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Standard Experimental Conditions for the Evaluation of Liquid Phase
Photocatalytic Reaction Performance by Degussa P-25 TiO,
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This study reports on standard experimental conditions for the evaluation of photo-catalytic activity on the
degradation of organic substances by Degussa P25. For this evaluation, ethanol, phenol, methylene blue and
chromium were chosen as the standard substances of liquid phase photo-catalytic reaction. In this study, the
photo-catalytic reactions on standard substances for various reaction parameters such as concentration of sub-
stances, initial pH, photo-catalyst loading and reaction time were carried out. The different reaction conditions
of each standard substance have shown different results for the photo-catalytic reaction. Based on these results,
we have developed new standard conditions for the new photo-catalytic reactions.
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Table 1. Analysis method and equipment

Analysis method and equipment
Standard Method 5210 A, Azide Modification
method
Standard Method 5220 D, Closed reflux,
colorimetric method
TOC  DC-180, ROSEMOUNT
Color  DR-4000, ADMI weighted ordinate method
Cr DR-4000, 1,5 Diphenylcarbohybrazide method
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2.2, Z&0le| SYEN
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2.2.1. XRD
B3] whgol AgHelR O, A TEE a&g
37 dsld XRD EHE ANagion,

Science Co.2] MX18X HF-SRA°] ¢]s}d 1—*—40%\,\3}.
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Fig. 1. Schematic diagram of rotation photo-catalytic oxidation process.
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Table 2. Specifications of the photo-catalytic reactor.

Rotation
Item
reactor
Wavelength (nm) 254
Wattage (W) 8
UV 1
AP | ength (mm) 287.5
Diameter (mm) 15.5
Diameter(inside/outside) (mm) 21/24
Reactor Length (mm) 245
Reaction volume (mL) 50

6°/min®] FARSLEC]| ofste] S E AT

TiO,°] AR Fxe] EFHIES ALtetr] fIsiA
anatase®} rutile®] F 54 32 20 = 25.2°9} 27.4°
2 3tk YA E AL flske] ol
Scherrer's equation2 AME-3le] AlLFSIA T

A=0.9%xA/B-cosO 2-1)

o714, Be WWHE, o= 3487 A= 01506 nm(Cu
Kaelt}.

o]#3k XRD E49]] 2J3le] Ti0,o] 244 gelE
I Utk Fig 25 ¥ AFolA AMEEHoR TiO,Z A
A2lsA] @43 XRD 48 3§t A¥}o|t}. Table 3
o] AAAFe] W=, anatase= 25.2°¢] (010)H¢] peak
HA 1), rutile 27.4°9] (110)49] peak W3 (Iy)
S o]&3lo} Spurr TVo] AAF tEe] Agaom
anatase 3 rutile®] HE AN Aot

Intensity(a.u)

20 30 40 50 60 70 80
2Theta(® )

Fig. 2. Xoray diffractogram of photo-catalysts.

Table 4. Impurities percentage of P-25 TiO,

Table 3. The weight percentage of the anatase and rutile
phase of P-25 TiO,

particle size(nm)

TiO, anatase rutile -
anatase rutile
P-25 74.20 25.80 29.07 43.08
oo (k) 22
A \1+1.2651,/1,

=447 B Aol AREE TiO,= anatase
rutile 277d0] EAE] US AT F UATh

222.IC 2 ICP

ICIon Chromatography)= DIONEX-120 Automated
Dual Column ICE AFg3ted 418ttt Column
AS4A SC 4 mmeo|™ flow rate 1 ml/min, eluant=
1.8 mM Na,COy1.7 mM NaHCO,Z 3}3on
anion self-regenerating suppressor= ASRS-I 4 mm
=2 sith

ICP-AES (Inductive Coupled Plasma-Atomic Emis-
sion Spectrometer)= Perkin-Elmer Optima 3000XL
£ 183199t RF power= 1300 Watt, plasma
flowe= 15 L/min, coolant flow= 0.5 L/min,
nebulizer flow= 0.8 L/minZ 3}3t}h. Teflon bottle
oA HE HNO,, HCIO,E 4:4:1% &3 A< 2
mLZ 0.1 go] AlEE decompositiondt ¥ FHTZ
8]43le] ICP #4131t} Table 40 £ A-olla] A}
45017 Ti0ell tigk ICP A& et

2.2.3. DRS

DRS (Diffused Reflectance Spectroscopy)= 2+
7} AX]¥ Spectrophotometer (Hitachi, U-3501)ol]
A AN BT} Reference material> MgOE 1312
 sample MgOZA] baselines FH3IAt). Fd&
500~200 nm7H4] 1 nm¥ 431t} AlEE 2 cmx
2 cm A7)E sfo] ST

TiO,o] FEFv|EAe] 2L JEAS HoloF 3,
ojuf FEd2 WA A HAHAZFE 7|1} HAp
7} Z9kE 7PAAH(VB, Valence Band)e] AAl= €

Impurities of TiO, Ca Mg Na

K Nb Fe S

A 0.0099

0.0027 0.13

0.057 0.012 0.004 0.002
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DRS(Diffused reflectance UV-visible spectroscopy)
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H A=d(CB,

2.2.4. XPS

XPS#A-2 VG ScientificAle] ESCALAB 2108 Ak
2319191 excitation source®Z4 monochromate Al
Ko (14866 eV)E& AR TiO,E <F 100°CE]
2wl 2N ES] T Pl 7L 2
3 AAZ & XPS7171¢) 10~12 mmHg=
FA317] Y8t EH sputtering X etchingS 1A
& T':}S}O]'M ]_§_ lﬁoﬂ ""‘ZH Ol'*‘ Tl 0 2 C
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Fig 3. Diffused reflectance spectroscopy of TiOs.
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Fig. 4. Ti 2p spectra of P-25 TiO, by XPS analysis.
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2.2.5. BET
Zujle] v]EAZA 9 pore size distribution A&

Micromeritics Co.2] ASAP 2010CE A}-&3}%)
BET(Brunauer-Emmett-Teller)2]-S ©o]&3to] H|FH
T892, pore size distributione Kelvm’“ S
&l 6-A1¢] meniscus®] HuAI Ao A g
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Table 591 & A7lA AREE)X TiO,°] BET 3%
Z 2 particle sizeS ¥4J3}o] YeR|RJIT) H]EHZ]
LAET Fute] wke-S T & e FolEe
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2.2.6. TEM (Transmission Electron Microscopy)
2 Al ARE TiOe] A=) B e A

Table 5. BET and particle size of P-25 TiO,.
TiO, BET (m%g)
P-25 51.0 33

particle size (nm)
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Fig. 5. TEM image of P-25 TiO,
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3.1. Ethanol

AFF] FE I w2 TS =E3] S8k
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Ak 7] FE) e 0E FEn) wegse
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1,000 ppmellx] 907 FEFvl WS AA Tt B
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Fig. 6. Removal efficiency of COD for catalyst weight%
and initial pH (Ethanol concentration 1,000 ppm,
aeration 200 ml/min, reaction time 120 min Plot 1;
initial pH 8, Plot 2 : TiO, 0.02 wt%).
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Fig. 7. Removal efficiency of COD for ethanol con-

centration and reactor type (photocatalyst 0.02

wt%, initial pH 8, aeration 200 ml/min, ethanol
concentration 1,000 ppm).
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Fig. 8. Comparison of the removal efficiency for BOD,
COD, TOC (ethanol concentration 1,000 ppm,
initial pH 8, aeration 200 ml/min, TiO, 0.02 wt%).

3.2. Methylene blue
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Fig. 9. Removal efficiency of methylene blue for ini
(methylene blue concentration 200 ppm, TiO, 0
aeration 200 ml/min, reaction time 90 min).
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Fig. 10. Removal efficiency of methylene blue for TiO,
concentration (methylene blue concentration 200
ppm, initial pH 4, aeration 200 ml/min, reaction
time 90 min).
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Fig. 11. Removal efficiency of COD and color for initial
concentration (initial pH 4, TiO, 04 wt%,
aeration 200 ml/min, reaction time 90 min).
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3.3. Phenol
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Fig. 12. Removal efficiency of COD for initial pH (phenol
concentration 200 ppm, TiO, 0.2 wt%, aeration
200 ml/min, reaction time 90min).
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Fig. 13. Removal efficiency of COD for TiO, concen-
tration (phenol concentration 200 ppm, initial pH
8, aeration 200 ml/min, reaction time 90 min).
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14. Removal efficiency of COD for phenol concen-
tration (TiO, 0.3 wt%, initial pH 8, aeration 200
ml/min).
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15. Removal efficiency of COD for reactor type
(phenol concentration 200 ppm, TiO, 0.3 wt%,
initial pH 8, aeration 200 ml/min).
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16. Comparison of the removal efficiency for COD,
TOC (phenol concentration 200 ppm, TiO, 0.3
wt%, initial pH 8, aeration 200 ml/min).
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Fig. 17. Removal efficiency of Cr*% for initial pH (Cr
concentration 10 ppm, TiO, 0.1 wt%).
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Fig. 18. Removal efficiency of Cr*® for TiO, concentraion
(Cr concentration 10 ppm, initial pH 6).
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Row, 71§ MeEEE Yehle pHe 602
ARSI, 7] BE0) o] wE I NS
£ 27] piHE 62 dlol dysidlon, BauL

0.04~0.16 wt%°ollA Cr(VD9] AAZES ZARISITH
FolEs FFujgo] SIS 11]743315‘: 7kt
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1.2 B

Degussa P-25 TiO,= /\]-%I?I—OE] FE0 S5 H7t
SV] A A=A dEAET, e, dE, AF
S 4% SdS AR, 7 S disk 3=
Age s
HEAS 2R A
Hkg 27191 pH, 10291 °o‘:, 371 T 5 WPE}
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