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ABSTRACT : The objective of this study is to determine the optimum conditions of operational parameters
using factorial design for phenol degradation in photocatalytic oxidation reactors. Factorial design is widely
used to select the dominant factors and their ranges in experiments involving several factors where it is nece-
ssary to study the effect of factors on a response. The effects of initial concentration of phenol, intensity of
UV light and surface area of catalyst on phenol degradation were investigated. Two levels were considered in
this study so that the experiment was a 2° factorial design with three replicates. The experimental results
show that an increase in initial concentration of phenol from 5 to 50 mg/L, intensity of UV light from 5,000

to 20,000 uW/cmz, and surface area of catalyst from

740 to 2,105 cm’ enhanced the phenol degradation rate

by an average of 1.86, 1.79, and 2.10 mg/L -hr, respectively. Interaction effects do not appear to be as large
on the phenol degradation rate as the main effects of single factors. The optimum working condition for
photocatalytic oxidation reactors, despite the higher three factors the better removal rate, is the highest surface

area of catalyst.
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Fig. 1. 2’ factorial design.
Table 1. Different notation for 2° design
Rin A B C Treatment combination A B C
1 - - (1) 0 0 0
2 + - - a 1 0 0
3 - - b 0 1 0
4 + - ab 1 1 0
5 S C 0 0 1
6 + -+ ac 1 0 1
7 - + be 0 1 1
8 + + abc 1 1 1
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Table 2. Algebraic signs for calculating effects in the 2°
design

Treatment Factorial effect
combination | A B AB C AC BC ABC
0] + - - + - + + -
a + + - - - - + +
b + + - - + - +
ab + + + + - - -
C + - - + + - - +
ac + + - + +
be + - + - + + -
abe + + + + + + +

Fig. 2. Photocatalytic reactor'”,
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Table 3. Preliminary planning of factorial design for photoca-
talytic phenol degradation experiments

Factor Treatment level
Initial conc. of phenol (mg/L) 5 5 50
Intensity of UV light ((W/em®) 5000 12500 20,000
Surface area of catalyst (cm) 740 1400 2105

Table 4. Factors and experimental conditions of photocatalytic
reactor

Factor Experimental condition
Reactor volume (L) 2

Air (L/min) 1

Temperature (C) 205

Initial conc. of phenol (mg/L) 51030
Intensity of UV light (WW/ent) 5,000 to 20,000
Surface area of catalyst (c’) 740 to 2,105
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Table 5. Degradation rate data from the initial conc. of phenol
(intensity of UV light = 20,000 yW/en', surface area of catal-
yst = 2,105 sz)

Initial conc. .
Degradation rate L-hr
of phenol & (me/L-r) Total

(mg/L) ! 2 3
5 yn 319 yo 27 yp 291 1. B8 3 2%
B yn =449 yn =42 yn =388 yo. =1264 v, =421
50y =61l yo 574 yu 17 ys. <170 55 =567
y. =854 y. =428

Average

Table 6. Degradation rate data from the intensity of UV light
(initial conc. of phenol = 50 mg/L, surface area of catalyst =
2,105 cm’)

UV light Degradation rate (mg/L-hr)

intensity Total

(@W/em) 1 2 3
5000  yu =471 yo =442 yn =429 y. =134 § =447
12500 yu =500 yn =489 yn =488 y». 1477 ¥ =4R
20000  ya =611 yn =574 yx =517 y;3. =17.02 §5. =5.67

y. =521 7. =502

Average

Table 7. Degradation rate data from the surface area of
catalyst (intensity of UV light = 20,000 pW/en, initial
conc. of phenol = 50 mg/l)

Surface area  Observation (mg/L:hr)
of catalyst Total ~ Average
(sz) 1 2 3

740 ya =345 yn B0 yn =309 ya. =95 i =318
140  yu =59 y» =560 yn 501 y,. <1654 ¥, =551
216 yu =611 yn 574 yp 517 yi. <1702 55 =567

y. =811 3. =479
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Fig. 3. Scatter diagram for degradation rate versus initial
conc. of phenol(o, measured values; ®, average of 3 meas-
ured values).
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Table 8. Analysis of Variance table for the effect of init-
ial conc. of phenol on degradation rate

Source of Sum of Degree of  Mean
. Fy

variation squares freedom  squares

Between _ _ MSTreatmcnt lel'reatment/ M
treatments e =100l =20 s

FError

(within S5 = 0.73 Na=6 MS=012

treatments)

Total $Sr=1179 N1=8

Table 9. Analysis of variance table for the effect of inte-
nsity of UV light on degradation rate of phenol

Source of variation Sum of Degree of  Mean
squares  freedom  squares
Between treatments 221 2 11 23
Error
(within treatments) 05 6 0.09
Total 276 8

Table 10. Analysis of Variance table for the effect of sur-
face area of catalyst on degradation rate of phenol

Sum of Degree of  Mean

Source of variation

squares  freedom  squares 0
Between treatments 11.65 2 583 3429
Error
(within treatments) 09 6 07
Total 1264 8

H, Table 99} 100 Vel ule} 7o)
0]4 weba] A d Aest &) g
17

g ﬂﬂ%%liﬂ AALR G Foha

Fa) ushsel ) A, & s 275, As
o) st suje] ERAe) el A7) oA o
¥ ohi] 915j] Table 116 vhehdl st 0] 2t Q1%
o) o] ViAol W 347} 33 AHS SR
™, o|AL Fig. 49} 7 2 QolEMow v A8ttt Fg. 4
ol SR 2 ARIZI 4 (e 2 olsted 2t 94
=l s JFS

S A4kete] Table 120 JehyQick
7} IAA, B Ot Hesre AAL vXE 93 =
7= C A B wAolglen, Qazte) daAgo) o o
Ho} Aok 7k A (FlE 27)%5) $52 5904b 50 mg/L

Table 11. Experimental data of phenol degradation rate
for investigating the influence of three factors on the
TiO, photocatalyzed oxidative degradation

Intensity of UV light (B)

Initial

5,000 pW/cm? 20,000 W/ e
cone. of
phenol Surface area of catalyst ~ Surface area of catalyst
® Q Q
M0 2105’ 7’ 2105 an’
5 mg/L 037,038 039 119, 122, 1.09 183, 1.8, 1.86 319, 291, 2.78
=114 c=3%  b=55  bc=888
50 mg/L 032 051, 057 471, 429, 442 345, 309, 301 611, 517, 5.74
a=324 aca=138L2 ab=95% abc=1702

Table 12. Influence of initial concentration of phenol, int-
ensity of UV light, and surface area of catalyst on the
degradation rate of phenol in a photocatalytic oxidation
reactor : main effects and interactions calculated from the
experimental results of a 2’ factorial design from Table 11

Degradation rate

Item
(mg/L-hr)
Initial conc. of phenol (A) 1.86
Main effects Intensity of UV light (B) 179
Surface area of catalyst (C) 210
AB 0.16
) AC 115
Interactions
BC -0.30
ABC -0.46
be = 8,88 abe = 17.02
¢ = 350
High, 2,105 cm? ac =13.42
. ab =955
Surface area of catalyst (C) '
UV light intensity (B)
Low, 704 cm?

(=114 a=324 Low, 5,000 pyy/em?

—

Low, 5mg/L  High, 50 ma/L
Initial conc. of phenol (A)

Fig. 4. 2° factorial design for investigating the influence of
three factors on the TiO, photocatalyzed oxidative degrada-
tion of phenol.
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Table 13. Analysis of variance for 2* factorial design

Sum of Degree of Mean

Squares Freedom Square Fo

Source of variance

Tnitial conc. of phenol (4) 2078 1 2078 415607
Intensity of UV light (B) 1931 1 1931 3820
Surface area of catalyst (C) 2644 1 2644 52880

AB 0.16 1 016 3207
AC 79 1 792 1584(°
BC 0.53 1 053 10607
ABC 127 1 127 5409
Error 0.79 16 0.05

Total 772 3

WSignificant at 1 percent (o, 1 16 = 8.53).
Significant at 10 percent (Fo, 1, 16 = 3.05).
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