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A Study on the photodegradation of 4-Chlorophenol
by photocatalysts with various transition metals

Hyun-Jung Ha

Division of Environmental System Engineering, Pukyong National University

ABSTRACT

4-Cholrophenol(4-CP), a toxic organic compound, is widely used for production of
dyes, drugs, and fungicide. The presence of 4-CP in natural environments has caused
severe environmental pollution problems. In most of the treatment methods such as
adsorption on activated carbon and air bubbling, the pollutants are just removed from one
phase to another phase and create secondary environmental problems. For example,
activated carbon adsorption produces spent carbon as a waste by-product, and air
bubbling creates an air pollutant problem. In recent years, much attention has been paid
to "photocatalytic detoxification" as an alternative technique, where the pollutants are
degraded by UV-irradiation in the presence of a semiconductor suspension such as
titanium dioxide.

In this research, the photocatalytic degradation of 4-chlorophenol(4-CP) in TiO:

aqueous suspension has been studied. The effect of calcination temperature for

manufacturing of TiO, photocatalysts, dosage of TiO. photocatalysts, retention time, air
flow rate, pH and type of photocatalysts on photodegradation has been investigated.

TiO» photocatalysts are prepared by a sol-gel method. The dominant anatase-structure
on TiOs particles is observed after calcining the TiO, gel at 500C for 1hr. Photocatalysts
with various transition metals(Fe, Cu, Nd, Pd and Pt) loading are tested to evaluate the

effect of transition metal impurities on photodegradation. The photocatalytic degradation
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in most cases follows first-order kinetics. The maximum photodegradation efficiency is
obtained in an optimal condition with TiO, dosage of 0.4 g/L., retention time of 1 min, air
flow rate of 2500cc/min and pH of 7. The photodegradation efficiency with Pt-TiO» or
Pd-TiO: is higher than that of pure TiO» powder. The optimal content value of Pt or Pd is
2wt.%. However, the photodegradation efficiency with Fe(1.0wt.%)-TiO> or
Cu(1.0wt.%)-TiO- is lower than that of pure TiO> powder.
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Figure 4. Comparison of rutile with anatase

Table 1. Physical properties of rutile and anatase

Anatase Rutile
] seo =g
Z2F tetragonal tetragonal
a& 56~6 6~6.5
HI= 3.8~3.9 4.2
Band gap energy 3.23 eV 3.02 eV
ANEX Z=0 MES B2 Otx
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Figure 5. Photocatalytic mechanisms of Metal-TiO»
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Figure 6. Manufacture of Metal-TiO» by sol-gel method
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Figure 7. Schematic diagram of a photocatalytic reactor
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Figure 8. Calcination temperature and calcinating duration

dependent XRD patterns of TiO, powders
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Figure 9. Effect of calcination temperature and calcinating
duration on degradation of 4-CP
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Table 2. BET surface area of various photocatalysts

sample BET surface area(m?®/g)
Degussa(P-25)  58.65
400°C, 1hr 115.84
500°C, 1hr 69.14
600°C, 1hr 30.14
500C, thr 69.14
500C, 2hr 80.16
500°C, 3hr 77.88
TiO2 powder 69.14
Fe(1.0)-TiOs 64.07
Cu(1.0)-TiO2 84.70
Nd(1.0)-TiO2 100.85
Pd(1.0)-TiOs 79.89
Pt(1.0)-TiO> 74.86
Pd(0.5)-TiOs 92.81
Pd(1.0)-TiO; 79.89
Pd(2.0)-TiO» 105.62
Pd(3.0)-TiO2 108.49
Pt(0.5)-TiO> 82.3b
Pt(1.0)-TiO; 74.86
Pt(2.0)-TiO» 73.92
Pt(3.0)-TiO> 88.86
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Figure 10. UV-Vis spectra of various photocatalysts
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Figure 11-b. UV-Vis spectra of various Pt contents
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Figure 12. Blank test of 4-CP
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Figure 13—a. Effect of calcination temperature and calcinating
duration on degradation of 4-CP
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Figure 14—a. Effect of TiO> dosage on degradation of 4—-CP
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Figure 15—a. Effect of flow rate(and retention time) on
degradation of 4-CP
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Figure 15-b. Effect of flow rate(and retention time) on
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Figure 16—a. Effect of air flow rate on degradation of 4-CP
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Figure 18—a. Effect of pH on degradation of 4-CP
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Figure 19. Effect of photocatalysts on degradation of 4-CP
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Table 3. Standard reduction potential of various
transition metal

Reduction half-reaction E® (V)

 Fe? +2e o Fe -0.440
Fe’" +e~ « Fe’ 0.771

Fe®' +3e < Fe -0.036

Cu" + e < Cu | 0.520

Cu” + e «Cu' 0.159

Cu®" + 2e” « Cu 0.337

Pd®" + 2¢” < Pd 0.987
P+ 06 o Pt 2

Table 4. Electronegativity of various transition metal

atomic number element electronegativity
26 Fe 1.83
29 Cu 1.90
46 Pd 2.2
60 Nd 1.1~1.3
78 Pt 2.28
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Figure 20—a. Effect of Pt contents onto TiO, on degradation
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Figure 22. Comparison of 4-CP degradation with addition of NaClO4
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Table 5. Physical properties of intermediates.

HH 2E (2N | =8 =8 = V. p.
=g =
oy 0.10
. 10mm
A-CP = ( ~ezagn M
| 128.56| 43C | 217¢C ) at
(4-chlorophenol) % at 20T )
20C
Cl
+ 7% | 4.0
- % .0 mm
HQ ,/\ 218 ©
: *\ 11101 [1727C _lat25C at
(hydroguinone) \/ (287)C )
150 C
OH
o
‘ ) 0.08 mm
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A 108.09| 115°C ) ' at
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20 7C
0
OH
OH
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Cl
OH
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