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A B S T R A C T 

The urgent need for water in industries and the large volume of wastewater 
discharge has prioritized wastewater treatment and water recycling in the 
research and operational projects of various public and private companies. In 
this context, Marun Petrochemical Company has established a treatment plant 
to recover water from its wastewater, aiming to not only provide part of its 
water needs through treated effluent, but also to reduce disposal costs and 
wastewater-related issues. This study uses a batch slurry photoreactor for 
laboratory-scale experiments. The statistical results of this study show that 
reducing pH and increasing catalyst concentration lead to higher Chemical 
Oxygen Demand (COD) removal. In addition, it was revealed that increasing the 
amount of co-oxidant results in further COD reduction at higher pH levels is 
attributed to a strong antagonistic interaction between the pH and co-oxidant 
parameters. 

  

Introduction 

he most common biological 
wastewater treatment process is the 
activated sludge process, which 
includes aeration, sedimentation, and 
filtration stages [1,2]. By integrating 

sedimentation, aeration, and filtration units and 
replacing membranes within a reactor, water 
molecules pass through while large particles, 
such as biological flocs and pollutants, remain 
trapped behind the membrane [3,4]. This 
system is referred to as a Membrane Bioreactor 

(MBR), where biological reactions for treatment 
and pollutant separation occur within a single 
system [5,6]. This method ensures that the 
quality of the treated effluent will be such that 
organic colloidal materials, macromolecules, 
and bacteria will be effectively removed 
without requiring additional treatment 
methods [7,8]. In this study, the effluent from 
the Olefin Unit of Marun Petrochemical 
Complex, with a nominal capacity of 1.1 million 
tons of ethylene, one of the largest mega-olefins 
plants in Iran and globally, was examined.  
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Table 1: Wastewater specifications of the Olefin unit 
Characteristic Value Unit 

Flow rate 
Normal 23.4 Cubic meters per hour 

Maximum 150 Cubic meters per hour 

Temperature 45 degrees centigrade 
COD 800-1500 mg/L 

BOD5 200-1000 mg /L 
Oil/HC 10-30 mg /L 

TSS 10 mg /L 
TDS 500-2000 mg /L 
pH >8 mg /L 

Phenolic compounds 1-5 mg /L 
H2S <10 mg /L 

 

Marun Petrochemical Company operates 
several units producing different types of 
effluent, and the characteristics of the Olefin 
effluent, as well as the types of pollutants 
present, vary accordingly. The detailed 
specifications are provided in Table 1. The 
novelty of this study is treatment of wastewater 
with techniques other than biological methods 
[9,10]. 

Materials and Methods 

Figure 1 displays a schematic diagram of the 
experimental setup. The relevant photocatalyst 
in the photocatalytic degradation process with 
ultraviolet light was used as dispersed slurry in 
the solution. This photoreactor is equipped 
with a stirrer with three blades, an air 
rotameter, and a thermometer. For the lamps 
placement, eight UV-C lamps with a power of 
eight watts inside the photoreactor, tubes with 
a size of 452 cm made of quartz were placed 
vertically in the desired locations. The 
temperature range recorded in all stages of the 
relevant experiments was between 26 and 27 
 C, which indicates the same temperature 
condition of the reaction. This photoreactor 
operates under atmospheric conditions and 
also to supply the oxygen needed for 
photocatalytic reactions, a circular air 
distributor (sparger) was used. The air 
consumed is produced by an air pump whose 
intensity is controlled by a rotameter. 
Concerning the advantages mentioned for the 
titanium oxide photocatalyst, in this study, the 
photocatalytic degradation process in 
ultraviolet light using a commercial titanium 
oxide photocatalyst (TiO2-p25) was 

investigated. It is notable that this is just a 
translation of the text provided and may need 
to be edited or revised to fit the specific 
requirements and style of the Journal of 
Engineering in Industrial Research. In addition, 
it is important to ensure that all technical terms 
and units are correctly translated and used in 
accordance with the journal's guidelines. 

 

Figure 1: The applied photoreactor. 

COD measurement 

This experiment was conducted based on 
method 5220D from the Standard Methods for 
the Examination of Water and Wastewater. For 
COD measurement, Merck's pre-prepared tests 
were used. Specifically, 0.3 mL of solution A and 
2.85 mL of solution B were added to an empty 
vial, followed by the addition of 3 mL of the 
sample. After thorough mixing, the vial was 
placed in a thermoreactor (WTW CR 2200) at 
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150 °C for 2 hours. After cooling, the 
absorbance of the solution was measured at a 
wavelength of 605 nm. The obtained 
absorbance was multiplied by a specific 
coefficient (295-) to calculate the COD 
concentration in mg/L. Finally, the COD 
removal efficiency was calculated using the 
equation, where COD₀ is the initial COD and 
COD represents the COD at the end of the 
reaction. 

Photocatalyst analysis methods 

In this study, commercial titanium dioxide 
(TiO₂-P25) photocatalyst from Degussa was 
used. To confirm the structure, purity, and 
integrity of the commercial photocatalyst, as 
well as to ensure the purity of the samples and 
determine the crystalline phase, X-ray 
diffraction (XRD) spectroscopy was performed 
using an Equinox model XRD device from INEL. 
Statistical Design of Photocatalytic Degradation 
Experiments Since the design must account for 
both the effects of individual variables and their 
interactions on the response, designs like 
Taguchi or factorial designs, which eliminate 
experiments that show interaction effects, were 
not suitable. Therefore, the method chosen to 
meet these requirements is the Response 
Surface Methodology (RSM). Concerning the 
better and more appropriate distribution of the 
Box-Behnken method compared to the Central 
Composite Design (CCD), the experiments were 
designed using this method. All operations and 
calculations related to the experimental design 
optimization were carried out using the Design 
Expert software. 

Photocatalytic experiment 

The desired amount of photocatalyst was 
dissolved in 200 mL of distilled water and 
added to the real wastewater solution, as 
presented in Table 2. The solution was then 
diluted to a final volume of 2 liters. The pH of 
the solution was adjusted using either 0.1 M 
sulfuric acid or sodium hydroxide, and the 
suspension was transferred to the 
photoreactor. The reactor contents were stirred 
in the dark for 30 minutes before the lamps 

were turned on to establish equilibrium 
between adsorption and desorption on the 
catalyst. During this time, a thermal jacket was 
used to control the temperature. After 30 
minutes, a sample was taken from the reactor 
using a sampling valve located at the bottom. A 
COD test was performed on this sample, and it 
showed no significant difference from the initial 
COD, indicating that adsorption had little effect 
on COD reduction. Afterwards, all eight lamps 
were turned on simultaneously, and airflow 
was initiated. After 90 minutes, a sample was 
taken from the photoreactor, and the COD of 
the wastewater was measured for each sample. 

Table 2: Characteristics of the effluent of this study 

parameter Unit Value 
COD ppm 280 
BOD ppm 55 
pH - 7.1 

Phenol ppm 4 
TDS ppm 570 

 
Experimental  

In this section, the performance of the 
photocatalytic degradation process of 
wastewater from the Marun Petrochemical 
Company's olefin unit under ultraviolet light is 
statistically evaluated and compared using 
Design Expert software. The level of these 
parameters is listed in Table 3. 

After designing the experiments according to 
Table 4, a total of 30 experiments were 
conducted, taking into account the values of 
various parameters. As shown in Table 1, it is 
evident that with a decrease in pH and an 
increase in catalyst concentration, the 
reduction in COD becomes more significant. 

Table 3: Selection of the effective factors of this 
study 

Parameter symbol Parameter name 

A 
Photocatalyst 
concentration 

B Auxiliary oxidizer (    ) 
C pH primary 
D Aeration intensity 
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Table 4: Test matrix 

Removal 
percentage 

COD 
(Experimental) 

Removal 
percentage 

COD 
(model) 

The 
amount of 
ventilation 

(l/min) 

pH 

The 
amount 

of 
auxiliary 
oxidant 

(g/l) 

Amount of 
photocatalyst 

(g/l) 
Run 

56.45 57.66 6 7 0 0.1 1 
61.73 61.62 6 7 0 1 2 
24.87 25.00 6 7 10 0.1 3 
63.00 63.74 6 7 10 1 4 
22.16 22.11 2 5 5 0.55 5 
62.13 63.11 2 9 5 0.55 6 
55.56 53.01 10 5 5 0.55 7 
74.12 73.05 10 9 5 0.55 8 
23.45 23.60 2 7 5 0.1 9 
67.17 65.18 2 7 5 1 10 
58.98 59.10 10 7 5 0.1 11 
71.87 70.52 10 7 5 1 12 
62.67 62.28 6 5 0 0.55 13 
16.31 15.00 6 5 10 0.55 14 
53.12 53.44 6 9 0 0.55 15 
71.14 72.38 6 9 10 0.55 16 
17.78 17.31 6 5 5 0.1 17 
67.12 67.55 6 5 5 1 18 
70.00 71.57 6 9 5 0.1 19 
74.12 74.33 6 9 5 1 20 
45.56 44.56 2 7 0 0.55 21 
24.12 24.14 2 7 10 0.55 22 
64.54 64.98 10 7 0 0.55 23 
45.12 44.56 10 7 10 0.55 24 
67.32 66.78 6 7 5 0.55 25 
68.23 67.07 6 5 5 0.10 26 
64.11 64.81 10 9 5 0.55 27 
65.12 64.94 2 9 0 0.55 28 
68.34 67.92 6 7 10 0.10 29 

 

 

Figure 2: 2D diagram of the response of the model 
according to the amount of catalyst and pH. 

 

Figure 3: 3D diagram of model response according 
to catalyst amount and pH. 
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Figure 4: Comparison chart of pH parameters and 
auxiliary oxidant. 

 

Figure 5: 2D diagram of the response of the model 
according to the amount of auxiliary oxidant and pH. 

It is clearly observed from Table 2 that with an 
increase in the auxiliary oxidant concentration, 
a more significant reduction in COD is observed 
at higher pH levels. This can be attributed to the 
strong interaction effect between the pH and 
auxiliary oxidant parameters. Notably, this 
interaction effect is clearly evident in the 
previously presented ray diagram. To better 
understand the interaction between pH and 
oxidant parameters, attention should be given 
to the interaction charts in Table 3. 

Table 3 illustrates the significant interaction 
effect between the two aforementioned 
parameters, particularly when the catalyst 
concentration is higher Figure 2-4. From Table 
(4), it is also clearly observed that an increase 
in each of the parameters individually leads to a 
decrease in efficiency. In contrast, when both 
parameters are set at their median values, the 
greatest reduction in COD is observed, which 
further supports the existence of an interaction 
effect between these two parameters. 

Conclusion 

The results of the titanium oxide photocatalyst 
analysis indicate that it has smaller particle 
sizes, an appropriate distribution of crystalline 
phases, and the ability to be excited under UV 
light. The statistical results of this study show 
that a decrease in pH and an increase in catalyst 
concentration lead to a greater reduction in 
COD. Furthermore, the results indicate that an 
increase in the auxiliary oxidant concentration 
results in a greater reduction in COD at higher 
pH levels, which is due to the strong interaction 
effect between the pH and auxiliary oxidant 
parameters Figure 4. 

Orcid 

Amin Ahmadpour : 0009-0006-5676-6816 

Reference 

[1]. M. Bahri, A. Mahdavi, A. Mirzaei, A. 
Mansouri, F. Haghighat, Integrated oxidation 
process and biological treatment for highly 
concentrated petrochemical effluents: a review, 
Chemical Engineering and Processing-Process 
Intensification, 2018, 125, 183-196. [Crossref], 
[Google Scholar], [Publisher]  
[2]. I.B. Hariz, A. Halleb, N. Adhoum, L. Monser, 
Treatment of petroleum refinery sulfidic spent 
caustic wastes by electrocoagulation, 
Separation and Purification Technology, 2013, 
107, 150-157. [Crossref], [Google Scholar], 
[Publisher]  
[3]. A. Rita, C. Rodrigues, M. Santos, S. Sanches, 
L. Madeira, Comparison of different strategies 
to treat challenging refinery spent caustic 
effluents, Separation and Purification 

https://orcid.org/0009-0006-5676-6816
https://orcid.org/0009-0006-5676-6816
https://orcid.org/0009-0006-5676-6816
https://orcid.org/0009-0006-5676-6816
https://orcid.org/0009-0006-5676-6816
https://orcid.org/0009-0006-5676-6816
https://orcid.org/0009-0006-5676-6816
https://doi.org/10.1016/j.cep.2018.02.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D+Bahri%2C+Mitra%2C+Alireza+Mahdavi%2C+Amir+Mirzaei%2C+Alireza+Mansouri%2C+and+Fariborz+Haghighat.+%22Integrated+oxidation+process+and+biological+treatment+for+highly+concentrated+petrochemical+effluents%3A+a+review.%22+Chemical+Engineering+and+Processing-Process+Intensification+125+%282018%29%3A+183-196.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0255270117307304
https://doi.org/10.1016/j.seppur.2013.01.051
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D+Hariz%2C+Ichrak+Ben%2C+Ayed+Halleb%2C+Nafaa+Adhoum%2C+and+Lotfi+Monser.+%22Treatment+of+petroleum+refinery+sulfidic+spent+caustic+wastes+by+electrocoagulation.%22+Separation+and+Purification+Technology+107+%282013%29%3A+150-157.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1383586613000737
https://orcid.org/0009-0006-5676-6816


 

  
 

127 

 

2025, Volume 6, Issue 2 

Technology, 2020, 253, 117482. [Crossref], 
[Google Scholar], [Publisher]  
[4]. C. Wu, Z. Gao, Y. Zhou, M. Liu, J. Song, Y. Yu, 
Treatment of secondary effluent from a 
petrochemical wastewater treatment plant by 
ozonation‐biological aerated filter, Journal of 
Chemical Technology & Biotechnology, 2015, 90, 
543-549. [Crossref], [Google Scholar], 
[Publisher]  
[5]. S. Shokrollahzadeh, F. Azizmohseni, F. 
Golmohammad, H. Shokouhi, F. 
Khademhaghighat, Biodegradation potential 
and bacterial diversity of a petrochemical 
wastewater treatment plant in Iran, Bioresource 
technology, 2008, 99, 6127-6133. [Crossref], 
[Google Scholar], [Publisher]  
[6]. M.Y. Ghaly, T.S. Jamil, I.E. El-Seesy, E.R. 
Souaya, R.A. Nasr, Treatment of highly polluted 
paper mill wastewater by solar photocatalytic 
oxidation with synthesized nano TiO2, Chemical 
Engineering Journal, 2011, 168, 446-454. 
[Crossref], [Google Scholar], [Publisher]  

[7]. G. Sivalingam, K. Nagaveni, M. Hegde, G. 
Madras, Photocatalytic degradation of various 
dyes by combustion synthesized nano anatase 
TiO2, Applied Catalysis B: Environmental, 2003, 
45, 23-38. [Crossref], [Google Scholar], 
[Publisher]  
[8]. L. Zhong, F. Haghighat, Modeling and 
validation of a photocatalytic oxidation reactor 
for indoor environment applications, Chemical 
Engineering Science, 2011, 66, 5945-5954. 
[Crossref], [Google Scholar], [Publisher]  
[9]. S. Zarinabadi, A. Samimi, M.S.M. Erfan 
Ziarifar, Modeling and simulation for olefin 
production in amir kabir petrochemical, 
proceedings of the world congress on 
engineering and computer science, 
International Association of Engineers, 2010. 
[Google Scholar]  
[10] A. Samimi, Risk management in EPC 
projects, Eurasian Journal of Chemical, Medicinal 
and Petroleum Research, 2024, 3, 185-195, 
[Crossref], [Google Scholar], [Publisher]

 

 

Copyright © 2025 by authors and SPC (Sami Publishing Company) + is an open access article 

distributed under the Creative Commons Attribution License (CC BY). which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 

https://doi.org/10.1016/j.seppur.2020.117482
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D+Rita%2C+A.+I.%2C+C.+S.+D.+Rodrigues%2C+M.+Santos%2C+S.+Sanches%2C+and+L.+M.+Madeira.+%22Comparison+of+different+strategies+to+treat+challenging+refinery+spent+caustic+effluents.%22+Separation+and+Purification+Technology+253+%282020%29%3A+117482.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1383586620319560
https://doi.org/10.1002/jctb.4346
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D+Wu%2C+Changyong%2C+Zhen+Gao%2C+Yuexi+Zhou%2C+Mingguo+Liu%2C+Jiamei+Song%2C+and+Yin+Yu.+%22Treatment+of+secondary+effluent+from+a+petrochemical+wastewater+treatment+plant+by+ozonation%E2%80%90biological+aerated+filter.%22+Journal+of+Chemical+Technology+%26+Biotechnology+90%2C+no.+3+%282015%29%3A+543-549.&btnG=
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/jctb.4346
https://doi.org/10.1016/j.biortech.2007.12.034
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D+S.+Shokrollahzadeh%2C+F.+Azizmohseni%2C+F.+Golmohammad%2C+H.+Shokouhi%2C+F.+Khademhaghighat%2CBiodegradation+potential+and+bacterial+diversity+of+a+petrochemical+wastewater+treatment+plant+in+Iran%2C+Bioresource+technology%2C+99+%282008%29+6127-6133.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0960852407010589
https://doi.org/10.1016/j.cej.2011.01.028
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D+M.Y.+Ghaly%2C+T.S.+Jamil%2C+I.E.+El-Seesy%2C+E.R.+Souaya%2C+R.A.+Nasr%2C+Treatment+of+highly+polluted+paper+mill+wastewater+by+solar+photocatalytic+oxidation+with+synthesized+nano+TiO+2%2C+Chemical+Engineering+Journal%2C+168+%282011%29+446-454.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1385894711000556
https://doi.org/10.1016/S0926-3373(03)00124-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D+G.+Sivalingam%2C+K.+Nagaveni%2C+M.+Hegde%2C+G.+Madras%2C+Photocatalytic+degradation+of+various+dyes+by+combustion+synthesized+nano+anatase+TiO+2%2C+Applied+Catalysis+B%3A+Environmental%2C+45+%282003%29+23-38.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0926337303001243
https://doi.org/10.1016/j.ces.2011.08.017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B8%5D+L.+Zhong%2C+F.+Haghighat%2C+Modeling+and+validation+of+a+photocatalytic+oxidation+reactor+for+indoor+environment+applications%2C+Chemical+engineering+science%2C+66+%282011%29+5945-5954.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0009250911005719
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D+M.Marof%2CS+zarinabadi%2CA+Samimi%2CModeling+and+Simulation+for+Olefin+Production+in+Amirkabir+Petrochemical+Company%2CProceedings+of+the+World+Congress+on+Engineering+and+Computer+Science%2C2010&btnG=
https://doi.org/EJCMPR/2024459569
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=Risk+Management+in+EPC+Projects+Amir+Samimi&btnG=
https://www.ejcmpr.com/article_210865.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

