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Abstract 

Solar photo-catalytic degradation of organic pollutants in wastewater using the two semiconductors TiO2 

and SiO2 loaded on TiO2 (SiO2/ TiO2) was investigated. Standard DDT and pirimicarb were used as test 

compounds to evaluate the catalyst activity and the system efficiency. Comparison between the two catalysts 

TiO2 and SiO2/TiO2 which were used under the same degradation conditions, SiO2/TiO2 showed the higher 

efficiency. It was necessary to dilute the influent wastewater with tap water in a ratio of 1:3 (sample: water) 

to get a high percent of degradation in a shorter time.  
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1 Introduction  

Photo-catalytic degradation of various kinds of organic and inorganic pollutants using semiconductors such 

as TiO2 and SiO2
 
as photocatalysts has been studied extensively [1, 2]. 

The application of illuminated semiconductor for the remediation of contaminated environment has been 

used successfully on a wide variety of compounds such as alkanes, alkenes, aliphatic alcohols, aliphatic 

carboxylic acids, phenols, aromatic carboxylic acids, dyes, surfactants and pesticides [3-6].     

In many cases, complete mineralization of organic compounds has been reported [7]. In Photocatalytic 

oxidation processes, organic contaminants could be fully oxidized on a semiconductor surface to relatively 

less harmful end products such as CO2, H2O and inorganic acids [8, 9]. 

Detoxification of wastewater by solar photocatalytic oxidation is important, due to the use of the renewable 

sun energy for solving environmental problems and to the non-selective process which works with complex 

mixture of contaminants [10-11].                  

Titanium dioxide is the most widely used photocatalyst due to its optical and electronic properties, low cost, 

chemical stability and non toxicity. When it is illuminated with light of energy greater than its optical band 

gap (λ< 390 nm) [8] it produces an electron-hole (e / h) pair.  

There is a positive correlation between pH and the surface charge of TiO2. In acidic media, the surface 

charge is positive while when the pH is alkaline the surface charge is negative [12]. 
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The primary criterion for good semiconductor photo-catalytic degradation of organic compounds is the 

redox potential of the couple H2O/OH
.
 (OH

.
 =OH +e

-
) which must lie within the band-gap domain of the 

material and be stable over a long period of time [13]. 

Daneshvar [8] gave the mechanisms of TiO2 work in acidic and alkaline solutions as shown in equations 1-7:  
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-
CB..........h

+
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+
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+                                   

Oxidation of OM
  
               (6)  

OH
- 

(ads) + OM                   Degradation of the OM                                     (7) 

 

Where h
+
 is a positive hole, e

- 
is an electron, CB is a conductivity band and VB is a valance band.  .  Ads and 

OM stand for adsorbed and organic molecule. 

 

               SiO2/TiO2 has been reported to have higher catalytic activity compared to pure TiO2 and SiO2 towards a 

number of different compounds [14-16].   

               The aim of using the SiO2- loaded TiO2 is to increase the efficiency of the photo catalytic reaction through 

the increase of the analyte adsorbed on TiO2 surface.  

               The reaction mechanism on SiO2-loaded TiO2 photodegradation is that the substrate is concentrated on SiO2 

near the surface of TiO2, which increases the degradation of the substrate [14].                        

             In this study, the results of the degradation of water pollutants in a solar bath- like system using two 

photocatalysts namely TiO2 and SiO2/TiO2 will be presented and discussed. The study included the 

degradation of DDT and pirmicarb standard solutions followed by the application of the method on real 

wastewater samples. 

                       

2 Materials and Method 

2.1 Reagents and Standards 

All solvents used were of HPLC-grade. Acetontril from TEDIA / USA, HPLC- water from 

Karlsruhe/Germany, n-hexane from Riedel-deHaën/Germany and acetone from Analar/Englan,  

               Sodium hydroxide pellets were purchased from GCC/UK and hydrochloric acid from Analar/England. TiO2 

used was TP-2(anatase) which was purchased from Fujitan Co/ Japan. 

Pirimicarb was supplied from Riedel-deHaën/Germany, which has purity higher than 99.6%. DDT-technical 

mixture was obtained from the ministry of health in Jordan and was used for the degradation experiments in 

the solar bath-like system. Isodrin (GC internal standard), o,p
,
-DDT , p,p

’
-DDT and p,p’-DDD  (all 

standards of 98%-99% purity) were purchased from Dr. Ehrenstorfer / Germany and were used as reference 

standards for the GC analysis. 

 

2.2 Preparation of SiO2 –loaded TiO2 (SiO2/TiO2) 

SiO2 was loaded to TiO2 following the procedure mentioned in [14] as follows: 0.6-4.2 g  tetraethoxysilane 

(TEOS) dissolved in 20 ml methanol was added to 3 g TiO2 and stirred magnetically until all methanol was 

evaporated. 100 ml of distilled water was added to this mixture. After stirring for several seconds, the TiO2 

(adsorbed by TEOS) was separated by decantation. It was suspended in 50 ml water again, and stirred up to 
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3 hours for hydrolysis of TEOS. The sample was separated by decantation, washed with water, and then 

methanol. It was dried at 100°C and calcinated at 200-500°C for one hour.  

 

2.3 Real Wastewater Sample  

The wastewater effluent sample was taken from the Kherbit Al-Samra wastewater treatment plant in the 

north-west of Amman. The sample was taken in a 10 L glass container one day before use. The sample was 

used without any further treatment. 

 

2.4 Preparation of DDT-Spiked Sample 

In this experiment, the degradation behavior of DDT in an artificially prepared sample from a technical 

grade DDT which contains only the isomers o,p’-DDT, p,p’-DDT and p,p’-DDD was studied. A sample of 

25 L volume was prepared by dissolving 3.0 g of the technical DDT-mixture.This sample was found to 

contain 0.246 ppm  o,p’-DDT; 0.765 ppm p,p’-DDT and 0.276 ppm p,p’-DDD as initial concentration. The 

sample was mixed in the tank with different amounts of TiO2 and circulated through pumping in the reactor. 

After different periods of time an analytical sample of 10 ml was taken, extracted and analyzed using 

GC/ECD under the above mentioned conditions. The water was pumped at a flow rate of 3.5 l/min and the 

maximum temperature in the solar bath-like system reaches 34 ±2°C. This experiment was repeated three 

times. 

 

2.5 Instrumentation 

Degradation of the insecticide pirimicarb (5,6-dimethyl-2-dimethylamino-4-pyrimidinyl-dimethylcabamate) 

was monitored by measuring the decrease in its concentration using High Performance Liquid 

Chromatography (GBC LC 1110)/Australia, equipped with GBC, LC 1205 UV / Vis detector which was 

used at λ= 250 nm. A UV scan was first carried out to determine the maximum absorption wavelength. RP-

C18 (250 x 4.6 mm, 5µm particle size) column from VYDAC/USA was used. The optimized mobile phase 

consisted of 60% (v/v) acetonitril and 40% (v/v) water. The mobile phase was filtrated through a 0.45 µm 

nylon membrane filter, and sonicated prior to use. 

For the DDT analysis a Varian model 3300 Gas Chromatograph (GC)/USA, equipped with 
63

Ni electron 

capture detector (ECD), an integrator (Philips, model PU 4810) and a capillary column SPB-608 (25m x 

0.25mm, 0.25 µm film thickness) was used. 

The GC was operated under the following conditions: 

• Carrier gas flow–rate (He 99.99%): 1.5 mL / min. 

•  Make up gas flow–rate (Argon- methane 95:5 %): 20 mL / min. 

• Split ratio: (1:30). 

• Injector temperature    :  250° C 

• Detector temperature  :  300º C 

• Column temperature    :  220º C 

• Injected volume : 2 µL 
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2.6 Pilot Reactor (Solar Bath-Like System) 

 

The reactor was constructed of:  

 

A tank of 20L capacity. 

• An aluminum box (1.6m x 0.5m) with white paint, with its upper part was directly exposed to the sun 

light is covered with a glass plate of 3mm thickness. Inside the box there is zigzag shaped glass tube 

with a total volume around 1L.  

• A water pump for delivering the sample from the sample tank to the upper part of the tube. The   

amount of aqueous sample circulating through the system was regulated through a valve located 

directly after a bypass tube returning back to the tank. This returning flow helps the mechanical 

stirrer in mixing the sample with the catalyst. 

• Teflon tube was used for all connections. 

• A stand of 1.5m height, 0.6m width was used to fix the box as shown in Figure (1). 

 

 

 

 

 

 

                                              Flow direction 

 

             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Glass plate; 2.Glass tubes; 3.Aluminum box;  4.Stand;  5.Tank;                                           

            6. Circulating pump;   7.Teflon tube;     8.Valve;   9.Mechanical stirrer 
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4. Results and Discussion 

3.1 Percent Degradation of DDT using TiO2 as Photocatalyst  

3.1.1 Effect of pH 

  

The pH is one of the most important parameters in the photocatalytic degradation of organic pollutants. In 

some cases, the pH plays a major role in the degradation process but for other cases the pH has no effect. 

There is a positive correlation between pH and the surface charge of titanium dioxide. In acidic media, the 

charge is positive and in alkaline media the charge is negative [17]. In this study, the percent degradation of 

DDT-mixture and the degradation time were studied at three different pH values, namely: 2, 7 and 10, using 

2.0g TiO2 /L. The percent degradation was not affected by the pH change and the degradation was almost 

completed (98.1%) after 2.5 hours as shown in Table 1. 

 

Table1: Total degradation of DDT-mixture at different pH-values. 

 

pH Total Degradation 

After 0.5 hours 

Total Degradation 

After 1.5 hours 

Total Degradation 

After 2.5 hours 

2 31.6% 69.1% 98.1% 

7 31.4% 68.7% 98.0% 

10 31.2% 69.2% 98.1% 

 

                                                        

3.1.2 Effect of TiO2 Concentration 

Different concentrations of TiO2 were used, namely 0.5, 1.0, 1.5, 2.0 and 2.5g /L. Table 1 show that the 

shortest time (2 hours) at which almost complete degradation (98%) takes place was at the TiO2 

concentration of 2.0g /L. Above this concentration, the time needed for complete degradation starts to 

increase. This is due to the decrease in the surface area of TiO2 as a result of coagulation phenomena which 

means a decrease of the active sites on TiO2 surface.  

 

Table 2: Percent degradation of DDT at different TiO2 concentrations. 

 

TiO2 amount  

( g / L ) 

Time  

( hours ) 

Total % degradation 

(n=3) 

0.5 9 95.2 ±0.32 

1.0 6 94.8 ±0.30 

1.5 3.5 97.1 ±0.33 

2.0 2.5  98.0 ±0.35 

2.5 4.5  97.2 ±0.33 

 

3.1.3 Effect of Mixing 

               Degradation experiments were conducted with and without mixing and at a constant concentration of TiO2 

of 2.0g/L. Table 3 summarizes the results of these experiments. It is clear that mixing did not increase the 

total percent degradation even after a long mixing time and therefore mixing is not necessary. Nevertheless 

mixing in the tank is necessary because there is the solid catalyst which must be equally distributed and 

circulated. Also mixing in the case of wastewater is necessary. 
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Table 3: Mixing effect on the degradation % of DDT, flow rate (3.5 L/ min) 

Status   Time 

( hours) 

TiO2  

concentration 

( g / L) 

%Total degradation 

(n=3) 

With Mixing  5.5 2.0        96.8 ±0.35 

Without Mixing 2.5 2.0        98.0 ±0.40 

 

 

3.2 Photo-catalytic Degradation of Pirimicarb on TiO2 and SiO2 / TiO2 

Pirimicarb is one of the carbamate insecticides which are widely used in houses, gardens and agriculture. 

Three experiments were done by solar bath- like system at a constant concentration of pirimicarb of 1 ppm 

and different concentrations of catalysts, namely 0.25g/ L TiO2, 0.25g/L SiO2 / TiO2 and without a catalyst. 

               Figure 2 show that SiO2 / TiO2 gave the highest degradation efficiency. 
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SiO2/TiO2

no TiO2

C/Co= concentration/

initial concentration  
                     Figure 2: Degradation of Pirimicarb by exposure to sunlight  

                                             (Catalyst 0.25 g L
-1

; pirimicarb 1 ppm). 

         

The effect of SiO2–loading has been attributed to the increased adsorption of cationic substrate to negatively 

charged SiO2 by electrostatic interaction [18-19] and it was demonstrated that the degradations of neutral 

and anionic substrates were also enhanced by SiO2 – loading [14]. 

 

 



 European International Journal of Science and Technology             ISSN: 2304-9693          www.eijst.org.uk 

 

 

120 

3.3 Application to Wastewater Samples  

 

Wastewater is contaminated water which might contain human waste, food scraps, oils, soaps, and 

chemicals. Its treatment is based upon various mechanical biological and chemical processes. However, 

some harmful organic pollutants such as pesticides are weakly eliminated by these processes.      

Wastewater treatment by photocatalysis combined with sun light is regarded as a promising method for 

transforming toxic and bioresistant compounds into less harmless species (CO2, H2O, etc.)[8].                               

The percent degradation of pollutants in wastewater was followed through the   measurement of the 

Chemical Oxygen Demand (COD) - value where 0.5 g/L catalyst and short illumination time were applied. 

The influent of wastewater has suspended material which may affect the degradation process through 

hindering the illumination light to penetrate through the sample. Therefore the wastewater samples were 

diluted with tap water to decreases the suspended material as follows:  Zero dilution; 1:1 dilution and 1:3 

(sample:water) dilution and then tested (with stirring) keeping all other parameters constant. Tables 4, 5 and 

6 summarize the results for the two catalysts. 

Table 4: Percent photo-catalytic degradation of stirred undiluted (zero dilution) wastewater  

                              influent at TiO2 and SiO2 /TiO2 concentration  of 0.50 g/ L calculated from the  

                             decrease in COD values. 

              

Sampling 

Time  

(hours ) 

SiO2 /TiO2 TiO2 

COD 

mg/L 

% degradation 

of pollutants 

(n=3)  

COD 

mg/L 

% degradation 

of pollutants 

(n=3)  

0 1380±20   0.00 1352±20 0.00 

1 1294±15 6.23±1.93 1293±14 4.36±1.40 

2 1257±15 8.91±1.20 1237±15 8.5±1.70 

4 1186±12 14.06±1.60 1199±12 11.31±1.60 

8 1142±10 17.25±1.40 1170±10 13.46±1.33 

 

Table 5:  Photo-catalytic degradation of stirred diluted wastewater influent (1:1sample: 

                                 water) at TiO2 and SiO2 / TiO2 concentration of 0.50 g/ L calculated from the  

                                 decrease in COD values. 

Sampling 

Time        

 ( hours ) 

SiO2 / TiO2 TiO2 

COD 

mg/L 

% degradation 

of pollutants(n=3) 

COD 

mg/L 

% degradation 

of pollutants(n=3)  

0  732±5 0.00 714±5        0.00 

1 400±5 45.35±2.06 429±4       39.91±2.22 

2 267±5 63.52±2.15 364±4 49.02±1.81 

4 160±5 78.14±2.36 283±4 60.36±1.47 

8 95±4 87.02±1.50 214±3 70.03±1.17 

10 43±2 94.13±1.27 154±3        78.36±1.04 
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               Table 6: Photo-catalytic degradation of stirred diluted wastewater influent  (1:3 sample:  

                                water) at TiO2 and SiO2 / TiO2 concentration of 0.50 g/ L calculated from the  

                                decrease in COD values. 

Sampling 

Time        

 ( hours ) 

SiO2 / TiO2 TiO2 

COD 

mg/L 

% degradation 

of  pollutants  

COD 

mg/L 

% degradation 

of  pollutants  

0 592±6 0.00 585±6 0.00 

1 205±5 65.32±2.02 305±5 47.86±1.97 

2 109±4 81.59±1.49 249±5 57.44±2.33 

4 28±1 95.27±1.08 149±4 47.53±1.63 

8 0.0±0 100±1.00 88±0 84.46±1.22 

10 - - 0 100.0±1.03 

 

               The results show that dilution plays a major role in enhancing the photo- catalytic degradation process, 

which can be explained through the presence of suspended material in the influent, which acts as nuclei for 

catalyst precipitation and these nuclei accelerate the coagulation of catalyst which leads to an increase of the 

catalyst sedimentation in aqueous media. The reduction of suspended material through sedimentation leads 

to a decrease in the COD value and therefore an apparent enhancement of the degradation process.  The 

results in the three Tables 3-5 showed that SiO2/TiO2 catalyst have much higher efficiency than TiO2 for the 

wastewater treatment in general. 

 

4 Conclusions  

The application of photocatalytic treatment of wastewater using the solar bath-like system is very promising 

for the reduction of organic pollutants. Nevertheless, its practical application is limited due to the need of 

dilution (reducing the suspended contaminants) and the relatively long treatment time (8-10 hours) required 

to achieve safe COD levels compared with the low treatment time ( 2.5 hours)required to achieve complete 

degradation of DDT in pure (drinking) water. This method could be applied for the wastewater treatment of 

individual small factories. 
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