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Abstract—Ozonation has strong oxidation potential and is 
mostly preferred for oxidation processes. Due to its 
oxidation potential, environment-friendly nature, and 
process flexibility, ozonation was used for the removal of azo 
dyes. Different process parameters including the rate of 
ozone generation, pH, the flow rate of ozone, and initial dye 
concentrations were optimized for efficient removal of 
coloring potential of C.B-10X Blue and C.B.M-10X Blue 
dyes which are mostly used in the textile industry. Under 
optimized process parameters, the high removal efficiency of 
75% for C.B-10X Blue and 72% for C.B.M-10X Blue was 
achieved at 100 mg concentration. However, removal 
efficiency strongly decreased with an increase in dye 
concentrations. Therefore, ozonation can only be used for 
the treatment of effluents having up to 100 mg/L 
concentrations of azo dyes.  

Index Terms— Ozonation, Azo dyes, De-colorization, 
wastewater. 

I. INTRODUCTION 
EXTTILE industry, the wet process industry uses 
tones of water and more than 3600 dyes and about 

8000 chemicals, which is a major source of wastewater 
ejection having contamination of organic, inorganic, and 
strong colored substances[1–4]. Rapid industrialization is 
continuously increasing the scale of water pollution 
qualitatively and quantitatively. 
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Contaminated water causes harmful effect on biotic life as 
well as strongly affect human life [5]. The treatment of 
wastewater is vital considering water security and human 
life along with aquatic life preservation [6–8]. Azo dyes 
are the most extensively used textile colored pigments 
dyes and have nitrogen double bonds (─N=N─). These 
dyes mostly have 1-4 azo-groups attached to aromatic 
rings and are used in the range of 10-70 g/L of which 
≤90% are mostly consumed in the process [9]. Azo dyes 
are dangerous for life and can produce carcinogenic 
compounds by skin microbiota [10]. 

Different treatment methodologies have been applied 
considering the types of pollutants, the volume of liquid 
effluents and the potential of reusability [2]. Principally 
treatment processes can be categorized into (i) physical, 
(ii) biological and (iii) oxidation methods. Physical 
methods mostly applied are; adsorption [7], coagulation 
[11] and filtration [2], [12]. From these,  membrane 
filtration has been used extensively for the treatment of 
wastewater [13]. Organic, inorganic, and composite 
membranes were prepared and used for nanofiltration, 
ultrafiltration, reverse, and forward osmosis processes 
depending upon the pore size of the developed membrane 
[13].  Different biological methods employing enzymes 
and microorganisms were also used for the treatment of 
textile wastewater [14]. These methods are divided into 
aerobic and anaerobic processes based on high and low 
chemical oxygen demand (COD), respectively. 
Microorganism secretions contain compounds and 
enzymes which can degrade the dyes into simpler 
products [15-16]. For this purpose, Rot White Fungus is 
used which produces laccase enzyme which has an 
excellent ability to degrade a wide range of textile dyes 
[17]. Oxidation methods are mostly categorized as 
chemical oxidation process (COP) and advanced 
oxidation processes (AOP) [16]. Oxidation processes are 
superior to biological processes as wastewater with high 
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toxicity can be handled. These physical methods have 
process flexibility without the risk of fouling and sludge 
generation [2].  

Textile effluents are mostly colored due to the presence 
of different dyes, therefore the color intensity is an 
indication intensity of dye-pollution. Therefore, de-
colorization has been considered a key indicator of the 
textile wastewater treatment processes. Chemical 
oxidation is an easy, flexible, and environmentally benign 
way for the treatment of dyes-polluted industrial 
wastewater. Multiple oxidants such as chlorides, ozone, 
and hydrogen peroxide can be used for discoloration of 
textile wastewater. Among these, Ozonation is most 
significant and effective for the removal of color pigments 
present in textile wastewater. Ozone is a powerful 
oxidizing agent with an oxidation potential of 2.07 volts; 
however, the exact mechanism of ozonation is still a 
matter of debate. It is believed that during the ozonation, 
ozone mostly attacks the double bonds present in the dye 
structure (carbon-carbon and other functional groups) 
with high electron densities. This chemical attack results 
in structure modifications instigating crumbling of color 
developing groups. Resultantly, the larger 
macromolecules degraded into small moieties which are 
easy to decompose by microorganisms present in waste 
streams [18].  

The principal objective of this study is to optimize the 
ozonation process for Azo Dyes (C.B-10X Blue and 
C.B.M-10X Blue). The experimental conditions such as 
pH, dye concentration, and rate of ozone were optimized 
to achieve the maximum process efficiency. Purposes of 
ozonation include; disinfection from microorganisms and 
algal control, oxidation of organic micro-pollutants by 
altering their structures (increasing the biodegradability of 
organics) and oxidation of organic micro-pollutants by 
simple degradation process (Taste, odor compounds, 
phenolic pollutants, and pesticides). Result elucidated the 
high decoloration efficiency of the ozonation process 
under optimized conditions. Ozonation offers an 
environmentally friendly process for the treatment of 
textile wastewater, which can play a significant role in the 
industrial water recycling concept especially in the 
current water security-sensitive scenario. 

II. MATERIALS AND METHOD

A. Materials 
Two azo dyes, C.B-10X Blue and C.B.M-10X Blue are 

purchased from a local supplier and marked as dye 1 and 
dye 2, respectively for the reader’s convenience and better 
understanding. Ozone generator (Acrona discharge, 
Model OZX-B300T), with a constant production capacity 
of 200 mg/h and flow rate of 2 L/h and different set points 
of 6 min, 12 min, and 18 min is used. A glass cylinder 
(WERTLAB GERMANY) having length of 45 cm (1000 
ml capacity)   and diameter of 6.5 cm is used as a reactor. 
pH meter form JENWAY Model-3510 an  Humas Korean 

spectrophotometer (190 nm to1100 nm, Model-Think Hs 
3300) is used to study the absorbance of the dye solution 
after ozonation. A quartz cuvette is used to load the 
sample into the spectrophotometer. 

B.   Solution Preparation 
The solution of different dye concentrations (100 mg/L, 

300 mg/L, and 500 mg/L) is prepared in the lab. For 100 
mg/L solution, 100 mg of dye dissolved in 1000 ml of 
distilled water and placed in shaking water bath for 15 
min at 40 °C to homogenize the solution. The same 
procedure is repeated for the preparation of dye solutions 
of 300 and 500 mg. Ozone from ozone generator passed 
through a small pipe dipped in a glass cylinder. At the end 
of the pipe, a porous tip is placed for the better mixing of 
gas in solution. After the ozone generation, bubbling 
started from the bottom to upward in the cylinder. Pre-
calibrations is performed for all pieces of equipment with 
lab standard procedures of American Public Health 
Association 1998 [19]. 

C. λmax Determination 
For each dye, the wavelength of the maximum 

absorbance (λmax) is determined by screening between 
380-1100 nm. The maximum wavelength (λmax) of dyes 
was observed at the concentration of 100 mg. The 
maximum wavelength of the dyes was; 605 nm and 591 
nm for dye 1 and dye 2 repectively as shown in Fig. 1. 
The ozone generator is set at 6 min interval to produce 
ozone gas. Absorbance and pH of each sample (dye 
solution) are measured before the ozonation process. Post 
ozonation pH was measured immediately after the 
ozonation to minimize the delay time effect. The effect of 
all the process parameters such as; pH, initial dye 
concentration, the concentration of ozone used, and time 
of ozone passed are investigated for the maximum color 
decrease. The temperature was kept constant at 25°C 
throughout the experiment [20]. 

D. Determination of Color Decrease 
The percentage color decrease is measured and 

observed with respect to the λmax of each dye. The formula 
used for this purpose is;     

0

0

C C
Color decrease (%) 100

C
 

Here C0 is the intensity at time “0” and C at the time “t”. 

III. RESULTS AND DISCUSSION 

A. Effect of Ozone Dozes 
The relation between absorbance and concentration is 

shown in Fig. 2. A linear relationship between 
concentration and absorbance can be observed according 
to the Beer-Lambert law in Fig. 2. Initial dye 
concentration, ozone reacted, time of ozonation, and 
percentage of color decrease as shown in Fig. 3-5 of dye 1 
and dye 2 are checked at different concentration levels 
[21]. Results elucidated that increase in dye 
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 concentrations decreased the color removal efficiency, 
similar to reported results [22]. At 100 mg concentration, 
the maximum efficiency is observed with both dyes  as 
shown in Fig. 3. The decoloration efficiency continuously 
increased with ozonation time directly at low 
concentration, i.e. 100 mg and 75% removal efficiency is 
recorded with dye 1 and 72% with dye 2 after 60 min of 
ozonation as shown in Fig. 3. An increase in dye 
concentration behaved differently, at a relatively high 

concentration of 300 mg, the color removal efficiency is 
first increased with time up to 54 minutes and then 
decreased after 54 minutes as shown in Fig. 4. However, 
the maximum recorded efficiency was only 8% with dye 
1 and only 17% with dye 2 as shown in Fig. 4. The 
decrease in color removal efficiency is most probably due 
to the formation of color pigments with prolonged 
ozonation.  

 

 

 
Fig. 1. Determination of λmax 

 

 
Fig. 2. Effect of initial dye concentration on absorbance for both dyes at their λmax 

 

 
Fig. 3. Effect of ozonation time on concentration decrease at 100 mg concentration 
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Ozonation for a long time converted the azo structure 
to a new form of coloring moieties, which is also 
observed with the change in solution color [23]. Further 
increase in dye concentration to 500 mg abruptly changed 
the removal efficiency pattern and a zigzag graph can be 
observed in Fig. 5. At this high concentration (500mg), 
ozonation is not a good technique for the removal of dye 
color. Most of the time, absorbance increased instead of 
decreasing that indicate an increase in color intensity, 
therefore negative efficiency is noted as shown in Fig. 5. 
This increase in color intensity is possibly due to the (i) 
formation of new coloring pigments at high dye 
concentration, and/or (ii) dyes recovered their structure 
after some time interval with ozonation. However, as the 
negative values can be observed in absorbance efficiency, 
which means high color intensity or structure with high 
absorbance. Therefore, it can be validated that an 
extended structure is developed with improved 
absorbance. Therefore, this process of technology cannot 
be applied for the treatment of wastewater with high dyes 
concentrations. A similar phenomenon has also been 
reported in the literature. So, it can be confirmed that an 
increase in time of ozonation had a direct relation with 
%age color decrease up to 100 mg dye concentration. For 
high concentrations, experimental setup with a high 
dosage of ozone for a longer time of ozonation can be 
used [24]. 

B. Effect Of pH 
The effect of ozonation on solution pH has been 

displayed in Fig. 6-8 for all dye solutions. A decrease in 

solution pH with an increase in time of ozonation is 
observed. The decreasing trend is linear with both dyes in 
all concentrations except dye 2 at 300 mg concentration 
as shown in Fig. 7. However, the peak values and the 
decreasing rate is different. At lower dye concentrations, 
decreasing trend and the decreasing rate are quite similar 
for both dyes and pH is decreased from 5.43 to 4.33 and 
5.4 to 4.30 for dye 1 and dye 2, respectively as shown in 
Fig. 6. A similar trend is also observed at lower 
concentrations with other azo dyes [25]. Therefore, results 
confirmed the generalized principle of linear decrease in 
pH with a time of ozonation at lower concentrations of 
azo dyes. Quite a similar pattern is noted with dye 1 at 
300 mg dye concentrations however, abnormal pH swings 
are observed in dye 2  as shown in Fig. 7. 

Most probably, the structural changes are the cause of 
this abnormal increase in pH, which is also validated by 
an abrupt change in color decrease as shown in Fig. 4. At 
the highest concentration of 500 mg, a rapid decrease in 
solution’s pH is noted as shown in Fig. 8 as compared to 
100 & 300 mg concentrations, similar to reported results 
in [26]. However, at 500 mg concentration level, repeated 
swings are observed in color decreasing trend of dye 2 
and no decreasing trend is observed in dye 1 as shown in 
Fig. 5. The rapid decrease in solution’s pH further 
confirmed the formation of a new structure as discussed 
in the previous section. A similar trend of pH change with 
variable dye concentrations revealed a close relationship 
and dependency of pH on the time of ozonation. 
 

 

 
Fig. 4. Effect of ozonation time on concentration decrease at 300 mg concentration. 

 

 
Fig. 5. Effect of ozonation time on concentration decrease at 500 mg concentration 
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 The linear dependency on the time of ozonation 
elucidated that the reaction of ozone shifted from OH¯ to 
molecular ozone type of oxidation [27]. At higher pH, the 
OH¯ oxidation of ozone is superior and it is stronger than 
molecular ozone oxidation. At a lower pH level, the 
molecular ozone oxidation is mostly observed [28]. In this 
research work, the pH is changed (decrease) and reaction 
type shifts towards molecular Ozone type oxidation that 
have the low potential of oxidation as compared to OH¯ 
oxidation. Therefore, the low decrease in color after every 
time interval of ozonation was observed. However, the 
decrease in pH at all concentrations with both dyes 
proved that ozonation can be an effective treatment 

methodology for the decoloration of textile wastewater.  
The study conducted focuses on the effective removal 

of surface deposited unsettled coloring substances from 
industrial wastewater. The progress of the technique, 
though, underwent throughout a variety of stages which 
integrated a laboratory level learning of ozone de-
coloration with the simplest process design having the 
potential of upscaling for efficient removal of azo dyes. 
The findings of this process employing two commercial 
azo dyes indicated that the ozone dosage, time of 
ozonation and pH have a high impact on de-colorization 
of all these dyes [29].  

 

 
Fig. 6. Effect of ozonation time on pH at 100 mg concentration. 

 
 

 
Fig. 7. Effect of ozonation time on pH at 300 mg concentration. 

 
 

 
Fig. 8. Effect of ozonation time on pH at 500 mg concentration. 
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However, the pH change has the most significant effect 
[30]. Collectively, it can be observed that a pH value of 4 
to 4.3 is the optimum pH for the de-colorization of C.B-
10X Blue and a pH value of 3.7-4.3 is the optimized value 
for C.B.M-10X Blue. However, concentration is inversely 
proportional to a decrease in color intensity and ozonation 
is highly successful technique for textile effluents having 
low dye contaminations, which is mostly the case of 
industrial wastewater. Furthermore, process time is 
directly proportional to the decrease in color intensity. 

IV. CONCLUSION 
In the conducted research work, ozone is used to 

remove the coloring pigments employing two commercial 
textile dyes. Results indicate that ozone dosage, time of 
ozonation, and pH have a high impact on de-coloration. 
pH is more sensitive toward ozonation as compared to 
other parameters. Results elucidated that a pH value of 4 
to 4.3 and 3.7 to 4.3 is the most effective pH range for 
C.B-10X Blue and C.B.M-10X Blue decoloration, 
respectively.  The decrease in pH suggests that oxidation 
type shifts from OH ion to molecular ozone type. Time of 
ozonation and dye concentration affects the removal 
efficiency differently. An increase in dye concentration 
affects the removal efficiency negatively whereas 
ozonation time affects positively. As the textile effluents 
mostly have lower coloring pigments, therefore, 
ozonation can be an alternative technique to be used for 
the treatment of these effluents. This process is flexible, 
environmentally benign and without waste sludge 
generations. 

 

REFERENCES 
[1] K. Nadeem, G. T. Guyer, B. Keskinler and N. Dizge. Investigation 

of segregated wastewater streams reusability with membrane 
process for textile industry, Journal of Cleaner Production, Vol. 
228, pp. 1437-1445, 2019. 

[2] C. R. Holkar, A.J. Jadhav, D. V. Pinjari, N. M. Mahamuni and A. 
B. Pandit. A critical review on textile wastewater treatments: 
possible approache, Journal of Environmental Management, Vol. 
182, pp.  351-366,  2016. 

[3] M. Auta and B. H. Hameed. Preparation of waste tea activated 
carbon using potassium acetate as an activating agent for 
adsorption of Acid Blue 25 dye, Chememical Engineering Journal, 
Vol. 171(2), pp. 502–509, 2011. 

[4] M. V. Bagal and P. R. Gogate. Wastewater treatment using hybrid 
treatment schemes based on cavitation and Fenton chemistry: A 
review, Ultrasonics Sonochemistry, Vol. 21(1), pp. 1–14, 2014. 

[5] M. I. Ahamad, M. Irfan, J. Song. Contamination level, ecological 
risk, and source identification of heavy metals in the hyporheic 
zone of the weihe river, China, International Journal of 
Environmental Research and Public Health, Vol. 17(3), p. 1070, 
2020. 

[6] M. M. Hassan and C. J. Hawkyard. Decolorisation of effluent with 
ozone and re-use of spent dyebath, Environmental Aspects of 
Textile Dyeing, pp. 149–190, 2007. 

[7] M. S. Rehman, I. Kim, N. Rashid, M. A. Umer, M. Sajid and J. I. I. 
Han. Adsorption of brilliant green dye on biochar prepared from 
lignocellulosic bioethanol plant waste, Clean - Soil, Air, Water, 
Vol. 44(1), pp. 55–62, 2016. 

[8] D. A. Yaseen and M. Scholz. Textile dye wastewater 
characteristics and constituents of synthetic effluents: A critical 
review, International Journal of Environmental Science 

Technology, Vol. 16(2), pp. 1193–1226, 2019. 
[9] C. Wang, A. Yediler, D. Lienert, Z. Wang and A. Kettrup. 

Ozonation of an azo dye C.I. Remazol Black 5 and toxicological 
assessment of its oxidation products, Chemosphere, Vol. 52(7), pp. 
1225–1232, 2003. 

[10] K. T. Chung. Azo dyes and human health: A review, Journal of 
Environmental Science and Health, Vol. 34(4), pp. 233–261, 2016. 

[11] C. Z. Liang, S. P. Sun, F. Y. Li, Y. K. Ong and T. S. Chung. 
Treatment of highly concentrated wastewater containing multiple 
synthetic dyes by a combined process of coagulation/flocculation 
and nanofiltration, Journal of Membrane Science, Vol. 469, pp. 
306–315, 2014. 

[12] Z. Pan, C. Song, L. Li, H. Wang, Y. Pan and C. Wang. Membrane 
technology coupled with electrochemical advanced oxidation 
processes for organic wastewater treatment: Recent advances and 
future prospects, Chemical Engineering Journal, Vol. 376, p. 
120909, 2019. 

[13] F. Yalcinkaya, E. Boyraz, J. Maryska and K. Kucerova, A review 
on membrane technology and chemical surface modification for 
the oily wastewater treatment, Materials, Vol. 13(2), p. 493, 2020. 

[14] C. A. Basha, K. V. Selvakumar, H. J. Prabhu, P. Sivashanmugam 
and C. W. Lee. Degradation studies for textile reactive dye by 
combined electrochemical, microbial and photocatalytic methods, 
Separation and Purification Technology, Vol. 79(3), pp. 303–309, 
2011. 

[15] M. M. Shah, D. P. Barr, N. Chung and S. D. Aust. Use of white rot 
fungi in the degradation of environmental chemicals, Toxicology 
Letters, Vol. 64–65 (C), pp. 493–501, 1992. 

[16] T. Robinson, G. McMullan, R. Marchant and P. Nigam. 
Remediation of dyes in textile effluent: A critical review on current 
treatment technologies with a proposed alternative, Bioresource 
Technology, Vol. 77(3), pp. 247–255, 2001. 

[17] J. Carriere, J. P. Jones and A. D. Broadbent. Decolorization of 
Textile Dye Solutions, Ozone Science Engineering, Vol. 15(3), pp. 
189–200, 1993. 

[18] J. Sarasa, M. P. Roche, M. P. Ormad, E. Gimeno, A. Puig and J. L. 
Ovelleiro. Treatment of a wastewater resulting from dyes 
manufacturing with ozone and chemical coagulation, Water 
Research, Vol. 32(9), pp. 2721–2727, 1998. 

[19] American Public Health Association. Standard methods for the 
examination of water and wastewater, Trove. Available online at 
https://trove.nla.gov.au/work/16646325 on April 20, 2020.  

[20] M. F. Sevimli and C. Kinaci. Decolorization of textile wastewater 
by ozonation and Fenton’s process, Water Science Technology, 
Vol. 45(12), pp. 279–286, 2002. 

[21] M. Tzitzi, D. V. Vayenas, and G. Lyberatos. Pretreatment of textile 
industry wastewaters with ozone, Water Science and Technology, 
Vol. 29(9), pp. 151–160, 1994. 

[22] J. Wu, M. A. Eiteman and S. E. Law. Evaluation Of Membrane 
Filtration And Ozonation Processes For Treatment Of Reactive-
Dye Wastewater, Journal of Environmental Engineering, Vol. 
124(3), pp. 272–277, 1998. 

[23] F. M. Saunders, J. P. Gould and C. R. Southerland. The effect of 
solute competition on ozonolysis of industrial dyes, Water 
Research, Vol. 17(10), pp. 1407–1419, 1983. 

[24] D. Brown and P. Laboureur. The degradation of dyestuffs: Part I 
Primary biodegradation under anaerobic conditions, Chemosphere, 
Vol. 12(3), pp. 397–404, 1983. 

[25] J. S. Knapp, P. S. Newby and L. P. Reece. Decolorization of dyes 
by wood-rotting basidiomycete fungi, Enzyme Microb 
Technology, Vol. 17(7), pp. 664–668, 1995. 

[26] H. Podgornik and A. Perdih. Transformation of different dyes by 
extracellular ligninases from phanerochaete chrysosporium, 
Prehrambeno-Tehnoloska I Biotehnoloska Revija, Vol. 33(2–3), 
pp. 79–83, 1995. 

[27] H. Y. Shu and C. R. Huang. Degradation of commercial azo dyes 
in water using ozonation and UV enhanced ozonation process, 
Chemosphere, Vol. 31(8), pp. 3813–3825, 1995. 

[28] A. Reife and H. S. Freeman. Environmental chemistry of dyes and 
pigments. Wiley, 1996. 

[29] T. Kurbus, A. M. Le Marechal, and D. B. Voncina. Comparison of 
H2O2/UV, H2O2/O3 and H2O2/Fe2+ processes for the decolorisation 
of vinylsulphone reactive dyes, Dyes and Pigments, Vol. 58(3), pp. 
245–252, 2003. 



UW Journal of Science and Technology 4 (2020) 1-7 
ISSN: 2523-0123 (Print) 2616-4396 (Online) 

 

Personal Use permitted, but republication/redistribution requires UW permission. 
7 

 [30] I. Arslan, I. A. Balcioglu and T. Tuhkanen. Advanced oxidation of 
synthetic dyehouse effluent by O3, H2O2/O3 and H2O2/UV 
processes, Environmental Technology, Vol 20(9), pp. 921-931, 
2010. 

 
 
 
 

Muhammad Sajid is a Lecturer in the 
Department of Chemical Engineering at the 
University of Gujrat, Pakistan. He received his 
BS degree and MS degree in Chemical 
Engineering from the University of Punjab, 
Lahore, Pakistan in 2008 and 2012 
respectively. He has obtained his Ph.D from, 
Tsinghua University, Beijing China in 2020. 

 
Muhammad Irfan Ahmed has obtained MS 
degree in Environmental Science and 
Engineering from Government College 
University, Faisalabad and now pursuing his 
Ph.D. from College of Urban and 
Environmental Sciences, Northwest University, 
Xi’an, China. 
  

 
Syed Salman Shafqat has obtained his Ph.D 
from UNIMAS, Malaysia. Currently, he is an 
Assistant Professor at the Department of 
Chemistry, University of Education, Lahore, 
Pakistan. 
 
 
 

 
Mustafa Kamal Pasha has obtained his MS 
degree in Chemical Engineering from NUST 
and now pursuing his Ph.D. from Tsinghua 
University, Beijing China. 
 
 
 
 
 
Muhammad Asim has obtained his MS degree 
from Sweden and now doing his Ph.D. from 
Tianjin University, Tianjin China. 
 
 
 
 
 

 
 
 
 
 
 


