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Y o v 901 Y . a ad
msnwmnﬁ n.1 ﬂ1§ﬂ1%ﬂ%ﬂlﬂﬂu1%$ﬂ]ﬂ$ﬂﬁﬂ TiO, Fanauu9

. Fonabhazasy 10
121 (M) 7 1 A 7 2 3
ATIN 1 399 2 A3 3 1naY
0 37.00 37.00 37.00 37.00
10 34.50 35.00 34.50 34.67
20 32.00 32.00 32.50 32.17
30 31.50 31.00 31.00 31.17
60 31.00 31.00 31.00 31.00
maemani 0.2 nadisagveniwzuszdan Tio, wiadlduung
. Fonathazass 20 i
(W) z 2 ? z 2 2
AT 1 A3 2 A3 3 IndY
0 29.00 29.00 29.00 29.00
10 21.50 21.00 21.00 21.17
20 17.50 17.50 17.50 17.50
30 14.50 14.00 14.00 14.17
60 14.50 14.00 13.50 14.00
mawanii 03 nadiiadvenizuzdae Tio, wilaTlduung
. Sovabhazasy 40 i
L ) 2 ? e 2
ATIN 1 ATIN 2 A3IN 3 Inay
0 18.00 18.00 18.00 18.00
10 12.00 12.00 11.50 11.83
20 10.50 10.00 10.00 10.17
30 7.50 8.50 8.50 8.16
60 7.50 8.50 8.00 8.00
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o v 901 Y . a ad
ﬂ'liﬂﬁ]ﬂ%m’f]ﬂuﬂ%"llﬂgﬂ’)ﬂ TiO, Fanauu9

Y 1
L%ﬂﬁ]Nu”IGI%"UEJS 60 1N

a1 (W)

AN 1 AFIN 2 A5N 3 oy

0 15.00 15.00 15.00 15.00
10 6.00 6.50 6.00 6.17
20 4.50 5.00 4.00 4.67
30 2.00 1.50 1.50 1.67
60 1.50 1.00 1.50 1.33

M5EUId 0.5 Uszaninmmsmiadueuirzuszaie Tio, wiiaflannig
Uszansnmmsiinie (%)

381 (U19) 10 1M 20 1M 40 1M 60 111
10 6.30 27.00 34.28 58.87

20 13.05 39.66 43.50 68.87

30 15.76 51.14 54.67 88.87

60 16.22 51.72 55.56 91.13
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o w ° Y .
MINWUINN 1.6 NMIMIATVONNTLVIZAY TiO, UK

a0 Fov1ahwzuey 10 v
. Psnams Inmitien (g) T T T .

(1m) AIN 1 AIIN 2 39N 3 Inay
10 37.00 37.00 37.00 37.00
10 30 35.00 35.00 35.00 35.00
50 32.00 32.50 32.00 32.17
10 37.00 37.00 37.00 37.00
20 30 32.00 31.50 31.50 31.67
50 31.00 30.50 30.50 30.67
10 37.00 37.00 37.00 37.00
30 30 31.50 31.50 31.50 31.50
50 31.00 31.00 31.00 31.00
10 37.00 37.00 37.00 37.00
60 30 31.50 31.50 31.50 31.50
50 30.50 31.00 31.00 30.83
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Y 1
L%’EJ’I]N‘LHGI%GUEJ% 20 1M

1N
. WS Inmitien (g) T T T .

(1) ATIN AIIN 2 AN 3 nay
10 26.00 26.00 26.50 26.17
10 30 22.00 21.50 21.50 21.67
50 17.00 16.50 16.50 16.67
10 23.50 24.00 24.00 23.83
20 30 18.00 17.50 18.00 17.83
50 14.50 15.00 14.50 14.67
10 23.50 23.50 24.00 23.67
30 30 14.50 14.50 15.00 14.67
50 14.00 13.50 13.50 13.67
10 23.50 23.50 24.00 23.67
60 30 14.00 14.00 14.50 14.17
50 13.50 13.50 13.00 13.33
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Y 1
L%’EJ’I]N‘LHGI%GUEJ% 40 1

191
. WS Inmitien (g) T T T .
(1) ATIN AIIN 2 AN 3 nay
10 15.50 16.00 16.00 15.83
10 30 12.50 12.50 12.00 12.33
50 9.50 9.00 9.00 9.17
10 14.00 13.50 13.50 13.67
20 30 10.50 10.50 10.50 10.50
50 7.00 7.00 7.00 7.00
10 12.50 12.00 12.00 12.17
30 30 9.00 8.50 9.00 8.83
50 5.50 6.00 6.00 5.83
10 11.00 12.00 11.50 11.50
60 30 8.50 8.50 8.50 8.50
50 5.00 6.00 6.00 5.67
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MINWUINN 1.9 NMIMIATVONNTLVIZAY TiO, LUK

191 ooz 60 i
. WS Inmitien (g) T T T .

(1) ATIN 1 AIIN 2 AN 3 nay
10 13.00 12.00 12.50 12.50
10 30 7.50 7.00 7.00 7.17
50 4.00 3.50 3.50 3.67
10 9.50 9.00 9.50 9.33
20 30 5.00 4.50 5.00 4.83
50 2.00 1.50 2.00 1.83
10 5.00 5.50 5.50 5.33
30 30 2.00 1.50 2.00 1.83
50 0.50 0.00 0.50 0.33
10 5.00 5.50 5.50 5.33
60 30 1.50 2.00 1.50 1.67
50 0.00 0.00 0.00 0.00
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5193 510021009 HaN1SNATU
4
ANVUIINT 1NN 98 % 98.12 %
= = % [} :, 1 9 [
flssuneun ATl lidnnasgiu AoANRDINY
< [ 1
% AU ITTOMRIVALIIATTIU 11NN 100 122.11
AsazmeNguygN 105 C° m/m @1n31 0.5 0.22
pH voamsszdvasazane 19 6.50 — 8.00 7.00
Y p U
MIAFUUIY g/100g AN 26 21.5
AARIIUUALUNTI4S um AN 0.1 0.050
] 5 1
hazangluih ¢1N11 0.5 0.040
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131940 n.11 GII’EJSQJ,aNamiﬂﬁ)ﬂ@ﬂ@ﬂi]1ﬂu1!,ﬁﬂﬁ‘\1miwm/]ﬂﬂmﬁummljn@ummﬂu Y

a A d a o g
TiO, %u@ﬂammﬂmﬁauuummﬂmﬂ 5 ¥U

9 9 a A A Y
ANUUNYUHFATITDUNTYULIUAU
nal - -
- 160 mgL 240 mgL
(W) 7 1 7 1 7 1 3 7 1 Y 1 7 1 2

ASAN 1 | AS9N2 | ASIN3 | waeg | As9N 1 | AsaN2 | Ase3 | 1mae
0 160.00 160.00 160.00 160.00 240.00 240.00 240.00 240.00
10 80.00 120.00 100.00 100.00 200.00 200.00 200.00 200.00
20 80.00 80.00 80.00 80.00 180.00 160.00 170.00 170.00
30 80.00 80.00 75.00 78.00 160.00 160.00 160.00 160.00
40 75.00 75.00 75.00 75.00 160.00 140.00 120.00 140.00
60 70.00 70.00 70.00 70.00 120.00 110.00 100.00 130.00

a ) o w A A I A o 7 Yy ¥ A 9 1 o g
M1I19N N.12 GUﬁ)iJuﬁW'ﬁﬂ15fﬂﬂﬂG]SIfJﬂiﬂﬂuHﬂ'ﬁlﬁ\‘llﬂi13?714?]'313“"11%6111‘!!5%@]HGING]ﬂu Ay

a ad a o ?zl/
Tio, FHANANIUATOVUUAIAINAI 5 FU

Y Y a Al g
ANUVNVUFITOUNTULTUA U

nal - -
- 320 mgL 400 mgL
Wm) ? 2 2 ? z 2 2 =
AsIN 1 | A2 | ATaN3 | wae | aden 1l | asen2 | afen3 | mde
0 320.00 | 320.00 | 320.00 | 320.00 | 400.00 | 400.00 | 400.00 | 400.00

10 292.00 | 292.00 | 292.00 | 292.00 | 400.00 | 340.00 | 320.00 | 353.33

20 280.00 | 260.00 | 240.00 | 260.00 | 320.00 | 320.00 | 320.00 | 320.00

30 260.00 | 240.00 | 250.00 | 250.00 | 320.00 | 320.00 | 320.00 | 320.00

40 220.00 | 200.00 | 200.00 | 206.67 | 320.00 | 320.00 | 320.00 | 320.00

60 200.00 | 200.00 | 200.00 | 200.00 | 320.00 | 320.00 | 320.00 | 320.00
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a A d a o g
TiO, %u@ﬂammﬂmﬁauuummﬂmﬂ 4 YU

Y 9 a A A g
ANUAVNVUFITOUNTYLTUAU

nal - -
- 160 mgL 240 mgL
(W) 7 1 7 1 7 1 3 7 1 Y 1 7 1 2

ASAN 1 | AS9N2 | ASIN3 | waeg | As9N 1 | AsaN2 | Ase3 | 1mae
0 160.00 160.00 160.00 160.00 240.00 240.00 240.00 240.00
10 160.00 140.00 120.00 140.00 220.00 210.00 200.00 210.00
20 120.00 120.00 120.00 120.00 200.00 200.00 200.00 200.00
30 100.00 100.00 100.00 100.00 200.00 180.00 160.00 180.00
40 80.00 80.00 80.00 80.00 160.00 140.00 120.00 140.00
60 80.00 80.00 80.00 80.00 140.00 140.00 140.00 140.00

a ) o w A A I A o 7 Yy ¥ A 9 1 o g
M990 .14 GUﬁ)iJuﬁW'ﬁﬂ15fﬂﬂﬂG]SIfJﬂiﬂﬂuHﬂ'ﬁlﬁ\‘llﬂi13?714?]'313“"11%6111‘!!5%@]HGING]ﬂu Ay

a ad a o ?zl/
Tio, FHANANLIUATOVUUAIAINAI 4 FU

Y Y a Al g
ANUVNVUFITOUNTULTUA U

nal - -
- 320 mgL 400 mgL
Wm) ? 2 2 ? z 2 2 =

AsIN 1 | A2 | ATaN3 | wae | aden 1l | asen2 | afen3 | mde
0 320.00 | 320.00 | 320.00 | 320.00 | 400.00 | 400.00 | 400.00 | 400.00
10 280.00 | 280.00 | 280.00 | 280.00 | 380.00 | 355.00 | 330.00 | 355.00
20 280.00 | 240.00 | 220.00 | 246.67 | 360.00 | 360.00 | 320.00 | 346.67
30 260.00 | 240.00 | 220.00 | 240.00 | 320.00 | 320.00 | 320.00 | 320.00
40 240.00 | 240.00 | 240.00 | 240.00 | 300.00 | 300.00 | 300.00 | 300.00
60 240.00 | 240.00 | 240.00 | 240.00 | 300.00 | 300.00 | 300.00 | 300.00
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a A d a o g
TiO, %u@ﬂammﬂmﬁauuummﬂmﬂ 3 %Y

9 9 a A A Y
ANUUNYUHFATITDUNTYULIUAU
nal - -
- 160 mgL 240 mgL
(W) 7 1 7 1 7 1 3 7 1 Y 1 7 1 2

ASAN 1 | AS9N2 | ASIN3 | waeg | As9N 1 | AsaN2 | Ase3 | 1mae
0 160.00 160.00 160.00 160.00 240.00 240.00 240.00 240.00
10 160.00 140.00 120.00 140.00 220.00 210.00 200.00 210.00
20 120.00 110.00 100.00 110.00 200.00 200.00 200.00 200.00
30 100.00 100.00 100.00 100.00 180.00 170.00 160.00 170.00
40 100.00 100.00 100.00 100.00 140.00 140.00 140.00 140.00
60 80.00 80.00 80.00 80.00 140.00 140.00 140.00 140.00

~ D) o w ASs A P a o sa Yy ¥ A 9 1 o oy
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Tio, FHANANIUATOVUUAIAINAI 3 FU
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ANUVNVUFITOUNTULTUA U

nal - -
- 320 mgL 400 mgL
Wm) ? 2 2 ? z 2 2 =
AsIN 1 | A2 | ATaN3 | wae | aden 1l | asen2 | afen3 | mde
0 320.00 | 320.00 | 320.00 | 320.00 | 400.00 | 400.00 | 400.00 | 400.00

10 280.00 | 280.00 | 280.00 | 280.00 | 360.00 | 360.00 | 340.00 | 353.33

20 280.00 | 280.00 | 240.00 | 266.67 | 340.00 | 340.00 | 320.00 | 333.33

30 220.00 | 210.00 | 200.00 | 210.00 | 320.00 | 300.00 | 280.00 | 300.00

40 210.00 | 210.00 | 210.00 | 210.00 | 300.00 | 300.00 | 300.00 | 300.00

60 200.00 | 200.00 | 200.00 | 200.00 | 280.00 | 280.00 | 240.00 | 266.67
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a A d a o g
%u@ﬂammﬂmﬁauuummﬂmﬂ 5 YU

9y 9 a A A g
ANUVUVUFITOUNTYLTUAY

nal - -
- 640 mgL 1,040 mgL
(W) 7 1 Y 1 7 1 2 7 1 7 1 7 1 2
AsAN 1 | AsaN2 | ASeN3 | wag | a5l | AsaN2 | ATIN3 | 1@
0 640.00 640.00 640.00 640.00 | 1,040.00 | 1,040.00 | 1,040.00 | 1,040.00
10 | 560.00 | 480.00 | 480.00 | 506.67 | 960.00 | 880.00 | 800.00 | 880.00
20 | 480.00 | 480.00 | 400.00 | 45333 | 960.00 | 880.00 | 720.00 | 853.33
30 480.00 480.00 400.00 453.33 720.00 720.00 720.00 720.00
40 480.00 480.00 320.00 426.67 720.00 640.00 560.00 640.00
60 320.00 320.00 320.00 320.00 640.00 640.00 400.00 560.00

a 9 o o A a ¥ ~ Y 9 A g ) .
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a ad a o ?zl/
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ANVUVNUUTITOUNTYLTUAU

nal - .
- 2,240 mgL 3,360 mgL
W) 3 ? s = z 2 2 2 =
AsaN 1 | Asen2 | AseN3 | wae | afenl | Aafen2 | Aafe3 | b
0 2,240.00 | 2,240.00 | 2,240.00 | 2,240.00 | 3,360.00 | 3,360.00 | 3,360.00 | 3,360.00
10 1,920.00 | 1,680.00 | 1,680.00 | 1,760.00 | 3,200.00 | 3,120.00 - 3,160.00
20 1,760.00 | 1,760.00 | 1,680.00 | 1,733.33 | 3,200.00 | 2,960.00 | 2,960.00 | 3,040.00
30 1,680.00 | 1,600.00 | 1,600.00 | 1,626.67 | 2,720.00 | 2,640.00 | 2,560.00 | 2,640.00
40 1,600.00 | 1,600.00 | 1,440.00 | 1,546.67 | 2,720.00 | 2,560.00 | 2,560.00 | 2,613.33
60 1,280.00 | 1,280.00 | 1,120.00 | 1,226.67 | 2,400.00 | 2,240.00 | 2,240.00 | 2,293.33
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Study of COD Removal Efficiency from Synthetic Wastewater
by Photocatalytic Process

Orawan Rojviroon'” Thammasak Rojviroon® Jaray Sangsavan® Chontida Joikrajang' and Sanya Sirivithayapakorn®

"“*Lecturer, Department of Civil Engineering, Faculty of Engineering, Rajamangala University of
Technology Thanvaburi, Pathum Thani 12110, Thailand Master student, Department of Environmental
Engineering, Facultv of Engineering, Kasetsart Universitv, Bangkok 10900 Thailand;'Bachelor student,
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Thanyaburi, Pathum Thani 12110, Thailand:*Associate Professor, Department of Environmental
Engineering, Faculty of Engineering, Kasetsart University, Bangkok 10900 Thailand;
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ABSTRACT

The titanium dioxide (TiO,) thin films on the surfaces of borosilicate glass were synthesized by using a
simplified sol-gel preparaton method with different numbers of coating layers, from 3-5 layers. The
crystalline phase structures of the prepared T1i0, thin films were entirely anatase. The measured optical band
gaps of the TiO, thin films were 3.24. The grain sizes of TiO, crystals in the thin films were in the range 20-250 nm.
The total apparent surface area per total weight of TiO, thin films at 3 layers coating was 4.74 m® g”', while
for the 4 layers coating and the 3 layers coating they were 3.86 and 2.79 m® g, respectively. The kinetics of
the photocatalytic processes under a UVA light source could be explained by the Langmuir-Hinshelwood
kinetic model. The specific rates of the photocatalytic process of TiO- at 3 layers coating, 4 lavers coating
and 5 layers coating were 1.40x10™, 1.50x10™ and 4.60x10™* min" mW™, respectively. The photocatalytic
performance of COD degradation was higher with smaller grain size, higher surface area and narrow optical
band gaps. Moreover. the numbers of coating layer on substrate also have great influence for kinetic of COD
removal.

Kevwords : kinetic; nano-sized T10,; sol—gel: thin film; wastewater treatment

INTRODUCTION

Industrial development causes high water demand. The industrial expansion also increases impacts to the
environment. Wastewater discharged from certain industrial activities contains large amount of organic
matters. If this wastewater were discharged into the environmental without prior treatment, it would cause
water pollution problems. The water pollution could affect the ecosystems, causing impact to the overall
environment.

In this research, the TiO, thin films prepared by sol-gel process were used as a catalyst to degrade COD in a
photoreactor. The objectives of this research were to study the efficiencies and kinetics of COD removal
through photocatalytic process using the prepared Ti0, thin films and UVA light as the light source.

METHODOLOGY

The TiO: thin films were prepared by an acid catalyzed sol-gel dip-coating onto the of borosilicate glass slide
(40.0x85.0x0.3 mm) and petr1 dish (100 mm dia. x 15 mm deep) by using ttanium tetraisopropoxide
(Ti[OCH(CHs;)s]s. TTIP) as a precursor. In this study, the sol solution was prepared and coated on the surfaces
of substrates according to the methods described by Rojviroon and Sirivithayapakom [1.2]. All of the glass
slides were weighed before and after the coating of each layer. The physical properties and the analyzing
techniques were summarized in Table 1.

Table 1 The techniques used for analyses of physical properties of the thin films

Physical properties Analytical technique
Structure X-ray Diffraction
Optical band gap UV-Vis Spectrometer
Surface morphology and grain size Atomic Force Microscopy
Apparent surface area Gwyddion Software
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Surface area | BET Surface

The photocatalytic activities of the thin films were evaluated by the decomposition of COD. A petri
dish batch test of 50 mL capacity was used as a reaction container (photoreactor). The reactor was placed in
a chamber that contained a UVA light bulb (Fig. 1). The average intensity in the photoreactor was 100
mW.m™ measured by UV-light Meter Model UV-340. The concentration of indigo carmine vapour was
measured by a Libra S12 Visible & UV Spectrophotometers.

1. UVA Light source
1 2. Petri dish(photoreactor)

@ 3. Chamber

|=3=‘2

Fig.1 Schematic diagram of a photoreactor for degradation of COD

Glucose was used in preparing the synthetic wastewater with the desired amount of COD in the
concentration range of 160-400 mg/L and filled into the reactor. Sample was taken for measurement of the
initial concentration of COD right before the UVA light bulb was turned on. The concentration of COD was
recorded with the reaction time throughout the photocatalytic activity test. The measured concentrations of
COD from the photocatalytic activity test were corrected by the results from the control experiments carried
out in the dark (with the presence of catalyst) and those carried out under the UVA light only (without the
presence of catalyst) prior to the kinetics calculations.

RESULTS AND DISCUSSIONS

The result of the XRD pattern showed prominent peaks occurring at 20 = 25.2° (Fig. 2). The strong peaks
confirm the presence of an anatase phase only in the TiO, thin films [3].The band gap, E,, was obtained from
a linear regression of (ah W' against v with extrapolation to zero (equation (1), often called a
Tauc plot [4-6].

(a‘hv)}é = A(hv-E,) ()

Where o is the absorbance, arbitrary units: /v is photon energy. eV: 4 is an independent parameter of the
photon’s energy for the respective transitions, eV: Eg is the band gap, eV. The Tauc plots of all samples
indicated that the band gaps were 3.24 eV, which is the optical band gap for crystalline anatase.
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Intensity (a.u.)

20 40 60 80
2 theta (degree)

Fig.2 The XRD pattern of TiO, crystalline

The grain sizes of TiO; thin tilms for all sample surfaces were between 15-100 nm. The results indicated that
the Ti0, particles in the thin film coating on the glass slides were uniform and evenly distributed. The results
showed that the surface of Ti0, thin films on glass substrates was smoother when the number of coating
layers increased. The data for surface morphology are summarized in Table 2.

Table 2 Surface Morphology of TiO> Thin Films at Different Layers of Dip-coating on Glass

Layers of dip-coating
Surface Properties
3 4 5
Crystalline phase anatase
Optical band gap, (eV) 3.24
Grain size, (nm) 20-100 15-80 15-50
rms, (nm) 21.11 20.93 14.94
Apparent Surface area, (m° m~) @ 1.09 1.08 1.09
Total weight of TiO, on substrate. (g m~) @ 0.23 0.28 0.39
Total apparent Surface area per total weight of 474 386 579
TiO,. (m* ¢') © -0/ : - :
BET Surface area, (m’ g”) 36.22

The apparent surface area tended to decrease when the number of layers of coatings increased, similar to the
results reported by Procha’zka er a/. [7]. Since the addition of further coating layers fill up the crevices on
the surface, therefore the surface became smoother and the overall apparent surface area decreased. The
AFM images (1 um’) for the 3-5 layers of coating are shown in Fig. 3.
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4 layers

5 layers
Fig.3 AFM images in 2D of TiO, thin films on glass slides

A series of tests of photocatalytic degradation at various initial concentrations of COD were used to evaluate
the decomposition efficiency of COD. The Langmuir-Hinshelwood model (L-H model) was the kinetic
model of the photocatalytic process that was usually used for the analyses of the initial rate of photocatalytic
degradation [8]. The initial photocatalvtic degradation rate. r,. (mol. L™ .min™) was observed to be a function
of the initial concentrations of COD (). According to Equation (2). a linear L-H plot of 7, ' versus ¢,
was obtained, the T-H rate constant (k). and the Langmuir adsorption constant (K) of COD in the
photocatalytic degradation reaction can be calculated.

The kinetic parameters & and K of the photocatalytic degradation reaction are summarized in Table 3.

1 1 1

L . (2)
A kKC, Kk
Table 3 L-H parameters obtained in the photocatalytic degradation of COD
Layers of TiO; thin film
L-H parameters
3 4 5
Degradation efficiency (%) 43.75 50.00 56.25
Je (mol L™ min™) 50.96x107 39.99x10° 446x10°
K (Lmol™) 0.29 0.38 10.34
kK (min™") @ 0.014 0.015 0.046
Coated area (m’) © 0.01
Intensity (mW.m°) @ 100
Specific rate (min~.mW ™) _ _ _
06-0 1.40<10™* 1.50=107* 4.60x107*

Conclusion

The prepared TiO, thin films had desirable physical properties including anatase crystalline structure and
nano-sized grains. The photocatalytic degradation efficiency of COD increased as the number of coating
layer increased and reached its maximum COD degradation efficiency at 56.25% within 60 min at 5 layers of
coating. The values of the reaction rate constants from this study were in the order of 10” min"' mW™".
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