
 

 

Abstract—This study was aimed to determine the optimal 

dosages of nZnO, removal efficiency, degradation rate, kinetic 

removal rates and photocatalytic effects on remediation of 

TNT-contaminated water by nZnO. The varying concentrations 

of nZnO were used at 1,000, 2,000 and 3,000 ppm for 

remediation. The results were found that the removal efficiency 

were similar at 2,000 and 3,000 ppm of nZnO concentrations 

( 29.20 % and 29.43 %, respectively). The times were varied at 

10, 20 and 30 minutes. The nZnO with the concentration of 

2,000 ppm was added to TNT-contaminated water and the 

mixture was left for required periods of time. It showed that the 

removal efficiency was increased with times. However, the 

highest efficiency was found only 34.35 % with the time point of 

30 minutes. The photocatalytic effect on remediation of nZnO 

for TNT-contaminated water was carried out by exposing the 

mixture to the sunlight at one of three different times for 30 

minutes. The results demonstrated that the highest removal 

efficiency was found at 71.93 % in the afternoon. This study 

concluded that the remediation of TNT-contaminated water by 

nZnO can be enhanced by exposure to the sunlight as a 

photocatalyst. 

 
Index Terms—Nanoscale Zinc oxide, trinitrotoluene, 

contaminated water, remediation, photocatalyst. 

 

I.  INTRODUCTION 

Trinitrotoluene (TNT) is a yellow crystalline substance. It 

is slender, needle-like in shape and soluble in organic solvents 

such as ether, acetone, benzene and pyridine. Because of the 

lower melting point, it can be dissolved at 80.35 
o
C by using 

heat from steam. TNT is one of the most commonly used as 

explosives for military and industrial use. TNT is in a group of 

toxic substances. In addition, US.EPA classifies TNT as a one 

of carcinogens in humans [1]-[4]. The name of TNT is 

2-methyl-1, 3, 5-trinitrobenzene in the IUPAC. Its chemical 

formula is C6H2(NO2)3CH3 and the structural formula is 

shown in Fig. 1. 

Nowadays, TNT contamination in the environment can be 

remediated by several methods such as incineration, washing, 

nanotechnology [2], [3], [5], [6]. Nanotechnology is a 

technology that involves the production or analysis of 

materials with very small sizes at the nanometer scale, 

approximately 1-100 nm [5]-[8]. Nanoparticles in various 

forms are used in relation to the environment such as iron 
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nanoparticles (nZVI particles) used to reduce the amount of 

strikes in nitrotoluene in water at a concentration of 10 mg / L 

was prepared of the stock standard TNT 100 mg / L [9]-[12]. 

Nanoscale zinc oxide (nZnO) is nanoparticles of zinc oxide 

(ZnO). The ZnO is a chemical that has the ability to serve as a 

catalyst. It was also used as a catalyst with light [6], [13]. In 

the present study, the nZnO was used to investigate its ability 

to remedy the TNT contaminated water at the laboratory scale. 

This study aimed to I: to study the effectiveness and 

determination for the appropriate amount (Optimum dosages) 

of nZnO for TNT degradation in water, II: to determine the 

degradation rate and the removal efficiency of TNT in water 

by nZnO, III: to study the ability of the sunlight as a 

photocatalyst for TNT degradation by nZnO in water 

 
Fig. 1. The structural formula of TNT [14]. 

 

II.    MATERIALS AND METHODS 

The study of efficiency of nZnO to treat water 

contaminated with TNT was carried out in the laboratory 

(Lab-scale). The nanoparticle powder of zine oxide was 

purchased from SIGMA-ALDRICH. Standards of the 

trinitrotoluene (2, 4, 6-Trinitrotoluene) was purchased from 

Supelco Analytical company. The research methods are 

described below. 

A. The Properties of nZnO 

The properties of the nanoparticles were studied in three 

methods. Firstly, the structure and dimension were examined 

by both Scanning Electron Microscopy (SEM) (JEOL: model 

JCM-6010 LV) and Transmission Electron Microscopy 

(TEM) (JEOL: model JEM-2010). Secondly, the surface area 

of nanoparticles was measured by the BET surface area 

QuantaChome Autosorb analyzer (model Autosorb I). Finally, 

the purity of the nanoparticles was determined by X-ray 

Fluorescence Energy Dispersive Spectrometer (model 

XGT-5200). 

B. Study on Efficiency of nZnO to Remedy TNT 

Contaminated Water 

The stock TNT standard at a concentration of 100 mg / L 

(ppm) was prepared and dissolved in the solvent 

(acetronitrite). The distilled water (DI water) was used to 
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prepare water samples. The TNT contaminated water was 

prepared by adding the stock TNT standards in order to obtain 

the required concentration (10 mg / L). This contaminated 

water was later used in the experiments. 

1) Determination of the appropriate amount (Optimum 

dosages) of nZnO for degradation in the TNT 

contaminated water 

To determine the optimum dosage of nanoparticles, 

varying concentrations of nZnO were prepared at 1,000, 

2,000 and 3,000 mg/L (ppm). The TNT contaminated water 

was later added with nZnO with one of these three different 

concentrations. The mixture was incubated in Petri dish for a 

period of 20 minutes with gentle shaking while the controls 

were carried out without nZnO. All samples were wrapped in 

aluminum foil. Then, the amount of remaining TNT after the 

incubation was measured by GC-ECD (Hewlett Packard 5890 

series II). The experiments were performed with three 

replications. The results of the degradation rate and removal 

efficiency were presented in terms of the average (mean) and 

standard deviation (SD). 

2) The degradation rate and the removal efficiency of the 

trinitrotoluene in water by nZnO 

The optimum concentration of nZnO from the previous 

experiment was used to study the degradation rate and the 

kinetic removal rate. The TNT contaminated water was added 

with nZnO and incubated for a period of 10, 20 and 30 

minutes. The samples were wrapped in aluminum foil. Then, 

the amount of remaining TNT after the incubation was 

measured by GC-ECD (Hewlett Packard 5890 series II). The 

experiment was performed with three replications. The results 

of the degradation rate and the removal efficiency were 

presented in terms of the average (mean) and standard 

deviation (SD). 

3) The ability of sunlight as photocatalyst for the 

degradation of trinitrotoluene in water by nZnO 

The optimum concentration of nZnO from previous 

experiments was used to study the effect of sunlight to the 

degradation of trinitrotoluene in water by nZnO. The TNT 

contaminated water was added with nZnO and incubated for a 

period of 30 minutes. The experiments were conducted under 

exposure to the sun for 30 minutes in the three different 

periods of time including morning (between 9-10 am), 

afternoon (between 12-13 pm) and evening (between 16-17 

pm). Controls were incubated without sunlight. Then, the 

amount of remaining TNT after the incubation was measured 

by GC-ECD (Hewlett Packard 5890 series II). The 

experiments were performed with three replications. Light 

intensity was observed and recorded with the Lux meter every 

5 minutes. The results were presented in terms of the average 

(Mean) and standard deviation (SD). 

 

III. RESULTS AND DISCUSSION 

A. The Properties of nZnO 

From photographs of SEM and TEM, it found that the 

average size of nZnO was smaller than 100 nm (mostly in the 

range of 40-80 nm) but its aggregation may have a diameter 

greater than 10 microns (mostly between 5-10 microns) as 

shown in Fig. 2 and Fig. 3. The ZnO nanoparticles varied in 

shape such as octagon, rectangular and square. The BET 

surface area measurement of nZnO was found to have an 

average 9.56 ± 0.04 m
2
/g. The purity of the nanoparticles by 

the X-ray Diffractometor (XRD) was found up to 99.98% 

purity. 

 
Fig. 2. A SEM photograph of nZnO. 

 

 
Fig. 3. A TEM Photograph of nZnO. 

 

B. Study on Efficiency of nZnO to Remedy TNT 

Contaminated Water 

1) Determination of the appropriate amount (Optimum 

dosages) of nZnO for degradation in the TNT 

contaminated water 

 
Fig. 4. Degradation rate of TNT with varying nZnO dosages. 
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The results of the degradation rate and removal efficiency 

were shown in Fig. 4 and Fig. 5. It was found that removal 

efficiencies of nZnO at the concentrations of 2,000 ppm and 

3,000 ppm were similar (29.20% and 29.43%, respectively) 

while that of the concentration of 1,000 ppm was only 18.02%. 

The higher concentrations (more than 3,000 ppm) may not be 

suitable and economic. Therefore, the concentration of nZnO 

at 2,000 ppm was chosen and used in the later experiments as 

the optimum dosage. 

 

 
Fig. 5. Removal efficiency of TNT with varying nZnO dosages. 

 

2) The degradation rate and the kinetic removal rate of 

the trinitrotoluene in water by nZnO 

The degradation rate, the removal efficiency and the kinetic 

removal rate of the trinitrotoluene in water by nZnO with a 

concentration of 2,000 ppm were determined. The reaction 

times were varied at 10, 20 and 30 minutes. The results were 

shown in Fig. 6 and Fig. 7. 

 

 
Fig. 6. Degradation rate of TNT with varying times. 

 

 
 

Fig. 7. Removal efficiency of TNT with varying times. 

 

It was found that the highest removal efficiency was 

34.35 % at 30 minutes. It was not very high when compared 

with other nanoparticles such as nano Zero Valent Iron (nZVI) 

[15]-[18]. The removal efficiency might be increased with a 

longer time (more than 30 minutes). 

 
Fig. 8. Removal efficiency and the correlation coefficient (R2). 

 

Efficiency of nZnO to react with trinitrotoluene in water 

and the reaction time showed a linear relationship with the 

correlation coefficient (R
2
) = 0.9585 (as shown in Fig. 8). It 

suggested that the higher removal efficiency may be achieved 

by increasing the reaction time. 

3) The ability of sunlight as photocatalyst for the 

degradation of trinitrotoluene in water by nZnO 

Effects of light exposure to the trinitrotoluene 

contaminated water in terms of TNT concentration and 

removal efficiency (%) were presented in Fig. 9 and Fig. 10. 

The experiments were carried out on the three different 

periods of time (morning, afternoon and evening).  

 

 
Fig. 9. Degradation rate of TNT with photocatalyst in different periods of 

time, * Significant difference (p<0.05) compared with “Dark” experiments. 

 

 
Fig. 10. Removal efficiency of TNT with photocatalyst in different periods 

of time, * Significant difference (p<0.05) compared with “Dark” 

experiments. 
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The results showed the maximum removal efficiency in 

afternoon (12-13 pm) at 71.93% while the removal efficiency 

in the morning and evening was found relatively similar at 

52.12% and 50.99%, respectively. The removal efficiency of 

the experiment without sunlight was 38.74 %. This indicated 

that sunlight can be a photocatalyst to enhance the removal 

efficiency of TNT in water by nZnO, especially in the 

afternoon. 

 

IV. CONCLUSION 

The present study demonstrated that the removal 

efficiencies of TNT in water were 29.20 % and 29.43% at the 

nZnO concentration of 2,000 ppm and 3,000 ppm, 

respectively. The nZnO concentration of 2,000 ppm was 

considered as the optimum dosage. In the experiments of the 

optimal times, the times were varied at 10, 20 and 30 minutes. 

The results showed that the removal efficiency was increased 

with times. However, the highest efficiency was found only 

34.35 % with the time point of 30 minutes. The photocatalytic 

effect on remediation of nZnO for TNT-contaminated water 

was carried out by exposing the mixture of nZnO and 

TNT-contaminated water to the sunlight at three different 

periods of time (morning, afternoon and evening) for 30 

minutes. The results demonstrated that the highest removal 

efficiency was found at 71.93 % in the afternoon meanwhile 

those in the morning and evening were 52.12 % and 50.99 % 

respectively. This study concluded that the remediation of 

TNT-contaminated water by nZnO can be promoted by 

exposure to the sunlight as a photocatalyst. 
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