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Abstract 
 
Food dyes are used in food processing industries as coloring and additive so that the food can be stored for a long time. The effluent dis-
charged from the industries has become a serious issue as it can cause water pollution. Solar photocatalytic degradation was widely used 
to degrade most of the dyes in wastewater due to its high effectiveness. The main objective of this study was to investigate the effective-

ness of degradation of Tartrazine using the photocatalytic process by using ZnO as photocatalyst and sunlight as the irradiation source. 
This study also was conducted to compare the percentage degradation of Tartrazine at different conditions which are amount of catalyst, 
pH of dye solution, exposure time and presence and absence of sunlight and photocatalyst. The degradation of Tartrazine was analyzed 
by using UV-Vis spectrophotometer. A laboratory set-up was designed to evaluate the optimum weight of ZnO, optimum pH of Tartra-
zine solutions, optimum time exposure and also was operated in the presence of ZnO as photocatalyst and sunlight as the irradiation 
source. The result showed that, the photocatalytic degradation of Tartrazine proved to be effective under solar radiation by using ZnO as 
photocatalyst. The optimum photodegradation occurred at optimum weight of ZnO, pH of Tartrazine and time of radiation. The optimum 
weight of ZnO was 20 mg, and the optimum pH of Tartrazine solution was pH 6. The most effective condition for photodegradation of 

Tartrazine was degradation with ZnO catalyst and with solar radiation. The radiation time was 1 hour with (93.91±0.57) % degradation. 
The formation of OH∙ required both the presence of catalyst and solar radiation. 
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1. Introduction 

Nowadays, environmental pollution has become a very serious 
issue in the world. As the concentration of pollutants in the water 
streams such as rivers and lakes is high, it will cause water pollu-
tion. Industry is a huge source of water pollution, it produces 
harmful pollutants that will dangerously harm people and affect 
the environment. Industrial water pollution is caused by the re-
leased of dangerous chemicals and compounds into the water 
which makes it not suitable for drinking and other purposes. Food 

industry uses huge amounts of water, for example as the sterile 
water to produce food, cleaning process, for transportation and 
refrigeration [1]. Dye and other organic toxic compounds from 
food industry are very hazardous to aquatic life [2]. The presence 
of dye in the water even at low concentration can change its phys-
ical properties.  
Dyes are widely used as additives or colorant in most of the indus-
trial process such as food and textile. As in food industry, food 

dyes are used to improve the taste, appearance, and texture of the 
food. Besides that, food dyes are also used as additive to make the 
food can be stored in a longer period of time. Food dyes are usual-
ly used in production of drinks, ice cream and food concentrates. 
Synthetic dyes are used for restoration and providing color during 
foods production because natural dyes are unstable and easily 
undergo degradation during manufacturing process [3]. But, syn-
thetic dyes are very dangerous since it can cause allergic reaction 

and also can lead to various diseases. Some of the most common 
used food dyes are Tartrazine, Allura Red, Erythrosine, and Bril-
liant Blue. Tartrazine is an azobenzene synthetic yellow dye that is 
reduced to aromatic amine which can cause allergic reactions [4]. 
Dyes contain various kinds of chemicals that can cause carcino-
genic and mutagenic effects to human beings and also nature [5]. 
Other than that, dyes also can cause water pollution as it is re-
leased into the environment. The chemical reactions occurring in 

the waste water phase produces products that will adversely af-
fects the animals and humans [6]. Therefore, it is important to 
treat the dyes with appropriate and efficient method before being 
released into the environment. 
Since waste water from the industries can bring harmful effects to 
the environment, human being and aquatic life, therefore it must 
be treated properly. There are three methods that can be used to 
treat waste water which are physical, biological and chemical 

treatment. Physical treatment such as membrane filtration, adsorp-
tion and precipitation is not so effective because it only separate 
dye from waste water. Therefore, it is considered as non-
destructive process. Other than that, biological process also has 
been used in the removal of dye. But, it is not favorable as most 
dyes are designed to be highly stable towards light and oxidative 
degradation. Among all of the treatment processes available, ad-
vanced oxidation process is the best as it has high efficiency of 

degradation of dyes. Photocatalytic degradation can destroy the 
toxic substances in organic constituents which are hazard to hu-
man health and also environment [7]. At ambient temperature and 
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pressure, it can destruct wide range of recalcitrant pollutant into 
harmless products [5]. Photocatalysis can be employed to decom-
pose wide range of recalcitrant pollutants to harmless compounds. 
Photocatalysis is a light induced catalytic process that oxidizes 
organic pollutants through redox reactions that occurs on the sur-
face of metal oxides which act as photocatalyst [8]. 
Photocatalytic degradation by using sunlight is considered as envi-
ronmentally friendly process to degrade organic compounds [9]. 

The most commonly used photocatalyst are Titanium Dioxide 
(TiO2) and Zinc Oxide (ZnO) because they have higher efficiency 
of removing wide range of organic chemicals and synthetic dyes 
[10]. When photocatalyst absorb sufficient amount of energy from 
sunlight, electron on its surface will excite to conduction band and 
positive hole is produced in the valence band [11]. 
In response to this problem, this study proposed the waste water 
treatment by photocatalytic degradation by using zinc oxide as the 

photocatalyst to degrade food dye which is Tartrazine. In this 
study, the dye that is used is Tartrazine. It is a synthetic dye that is 
used in food production to give yellow color appearance. Tartra-
zine is one of a group of dyes known as azo dye. An azo dye is a 
chemical compound where two hydrocarbon groups are joined by 
two nitrogen atoms. Solar irradiation has been used in this study 
instead of UV radiation because it is safer and cheaper [12]. Metal 
oxide is usually used in the treatment of waste water by 

photocatalysis process. ZnO is used in this study because it has 
high photosensitivity and it is a non-toxic photocatalyst. Besides, 
ZnO has high efficiency in absorption of large area of solar spec-
trum than TiO2 [13]. Furthermore, ZnO can convert toxic organic 
pollutants exist in water into non-toxic compounds by using solar 
radiation or UV radiation. 

2. Method and Material 

An easy way to comply with the paper formatting requirements is 
All materials in this experiment were prepared in the laboratory 
and of analytical grade. The model dye, Tartrazine was purchased 
from Bendosen Laboratory Chemicals manufacturer and a stock 
solution of the dye (1 M) was prepared in distilled water. The 
instrument UV-Vis Spectrophometer – UV 1800 Shimadzu and 
Solar Power Meter TES 1333 was used in this experiment. All 

materials were prepared in the laboratory. 
The photodegradation of Tartrazine dye process was operated in 
different conditions which were the presence and absence of solar 
radiation, and the presence and absence of catalyst. Then, the per-
centage of degradation of Tartrazine was analyzed by using UV-
Vis Spectrophotometer by tabulating the absorbance reading of the 
dye solution. The rate of degradation for the condition was also 
studied. 

 

2.1. To Study The Optimun Weight of Catalyst, ZnO 

 
Six 100 mL beakers were prepared. The beakers were first 
wrapped with black plastics. Then, 50 mL of 5 ppm Tartrazine 

solution were added into each beaker. Different weights of ZnO 
which were 0 mg, 10 mg, 20 mg, 30 mg, 40 mg and 50 mg were 
added into each beaker. After that, the beakers were exposed un-
der sunlight for five hours and the black plastics were removed. 
During the radiation, the solutions were stirred by using magnetic 
stirrer. The intensity of sunlight radiation was measured by using 
Solar Power Meter TES 1333 for every hour of radiation. Then, its 
average was calculated. After five hours, the suspension from each 

beaker was centrifuged at 4000 rpm for 10 minutes. Then, the 
supernatant from each beaker was collected and its absorbance 
was measured under UV-Vis spectrophotometer at the maximum 
wavelength of Tartrazine solution.  

 

 

 

2.2. To Study the Optimum pH of Tartrazine Solution 

 
Six 100 mL beakers were prepared. The beakers were first 

wrapped with black plastics. Then, 50 mL of 5 ppm Tartrazine 
solution were added into each beaker. The optimum weight of 
ZnO was added into each beaker. The pH of the solutions was 
adjusted into six different pH which were pH 6, pH 7, pH 8, pH 9, 
pH 10 and pH 11 respectively. The pH was adjusted by using 
0.01M of HCl and 0.01M of NaOH. The beakers were exposed 
under sunlight for five hours and the black plastics were removed. 
During the radiation, the solutions were stirred by using magnetic 

stirrer. The intensity of sunlight was obtained for every hour. Then, 
its average was measured. After five hours, the solutions were 
centrifuged at 4000 rpm for 10 minutes. Then, the supernatant was 
collected to be measured by UV-Vis spectrophotometer.  

 

2.3. To Study The Optimum Time of Photocatalytic 

Degradation 

 
The optimum time for all four different conditions was determined. 
From the absorbance obtained, the concentration of each solution 
was calculated by using the equation of the graph. By using the 
concentration calculated, the %D was calculated. 

 

2.4. To Study The Effect of Tartrazine Degradation In 

The Absence Of Sunlight (without Catalyst, ZnO) 

 
Six beakers wrapped with black plastics were added with 50 mL 
of 5 ppm Tartrazine solution. The pH of the solutions was ad-
justed to the optimum pH of the solution. After that, the solutions 
were stirred in a box for 0 hour (0 minute), 1 hour, 2 hours, 3 
hours, 4 hours and 5 hours respectively.  

 

2.5. To Study The Effect of Tartrazine Degradation In 

The Presence Of Sunlight (without Catalyst, ZnO) 

 
Six beakers were added with 50 mL of 5 ppm Tartrazine solution. 
The pH of the solutions was adjusted to the optimum pH of the 
solution. After that, the solutions were stirred under sunlight for 0 
hour (0 minute), 1 hour, 2 hours, 3 hours, 4 hours and 5 hours 

respectively. 

  

2.6. To Study The Effect of Tartrazine Degradation In 

The Presence Of Catalyst, ZnO (without Sunlight) 

 
A 50 mL of 5 ppm Tartrazine solution were added into six beakers 
wrapped with black plastics. The optimum weight of ZnO was 

added into each beaker. The pH of the solutions was adjusted at 
the optimum pH. Then, the solutions were stirred in a box for 0 
hour (0 minute), 1 hour, 2 hours, 3 hours, 4 hours and 5 hours 
respectively. After each hour, the solution was centrifuged at 4000 
rpm for 10 minutes to separate the supernatant and precipitate. 
The supernatant was used to analyze using UV-Vis spectropho-
tometer. 

 

2.7. To Study The Effect of Tartrazine Degradation In 

The Presence Of Catalyst, ZnO (with Sunlight) 

A 50 mL of 5 ppm Tartrazine solution were added into six beaker. 

The optimum weight of ZnO was added into each beaker. The pH 
of the solutions was adjusted at the optimum pH. Then, the solu-
tions were stirred under sunlight for 0 hour (0 minute), 1 hour, 2 
hours, 3 hours, 4 hours and 5 hours respectively. After each hour, 
the solution was centrifuged at 4000 rpm for 10 minutes to sepa-

rate the supernatant and precipitate. The supernatant was used to 
analyze using UV-Vis spectrophotometer. 
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3. Results and Discussions 

Based on the experiment, Tartrazine dye can be degraded by using 
ZnO photocatalyst under sunlight radiation. The percentage of 
degradation was calculated by using the formula: 
Degradation efficiency (%) = Co – Ct x 100 

Co 
Where Co are the initial concentration of Tartrazine and Ct are 
concentration at time. 
The maximum wavelength of Tartrazine was obtained by measur-
ing the absorbance of 5 ppm Tartrazine solution in the wavelength 
range of 350 nm – 470 nm. Fig. 1 showed the wavelength and the 
absorbance obtained from this experiment. The maximum wave-
length was the highest peak in the graph of absorbance versus 

wavelength. Based on Figure 1, the highest peak was at wave-
length 258 nm. But it was not considered as maximum wavelength 
of Tartrazine since in the range of 200 – 300 nm, there was inter-
ference from the plastic cuvettes. Therefore, 427 nm was the ac-
tual maximum wavelength of Tartrazine. 
 

 
Fig. 1: Maximum wavelength of Tartrazine 

3.1. The Optimum Weight of Catalyst, ZnO 

Table 1: Optimum Weight of ZnO 

 

Concentration, ct (mol/L) 
Percentage of Degrada-

tion (%) 
Weight of Zinc 

Oxide (mg) 

0 5.4139 -8.96 

10 1.6732 66.32 

20 1.1610 76.63 

30 3.0537 38.54 

40 1.4282 71.25 

50 1.4505 70.81 

 
Different weights of ZnO which were 0 mg, 10 mg, 20 mg, 30 mg, 
40 mg and 50 mg was added into six beakers. After exposed to 
sunlight radiation for five hours, the absorbance of all solutions 
was measured using UV-Vis spectrophotometer. Before the solu-

tions were analyzed, the standard solutions of 1 ppm, 2 ppm, 3 
ppm, 4 ppm and 5 ppm of Tartrazine were analyzed. Table 1 
showed the concentration obtained and the percentage of degrada-
tion calculated.  
From Fig. 2, the equation was y=0.0449112x + 0.00785675 with 
correlation coefficient (r2) of 0.99883. The closer the value of r2 
to 1, the more excellent the linearity obtained.   

 

Fig. 2: Optimum Weight of ZnO 

Based on the result obtained, 20 mg of ZnO had the highest per-

centage of degradation which was 76.63%. The amount of catalyst 
added increased the amount of hydroxyl radical produced. This is 
because the active surface sites increased, more light was absorbed 
caused the formation of more hydroxyl radical [14]. Therefore, the 
more Tartrazine dye degraded. When excess amount of ZnO was 
added which was 30 mg, the percentage of degradation decreased 
which was 38.54%. This happened because less sunlight radiation 

was penetrated through the solution due to the suspended catalyst 
in the solution [15]. 

3.2. The Optimum pH of Tartrazine Solution 

Before the solutions were analyzed, the standard solutions of 1 
ppm, 2 ppm, 3 ppm, 4 ppm and 5 ppm of Tartrazine were analyzed. 
Table 2 showed the concentration and percentage of degradation 
calculated.  

 
Table 2: Concentration and Percentage Of Degradation 

pH of Tartrazine 
Concentration, ct 

(mol/L) 

Percentage of Degra-

dation (%) 

pH 6 1.8097 63.68 

pH 7 1.8319 63.23 

pH 8 2.3866 52.10 

pH 9 3.4517 30.73 

pH 10 4.3392 12.91 

pH 11 4.1173 17.37 

 

 
Fig. 3: Optimum pH of Tartrazine Solution 

 
From Fig. 3, the equation was y=0.0450684x + 0.00243835 with 

correlation coefficient (r2) of 0.99993. 
Commonly, the industries released wastewater with a wide range 
of pH [16]. The initial pH of dye solution is an important factor in 
photocatalytic degradation process. From the data obtained, the 
optimum pH for Tartrazine solution was pH 6. The percentage of 
degradation was 63.68%. The Tartrazine was dissolved in aqueous 
solution, and the sulphonate groups at the Tartrazine (D—SO3Na) 
was dissociated and converted into anionic dye ions (D—SO3Na 

⇋ D—SO3- + Na+) (Gautam et al., 2015). Therefore, in acidic 

solution, the presence of hydronium ion (H3O+) in the solution 
attracted Tartrazine dye. This contributed to the higher removal 
efficiency of the dye.  
 However, in alkaline solution, the presence of hydroxyl ion (OH-) 
competed with the anionic sulphonic groups of Tartrazine mole-
cules. Thus, decreasing the attraction ability of Tartrazine in the 
solution. Therefore, the highest pH in this experiment which was 
pH 11 had the lowest percentage of degradation which was 

17.37%. 

3.3. The Optimum Time of Photocatalytic Degradation 

Four conditions were set up to determine the optimum time for 
photocatalytic degradation process. For the first condition which 
was degradation with catalyst and without sunlight, the optimum 
time obtained was 3 hour. For the second condition which was 
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degradation without catalyst without sunlight, the optimum time 
was 5 hour. The third condition, degradation with catalyst with 
sunlight, the optimum time obtained was 1 hour. For the forth 
condition which was degradation without catalyst with sunlight, 
the optimum time obtained was 2 hour. The concentration and 
percentage of degradation calculated was tabulated in Table 3.  
 

Table 3: Optimum Time for Various Conditions 

  Percentage of Degradation (%) 

Time  

(hour) 

With Cata-

lyst Without 

Sunlight 

Without 

Catalyst 

Without 

Sunlight 

With Cata-

lyst With 

Sunlight 

Without 

Catalyst 

With Sun-

light 

0 24.10 -0.90 12.02 -0.91 

1 24.58 30.37 92.03 -12.15 

2 10.82 21.87 91.11 3.60 

3 45.23 14.74 61.05 0.44 

4 20.65 -0.46 83.24 0.89 

5 0.50 30.81 78.61 2.70 

 
Fig. 4 showed the differences in percentage of degradation for all 
four conditions. 
 

 
Fig. 4: Optimum Time for Different Conditions 

 
Based on the graph plotted, among these four conditions, the high-
est percentage of degradation was degradation with catalyst with 
sunlight. The optimum time was 1 hour with the percentage of 
degradation 92.03%. Among all four conditions, this condition 
had the shortest optimum time with highest percentage of degrada-

tion. This is because, both sunlight radiation and catalyst caused 
the photodegradation process to occur effectively. The energy 
from sunlight caused the formation of free electron in the conduc-
tion band and also hole in the valence band. The electron produced 
reacted with oxygen gas (O2) in the solution while the hole re-
acted with hydroxyl ion (OH-) to form hydroxyl radical (OH∙) 
which then attacked the dye molecule to degrade it [17]. 
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While the condition with lowest percentage of degradation was 
degradation without catalyst with sunlight. The optimum time was 
2 hour with percentage of degradation 3.60%. Supposedly, degra-
dation without catalyst and without sunlight was the condition that 
had the lowest percentage of degradation among these four condi-
tions. This is because there was no energy from the sunlight and 
no catalyst to form hydroxyl radical. Some error might occur dur-
ing the experiment and affected the result obtained. The error was 

the beakers were not perfectly covered with black plastics and this 
enable the sunlight to penetrate through the solutions. 

 

 

 

3.4. The Effectiveness of Photocatalytic Process 

 
The determination of effectiveness of the process was done by 
doing three repetitions for every condition. Then, the average 
concentration was used to calculate the percentage of degradation. 
The Tartrazine solutions were added with the optimum weight of 
ZnO which was 20 mg, set at optimum pH which was pH 6, radi-
ated under sunlight for optimum time for each condition. After 
that, the percentage of degradation for all conditions was com-
pared. 
From Table 4, the degradation of Tartrazine dye with catalyst ZnO 

and with sunlight radiation was the most effective condition to 
degrade Tartrazine dye. The percentage of degradation was 
(93.91±0.57)%. The least effective condition was degradation of 
Tartrazine dye without catalyst ZnO and without sunlight radiation. 
Its percentage of degradation was (0.29±0.67)%. 
 

Table 4: Percentage of Degradation for All Conditions 

Condition Percentage of Degradation (%) 

With catalyst without sunlight 7.74±2.20 

Without catalyst without sun-

light 
0.29±0.67 

With catalyst with sunlight 93.91±0.57 

Without catalyst with sunlight 1.17±0.51 

4. Conclusion  

As a conclusion, the photocatalytic degradation of Tartrazine 

proved to be effective under solar radiation by using ZnO as 
photocatalyst. From the result obtained, the amount of photocata-
lyst ZnO must be added at the optimum weight which was 20 mg 
so that more hydroxyl radical produced. The optimum pH for the 
Tartrazine solution was pH 6. The percentage of degradation of 
Tartrazine decreased as the pH of the solution was increased. For 
the degradation with ZnO catalyst and with solar radiation, the 
optimum time obtained was lowest which was 1 hour. This condi-
tion also was the most effective condition compared to other con-

dition because the percentage of degradation was the highest 
(93.91±0.57)%. The other conditions used were presence of cata-
lyst absence of sunlight, absence of catalyst presence of sunlight 
and absence of both catalyst and sunlight. Both catalyst and solar 
radiation were needed to achieve highest efficiency of photocata-
lytic process because both helped in the formation of hydroxyl 
radical. 

Acknowledgement 

This research is funded by FRGS/1/2017/STG09/UiTM/02/1 re-
search grant.  

References  

[1] Ghimpusan, M., Nechifor, G., Nechifor, A. C., Dima, S. O., & 

Passeri, P. (2017). Case studies on the physical-chemical parame-

ters' variation during three different purification approaches des-

tined to treat wastewaters from food industry. Journal of environ-

mental management, 203, 811-816. 

[2] Ullah, I., Ali, S., & Akram, M. (2013). Degradation of Reactive 

Black B dye in wastewater using oxidation process. International 

Journal of Chemical and Biochemical Sciences, 4, 96-100. 

[3] Tikhomirova, T. I., Ramazanova, G. R., & Apyari, V. V. (2017). A 

hybrid sorption–spectrometric method for determination of synthet-

ic anionic dyes in foodstuffs. Food chemistry, 221, 351-355.  

[4] Moutinho, I. L. D., Bertges, L. C., & Assis, R. V. C. (2007). Pro-

longed use of the food dye tartrazine (FD&C yellow n° 5) and its 

effects on the gastric mucosa of Wistar rats. Brazilian journal of bi-

ology, 67(1), 141-145.  

[5] Ong, C. B., Mohammad, A. W., Rohani, R., Ba-Abbad, M. M., & 

Hairom, N. H. H. (2016). Solar photocatalytic degradation of haz-

ardous Congo red using low-temperature synthesis of zinc oxide 



226 International Journal of Engineering & Technology 

 
nanoparticles. Process Safety and Environmental Protection, 104, 

549-557. 

[6] Han, F., Kambala, V. S. R., Srinivasan, M., Rajarathnam, D., & 

Naidu, R. (2009). Tailored titanium dioxide photocatalysts for the 

degradation of organic dyes in wastewater treatment: a re-

view. Applied Catalysis A: General, 359(1-2), 25-40.  

[7] Abe, F. R., Mendonça, J. N., Moraes, L. A., de Oliveira, G. A., 

Gravato, C., Soares, A. M., & de Oliveira, D. P. (2017). Toxicolog-

ical and behavioral responses as a tool to assess the effects of natu-

ral and synthetic dyes on zebrafish early life. Chemosphere, 178, 

282-290.  

[8] Gautam, R. K., Gautam, P. K., Banerjee, S., Rawat, V., Soni, S., 

Sharma, S. K., & Chattopadhyaya, M. C. (2015). Removal of tar-

trazine by activated carbon biosorbents of Lantana camara: kinetics, 

equilibrium modeling and spectroscopic analysis. Journal of Envi-

ronmental Chemical Engineering, 3(1), 79-88. 

[9] Zazouli, M. A., Ghanbari, F., Yousefi, M., & Madihi-Bidgoli, S. 

(2017). Photocatalytic degradation of food dye by Fe3O4–TiO2 na-

noparticles in presence of peroxymonosulfate: The effect of UV 

sources. Journal of environmental chemical engineering, 5(3), 

2459-2468.  

[10] Ozturk, B., & Soylu, G. S. P. (2016). Promoting role of transition 

metal oxide on ZnTiO3–TiO2 nanocomposites for the 

photocatalytic activity under solar light irradiation. Ceramics Inter-

national, 42(9), 11184-11192.  

[11] Reza, K. M., Kurny, A. S. W., & Gulshan, F. (2017). Parameters 

affecting the photocatalytic degradation of dyes using TiO 2: a re-

view. Applied Water Science, 7(4), 1569-1578. 

[12] Mariselvam, R., Ranjitsingh, A. J. A., Mosae Selvakumar, P., 

Alarfaj, A. A., & Munusamy, M. A. (2016). Spectral studies of UV 

and solar photocatalytic degradation of AZO dye and textile dye ef-

fluents using green synthesized silver nanoparticles. Bioinorganic 

chemistry and applications, 2016. 

[13] Gupta, V. K., Jain, R., Nayak, A., Agarwal, S., & Shrivastava, M. 

(2011). Removal of the hazardous dye—tartrazine by 

photodegradation on titanium dioxide surface. Materials Science 

and Engineering: C, 31(5), 1062-1067.  

[14] Chakrabarti, S., & Dutta, B. K. (2004). Photocatalytic degradation 

of model textile dyes in wastewater using ZnO as semiconductor 

catalyst. Journal of hazardous materials, 112(3), 269-278. 

[15] Hashim, H. A. A., Mohamed, A. R., & Teong, L. K. (2001). Solar 

photocatalytic degradation of tartrazine using titanium diox-

ide. Jurnal Teknologi, 35, 31-40.  

[16] Chen, X., Wu, Z., Liu, D., & Gao, Z. (2017). Preparation of ZnO 

photocatalyst for the efficient and rapid photocatalytic degradation 

of azo dyes. Nanoscale research letters, 12(1), 143.  

[17] Danwittayakul, S., Jaisai, M., & Dutta, J. (2015). Efficient solar 

photocatalytic degradation of textile wastewater using ZnO/ZTO 

composites. Applied Catalysis B: Environmental, 163, 1-8. 


