranes was investigated. A new
titania membrane reactors for purification of water combining microfiltration with photocatalytic degradation of organic
compounds were developed. Titania membrane tubes{average pore size of 0.2um) were prepared by the slip casting, and
porous thin films of Ti0, were formed on the tube surface by the sol-gel process to increase the surface area, and conse-
quently to increase photodegradation efficiency of organic compounds. The UV light with the wavelength of 365 nm was
used as a light source for photocatalytic reactions. The photodegradation efficiency of the organic compounds was
strongly dependent on the flux of the solution, the microstructure of the membrane (sol pH), and the amount of O, sup-
plied. The effects of the primary oxidant such as H.0, and dopants such as Nb,0; on the photodegradation efficiency
were also investigated. The results showed that more than 80% of formic acid could be degraded using membrane coated
with a Ti0, sol of pH 1.45. The photodegradation efficiency could be improved by about 20% when adding H,0, in feed
solution or doping Ti0O, membranes with Fe,0,.
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Fig. 2. Photocatalytic membrane reactor.



TIO, #%w) =hahg 7

o UV lam
shof $5e 4

po k7)o dE &
FelHE Faste oAy
m“’ﬂ ZARAA Qe g MAE o) wheo) da g
ThE SAUEE FHY 4 RS Hgon wg
A7 & flux® 2857) sleko] Mojzk wie| g
0~3 atm7}] 243 £ 9w 2 needle valveZ
AAE T WHglele qtaAm Zxson), AT
T 542 bubble flow meterd] oJatlon] i
R Frg Fa goe) ot Fuof syaw
Ao g HE flux ]"]-‘6}—931:}-

EER e 5

mio

>

=N
X

O

AR AdAshdei[14]).

HCOOH+1/20, - CO,+H,0 (1)

Formic acid ¢} Abspub-g-o] 285w HO07F 445
of WHEEr} #FastnE A7 Ax %A (Hanna
Model #H8613, USA)E A&-8}od formic acide] Ab
}a8E SHs ATk AFEEANS ube A o
o HEmet W Fo Aves 543 § %7 ¥
E-AEE AFFANAMEE 73 o] 51.(C,)

o} F3ho(0) 9] S AR RE Thest 2ol 7o),
48ag0s) = (S5 x 100 (2)
3. 21t 3 n#
3.1. o34 TiO, EH|
BEu) 2o)e] fuxs) WLEEL Fso

TiO, F A9 71TE, 71Fas] 3 FIo wg
WA o] euad £%(800~1200C)e| wWE W
5% Fig. 3~39]4s o] =4s}aint.

Fig. 3& £74¢50 BE 7138 W52 nejzn
vl 2%} 1000C 4oz Fobatel wet Yz
7k necke] §4se] ox AR ade] Adss) o
2ol 71FEol 43 Bafe & 5 AL B of
ek Fuel gae] WHEE AL HAY £ 99
oh mebd Fuot 27487 W) W4E 1z &
Ak FEQ AAA s B fluxs 7] o)

&

o148 f71% S A3t 155
A 1000T o) &= Hejol A du)2Ag Sa7} 2
ok & 5 gle) =3 Fig. 494 dn)adew
of we} gAe] FFr1FA717}F 0.2 umoll A RE 0.5
tm7bA F7FE a0 glon] 10007 o 4] ‘521?4@ 35
of 0.2 um Heo BJF7)FA7Y 2 AT
e FAE 2E $ 9l Ba A%
o] 1000~1100C #bolell4] =LA 7HAadta ¢lo]4]
S 9lellA] 2'dsr} o] Fo)%)7) ARty @

°]

60

e
(=
T

w
=
T

204

Apparent porosity { % )

10}

0
700

1 1 1
1000 1100 1200

Temperature { C )

800 900 1300
Fig. 3. Variation of the apparent porosity of TiO,

supports with presintering temperatures.

0.10
—— 1000

—-=1100C

| - 1200t
0.08}

0.06

004}k /

Incremental intrusion (ml/g)
—

0.00 TR f :
0.01 01 02

Pore diameter { um)

Fig. 4. Pore size distribution plotted as incremental
pore volume vs. pore diameter for supports
presintered at various temperatures.

Membrane J. Vol. 4, No.3, 1994



136 AHE - A - AT

5 A wERHE 7| TFo] AT ST} FL4E

ol Z7)ebd| Fig. 334 404 o 4 gl wje} 7

4L o] 1100C oAt M= 7]E-Fo] F43] dolA1
2 * # 72asls 2kke Ae ¥ B ¢ 4
% L=
ER NBzs] 9 Rz wlEwde] Ui As2 e
S * Ao P4 12 fRskE wheu g o)
:“:j 2t 7b4 & 1000C oA 2% 0.2 mm FF 7)1 E27E
£ e TiO, Tr_,7} &) he] g 2] 73 At}
E o & g glom o]f e BE A o] T
T 2 shgstaet

ol , . . 3.2.TiO, & U Ao| EN

800 900 1000 1100 1200 1300 TiOz %%“H \;q.g] u];]q_z - 57_501% %_q] pHgl_

Temperature ( C )

Fig. 5. Specific surface areas of porous supports

presintered at various temperatures.

o ol Fig. 39) 7138 FAAAE 3 o
ek, FEof Hh3-2 vbe A FHAbelA] wkE
-t ae) AL F ojFolAnE
Fol7] dali sl hgulEmAo] Aok &

Fig. 5ol g} Zo] dulnd 2o W w4
wHA e dskE SA4sialrt. TiO, A9 wxd
g} dxje] el wige ¥qb opvzh 1000C
F-Zell Al Hef 4 mi/g Arwoli 1100T o] 4ol A=
3m’/g ola2 sty &S & Aok VIFE
B 7)Ear] f EE weh ddfgo 2 Wik vk

2
o

i
n.qo ”"H’ )

wlo -
o

o e omo %
fu 2 lo
o B

z
kil

EJZ'L

Table 1. Characteristics of Unsupported Membranes

dzp=27) o ZEAIZbY e FE B4 9Jsle

SHeg 94 Fo Azz7o] o]F EAd A=

odgkg Ihatstr}. P “# AxE 97 FE4
2l [e]

ol AT FEd AEE A7) wEe 50
nm Jx9| & 8lAES *}ﬂd‘ﬁ"«} & %féﬂw A

2 2o Aol Fahtgel 9% YAFo] 34
of ol EEHY +4Y A td%‘l 4 A7) A

GPE AR Q] AAEY] AHge] oJste] TIOE oi#f
Fdo ¥4H Ay} o]FE F-Z(electrical double
layer)ol 2] } ::a—j» | 2718 5o FELE o
+ FHsta & 94L& 5 g A E

o] A zA) "a*] &3

0, [
,ov
-0k

Type of | Cone. of . e Crystalline | BET Surface
y H Dried Gel She | Sh fter Calcinat . ‘
Sols Sols P npde ihdpo Gel Shape after C“alrm‘né“x(in Form(350C) | Area(m®/g)
A 0.27 0.95 Aggromerated Powder No Shape Anatase —
B 0.27 1.15 Aggromerated Powder No Shape Anatase —
C 0.27 145 C“racked & Transparent C:lracked & Transparent Anatase 1355
Film Film
D 0.07 L65 Cra<)k ‘Free & Transpar Crac&wPree & Transpar Anatase 11491
ent Film ent Film
B 0.27 185 Crac&'—}*ree & Transpar Crac}f -Free & Transpar- Anatase 112.23
ent Film ent Film
0.27 905 Clracked & Transparent C“racked & Transparent Anatase 111.39
Film Film
G 0.09 1.0 Aggromerated Powder No Shape Anatase | -
H 0.05 1.0 Aggromerated Powder No Shape Anatase —
Aadel, A4 A33E, 1994



TiO, F&0) g 71E ol4a #7182 A3t 157

ported membrane®] E-AJ##}7} Table 19 Fo}gch.
BE0) w3 UV7l J5€8 5 A 93l ok 79
Foll At o] F012]7] HfFol| vlEHAo| L FESo]
HAElolof ahn 2hRe) T 9 TFEE Heluti)
Aok 2o gk gdo) 23 EAsitiels Pty
E&ol  FAVE A okt webi) AzAe) i
o] WEeln vlgwAo] 111 m*/g o]4bo] = 0.27
M9 F2& 7HAE Fo] Aoz B AgdA ALeg
RE 29 $EE 027 M2 ARshsc).

Table 1o]] F0zl 2E AZzAL FEuu}t 4=4
o} 54 274 AZ& unsupported membrane
o824 & A B G 9 HEXy A28 AzxAq A
T 8ol ¥AHA 43 gAEe] A4S Abeo)
AATE C} F 29 Sl 8L Y=Y i
A Adg godo] wAstgic). wide] & Do} E2
AHERE dole mAE 7L AT gAY A
Tde 45 Az £ AU AzAL o9
= HeelA dxeig oo X-A HHEA Asis)
Fig. 6o F01 glr}. X-Al AL A Az} AbLo)|4]
350C7hA]= Table 1o w7)3 wu}e} o] anatase
TiO, ZA%el EAsh} 400Te| = rutile A4}
22 Aoz} dofum 9l}(Fig. 6). 7 uhsul g
Hzlo] 7o} 3B pHr} 1.65¢ 23 Az§ 79
o] 719} 91+ unsupported membrane(Table Ny 4
Ao xof wE vFwA WalE S4sigden] 1
A7} 250~350T 9 2w 9o A nlgmiae 74
GAsHAE 400C A ool A= = Yo 7)To]
4gste] wigHAo) A48 Fagrs o 4 2y}
m2bx] TiOwte] &) b -8o] rutiledel 4] B
T} anatasettdl 9o B £8Fe Ao o

400C [ - 1y

Intensity
[\~
[
[=
(o1
*

70 60 50 40 30 20 10
20 (deg)

Fig. 6. XRD curves of the TiO, gel heat-treated at
various temperatures.

24 A& ®uk obueH[16] 2] v gHA o] 7}
A 23 gAY AR e & AUz fAg
T =S 3] A BE 2R9E 50T o
Hejst gt

3.3. TiO, Z&oj =80

E-7A JAZ™(dip coating) ol I3 Eg} A
Z24] 0.27 mol/¢ Q1 TiO, %9 pHe} HAAA)|7be] w}
€ ZHTHY AR 5 FEA $72 350C )
dxe] & F SEM Alxlo 2 @asigon] 13
249l d7} Fig. 7ol F{#3)ck. pH7F 1.0 o]shal
& AHEE 9ol Table 1o]4] AF8So] Az

oo

81191 HU1I  5u

Membrane J. Vol. 4, No.3, 1994



81192 HU1

81194 HUL 43887 HUI 58U

Fig. 7. SEM micrographs of surfaces of TiO; membranes coated for 1 min using 0.27 mol/l TiO, sol:
(a) pH=1.15, (b) pH=1.45, (c) pH=1.65, (d) pH=1.85, (e) pH=2.05, (f) pH=2.20, (g} pH=2.40,
and (h) pH=1.65(fracture).
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