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ABSTRACT
Oily waste water treatment beforehand injection into reservoirs of oil is required to diminish creation damage. This
can be done using solar -catalytic procedure to lessen the oil droplets in oily waste water. In order to optimize the
purification of waste water and, a new technique of degradation (the heterogeneous solar-catalysis) of the oil
content was underlined. As catalysts we chose a semiconductor which are ZnO, TiO2 and AL2O3 in the presence of
solar as source of energy. The results show that the adsorption of the oil content on catalyst agent supported in
absence of radiation solar is negligible. It was found that the removal of oil content by zinc oxide touched 95.2 %
and 92.11%, 80.7% for titanium dioxide and aluminum oxide respectively in pH=7.42 and 120 min irradiation time.
The capability of catalyst agent to eliminate organic was augmented after addition different catalyst agent.
Generally, zinc oxide meaningfully by its high ability to adsorb suspended solids and organic compound from oily
waste water, in addition, decreases the economic cost of waste water treatment. The kinetics of organic degradation
follows pseudo-first order.
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1. INTRODUCTION
Crude oil is transformed into petroleum
and other useful by-products through refining processes. Crude oils refining produces huge quantities of wastewater produced which consists of cool
ing water, process water, storm water, and sewage
[Tony et al., 2012, Fouad et al., 2014 and Hosny
et al., 2016]. The volume of waste water is about
0.4–1.6 times the volume of crude oil processed
[Aziz et al., 2012 and Diya’uddeen et al., 2011],
then has a complex composition that comprises organic and inorganic materials, with the chief constituents being free and emulsified oils, salts and
phenols. Among these apparatuses, the oil fraction, collected of hydrocarbons and fatty acids, is
topic to more parliamentary limits for discharge
[Jiménez et al., 2017, Darani et al., 2018]. The left
over if not treated will reason thoughtful problems
for the environment [Sapareng et al., 2018, Opoku
et al., 2018]. The purpose of meet environmental
rules along with reuse and recovering of oily waste
water, numerous researchers have attentive on treating refinery waste water [Fakhru’l-Razi et al.,
2009]. Conservative wastewater managements are
not passable to treat confident chemical composites produced by human activity, which are finally
deposited in the environment [Velo-Gala et al.,
2014, Naeem et al., 2018]. Conventional technologies, including biological [Kang et al., 2005].
Coagulation-flocculation [Amuda et al., 2007], flotation [Silva et al., 2015 and Amin et al., Mofrad
et al., 2017] and adsorption are frequently practical to remove aqueous contaminants [El-Din et
al., 2017 and El-Sayed et al., 2017]. Despite exten-

sive use of these approaches for the refinery
wastewater treatment, however, these methods are
non-destructive, subsequently they fair transfer
the contaminant from water to solid matrix
[Kestioğlu et al., 2005]. This curb has fortified the
development of additional well-organized and
environmental-friendly schemes for oily wastewater treatment. One opportunity for refinery waste
water cleansing is chemical treatment as a posttreatment built on chemical oxidation processes
[Rueda et al., 2015]. Advanced oxidation processes (AOPs) have appeared as a suitable waste
water treatment alternative because it has demonstrated rapid degradation of recalcitrant and nonbiodegradable compounds in waste water [Rozas
et al., 2010]. The routine of the AOPs rises when
the quantity of free radicals created upsurges. A
conceivable way to upsurge the free radical (OH)
manufacture is through using great energy electromagnetic waves [Coenen et al., 2013]. Advanced
oxidation processes are biologically friendly manufacturing harmless end-products such as CO2 and
H2O2 [Tony et al., 2009] and these methods can
result in practically comprehensive mineralization
of organic contaminants and operative for a widespread range of organics [Youssef et al., 2016].
Many researchers studied the chemical on oily
water treatment such as Palaniandy et al., [2015]
investigates the use of solar-two catalyst titanium
dioxide and photo-Fenton methods. Tony et al.,
[2009] evaluating the photo-catalytic application
aimed at the mineralization of organic compounds. Palaniandy et al., [2016] appraising photooxidation of TOC and COD in refinery waste
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water by using titanium dioxide and zinc oxide
photo-catalyst. Coelho et al., [2006] studied refinery sour water by AOPs.
This study interested on oil removal from
oily waste water solution by using solar catalytic
oxidation. Find the optimum value of catalysts
agent concentration by studying the belongings of
pH and irradiation time on solar catalytic oxidation.
2. MATERIALS AND METHODS
2.1 Materials: Titanium dioxide TiO2-P25, Zinc
oxide, Aluminum oxide, NaOH and H2SO4 (Merck-India). Distilled water was used for training of
several solutions. The pH significance of the solutions was attuned by 1 N H2SO4 or 1 N NaOH.
2.2 Oily waste water: Oily waste water contaminated with oil droplets illustration was kindly got
from the native Iraqi oilfield, Samawah oil field in
Al-Muthanna governorate. The oily waste water
used in these experimentations’ existence carried
from oilfield bare to the atmosphere and at that
time reserved in an environment alike to their native habitat that encloses oxygen until the treatment process is valuable. Characterization of oily
waste water is measured strongminded in the research laboratory of Samawah oil field at Al-Muthanna governorate are pH=7.42, iron=0.33 mg/L and
sulphate=61.2 mg/L. The other substances available in refinery waste water are measured in the
laboratory and shown in Table 1.
Table 1: The oily waste-water properties in this study.
Parameter
Value
Oil
Turbidity
Solution oxygen content
Specific gravity
conductivity
TDS
viscosity

167.89 (mg/L)
61.9 NTU
0.065 (mg/L)
0.997
170000 μs/cm
110000 (mg/L)
1.311 m Pa/S

2.3 UV/ TiO2 bench-scale solar batch reactor:
Solar catalytic squalor experimentations were approved out in 250 cm3 glass batch reactor enclosed
150 cm3solution from oily waste water surprised
at an equal stirring velocity about 250 rpm for 30120 min in the solar catalytic reactor. A magnetic
stirrer was rummage-sale to confirm uniform mixing of solution in beaker. The pH was adjusted
before adding the reagents by adding a dilute
H2SO4 or NaOH solution in the beaker, the pH of
solutions was restrained using WTWpH-720 digital pH meter. Different catalytic agent used in the
range of (50-200) ppm.
2.4 Determination of organic concentration by
means of UV-spectrophotometer analysis: 0.2
gm of sodium chloride was additional to 40mL

refinery waste water in the separating funnel with
the purpose of disruption the emulsion of oil. 4 ml
of CCL4 was extra and shadowed by vital shaking
for 2min. After 25 min, when the solution unglued
into two separate layers, the lower (oil) layer was
occupied for the absorbance dimension, and from
the calibration curve, oil content was obtained.
The turbidity was slow using turbid meter (Lovibond, SN 10/1471, Germany) and recite the turbidity.
2.5 AOPS effectiveness and kinetic model: The
alteration in the concentration of oil content in
oily waste water during the solar catalytic process
was measured using UV spectrophotometer (UV1800 Shimadzu, Japan) and the consequences were
transformed into the consistent concentrations
(A). The oily waste water competence was designed using the subsequent (Eq. (1)):
𝐴 −𝐴
𝜂 = ∘𝐴 𝑡 𝑥100%
(1)
∘

where η, percentage of oil removal; Ao, measured concentration before the treatment (mg/L );
At concentration value after treatment (mg/L ).The
kinetics of the solar chemical degradation rate of
oil removal was strongminded by means of the
Langmuir–Hinshelwood kinetics classical, by way
of given in the following (Eq. (2)): The pseudofirst-order rate constant, k1(min−1). A plot of ln
(Ao/A) against time aimed at each experimentation lead toward a straight line whose slope is K1
[Jawad 2016 and Hassaan, 2017] .
𝐴
𝑙𝑛 [ 𝐴𝑂 ] = 𝐾1 𝑡
(2)
3. RESULTS AND DISCUSSION
3.1. Solar squalor of oily waste water using
agent catalysts: To elucidate the role of agent concentration on the solar squalor of oily waste water
taken in this investigation in the solar-catalytic
some experimentation were approved out by changing the catalyst agent concentrations at constant
initial pH, initial waste water for the solar catalytic treatment within irradiation time of 120 min.
As shown in Figs.1, 2 and 3 for zinc oxide, titanium dioxide and aluminum oxide respectively, the
consequence of diverse concentrations of catalyst
agent on the solar catalytic poverty of the oil pollutants was likewise experiential. The upsurge in
catalyst slurry concentration in oily waste water
samples consequences in superior surface of area
and extra active sites obtainable for the oxidation
of organic pollutants.
The catalyst concentrations were nominated
founded on the effectiveness of the solar-catalytic
oxidation to damage the pollutants of oily waste
water [Alvarez et al., 2016]. Figures. 1, 2 and 3 presented that by cumulative catalysts agent concentration, squalor of oily waste water was augment-
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ted. This is deliberate to be because of the greater
surface area of the catalyst obtainable for squalor
of the organic compounds in oily waste water solution. Investigations were approved out with dissimilar semiconductors viz. ZnO, TiO2 and AL2O3
with the intention of choice the greatest active
catalyst for the degradation of oily waste water.
The solar -catalytic experimentations were approved out using unlike catalysts at a fixed waste
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water concentration (167.89 ppm), and catalyst
packing in the range (50-200) ppm for different
irradiation time. The consequences designate that
zinc oxide displays greater photocatalytic activity
than the others. Meanwhile the band gap of zinc
oxide is high, the important efficiency of zinc
oxide is meaningfully superior to titanium dioxide
and henceforth higher efficiencies have been
reported for zinc oxide.
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Figure 1: Effect of zinc oxide on oily waste water removal in pH = 7.42.
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Figure 2: Effect of titanium dioxide on oily waste water removal in pH = 7.42.
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Figure 3: Effect of aluminum oxide on oily waste water removal in pH = 7.42.

3.2. Effect of pH on solar -catalytic treatment:
The pH of the solution controls the manufacture
rate of free radical in solar catalytic treatment.
Hence, pH is an important parameter for oily

waste water processes. The result of pH on the
squalor of oily waste water by solar -catalytic processes is shown in Figs. 4, 5 and 6 for zinc oxide,
titanium dioxide and aluminum oxide respect-
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tively. Further upsurge of pH after 3 to 9 decreases the oil percentage from 97.2 to 85.8% for zinc
oxide, 92 .12 to 67 % for titanium dioxide and
83.67 to 68.81% for aluminum oxide respectively.
It is vibrant from Fig. 6 that inferior pH reasons
the surge of oil squalor. Fewer pH improves active area of catalysts agent and irradiation area
[Karimi et al., 2014]. Consequently, the surface
charge of catalyst can be wide-ranging with pH
difference, which touch the adsorption of particle

on substance surface and effect the squalor rate efficiently. Consequently, the experimentations were
showed to find out best pH of reaction mixture for
the decay of oil content in refinery waste water.
The investigational consequence specified that poverty of oil content in waste water greatly prejudiced by pH. The result presented that photo degradation rate was originating to upsurge lengthways with a decrease in pH for oily waste water.
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Figure 4: Role of pH on oily waste-water removal in 150 ppm zinc oxide, irradiation time 120 min.
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Figure 5: Role of pH on oily waste-water removal in 150 ppm TiO, irradiation time 120 min.
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Figure 6: Effect of pH on oily waste water removal in 150 ppm Al2O3, irradiation time 120 min.
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Oil Percent Removal

3.3. Effect of irradiation time on Oil degradation: The consequence of time on solar oxidetion treatment was showed in the range (30-150
min) to specify the time compulsory for squalor of
organic pollutants in oily waste water formerly
keeping the other limitations and quantity constant. The association between organic percent and
contact time by solar oxidation procedure was
examined using batch experiments to achieve the

equilibrium as exposed in Figures 7, 8 and 9. Oil
percent removal increased with irradiation time
increase that causes to produce free radical in longest time. The best irradiation time was 120 minutes at steady state value for reaction. The contact
time is significant finding is that there is no obligation to treat the refinery waste water for a period of time lengthier than 2 hr., as the consequences achieved change little after this time.
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Figure 7: Effect irradiation time of on oily waste water removal in 150 ppm zinc oxide, pH=7.42.
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Figure 8: Irradiation time for oily waste water removal in 150 ppm titanium dioxide, pH=7.42.
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Figure 9: Irradiation time for oily waste water removal in 150 ppm aluminum oxide, pH=7.42.
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3.4 Kinetic study: The application of the kinetic
model; pseudo first order models on catalysts
agent experiment are shown Figs 10, 11 and 12. In
the direction of regulate the result of zinc oxide
concentration on the kinetic constants of oil
percent, some experimentations were intended at a
dissimilar ZnO concentration (50,100 and 150
ppm) and ailment of initial waste water concentration = 167.89 mg/L. Figure 10 demonstrates that
the rate constant K1 upsurges until it influences the

all-out (2.9x10-3 min-1) at 150 ppm of ZnO, representtative that the best concentration of ZnO aimed at this
traditional of experiments is 150 ppm.
The value of the parameter k1 (min-1) was strongminded by fitting the investigational data conferring to Eq (2). The values of ln (Ao/A) against
regularized lighting time are shown in Fig. 10.
And the value of k1 for two catalysts titanium dioxide and aluminum oxide in the same condition as
showed in Figs 11 and 12 respectively.
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Figure 10: Pseudo first order model for oily waste water degradation of zinc oxide experiments at pH = 7.42.
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Figure 11: Pseudo first order model for oily waste water degradation of titanium dioxide experiments at pH = 7.42.
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Figure 12: Pseudo first order model for oily waste water degradation of aluminum oxide experiments at pH = 7.42.

The morals of rate coefficients in the case of the
model are providing in Tables (2) for zinc oxide. The
finest classical was appraised finished the scheming

of the constant of determination R2. R2 is an indicator to in what way healthy the equation can be
used for forecast. The earlier the value is to 1, the
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improved is the appropriate to the model. From
figure above the high efficiency of oily waste water
when using the zinc oxide, for that reason, ZnO was
only discussed in the next sections.
Table 2 Rate constants of zinc oxide experiments.
ZnO
50
100
150

First order
K1
R2
1/min
0.0017
0.7987
0.0021
0.9
0.0029
0.91

4. Conclusions
In this effort, the poverty of organic content in
refinery waste water solution by Solar catalytic
reaction has been deliberate on not the same investigational conditions, with dosages of ZnO, TiO2
and AL2O3, changed pH value of solutions and diverse irradiation time. A appropriate working
condition was designated as: oily waste water=
167.89 ppm, catalyst agent= 150 mg/L, pH =7.42
at 120min irradiation time, the high oil removal is
95.2 %, 92.11% and 80.7% for titanium dioxide
and aluminum oxide respectively. The Kinetic education specified that the poverty kinetics of oily
waste water shadowed the first-order kinetics.
Founded on the consequences the subsequent deductions have been haggard. Though solar- catalytic processes can be used aimed at the degradation of oil content from refinery waste water,
the Solar-catalytic process is more efficient.
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