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Radiation-Induced Degradation of Two Organic Pollutants from 
Aqueous Solution on Nanocomposites 
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TiO2 colloid / LDHs clay nanocomposites, prepared by direct coprecipitation method, were used 
as photocatalysts in the reaction of (3-(4-chlorophenyl)-1,1-dimethylurea) and 4-chlorophenol 
decomposition in water. Mg2AlCO3 and Mg2FeCO3 were selected like support to different nature of 
TiO2 colloidal. The incorporation of TiO2 was confirmed by X-ray diffraction and BET specific surface 
area determination. The photodegradation rate of (3-(4-chlorophenyl)-1,1-dimethylurea (0,0044 min-

1) exceeds that of 4-chlorophenol (0,00075 min-1) under UV light irradiation on Mg2AlCO3 / TiO2, and 
the photoactivity of the supported catalyst Mg2FeCO3 / TiO2 was much higher for 4-chlorophenol 
(0,00135 min-1) than for 3-(4-chlorophenyl)-1,1-dimethylurea (negligible). The photodegradation rate 
of both pollutants using aged TiO2 colloidal particles was faster than that using supported catalysts. 

Радиационно-индуцирана деградация на два органични замърсители от воден разтвор 
на нанокомпозити (З. Буберка, А. Надим, А. Бенабоу, У. Машке). Колоиден TiO2/слоест 
двоен хидроокис – нанокомпозит, приготвен чрез пряк копреципитатен метод бе използван за 
фотокатализатор при реакция на (3-(4-хлорфенил)-1,1-диметилурея) и 4-хлорфенолна 
декомпозиция във вода. Mg2AlCO3 и  Mg2FeCO3  бяха избрани като основа за колоиден TiO2  с 
различна природа. Присъединението на TiO2   бе потвърдено с рентгенова дифракция и 
Brunauer–Emmett–Teller (BET) определяне на повърхностната площ. Скоростта на фото-
деградиране на (3-(4-хлорфенил)-1,1-диметилурея (0,0044 min-1) превъзхожда тази на 4-
хлорфенола (0,00075 min-1) под УВ радиация върху Mg2AlCO3/ TiO2, и фото-активността на 
катализа Mg2FeCO3 / TiO2 беше много по-висока за 4-хлорфенол (0,00135 min-1) отколкото за 
3-(4-хлорфенил)-1,1-диметилуреята (пренебрежително малка). Скоростта на фото-
деградация на двата замърсителя, използващи остарели TiO2 колоидни частици бе по-бърза 
отколкото тази, използваща катализ върху основа. 

 

Introduction 
Numerous attacks are possible in nature, limiting 

the growth of plants: insect pests, diseases (fungi, 
bacteria, viruses), weeds [1]. 

The pesticides belong to the category of chemicals 
used worldwide as herbicides, insecticides, fungicides, 
rodenticides, molluscicides, nematicides, and plant 
growth regulators in order to control weeds, pests and 
diseases in crops as well as for health care of humans 
and animals. A rapid emergence in pesticide use 
began mainly after World War II with the introduction 
of DDT (dichlorodiphenyltrichloroethane), BHC 
(benzene hexachloride), aldrin, dieldrin, endrin, and 
2,4-D (2,4-dichlorophenoxyacetic acid) [2]. Herbici- 
des are applied for pre- or post-emergence control of 
weeds in cotton, fruit or cereal production, and also on 
non-cultivated areas such as roads and railways. They 
act as inhibitors of photosynthesis. In general, these 

chemicals are characterized by long lifetimes in the 
environment and thus can be found as contaminants of 
surface and groundwater [3]. 

Among the herbicides, monuron and 2.4 
dichlorophenol are already reported to be possibly 
carcinogenic for humans [4]. The other herbicides 
could also cause serious damage to humans [5]. 

The presence of herbicides in groundwaters, 
surface waters, effluents of wastewater treatment 
plants and other sources of drinking water indicates 
that conventional biological treatment processes are 
very slow or non-destructive for these kinds of 
compounds. A promising way to perform the 
mineralization of these type of substances is the 
application of advanced oxidation processes (AOP), 
that are characterized by the “in situ” production of 
•OH radicals under mild experimental conditions [6]. 
The photocatalysis has been successfully used for 
degradation of pesticides [7], polycyclic aromatic 
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hydrocarbons [8], textile dyes [9], spill oils [10], 
among other substrates of environmental relevance. 

Many works have demonstrated the high 
degradation capacity of heterogeneous photocatalysis, 
mainly with the use of titanium dioxide (TiO2) as 
photocatalyst. TiO2 is the most preferable material due 
to its non-toxic, insoluble, stable, highly photoactive 
and inexpensive nature. Moreover, most of 
commercial TiO2 usually have small particle sizes so 
that TiO2 particles are difficult to recover from the 
suspension, such as by filtration [11]. To overcome 
these difficulties, many immobilized photocatalysts 
have been proposed, involving the use of glass-rings 
(Raschig rings) [12], glass-tubes [13], activated 
charcoal [14], and silica [15] among other support 
materials. In some situations, the use of immobilized 
photocatalysts reduces the efficiency of the 
degradation process, in view of the considerable 
reduction of disposable sites for adsorption and 
catalysis [16]. In other conditions, the use of 
immobilized photocatalysts enhances the efficiency of 
the degradation process, mainly on account of the 
preliminary adsorption of the substrates onto the 
support surface.  

The layered double hydroxides (LDHs), also 
known as anionic clays or hydrotalcite-like 
compounds, could be suitable to smooth and even 
prevent the environmental impact caused by 
pesticides. These materials have very high exchange 
capacities. In this work, the potential of immobilized 
of TiO2 on LDHs was evaluated, toward the 
photocatalytic degradation of (3-(4-chlorophenyl)-1,1-
dimethylurea), and 4-chlorophenol in aqueous 
solution. 

Characterization of TiO2/HDLs photocatalysts will 
be reported employing powder X-ray diffraction 
(XRD), BET specific surface area determination, and 
the element content of solid catalyst was analyzed by 
X-ray fluorescence (XRF) spectrometer. 

Experimental 

A. Materials 

The synthesis of Mg/Al-CO3 and Mg/Fe-CO3 

LDHs with a molar ratio R= 
Al

Mg
 and

Fe

Mg
 =2 was 

conducted using a constant-pH co-precipitation 
method. The pH of mixture was maintained at a value 
of 10 by the simultaneous addition of a 
(NaOH+Na2CO3) basic solution. The resulting 
precipitate was separated by three repeated washing/ 
centrifugation cycles and finally dried in air at room 
temperature. 

The selected pesticides were (3-(4-chlorophenyl)-
1,1-dimethylurea) (Monuron), and 4-chlorophenol. 
Fig. 1 shows the chemical structures of these 
substances. 

 

 

 

 (3-(4-chlorophenyl)-1,1-dimethylurea) 

 

  4-chlorophenol  

Fig.1. Structures of pesticides used. 

B. Preparation of colloidal photocatalysts 

TiO2 colloids were prepared from hydrolysis of 
TiCl3. For rinsing purpose, triple distilled water was 
used. Concentrated TiCl3 of 3.5 ml was added to 
distilled water of 900 ml, drop-by-drop with vigorous 
stirring at 1°C, and a flaxen transparent TiO2 solution 
was obtained. The pH adjustment to 9 using 2M KOH 
was necessary to prevent the destruction of the 
structure of adsorbent due to reaction with acid. The 
TiO2 nanoparticles (12nm) were characterized by a 
Zetasizer Nano instrument. TiO2/LDHs were prepared 
by dropwise addition of a mixed salt solution 
(M II+MIII ) into a reservoir containing 2 times the 
stoichiometric requirement of LDHs/TiO2 to maintain 
a constant pH at precipitation. The experimental setup 
for the synthesis of colloidal TiO2/LDHs is shown in 
Fig. 2. 

 
 
Fig. 2. Experimental setup of synthesis of colloidal 

TiO2/LDHs 
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C. Photocatalytic decomposition of azo dye 

The experiments were carried out in a 
photocatalytic oxidation reactor. In the center of the 
cylindrical reactor, three 6W (Emax= 365 nm) UV 
lamps were used as light sources. The relative 
photocatalytic activities of various catalysts were 
evaluated by measuring the loss of pesticide in 
aqueous medium as a representative reaction. All 
irradiations were carried out under constant stirring. 
The photodegradation processes were cooled by water 
circulation to 20°C during the experiments. At given 
intervals of illumination, a sample of the catalysts 
particulate was collected, centrifuged, and the 
substrates were analyzed by UV–Vis spectroscopy 
using a UV spectrophotometer. The observed 
wavelength are 244 nm for Monuron and 224 nm for 
4-Dichlorophenol, which corresponds to the 
maximum absorption wavelength. 

Results and discussion 

A. BET analysis 

Nitrogen adsorption–desorption isotherms of 
Mg2AlCO3 and TiO2/Mg2AlCO3 samples are shown in 
Fig. 3. Their different appearances suggest the 
changes of the porosity characteristics when TiO2 is 
immobilized in the LDH network. For Mg2AlCO3, a 
type IV isotherm was observed according to the 
IUPAC classification [17] with a broad type H3 
hysteresis loop, in the middle range of relative 
pressure.  

 
Fig.3. Nitrogen isotherms of Mg2AlCO3 and TiO2/ 

Mg2AlCO3 

The TiO2/Mg2AlCO3 composite presents particular 
characteristics: for P/P0 < 0.2, multilayer adsorption is 
present revealing microporous characteristics; for 0.2< 
P/P0< 0.8, the isotherm shape reveals the presence of 
a mesoporous material with a wide size range and for 
P/Po>0.8, the isotherm shape can be assimilated with 

a type II isotherm, characteristic for adsorption in 
pores with sizes larger than 50 nm. 

B. XRD analysis 

From the XRD patterns (Fig. 4) of the synthesized 
samples, Mg2AlCO3, Mg2FeCO3, TiO2/Mg2AlCO3 and 
TiO2/Mg2FeCO3, it was observed that all samples 
possess reflections characteristic of the presence of a 
layered structure with sharp and intense lines at low 
values of 2θ angles, which were estimated from the 
peaks of (003), (006), and (009), and less intense and 
asymmetric ones (110) and (113) at higher values of 
2θ angles, which are typical of a highly crystalline 
LDH structure [18]. The d003 spacing for the 
interlayered Mg2AlCO3, Mg2FeCO3, TiO2/Mg2AlCO3 
and TiO2/Mg2FeCO3 are 7.61, 7.65, 7.41 and 7.56Å, 
respectively. Such values are close to the d-spacing 
values reported for the natural hydrotalcite with 
carbonate in the interlayer. The interlayer spacing of 
synthesized TiO2/Mg2AlCO3 and TiO2/Mg2FeCO3 
materials remains practically unchanged compared to 
the original LDHs Mg2AlCO3 and Mg2FeCO3. 

 

 

Fig.4. Powder X-ray diffraction patterns of Mg2AlCO3, 
Mg2FeCO3, TiO2/Mg2AlCO3, and TiO2/Mg2FeCO3. 

Diffraction peaks characteristics of other solids were 
detected in the XRD spectra of TiO2/Mg2AlCO3 and 
TiO2/Mg2FeCO3, which correspond to the anatase 
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TiO2 phase at 2θ = 25.3, 31.0, 48.1 and 56.6 [19]. 
Moreover, no significant rutile phase was observed for 
all composites according to the absence of the (110) 
rutile reflection at 2θ ∼ 27.4°, which suggested that the 
presence of LDHs inhibited the transformation of 
TiO2 from anatase to rutile phase. This result 
demonstrated the presence of anatase TiO2 with 
hydrotalcite as major phase (Fig. 5). 

 
Fig. 5. Powder X-ray diffraction patterns of the freshly 

prepared and aged TiO2 

C. Photodegradation of Monuron 

Degradation of monuron ( 4105,1 −× mol.L-1) in the 
presence of fresh TiO2 (use just after its synthesis), 
and aged in oven (40°C for two weeks) to pH = 2.5 
and pH = 8 was studied. The percentage of degraded 
of monuron by fresh TiO2 was 14.2 % after 4 hours 
with a rate constant of 0.0006 min-1 and 39.2 % after 3 
hours with a rate constant of 0.0026 min-1 at pH= 2.5 
and pH=8, respectively. The degradation reaches 
47.8% after 4 hours with a constant rate 0.0026min-1 
and 68.2% in three hours with the rate constant 
0.0065min-1 at pH= 2.5 and pH=8, respectively, by 
aged TiO2. Degradation with aged TiO2 is 
significantly faster than with fresh TiO2 

The degradation of monuron by Mg2FeCO3/TiO2 is 
negligible because only 3.2% of monuron degraded 
after 6 hours. The second composite has a much 
higher efficiency of degradation with rate constant 
0.0044 min-1. This rate constant is lower than that 
determined with aged TiO2 at basic pH. This may be 
due to the screening effect of LDH in the composite. 

  
 
 
 
 
 
 
 

 
Fig. 6. Degradation of Monuron using TiO2 and 

immobilized photocatalysts. 
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D. Photodegradation of 4-chlorophenol 

The degraded percentage of 4-chlorophenol 
4105,1 −× mol. L-1) is 90.2 % by aged TiO2 with rate 

constant 0.00708 min -1 and 52.6 % with rate constant 
0.00258 min-1 at acid and basic pH, respectively. 

For the Mg2FeCO3/TiO2 composite, 40.1% of 4-CP  
was degraded in 6 hours and 87.6 % in one day, the 
rate constant was 0.00135 min-1. For the 
TiO2/Mg2AlCO3 composite, 24.9% of 4-CP was 
degraded in 6 hours and 53.2% in one day, the rate 
constant was 0.00075 min-1. 

The rate constant of 4-CP by Mg2FeCO3/TiO2 
composite is greater than for the second composite. 
The composites exhibit a different behavior with the 
two pollutants studied. The Mg2FeCO3/TiO2 is not 
effective for monuron degradation but with 4-
chlorophenol, the rate constant is higher than for the 
TiO2/Mg2AlCO3 composite. 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Fig.7. Degradation of 4-chlorophenol using TiO2 and 
immobilized photocatalysts. 

Conclusions 

LDH supported catalysts (TiO2/Mg2Al, 
TiO2/Mg2Fe) were synthesized by using the co-
precipitation at constant pH method, and characterized 
by different physical techniques. The supported 
catalysts effectively removed some pesticide from 
solution, and the rate of degradation was significantly 
better than that of bare colloidal TiO2. The 

performance improvement can be attributed to the 
high surface areas of the adsorbent used, crystallinity, 
and particle size of deposited TiO2. 
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