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Abstract  Kinetic studies of 2-chlorophenol 
photocatalytic degradation are carried out in a batch 
stirred built in quartz laboratory scale, using TiO2 as 
catalyst photoactived with ultraviolet light. Experi-
mental design is performed using as independent 
variables or factors: catalyst concentration, catalyst 
calcinations temperature and initial concentration of 
2-chlorophenol, to establish the best conditions of the 
degradation process. The experimental data were fit-
ted with the Langmuir-Hinshelwood model. A kinet-
ic constant k of 0.24  mg L-1min-1 was obtained. 

Keywords  2-chlorophenol, photocatalysis, ki-
netics. 

I. INTRODUCTION 
Photocatalysis is a particular case of heterogeneous ca-
talysis. This process is based on the direct or indirect 
adsorption by a solid, usually a semiconductor, of pho-
tons of visible or UV light. When illuminated, this sem-
iconductor, owing to its electronic structure, can gener-
ate electron-hole pairs by promoting an electron from 
the valence band to the conduction band, thus leaving a 
gap in the latter band. These holes can absorb H2O or 
hydroxyls from the reaction medium and produce highly 
reactive species of hydroxyl radicals. In addition, the 
electrons promoted to the conduction band can reduce 
the molecular oxygen to peroxide anion to form hydro-
gen peroxide or organic peroxides in the presence of or-
ganic compounds (Akpan and Hameed, 2009). Radical 
hydroxyls are strong oxidizing agents that can degrade 
the organic compounds or their intermediaries to reach 
final products such as CO2, H2O, N2. Photocatalysis can 
thus be defined as the acceleration of a chemical reac-
tion by the presence of a catalyst. When the catalyst is 
activated by light adsorption, it accelerates the process 
by interacting with the reactive by means of the appear-
ance of electron-hole (e-, h+) pairs, which is a character-
istic of semiconductor materials.  

TiO2 is the most widely used semiconductor in 
photocatalysis, because it is chemically and biologically 
inert and is stable to photochemical and chemical corro-
sion. It is also the most widely used, because of its non-
toxic nature, availability and low cost (Linsebigler et 
al., 1995). In addition, the TiO2 has a gap energy of 3.2 
eV and can be excited with UV light λ < 387 nm, which 
may be provided by a small fraction of the spectrum of 
sunlight. 

TiO2 is found in three crystalline forms: brookite, ru-
tile and anastasa, being the last two the most effective 
for photocatalytic degradation of organic compounds. 

Anastasa is thermodynamically less stable than rutile. 
However, it has more surface area and high surface den-
sity of active sites for adsorption and catalysis. The en-
ergies of the gap are 3.2 eV and 3.0 eV for anastase to 
rutile respectively. Nevertheless, oxidative processes are 
similar. 

Chlorophenols represent an important class of very 
common water pollutants. Because of their extensive 
use as fungicides, herbicides and wood preservatives 
(Paasivirta, 1998), they can easily be found in soils and 
in aquatic environments. Others sources include the 
waste incineration or disinfection of sewage and indus-
trial wastewater with chlorine, as well as discharges 
from paper mills, releasing them as by-products of chlo-
rine-based bleaching (Krijgsheld and Van der Gen, 
1986). 

Chlorophenols are persistent water pollutants under 
environmental conditions, due to the stability of the C-
Cl bond, which is also responsible for their toxicity 
(Roques, 1996). Most of them have been listed as toxic 
or priority pollutants by both the US Environmental 
Protection Agency (EPA). 

In relation to the kinetic modeling of photocatalytic 
reactions, Peiró et al. (2001) studied the photocatalytic 
degradation of a solution containing a mixture of four 
organic compounds: phenol, guaiacol, 2-chloro-phenol 
and catechol in aqueous suspensions of TiO2. They 
showed that the photodegradation of the different organ-
ic compounds follows the Langmuir-Hinshelwood ki-
netic model and the reaction rate decreases in the fol-
lowing order: guaiacol > 2-chlorophenol ≈ phenol > cat-
echol. Moreover, Bekbolet et al. (2002) in their studies 
of humic acid photocatalytic degradation, performed the 
kinetic analysis in terms of a pseudo-first order kinetics 
(at low substrate concentrations) and the Langmuir-
Hinshelwood kinetics (at high substrate concentrations), 
showing that the reaction rate does not depend on the 
specific surface of the catalyst. They also showed that 
the morphological and crystallographic properties of the 
TiO2 can play an important role in photocatalytic effi-
ciency. Sobczynski et al. (2004) studied the 
photocatalytic decomposition of phenol by illuminated 
TiO2. They recommend the use of the initial reaction 
rate for kinetic studies, due to the existence of many 
competing reactions in the suspensions of illuminated 
TiO2. They also present a kinetic mechanism for the 
complete mineralization of phenol. Wu et al. (2006) 
studied the dye decomposition kinetics by nano-sized 
TiO2 suspension by varying the agitation speed, TiO2 


