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Abstract 

This paper was aimed to examine the removal of oil from water by photocatalytic advance oxidation under solar light. A 

pH of 11 has shown a higher oil removal efficiency. Oil remove efficiency levels at pH 11 have been found 75% within 

230 minutes’ oily water effluent, studies have shown that Langmuir isotherm has been the best-fit one of the isotherms for 

the removal of oil. Data have shown a higher adsorptive capacity. Also we have studied another parameter like (catalyst 

concentration, initial oil concentration and pH). While the treatment of waste-water is dependent upon a great level of qual-

ity for the processed industrial water, the nature of wastes that are added throughout the utilization, and the treatment de-

gree that has been received by the waste-water. Then, the data of the waste-water quality that has been measured routinely 

and it was reported at the plants of the waste-water treatments are mainly for disposal of the treated effluent or the necessi-

ties of the discharge in terms of the gross pollution parameters. 
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1. Introduction

Waste-water from the petroleum refineries has a described high concentration level of the aliphatic and the aromatic petro-

leum hydro-carbons that result in the heavy pollutions on rivers and soil surfaces. The conventional refinery waste-water 

treatments have been based upon mechanical, physicochemical approaches, and additional biological treatments in treat-

ment unit of the integrated activated sludge. Numerous solutions have been suggested in this matter, which included using 

the coagulants [1, 2]. 

The oils found in the polluted water may be lubricants, fats, cutting liquids, heavy hydro-carbons like the grease, tars, diesel 

oil, crude oils, and the light hydro-carbons like the jet fuel, kerosene, and gasoline. The main industrial oily waste sources 

include the metal manufacture and machining, petroleum refineries, and food processors. The machine plants and manufac-

turing usually use the machining coolants in the metal cutting, rolling, forming, and finishing processes. Those coolants are 

usually made up of the chemically stabilized oil-in-water emulsions with a 2%–5% oil concentration [3-5]. 

The present study described a photocatalytic degradation approach for treating hydro carbonic compounds in aqueous solu-

tion. The properties of this approach, which include the critical factors have been discussed. Petrol waste-water has been 

employed to reuse in industrial purposes in same refinery. 

2. Materials and methods

2.1. Materials 

In present study oily wastewater effluent was collected from Samawah refinery. Commercial ZnO powder were gained 

from Merck Co. (Germany Company) and has been applied without additional purifications. Distilled water was deployed 

for preparing different solution types. HCl (0.1N) and NaOH (0.1N) have been used for change pH of solution. 
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2.2. Instruments 

Photo-chemical degradations have been accomplished in specially designed insulation walled reaction containers with vol-

ume 1000 ml under Solar-light, so the spectra were with UVvis spectro-photometer (Shimadzu UV2101 PC). 

2.3. Irradiation experiments 

In beaker 250 ml of the oily solution (80 ppm), photocatalyst was added with different concentration and a suspension was 

an exhibit to irradiation. While experiments were carried out under sunlight. Aqueous suspension has been magnetically 

stirred throughout experiment. At a variety of the time intervals, an aliquot had been ejected utilizing a syringe and filtered 

then via a Millipore syringe filter of 0.450µm (6, 7). 

3. Results and discussions

3.1. Effect of photocatalyst concentrations 

The catalyst concentration effected on degradation of oily wastewater (80ppm) was precise utilize commercial zinc oxide 

between (1g/l and 5g\l) maintaining the rest of the parameters like temperatures, pH, and concentrations of the oil constant. 

It can be seen from the results in Figure1 that there has been an increase in the degradation rate with the increase in com-

mercial zinc oxide concentration up to 3g\l. which can be noted in term of the availability in the active catalyst surface sites 

and the sunlight permeation into suspension. There has been an increase in the total active surface area with increased cata-

lyst dosage. Altogether, due to an increased level of suspension turbidity, there has been a decreased permeation of the so-

lar-light because of the increased effects of the scattering and thus volume of the photoactivated suspension has been re-

duced. Also, due to the high catalyst load, it was difficult to maintain the homogeneity of the suspension that results from 

particles’ agglomeration, decreasing the amount of the active sites (8, 9).  

Fig. 1: Impacts of catalyst dosage of ZnO on refinery wastewater treatment. 

3.2. PH effect of solution treatment 

The waste-water is created at different pH values, thus, examining pH has been found more advantageous on the photo-

degradation of oily wastewater. So tests were carried out at various pH values, approximately 3-12 for 80mg/L oily solution 

concentration and for best of catalyst con. 3g/l of ZnO. But the figure 2 shows the percentage treatment of against values of 

pH. Exhibited increase in pH up to 10 for ZnO because of the increase of the photo-degradation activities (10). Whereas the 

use of zinc oxide as a catalyst has been found very proper at high pH values with the refinery effluent. The relation of the 

effects of the pH on the decolonization efficiency is a highly complicated subjects, because more reactions might occur to 

oily degradations like the “direct oxidation by positive hole, hydroxyl radical reaction, and direct reduction by electron in 

conduction band”. Therefore, the significance of every one of them is dependent on the nature of the substrate and the val-

ues of the pH (11, 12). 
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Fig. 2: Effects of pH value on degradation on refinery wastewater treatment. 

3.3. Initial oil concentration effect 

The photodegradation of oily wastewater has been performed through the variation of initial concentration of oil from 

40mg/l so as to determine effected of initial oil concentration in wastewater on the optimal kind of the catalyst and zinc 

oxide dose. Increasing oil concentration has been while the percentage of degradation has been decreased refer either to 

increased catalyst concentration or time span for complete removal. The figure3 depicts time-dependent graphs of degrada-

tion of oil at a variety of the concentration levels of oily solutions 40–120 mg/l. none-the-less, in the case of 40 mg/L and 

60 mg/L, oil solutions 90 and 85% degradation had happened within 100 min. and 150 minutes respectively. While in case 

of 80, 100 and 120 mg/L, a degradation with 230 min. are 75, 60 and 55%, for a complete degradation of oily water and the 

rate degradation had been additionally decreased with increasing the oil concentrations. Ultimately, the reasons for this 

behaviour have been the path length of photons entering solution decreases in high oil concentrations, and that means pho-

tochemical reactions are decreased, none-the-less, the numbers of photons that were absorbed by catalyst has been found 

large at low initial concentration of oil, the number of the photons, which were absorbed by catalyst have been found 

smaller (13, 14). 

Fig. 3: Effect the oil concentration on degradation on refinery wastewater treatment. 
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3.4. Study of kinetic 

Figure 4 shows the kinetic study evanescence of oil concentration for an initial 80mg/l concentration. The results have ex-

plained that the photocatalytic degradation of oily wastewater with commercial powder ZnO concentration 3 g/l may be 

characterized by 1st order kinetic model, in (C0/C) = kt, where C represents the concentration at any time t (y = 0.0273 x - 

0.660) and C0 represents the initial concentration. However, semi-logarithmic plots of concentration data have given a 

straight line. After that, the constant of the correlation for fitted line has been estimated as R2 = 0.8023 for commercial 

ZnO (15, 16). 

Fig. 4: Kinetic study of disappearance of refinery wastewater treatment. 

3.5. Characteristics of the treated waste-water 

The guidelines of the waste-water reuse that have been enacted in 1918 in California might have been the first ones of this 

kind. Comparison of real with waste-water treated characteristics. results explain the treated waste-water characteristics 

near the real industrial waters, meaning that wastewater that had been treated can be re-used for industrial applications [18-

20], which can been seen from table1. 

Table 1: Guide-lines for Water Quality Interpretations for Industrial wastewater treatments 

Properties 

Real Water Treated Waters 

Severe After the Treatment 

Salinity (ds/m) 

> 3.0 2 

ECw (ds/m) 

TDS (mg/l) > 2,000 1420 

Miscellaneous Effects (mg/l) 

> 30 18 

Nitrogen (NO3 - N) (mg/l) 

Bicarbonate (HCO3) (me/l) 

> 8.5 7 

(overhead sprinkling only) 

pH 7.40 

4. Conclusion

The photo-catalytic degradations of the aqueous solutions of oily water have been observed with the use of the solar-light-

irradiated catalyst of the zinc oxide. It has been found that this process yields decolorization and, then to full mineraliza-

tions of the oil solution. Also, the evolution of intermediate product and the final on photo-catalyst’s surface and solution 

has been noticed with numerous methods, which has enabled identifying path-way of reaction, from oil the adsorptions of 

molecules on the surface of photo-catalyst, to ultimate products’ formation. Finally, the photocatalytic degradation fol-

lowed pseudo-first order kinetics. 
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