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INTRODUCTION

The wastewater produced during crude oil 
extraction processes is known as produced water 
(PW). When this water is brought to the surface, it 
contains complex pollutants such as scattered and 
dissolved organic and inorganic compounds (Mo-
hanakrishna et al., 2021). Toxic and dangerous 
pollutants, such as organic matter, dissolved salts, 
and natural minerals, exist in the produced water, 
causing risks to public health and the environment 
(Rana et al., 2021). The pollutants of produced 
water consist of many toxic materials, inorganic, 
and organic components such as (oils, grease, 
phenols, Sulfate, phosphate, salts, minerals, and 
heavy materials); due to its dangerous nature, 
wastewater polluted with oil can cause significant 

environmental issues (Villegas et al., 2016)(Mus-
tafa et al., 2013). Oily-produced water contains 
aliphatic, aromatic, and phenols, so the removal 
processes from wastewater is a global concern 
since they are deemed carcinogenic and hazardous 
to the ecosystem and public health (Villegas et al., 
2016; Tetteh et al., 2020). For recycling and reuse, 
this sort of wastewater management requires af-
fordable and environmentally beneficial ways of 
treatment. A strategy that can be used is a three-
tiered water hierarchy: reduction, disposal, as well 
as preparation for reuse and recycling.

There are many ways to treat this type of wa-
ter; for the separation of organic content from 
generated water, a variety of approaches are avail-
able, including coagulation (Jabbar and Alatabe, 
2021; Hadi et al., 2020), adsorption (Alatabe et 
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al., 2021), biological separation (Lekomtsev et 
al., 2021), and membrane separation (Shawkat 
et al., 2016). None of these treatment methods, 
however, adequately treats the produced water. 
Advanced oxidation processes are a different 
stage of treatment that is optional (AOPs) (Rue-
da-Márquez et al., 2015; Poyatos et al., 2010) 
An alternative to traditional treatment methods, 
advanced oxidation processes (AOPs) have been 
studied for the treatment of the wastewater that 
has been contaminated with oil. AOPs are dis-
tinguished by the employment of highly reactive 
intermediates called hydroxyl radicals (•OH), 
which attack and mineralize the organic contami-
nants in the wastewater. The two types of AOPs, 
homogeneous and heterogeneous, can be directed 
with or without light illumination. When iron at-
oms and hydrogen peroxide (H2O2) interact with 
light, a standard photochemical process known 
as a homogeneous procedure takes place (Photo-
Fenton) (Alkhazraji and Alatabe, 2021).

Heterogeneous photo-catalysis, which uses 
semiconductor catalysts (ZnO, TiO2, CdS, and 
Fe2O3), has demonstrated the ability to transform 
various potent and enigmatic organic materials 
into quickly biodegradable formulations as well 
as permanently mineralize them into inert ele-
ments like carbon dioxide and water (Malato et 
al., 2009). The Photo-Fenton, Fenton, UV, and 
TiO2 photo-catalytic processes were applied in 
the current study to treat an oily effluent at an 
oilfield (Alslaibi et al., 2014). The exact surface 
area of nano-dimensional TiO2 supports well-or-
ganized charge separation and charge trickery of 
ions on the TiO2 surfaces. The nano-sized TiO2 
nanoparticles increased oxidative power with 
the associated aqueous phase opacity (Benhebal 
et al., 2013; Lee and Park, 2013). The employ-
ment of AOPs to remove organic pollutants is be-
ing debated by some researchers, including ZnO 
and TiO2 as solar photocatalysts (Maklavany et 
al., 2021) and oxidation of photo Fenton. Other 
researchers have used AOPs to remove phenol, 
mineralize (Khataee et al., 2019), and remove 
dyes from an aqueous medium. It was also em-
ployed to remove olive press residue (Campos et 
al., 2002; Chatzisymeon et al., 2013).

The main goal of this work was to separate 
the oil from generated water of Al-Khabaz Oil-
field, North of Iraq, using (Homogeneous pro-
cess) Fenton, photo Fenton, and photolysis (UV 
only). first, to find the efficient process that in-
vestigated high removal efficiency and second, 

to study the impact of reagent dosage, the impact 
of light intensity, pH value, and irradiation pe-
riod on the process. It is important to note that 
the removal of oil entails the degradation of all 
organic pollutants.

EXPERIMENT

AOPs were used for the experimental work 
batch system process. The effects of pH, reaction 
time, UV lamp influence, H2O2, Fe+2 concentra-
tions, and TiO2 concentration were investigated.

Materials

The chemicals utilized in this study are hy-
drogen peroxide (30% W/V, India), Fe+2 (India, 
99 % purity), NaCl (India, 99.5 % purity), NaOH 
(98% purity, India), H2SO4 (96%purity, Belgium) 
to modify the pH, and titanium dioxide (rutile) 
nanoparticle powder with a particle size of 20 to 
30 nm (99% purity, Qingdao Hesiway).

The oil component of the generated water 
was extracted using (95% purity, India) an or-
ganic solvent n-Hexane (CH3.(CH2)4.CH3), (95% 
purity, India). The Al-Khabaz oilfield in northern 
Iraq provided samples of the generated effluent. 
the water samples collected from the oil men-
tioned above were used in experiments and stored 
under conditions comparable to those in their nat-
ural environment that contained oxygen and other 
values to acquire a valuable treatment. The clas-
sification of produced water is shown in Table 1.

Methods

UV/H2O2/Fe+2 batch reactor

In this study, a batch reactor with a magnetic 
stirrer was used. It is a glass batch reactor in a 
UV chamber with (2–10) UV lamps, each with 
an output of eight watts and a wavelength of 365 
nanometers (TL 8W BLB, Philips, Chine), which 
were used to conduct photo-Fenton experiments 
in a 250 ml glass beaker under ideal conditions. 
Fe+2 (2–20 mg) and H2O2 (20–100 ml) were used 
at room temperature.

A pH range of 2.5–9.5 and an irradiation time 
of 30 to 120 minutes were used. Before adding the 
chemicals, 100 mL of the produced water was first 
poured into a 250 mL beaker, and the pH of the 
solution was adjusted using a pH meter (Model: 
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pHep4 pH/temperature Tester-H1-98127). The 
experiment was started by turning on the UV 
lamps and the magnetic stirrer at 200 revolutions 
per minute to achieve a uniform blending of the 
solution in a glass beaker.

Following the experiment, a fine sample was 
obtained and examined with a UV spectropho-
tometer at 236 nm.

Fe+2/H2O2 batch reactor

The same things of photo-Fenton were used 
in this process but without using UV lamps at 
room temperature and under optimal conditions. 
The magnetic stirrer was turned on at a speed of 

200 rpm to begin the experiment. Following the 
investigation, a fine sample was obtained and ex-
amined with a UV spectrophotometer at 236 nm.

Direct UV photolysis process 
(only UV) batch reactor

Only UV (2–10) lamps were used in this step 
without adding any reagents, at room temperature 
and under optimal conditions. The UV lamps and 
magnetic stirrer were turned on and set to 200 
revolutions per minute to begin the experiment. 
Following the investigation, the material was ex-
amined with a UV spectrophotometer at a wave-
length of 236 nm.

Photocatalytic heterogeneous method TiO2/UV

FT-IR, XRD, and SEM experiments were 
used to study the characteristics of the catalyst 
titanium dioxide nanoparticles.

Fourier transforms infrared spectroscopy

The chemical composition and structural 
stability of the catalyst TiO2 nanoparticles were 
investigated using Fourier transmission infrared 
spectroscopy (FT-IR). Figure 1 depicts the ab-
sorption values of the titanium dioxide sample, 
which range from (424.77 to 3403.71 cm-1)

X-Ray diffraction analysis

The pattern of XRD analysis is used to deter-
mine the crystalline phases of the titanium diox-
ide nanoparticle, revealing the information about 

Table 1. Characteristics of the produced water
Parameter Value

API at 60 °F 26.8

Calcium 0

Conductivity 84500 μs/cm

Iron 0

Oil concentration 15.02 mg/l

Density at 60.08 °F 1.12245 g/cm3

Magnesium 1%

Sulphate 8945 mg/l

Sp.gr 1.1233

pH 5.8

Phosphate 0.1031 mg/l

TDS 54220 ppm

TSS 31 mg/l

Turbidity 25.9

Figure 1. Fourier transforms infrared spectroscopy of TiO2 NPs
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its chemical structure, by studying the crystalline 
structure of the substance (Dubey et al., 2021; 
Dubey and Singh, 2017). Figure 2 depicts all of 
the obtained peaks.

Scan electron microscopy (SEM) analysis

The surface shape of the catalyst was deter-
mined by SEM examination of TiO2 nanoparticles, 
which is one of the most important factors influenc-
ing photocatalysis performance. The SEM images 
reveal that the TiO2 nanoparticles were equally pro-
duced and spherical, as shown in Figures 1, 2 and 3.

UV/TiO2 nanoparticles batch reactor

In this technique, a batch reactor with a mag-
netic stirrer was used. Photocatalytic tests were 
carried out in a 250 ml glass beaker with a batch 
reactor in a UV chamber using UV lamps with 
an output of 8 watts and a wavelength of 365 
nm (TL 8W BLB, Philips, China). Then, 25–75 
mg of (TiO2) nanoparticles was used at ambient 
temperature. A pH range of 2.5–9.5 and an irra-
diation time of between 30 and 120 minutes were 
used. Before adding the TiO2 nanoparticles cata-
lyst, 100 mL of the generated water was placed 
into a 250 mL beaker, and the pH was adjusted. 
The UV lamps and magnetic stirrer were turned 
on and set to 200 revolutions per minute to begin 
the experiment. Following the experiment, a fine 
sample was obtained and examined with a UV 

spectrophotometer at 236 nm. The experiments 
were carried out at room temperature. The ef-
fectiveness of removing oil from generated water 
was calculated using an efficiency equation.

 
 
𝜂𝜂 = 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐶𝐶𝑖𝑖𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡

𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
 × 100 %  (1)

where: η – oil removal efficiency, Cinitial – the con-
centration of untreated oil in (ppm), Ctreated 
– the concentration of treated oil (ppm).

The effluents were tested for oil concentra-
tion using the following process, which involved 

Figure 2. TiO2 Nanoparticle x-ray diffraction pattern

Figure 3. Scanning electron microscopic 
of TiO2 nanoparticles
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utilizing a spectrophotometer (GENESYS 10uv, 
USA) set to its maximum absorption wavelength 
of 236 nm. To dissolve the oil emulsion, 50 ml of 
generated water was mixed with 0.25 grams of 
NaCl salt in the separating funnel. After adding 
5 ml of (n-Hexane), the mixture was shaken for 
2 minutes. The solution was split into two layers 
after 20 minutes, the organic layer (upper layer) 
was utilized to determine the absorbance value, 
and then a standard curve was used to compute 
the oil content concentrations.

RESULTS AND DISCUSSION 

Effect of UV irradiation time

The range of 30–120 minutes was tested for 
the influence of ultraviolet radiation on the amount 
of time needed to eliminate the organic contami-
nants found in generated water. Batch experiments 
investigated the link between irradiation time and 
oil removal effectiveness by photo-Fenton, direct 

UV photolysis procedures, and photocatalytic pro-
cess (TiO2/UV). Figure 4 shows the oil removal 
efficiency increased by increasing irradiation time 
and shows the highest removal rate was obtained at 
120 min, which is the maximum irradiation time. 
This observation agreed with (Horng et al., 2009). 

Effect of pH value

In batch systems, the impact of pH at differ-
ent values (ranging from 2.5 to 9.5) on the effec-
tiveness of oil removal was investigated. Figure 
5 illustrates the efficacy of oil removal at pH=2.5 
and the efficiency decreasing at high pH values 
(the oxidation potential of free radicals (•OH) de-
creases with an increase in pH value) to achieve 
the highest efficiency possible. This is compatible 
with (Mota et al., 2008).

Effect of hydrogen peroxide (H2O2) doses

To find the optimal dose required for oil degra-
dation in the produced water. Several experiments 

Figure 4. Effect of UV irradiation time

Figure 5. Effect of pH value
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were conducted on the homogeneous Photo-Fen-
ton and Fenton processes within doses (20–100) 
ml. The results presented in Figure 6 and Figure 7 
show that the optimal amount is 20 ml (the high-
est removal efficiency achieved in this dose). An 
increase in H2O2 does reduce the efficiency of oil 
removal in the Photo Fenton process as a result of 
the reactivity of free radicals (•OH) with excess 
hydrogen peroxide doses (H2O2), this reaction 
will produce(•OH). These radicals are inadequate 
compared to the (•OH) radicals (Al-atabe, 2018) 
the Fenton process observed, the oil degradation 
increases by 20 to 80 ml dose of H2O2. The opti-
mal removal is achieved in a dose of 80 ml when 
the concentration of H2O2 increases to 80 ml, and 
the degradation rate decreases. This is in accor-
dance with (Tony et al., 2012).

Effect of Fe+2

Several tests were performed to investigate 
the impact of the ferrous sulfate (Fe+2) doses on 
the Photo-Fenton process and Fenton at the con-
centrations 2–18 mg. From Figure 8 and Figure 9, 

it was concluded that when ferrous sulfate (Fe+2) 
doses increase, the oil removal efficiency gradu-
ally increases (the optimal amount was 18mg) for 
each process Fenton and photo-Fenton. This is 
following (Coha et al., 2021).

Effect of UV intensity

In this study, the impact of the number of 
UV lamps on Photo-Fenton, direct UV photoly-
sis, and photocatalytic (TiO2/UV) processes at 
(2–10) lamps (16–80 watt) was shown. Figure 10 
demonstrates that the efficiency of oil removal 
decreases as the UV intensity increases in the 
photo-Fenton process (the best intensity is 16 
watts (2 lamps)). Because the produced water 
was not exposed to any true primary treatment 
process, it may contain a variety of chemicals 
and ions that interact with reagents and oppose 
ultraviolet radiation, but in direct UV photoly-
sis, and photocatalytic (TiO2/UV) processes the 
removal of oil increase with increasing in UV’S 
intensity as shown in Figure 11 and Figure 12. 
(Mitrović et al., 2012).

Figure 6. Photo-Fenton process – effect of hydrogen peroxide doses

Figure 7. Fenton process – effect of hydrogen peroxide doses
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Effect of TiO2 nanoparticles doses

Several studies were performed to assess the 
effect of TiO2 dosages ranging from 25 to 75 mg. 
Figure 13 shows that oil removal efficacy improved 
from 25 mg to to 55 mg to attain optimum elimina-
tion effectiveness; oil removal efficiency declined 

above this value dose of TiO2 nanoparticles. Exces-
sive catalyst dosage will have a negative effect due 
to higher suspension, which prevents photon flux 
penetration and affinity for agglomeration, resulting 
in less surface area of catalyst available for light ab-
sorption and, as a result, a decrease in photocatalysis 
destruction rate. (Hassan and Al-Zobai, 2019).

Figure 8. Impacts of Fe+2 in Photo-Fenton process

Figure 9. Impacts of Fe+2 in Fenton process

Figure 10. Photo-Fenton process – impacts of UV intensity



155

Journal of Ecological Engineering 2023, 24(9), 148–157

CONCLUSIONS

This work used sophisticated oxidation tech-
niques, including homogeneous (Fenton, photo-
Fenton, and UV photolysis processes) and het-
erogeneous catalytic TiO2 nanoparticles for batch 

processing, to explore the separation of oil from 
the oilfield wastewater in the Al Khabaz oilfield 
in northern Iraq. The glass reactor was used 
for this operation, and the best conditions were 
used for the most effective oil removal. The out-
comes of the experimental work demonstrate that 

Figure 11. Direct UV process – impacts of UV intensity

Figure 12. Photocatalytic process – impacts of UV intensity

Figure 13. Photocatalytic process – impacts of (TiO2) nanoparticles doses
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photo-Fenton oxidation is a successful treatment 
method. The effects of irradiation time, pH, H2O2 
& Fe+2 dosages, the intensity of UV, and TiO2 con-
centrations were studied; the results show that the 
effective way to remove oil was achieved in the 
Photo-Fenton process, approximately = 85.68% 
of oil content was degraded in a reaction time of 
2 hours. FT-IR, SEM and XRD tests were studied 
to investigate the properties of the catalyst tita-
nium dioxide nanoparticles. The results showed 
absorption values of the TiO2 sample in FT-IR 
analysis varied from 424.77 to 3403.71 cm-1, TiO2 
NPs had a spherical appearance with sizes rang-
ing from 31.57 to 38.40 nm, and XRD got details 
about the structure of the titanium dioxide.
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