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Abstract

This study was investigated experimental condition which is able to evaluate photocatalytic activity of vari-
ous commercial TiO,. The experiments were performed for three representative substances {ethanol, phenol
and methylene blue) and four kinds of commercial TiO,, under the experimental conditions such as pH, reactant
concentration, amount of TiO, reaction time and UV intensity. The optimum experimental conditions to eval-

uate photocatalytic activity were as follows

: for ethanol, the initial concentration 1000 ppm, initial pH 8,

TiO; loadings 0.1 wt%, and reaction time 90 minutes: for phenol, the initial concentration 200 ppm, initial
pH 8, TiO, loadings 1 wt%, and reaction time 60 minutes: for methylene blue, the initial concentration 200
ppm, initial pH 4, TiO, loadings 0.5 wt%, and reaction time 30 minutes,
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Fig. 1. Schematic diagram of photocatalytic reactor.
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Table 1. Specifications of the standard photocatalytic
oxidation reactor

ftem Reactor
Wavelength (nm) 254
Wattage (W) 8
UV lamp Length {(mm) 287.5
Diameter (mm) 15.5
Number of lamp 8/12
Diameter (inside/outside) (mm) 45/49
Reactor Length (mm) 170
Reaction volume (mL) 200
B A WA AN FHLH, AT 2
éﬂggaq Eﬂﬁ%ég Al Al A S

At

A9 e pHY 27) ¥ RF AR 200 mL
£ TiO, €8 g7 whg7lol g kg 51
o FEuj e} vhg EHo] EAE A4 77 B
A BEI1E A A o] AXg & Wygx e}
71 FF AAE AHSGAY g AE5AHA
HEAIESE AdA z e} FEu7E 2 &g o] 4
T YEE R, UZE 2E Azl 3 9g A
& AFES AT £ dEHQY nEAREA

2(AOPs, Advanced Oxidation Processes) % 3}1}¢l
Faoo] §71%A Aa5e e v 43 245
A BAEAS BASA Sn §F 471840
=8 2goA F2u9 47187 34 e
TEHE & 3?5](1’«74 sgen, Az A 249 g
ARF) A AR 2o ZHste BEohe A
AEES l%E}LH At
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2.2.1. COD¢r (Chemical Oxygen Demand)

Standard methods'”s] 28} closed reflux meth-
0d} colormetric methodE- o] &35t EAslgom.
600 nmoil A} Spectrophotometer (DR/4000, HACH)®
=590

222 Mz

A=Ede] AAYSE FA37] flstal Spectro-

4 ol off
r; tlo it
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HEgd vl

@7} 71l
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gk A 803
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photometer (DR/4000, HACH)E o] &3] ADMI
weighted ordinate method'”2 Z43}4t}.

2.2.3. XRD

FE) whEol AMgH o Z TIOY] BT E B
287 913k XRD ®4& dAstAer, MAC
Science Co.©] MX18X HF-SRA¢] o]ated 241319
t}. Radiation source® ¥ Cu Ka(A = 1.5056 A)7} A}
L5908, X-ray generatore== 18 kWo]3, mono-
chromator= AF-8-8A] &bt 263 10~90°2] B &
oA 6 °/min®] FAREEO| ot FFHAT

TiO,9] Z2A7Z9 EFVEE ALHErT A4
o}i}E} Al (anatase) oF FE} L (rutile)e] F+ F4 9=
20 = 25200} 27.4°% 3ttt A YAATIE A
7] 918te] thg-ol Scherrere] 'V Alg-8to] 7
Arshgloh.

D =09 %X\/B-cosf (1)

o714, B ¥7HE, o 3187, A& 0.1506 nm
{Cu Ka)ojo}.

B Ao A ALEH 4 F9] TiOol sl ohte}
Aot Felde] Zgdel vlE Table 20] YeRA L
o} olubEbAle] FABI(WA)E 25.2°9] (010)7 9]
peak WA (L)S, FELYL 274°¢] (110)8 2] peak WA
H(le)g ©]438ke] Spurrst Myer'?7} AAE t}-&-2)
AP oz AMSIHOH, Wi g2 IAE 10002
BoHe w) oltEbAl o] Bl &S vehge, 11 9 ulg
S Feldz2 245t
1

Wa(%) = (36 I / I,

) (2)
2.2.4.1CP
ICP-AES (Inductive Coupled Plasma-Atomic Emission

Spectrometer)t= Perkin-Elmer Optima 3000XLE& A}

Table 2. The crystal phase and particle size of various

TiO;
Ti0, Crystal phase Particle size (nm)
Anatase : Rutile Anatase Rutile
A 74.20 : 25.80 29.07 43.08
B 100 : 0 15.36 0.00
C 100 : O 29.07 0.00
D 0: 100 0.00 15.43
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B9t} RF powers 1300 W, plasma flows 15
L/min, coolant flows= 0.5 L/min, nebulizer flows= 0.8
L/minZ 3} ). Teflon bottled] A} HF, HNO;, HCIO,
5 4412 EFF A 2mLE 0.1 g8 AEE de-
compositiondt § E{4E 348 ICP ¥A8bgc)

Table 3 & @A AHE-H o7 TiO o gt
ICP A#E Vehgid.

]
FE5v) g A F AAERY T2k 5748
5 kg Pad OHol&o] EolE7] W&
ol AR AstE= Al dirE o]t} E§ pHY
2 TV pH 7 o) HE &85 9] OHol&
K3l TiO; 8o SA3E o] 9 F9
OHo| 2] TiO; A F&3}7]71 o2 YA 1L, pH
7} 2748 AS BAHE AFY AsEe gas
o TiO; AN E8547)(0H - )8} Ao F9o}
g Ao) 7hA4s, pH 7 o}stel M TiO;, 'd0) o
AetE wo] §4o2RE OHol&g Bo] F34)
Z 4 U3 pH Zaol B A7 9 Aksigo] Frtst
o TiO; FHL.2RE 44 4544718 412
F PO} 84 Fof OHolR 9 e EoJEo A=
EHA A BAE = 454719 F& HEr) glo
A pH7} 3 ©]3te] A9 Bl go] ghdle Ao
Bzt X9 Oliveira $'™-& 3-chlorophenol
§ o] &3 F4+3} w9 3% pH 9 o)A F7}
it Rustgon, MathewsV= pH7l FA4Q
o} pH 129 ¢ pH 12014 WHg-& %7} Z718hc
I RSt 5 FEuNESL 3E A uhg) F

# pH Zzlo] theatAl vhebdthy shATH. whet

Table 3. Impurities contents of various TiO;

TiO; Ca Mg Na K Nb Fe S

0.0099 0.0027 0.13 0.057 0.012 0.004 0.002
0.0128 0.0024 0.035 0.0053 0.0031 0.00130.014
0.0166 0.0099 0.047 0.012 025 0.092 0.117
0.072  0.026 0.013 0.0067 0.024 0.0018 -
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NE g o] 83t FFHute] B HrHE LA
o, dege] Ay FEA wg] HHxA
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Table 4. Standard material and photocatalysis condition

Material pH Initial concentration (ppm}

Ethanol 8 1000
Phenol 8 200
Methylene blue 4 200

100

o
“I

40 |-

Removal efficiency (%)

] 0.02 o1 05
TiO, (Wi%)

Fig. 2. Effect of ethanol removal on TiO; content.
(TiO, : A, Cp : 1000 ppm, initial pH : 8, aeration
200 mL/min, reaction time : 90 min, UV lamp :
64 W).
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Fig. 3. Effect of ethanol removal on reaction time.
(TiOz : 0.1 wt%, Cp : 1000 ppm, initial pH : 8,
aeration : 200 mI/min, reaction time : 30 min, 60
min, and 90 min, UV lamp : 64 W).
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Fig. 4. Effect of ethanol removal on TiO; type.
(Ti0; : 0.1 wit%, Co : 1000 ppm, initial pH : 8,
aeration : 200 mL/min, reaction time : 60 min, UV
lamp : 96 W).
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Fig. 5. Effect of phenol removal on TiO. content.
(Ti0; : A, Co : 200 ppm, initial pH 8, aeration
: 200 mL/min, reaction time : 90 min, UV lamp
1 64 W),
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Fig. 6. Effect of phenol removal on reaction time.

(Ti0; : 1 wit%, Co : 200 ppm, initial pH 8§,
aeration : 200 mL/min, reaction time : 30 min, 60
min, and 90 min, UV lamp : 64 W).
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Fig. 7. Effect of phenol removal on TiO type.
(TiO; : 1 wt%, Co : 200 ppm, initial pH : 8,
aeration : 200 mlL/min, reaction time : 30 min, UV
lamp : 96 W).
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Fig. 8. Effect of methylene blue removal on TiO; content.

(TiO, : A, Cp 1 200 ppm, initial pH : 4, aeration
. 200 mL/min, reaction time : 90 min, UV lamp
1 64 W)
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Fig. 9. Effect of methylene blue removal on reaction time.
(A) CODg, (B) color
(TiO; : 0.5 wt%, Co : 200 ppm, initial pH : 4, aeration
90 min, UV lamp : 64 W).
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(Ti07 : 0.5 wit%, Co : 200 ppm, initial pH : 4,
aeration : 200 mL/min, reaction time : 30 min,
UV lamp : 96 W).
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