
INTRODUCTION

Produced water is a by-product of gas and 
oil production; throughout the crude oil extrac-
tion, water rises to the surface from deep for-
mations. The treatment processes include basic 
separation techniques to remove oils, grease 
and all suspended and solid materials, as well as 
advanced processes to remove inorganic ions, 
organic compounds and radioactive materials 
[1, 2]. The amount of produced water ranges 
from 0.4 to 1.6, which is equivalent to twice 
the amount of oil extracted [3]. The produced 
water contains complex compounds comprising 
both inorganic and organic substances, with the 
main components of oils, free phenols, salts and 
emulsifiers [4]. If the remaining produced water 
is not treated, it will cause the studied problems 
concerning the environment [5]. Since the oil-
field wastes pollute the environment, they must 

be handled before being removed. Treating this 
waste can lead to enhanced separation of oil/wa-
ter, water recycling, environmental protection, 
oil recovery, and compliance with environmen-
tal legislation [6]. According to environmen-
tal legislation and concerns, there is no doubt 
that treating the produced water is important 
to reduce the resulting environmental damage. 
All strict environmental regulations require 
various types of treatment of wastes produced 
by gas and oil manufacturers before being re-
leased and injected into the reservoir [7]. The 
treatment of produced water is carried out for 
reducing the concentration of organic pollut-
ants to acceptable levels [8]. The conventional 
treatment that was implemented was less effec-
tive in removing some contaminants from the 
produced water [9, 10]. There are numerous 
techniques available for separating the oil con-
tent from produced water, Including various 
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ABSTRACT
This article describes the design of photo catalyst reactor for oil removing from produced water. Real produced 
water containing a combination of organic compounds was treated with zinc oxide nanoparticles. In this study, 
ultraviolet radiations were used to find the efficiency of removing the  oil  content from the  water produced 
that brought from the Al-Ahdab oilfield in kut/ Iraq by advanced oxidation process (AOP) using (ZnO/UV) 
in batch system and continuous system. In batch system were studied the effect of zinc oxide concentration 
(nanoparticles), time of irradiation, and pH. The highest removal rate of oil from the produced water (100%) 
was obtained during the following optimal conditions: ZnO NPs as catalyst = 55 mg/L, pH =3, at the time 
of irradiation of 90 minutes in batch experiments. In the continuous system, the effects of flowrate, number 
of UV-A lamp and time of reaction were studied, the results obtained were the efficiency of decomposition 
decreases with increasing the flow rate of solution in reactor, the maximum removal efficiency of the process 
(ZnO/UV) was 80% at 20 mL/min and irradiation time 120 min. In general, zinc oxide is beneficial through its 
high oil adsorption capacity in addition, It lowers the amount of oil in the produced water.
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coagulation / flocculation methods [11, 12, 
13], Adsorption [14], The biological separation 
process [15], and the process of separating the 
membrane [16]. However, none of the above-
mentioned treatment methods are currently 
used for produced water treatment. There is an 
optional additional treatment stage, known as 
(AOPs) advanced oxidation processes [17, 18]. 
Advanced oxidation process have evolved to 
be environmentally friendly wastewater han-
dling strategies that produce innocuous final 
results [19]. The fundamental strength of this 
chemical handling stems from the production 
of (*OH) hydroxyl radicals, it can effectively 
decompose and mineralize any organic pollut-
ant into H2O and CO2. AOPs are divided into 
two kinds: homogeneous and heterogeneous 
procedures that can be directed without or with 
light illumination. Homogeneous procedure 
is a common photochemical reaction that oc-
curs when iron particles and hydrogen perox-
ide (H2O2) react in the presence of light called 
(photo-Fenton) [20]. Heterogeneous photo-ca-
talysis utilizing semiconductor catalysts (ZnO, 
TiO2, CdS, and Fe2O3), It has proven ability to 
convert a wide range of powerful and mysteri-
ous organic materials into rapidly biodegrad-
able formulations, and permanently mineral-
izes them into harmless substances, carbon 
dioxide and water [21]. Zinc oxide (ZnO) has 
received the best effective of photo-catalysis 
among semiconductor catalysts. It has a more 
efficient catalyst with regard to removing pol-
lutants from water, because it generates (*OH) 
more efficiently, has high reactivity and min-
eralization rates, and it has greater active sites 
numbers with high surface interaction because 
of the high surface area relative to the volume 
[22]. Several researchers are debating the use 
of AOPs to eliminate organic pollutants: oxi-
dation of photo Fenton [23] and ZnO & TiO2 
as solar photo catalysts [24]. AOPs have been 
used by other researchers for such purposes 
as removing phenol [11], mineralization [3], 
gasoline-contaminated water treatment [25]. It 
was also used to remove the remnants of olive 
presses [26]. The objective of this study was 
to use photo-oxidation processes to eliminate 
the oil content from the produced water that 
was brought from the Iraqi Al-Ahdab oilfield: 
first, to determine the best value of zinc oxide, 
the pH and the irradiation time effects in batch 
system; nevertheless, in continuous system, 

UV lamps number, flow rate of produced wa-
ter, and UV radiation time effects were studied 
on the photo catalytic processes. It is important 
to remember that all organic compounds de-
composed, which means the oil is completely 
removed from the water produced.

EXPERIMENT

The experimental work was divided into two 
parts: batch system and continuous system by 
(AOPs). The effect of ZnO concentration, pH and 
reaction time were studied in the batch process, 
while the impact of UV lamps, effect of flowrate, 
and effect of reaction time were studied in the 
continuous oxidation process.

Materials

The substance used in this research are zinc 
oxide nanoparticles powder with a particle size 
35–45 nm (99% purity, USA), in order to adjust 
the pH NaOH (98% purity, India), H2SO4 (96% 
purity, Belgium) were used. Carbon tetrachloride 
(CCl4) solvent (99% purity, India) was used for 
extracting the oil content from produced water. 
The chemicals were used without any other ad-
ditive process.

The samples of produced wastewater were 
brought from the Ahdab oilfield in Waist prov-
ince in middle of Iraq. In order to obtain a valu-
able treatment, the water samples obtained from 
the aforementioned oil field for these tests were 
preserved under environmental conditions similar 
to their original environment that contain oxygen 
and other values. Table 1 shows the classification 
of produced water.

Table 1. Properties of the produced water
Parameters. Values  mg/L

Oil concentration 53.56

pH 6.7

TDS 105216

Conductivity 164400

TSS 88

Oxygen dissolved in water 0.09

Sulphate 2745

Iron 0.33

Calcium 4800

Magnesium 2133
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Methods

UV/ZnO NPs Batch Reactor 

In this study, a batch reactor was used with a 
magnetic stirrer. In a glass beaker of 250-ml vol-
ume, photocatalytic experiments were carried out 
using the advanced oxidation technique, It is a 
glass batch reactor in a UV chamber with three UV 
lamps (TL 8W BLB, Philips, Poland), each with 
an output of 8 watts and a wavelength of 365 nm. 
Zinc Oxide Nanoparticles were utilized in range of 
25–75 Mg/l at room temperature. The pH ranges 
of 3–8.5, and the irradiation period ranges from 30 
to 150 minutes were employed. At first, 150 mL of 
produced water was poured into a 250 mL beaker 
and the pH was changed before adding the ZnO 
NPs catalyst, the solution pH was regulated with a 
pH meter (Model: BP3001, Singapore). The exper-
iment was started by turning on the magnetic stir-
rer at 300 ppm to ensure uniform mixing of the so-
lution in the beaker and turning on the UV lamps. 
After the experiment was completed, the sample 
was finely taken and analyzed using a UV spectro-
photometer at 291 nm, as illustrated in Figure. 

Continuous flow reactor system setup

Figure 2 shows the general sketch of the ex-
perimental design. The hollow chamber (6) was 
completely made of wood with the volume size of 
90×70×70 cm3 and painted black color from the in-
side to ensure that the UV light was not distracted. 

The box containing the continuous photocatalytic 
glass reactor was shown in Figure 3. The reactor 
is made up of two layers of glass, and its dimen-
sions are 70×30×1 cm. The depth between these 
layers is 4 mm, the top layer glass is 6 mm thick, 
and the bottom layer is a reflexive mirror. The so-
lution flows through the upper and lower layers. 
The solution was prepared in a feed tank (1) with 
a 15-liter capacity. In order to supply the produced 
water to the reactor, a water pump (2) was used 
and (5) is a calibrated flow meter used to control 
the flow levels of produced water passing through 
the reactor.

Continuous flow Photocatalytic Process

The photocatalytic oxidation of oil was ac-
complished by dissolving the required amount 
of photocatalytic powder in 15 liters of produced 
water. The oil content of the solution was 53.56 
ppm. The pH of the feed tank (1) was adjusted to 
6.7 by adding a diluted H2SO4 solution, the ap-
propriate amount of ZnO NPs equal to 25 mg/l 
was added into feed tank (1). In order to achieve 
consistent mixing, valve (4) was closed to allow 
the solution to circulate for 15 minutes. Then, 
the solution was allowed to flow into the photo-
catalytic glass reactor (6) from the feeding tank 
(1), after turning on the pump (2). The ultraviolet 
lamp source putted on the continues flow glass 
reactor (6) was switched on. The used flow rates 
were controlled with the calibrated flow meter; 
they amounted to 20, 30, 40, and 50 ml/min. A 
valve (7) was used to take samples for testing. All 

Figure 1. Photograph of reactor Batch System
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experiments were conducted at room temperature. An efficiency equation was used for measuring the 
efficiency of oil removal in produced water.

𝑂𝑂𝑂𝑂𝑂𝑂 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑂𝑂 𝐸𝐸𝐸𝐸𝐸𝐸𝑂𝑂𝐸𝐸𝑂𝑂𝑅𝑅𝐸𝐸𝐸𝐸𝐸𝐸 =  𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐶𝐶𝑖𝑖𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡
𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

× 100, % (1)

where: η - Oil removal efficiency; Cinitial - untreated Oil concentration; Ctreated - treated Oil con-
centration in (ppm).

The following procedure used to obtain the 
amount of oil concentration in the produced wa-
ter was measured by using a spectrophotometer 
(GENESYS 10uv, USA) at the maximum absorp-
tion wavelength 291 nm. 0.5 grams of NaCl salt was 
added in the separating funnel to 100 ml of produced 
water in order to break the emulsion of the oil. Then 
10 ml of carbon tetrachloride (CCl4) was added, fol-
lowed by shaking vigorously for 2 minutes. After, 
20 minutes the solution was separate in two layers, 
the organic layer (lower layer) was used to measure 
the absorbance value; later, the oil content concentra-
tions were calculated using a standard curve.

RESULTS AND DISCUSSION

Batch Photocatalyst experiments

The effect of ZnO NPs dosage on Oil Removal

In general, the dose of the photo catalyst is 
recognized for its effect on the decomposition of 
the pollutant according to the interactivity between 
concentration of the organic pollutants in the so-
lution and quantity of active sites in the element; 
therefore, the catalyst performance along with the 
quantity of active sites [27]. The effect of various 

Figure 2. Sketch of designed continuous system., (1) Feeding. tank contain (P.W), (2) Pump.; 
(3) Divider.; (4) Valves.; (5) Calibrated flowmeter; (6) The hollow chamber inside is the 

photocatalytic reactor; (7) Valve for extracting samples, and (8) Tank contains treated (P.W)

Figure 3. Photo of Photocatalytic glass reactor
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ZnO NPs concentrations on the photo-chemical 
decomposition of oily produced water from 25 to 
75 ppm (ZnO/UV) process was studied. The effi-
ciency results are shown in Figure 4. At a pH of 6.7 
and radiation time 90 min, the initial concentration 
of zinc oxide ranging from 25 to 55 ppm raises the 
oil removal efficiency from 81% at 25 ppm to reach 
the maximum efficiency of oil removal 94.875% at 
55 ppm. Then, the oil removal efficiency decreased 
to 85% and 77.837% when increasing the concen-
tration of ZnO NPs to 65 and 75 ppm, respectively.

The effect of UV radiation time

The influence of ultraviolet radiation time 
required to decompose the organic pollutants 
present in produced water was studied in range 
30–150 minutes. The relationship between ir-
radiation time and removal of oil content by 
photo catalysis using batch experiments was 
studied. Figure 5 shows that the irradiation time 
increased along with the oil removal percent-
age and that the maximum irradiation time is 

150 minutes, while the best irradiation time is 
90 minutes. This is consistent with the results 
[28, 29]. In general, the photocatalytic treatment 
requires minimal electricity consumption, which 
is approximately 60% of the total operating cost; 
however, the materials present in the solution 
can remain structurally similar to the primary 
organic compounds and thus, not degradable, if 
the pretreatment time is very short [23].

The Effect pH value on Oil Removal

In treating oily water, the pH is a significant 
key factor, in which the pH value for solution 
controls with the rate of production of free radi-
cals that are created in the photocatalytic treat-
ment. In order to obtain the maximum efficiency 
of oil removal, the pH effect was studied at vari-
ous values on oil removal efficiency in photo-
catalytic processes by using ZnO NPs 55 ppm; 
radiation time 90 min with different pH. Figure 
6 shows the maximum removal efficiency of oil 
content was 100% when pH was equal to 3.0, 

Figure 4. The effect dosage of ZnO on oil removal at pH = 6.7, 3 UV lamps, time radiation = 90 minute

Figure 5. The effect of UV radiation time on removal % (ZnO NPs = 25 ppm; pH = 6.7; temp. = 20–25 °C)
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and reduced gradually to minimum removal ef-
ficiency 87.21% at pH = 8.5. Therefore, reducing 
the value of pH improves the active area of the 
catalyst agent; thus, at different pH, the catalyst 
surface charge can be in an effective wide range, 
which comes into contact with the adsorbent par-
ticles on the surface of the adsorbent and affects 
the removal efficiency rate; This agrees with [30].

Continuous system experiments

In this study, the continuous system of photoca-
talysis was studied, the effect of flow rate for water 
produced in the glass reactor as well as the effect of 
UV lamp number and the effect of reaction on the 
percentage of oil removal were studied. The factor 
for evaluating the continuous system was variable, 
while the others remained constant. The efficiency 
of removing oil content from the produced water 
was tested under various conditions.

The effect of UV lamps number

The impact of the UV lamp on oil removal ef-
ficiency in the catalyzed photocatalytic reactor was 
studied by change the of UV lamps number utilized 
(1, 2 and 3) on continuous photo catalysis (each with 
8 Watt and wavelength = 365 nm). The procedure 
was tested to determine the number of UV lamps 
required for high oil removal efficiency. Parameters 
and quantity were kept constant (initial oil concen-
tration in product water = 53.56 mg/L, pH = 6.7, 
flow rate = 20 mL/min, zinc oxide = 25 mg/L, time 
= 90 min at room temperature). Figure 7 illustrates 
the results of the removal efficiency of oil content 
from produced water increased along with the vari-
able number of UV-A lamp from 1 to 3 due to the 
increase of free radicals. This is consistent with [31].

The Flow Rate effect on removal efficiency

The flow rate is an important parameter for 
investigating the percentage of oil recovery 

Figure 6. Effect various pH value on efficiency % (ZnO NPs = 55 ppm; 
radiation time = 90 min; temp.= 20–25 °C)

Figure 7. The effect of Uv lamps number with oil removal (ZnO NPs = 25 ppm; 
radiation time = 90 min; temp. = 20–25 °C)
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from the water produced passing through the 
glass continuous photocatalytic reactor. By 
adjusting the flowrate of the produced water 
for the following ranges of 20, 30, 40, 50 ml/
min, the oil removal efficiency was analyzed 
by using ultraviolet light (3 UV lamps, each of 
8 watts with wavelength of 365 nm). Figure 8 
shows that the high flow rate of the produced 
water in the continuous reactor has an adverse 
effect on the quality of oil removal. Moreover, 
the results showed that the efficiency of re-
moving oil content increases with decreasing 
flow rate of the produced water, and vice ver-
sa. The flow rate of 20 ml/min of the solution 
obtains the highest removal efficiency of the 
oil content at 75.6% and decreases gradually. 
Thus, it is evident that the residence time of 
pollutant particles in the water produced with 
ZnO NPs is an important factor, and this coin-
cided with [32].

The effect reaction time on removal efficiency

The reaction time of the water produced in a 
glass continuous reactor depends on the size of 
the reactor and the rate of solution flow into re-
actor. The effect of reaction time was studied un-
der the following conditions: oil concentration 
in water produced = 53.56 mg/L, 3 UV lamps, 
pH = 6.7, room conditions, ZnO NPs = 25 ppm. 
Figure 9 illustrates the resulting indicate that 
the primary degradation rate is high, which is 
likely due to the increased interaction between 
the water produced and the surface of the photo 
catalyst. The efficiency of oil removal in the first 
30 minutes was 49.11%. After increasing the 
cumulative volume retention time of the photo 
reactor at 60 minutes, the oil removal efficiency 
increased to 61.73% and then to 75.6% at 90 
minutes. After increasing the radiation time to 
120 minutes, the oil degradation level was re-
markably constant at 80% of efficiency of oil re-
moval. This is in agreement with [33]. 

Figure 8. The Flow rate effect on the removal efficiency (ZnO = 25 mg/l, and 3 UV lamps, radiation time = 90 min)

Figure 9. The reaction time effect on efficiency of oil removal (ZnO = 25 mg/l, 3 UV lamps, temp. = 20–25 °C)
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CONCLUSIONS

In this study, the recovery of oil content from 
the water produced in Al Ahdab oilfield was 
studied by using heterogeneous catalytic ZnO 
nanoparticles for batch and continuous processes. 
The zinc oxide oxidant with the ultraviolet light 
(ZnO/UV) was used to destroy the organic pol-
lutants in produced water. Decomposition of the 
oil content in produced water was performed in a 
glass reactor. The advanced oxidation process is 
an environmentally friendly method to eliminate 
the organic pollutants present in produced water 
and ZnO is a highly efficient oxidizing agent, re-
liable and stable semiconductor for elimination 
of organic pollutants under UV irradiation. In a 
batch system, very low catalyst concentration of 
ZnO NPs = 55 mg/L with pH = 3 as the optimum 
operating conditions achieved 100% removal ef-
ficiency of oil content. In continuous treatment 
system, flow rate, UV lamps number and reac-
tion time effects were studied, the maximum oil 
removal percentage was 80% at 120 minutes.
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