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The Study on Removal of Aniline and TOC
using UV/TiO2/H20:2 and Ultrasonic process

Park, Ki-Tae

Department of Construction Engineering, Graduate School of Industry,

Pukyong National University

ABSTRACT

Photocatalytic removal of Aniline and Total Organic Carbon(TQC)
with TiO: has been investigated in various systems. It has been
found that 6400 mg/L of TiO: decreases Aniline and TOC the most
efficiently by the illumination of Ultraviolet light, as a source of
which a Gemercidal lamp is more effective than a Black light lamp.
In addition, the 10 W/L Gemercidal lamp has increased the removal
cfficiency of them by 30% compared with the 5 W/L lamp.

The addition of H20: or K:S:0g at the concentration of 5.88 mM
have increased further the efficiency of removing TOC, while the
former has eliminated 1.3 times as effectively as the latter has
done. The removal efficiency of TOC has increased strikingly in an
UV/TiOz/Ultrasonic system to be 2.6 times better than in an
UV/TiOz system. Furthermore, the addition of H:Q2 to the

system(i.e. an UV/Ti0O2/H202/Ultrasonic system) has increased it 1.5

= viii ~



times more effectively compared with in the UV/TiO»/Ultrasonic
system.

The reaction rate constant, k, and half life of the TOC removal in
the UV/TiO»/H202/Ultrasonic system have been calculated to be

2.96x10 * min ' and 23.4 min, respectively.

Key words @ TiO:; UV/TiO:/H:202/Ultrasonic process, reaction
rate constant, half-life
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Table 2.1 Chemical identity and chemical/physical properties

of Aniline
Characteristics/ Property Data Reference

Molecular formula CsH7N -
Molecular weight [g/mol] 93.12 U. S. EPA 1985[28]
Melting point(m.p) [T] -6.15 U. S. EPA 1985
Boiling point(b.p) [TC] 1844 U. S. EPA 1985
Water solubility at 20T [g/L] 34 U. S. EPA 1985
Koc at pH=6.5 3870 U. S. EPA 1985
Log Kow 0.90 U. S. EPA 1985
Vapor pressure at 20C [mmHg] 0.3 U. S. EPA 1985
Odor threshold [mg/m’] 0.34 Verschueren 1983[29]
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Fig. 2.1 Energy diagram for typical semiconductors




Table 2.2 Bandgap energy of several semiconductor photocatalysts.

Bandgap Energy

Semiconductor
eV Wavelength (nm)
SnO; 3.8 326
ZnO 3.2 388
TiO, 3.2 388
SiC 3.0 413
WO, 2.8 443
Cds 25 496
GaAs 14 886
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Fig. 2.2 Photocatalytic reaction mechanism.
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Fig. 2.3 Formation of radicals and recaction mechanism of TiQOs.
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Table 2.3 Chemical and physical Properties of TiO;

Powder
Item (Component) Standard value
Bandgab energy 32 eV
Degree of purity(TiO,) 99% minimum
Particle size 0.3+0.05u
Matter soluble in water 0.7% maximum
Specific gravity 3.9
Residue (325mesh) 0.015% maximum
Fe Os 0.008% maximum
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Table 3.1 Chemical and Physical Properties of TiO: P-25

Item (Component) Titanium Dioxide P-25
Behavior in the presence of water hydrophillic
BET surface area [m*/g] 50+15
Average primary particle size [nm]| 30
Density [g/mL] approx. 3.7
Content of TiO: [%] > 99.5
Sieve residue (by Mocker, 45um) ¢ 0.05
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stol olzbgl ¥ o oldle | mLE FESe GO/MSDR RAstdon,
Helel AL E GC/MSDe #4222 Table 3200 4l A 8kgich.

Table 3.2 Analytical Conditions of the GC/MSD

- GC : Agilent 6890 series

- MSD : Agilent 5973, EI mode

Column : Ultra-1 50 mxID 0.20 mmx0.11 /m

Oven Temp. : Initial Temp. 40 C, Hold 10min,

Ist rate 6 C to 120 T, 2nd rate 5 C to 250 C

..29_



A 44 A3

N1y

p =)

4.1 39 THAN B2 FH71GAE R oldAU AAFE v

=

Fdel FRol WE TOCS oldd AAAELS Fig. 410 JeErAAT
T3 254 nme] AFFEG WL F 34 368 nmgl B ato) EY (5
W/LE #doz AMgsta FZqE FAE A 99 Tio, ¥ % 400
mg/LE 2 dto] 28 FAbg A9 Furg A te] ©E TOC W ofd

UV vt AFEg A9, TOC 2 ol el AAEL AW EZ(G-lamp)
7} 24%, 799

o\

2 BdgolEWNZI(B-Lamp) 19%, 64% BT} t}i 53 7
7

BaglolEd Tl A Ao 53S9 = 99}

f

ol Ahelale] shAe Fuhgel Aolz merdel 254 nmel B 7}

nmiz Ar@l o) wak oddnl Ae] 2 zlsle] o) A Hue wreA

_30_



Concentration ratio, C/C_ [-]

Fig. 4.1 Photodegradation curves of TOC and Aniline for light
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Fig. 4.2 Photodegradation of TOC and Aniline for amount of TiO:
addition.
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Residual TOC ratio, C/C [-]
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Fig. 4.3 Photodegradation for G-lamp light intensity.
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Residual TOC ratio, C/C0 [-]
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Fig. 4.4 Photodagradtion of TOC with amount of K2S:0g addition.
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Residual TOC ratio, C/C, [-]
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Irradiation time Iminl
Fig. 4.5 Photodagradtion of TOC with amount of H20: addition.
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Fig. 4.6 Photodagradtion of TOC for photo reaction process.
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Table 4.1 Kinetic Constant, k and t;2 Values for Various
Experimental Conditions

(a) Various Concentration of TiO; (Light Intensity 5 W/L)

Concentration of TiO» k ti/2
[mg/L] [107 min™] [min]

0 0.05 1386.0

400 0.16 433.1

800 0.21 330.0

1600 0.27 256.7

3200 0.40 173.3

6400 0.50 138.6

10000 0.50 138.6

(b) Various Light Intensity (TiO: 6400 mg/L.)

Light intensity k ti2
[W/L] [107 min’] [min]
5.0 0.50 138.6
75 0.60 1155
10.0 0.73 94.9
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(c) Various Concentration of K»S:0z and H:O-
(TiO; 6400 mg/L, Light Intensity 10 W/L)

K>5,04 k ti/2
[mg/L] [10? min™] [min]
0 0.73 94.9
147 0.87 79.7
2.94 1.12 61.9
5.88 1.32 52.5
H-0, k t1/2
[mg/L] [107 min’] [min]
0 0.73 94.9
1.47 0.97 714
2.94 1.33 521
5.88 1.68 413
(d) Ultrasonic(28 kHz, 400 W)
. . k ti2
Reaction condition 5 )
[10™” min™] [min]
UV/TiO, 0.73 94.9
UV/TiO2/H,O, 1.68 413
UV/TiO,/ Ultrasonic 1.92 36.1
UV/TiO,/HO,/ Ultrasonic 2.96 234
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Fig. 4.5 Kinetic constant, k versus various experimental condition
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