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Abstract The objective of this study was to investigate
the performance of employing solar photo-Fenton to treat
petroleum wastewater from Sohar oil refinery, evaluate this
process by a central composite design with response sur-
face methodology and evaluate the relationship among
operating variables such as pH, H,O, dosage, Fe™ dosage,
and reaction time to identify the optimum operating con-
ditions. Quadratic models proved to be significant with
very low probabilities (<0.0001) for the following
responses: total organic carbon (TOC) and chemical oxy-
gen demand (COD). The optimum conditions were H,O,
dosage (850 mg L™"), Fe™ dosage (60 mg L"), pH
(3.68) and reaction time (127 min) in this method. The
experimental results of the maximum TOC and COD
removal rates corresponded good with the predictions,
which were 59.3 and 74.7 %, respectively. This method
achieved well degradation efficiencies for TOC and COD
and reduced the treatment time comparing with the previ-
ous work.
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Introduction

Large amount of water was used in the petroleum refinery
activity and, consequently, significant volumes of
wastewater was generated. Recently, one of the major
problems facing industrialized nations was contamination
of the environment by hazardous chemicals. A wide range
of pollutant compounds were detected in petroleum waste
water in Sohar Oil Refinery. So, the elimination of these
chemicals from petroleum wastewater was presently one
of the most important aspects of pollution control in
Oman.

Advanced oxidation processes (AOPs) had capability of
rapid degradation of recalcitrant pollutants in the aquatic
environment. They had shown high efficiency to remove
the organic compounds from effluents even when they are
present at low concentrations (Silva et al. 2015; Philip-
popoulos and Poulopoulos 2003; Masomboon et al. 2010;
Paz et al. 2013). Remediation of hazardous substances was
attributed to hydroxyl radical, which exhibited reactivity
toward organic (Hermosilla et al. 2009).

AOPs might be used in wastewater treatment for
reduction of overall organic content (COD), color, odor
and specific pollutant or sludge treatment (Tony et al.
2012). There were two Fenton reactions; the standard
Fenton reaction between Fe™ ions and hydrogen peroxide
(H,0,) and the Fenton-like reaction between Fe ™t ions and
hydrogen peroxide (H,O,) (Yeh et al. 2008). Fenton
reaction under light such as sunlight or UV was the so-
called photo-Fenton and more hydroxyl radicals (OH)
were generated (Torrades et al. 2004).

The Fenton process has three major steps (Egs. 1-4)
(Silva et al. 2015; Krutzler and Bauer 1999);

(a) Production of hydroxyl radicals (OH).
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Fe*? + H,0, — Fe™ + OH (1)

(b) Reproduction of Fe*? ions by energy.

[Fe(OH)] "2 2% Fe*2 + *OH 2)
[Fe(COOCR)] > 2% Fe™ + CO, + R (3)

(c) Degradation of the organic compounds by hydroxyl
radicals (OH).

‘'OH 4+ RH — Oxidation products
— CO, + H,O (4)

The reactions with hydroxyl radicals could be triggered
by several ways depending on the structure of the organic
compounds; electron transfer, abstraction of hydrogen
atom, and electrophilic (a molecule with a tendency to
react with other molecules containing a donatable pair of
electrons) addition to compounds containing unsaturated
bonds (Silva et al. 2015; Legrini et al. 1993). The major
drawbacks of Fenton process were iron complexation by
carboxylic intermediates. But these complexes could be
photo-activated by photo-Fenton process and additional
hydrogen peroxide (HO’) generation (Amor et al. 2015).
Therefore, solar photo-Fenton experiments were applied to
treat petroleum wastewater.

Solar photo-Fenton is based on using solar radiation to
increase production of hydroxyl radicals (OH) and pho-
toactive complexes through the Fenton process (Amor et al.
2015; Fernandes et al. 2014; Lucas et al. 2012; Pignatello
et al. 2006). Using solar energy in AOPs could reduce
processing costs and make it more affordable for com-
mercial use (Amor et al. 2015).

Several previous studies reported the enhanced oxidation
of contaminants by the photo-Fenton process, for example,
Kositzia et al. (2004) showed the solar photo-Fenton process
was more efficient for synthetic municipal wastewater in
comparison to the photocatalyst of TiO, process because
H,0,; slowly decomposed into oxygen and water. In addi-
tion, the abundance, lack of toxicity and ease of removal
from water made Fe*" the most commonly used transition
metal for Fenton process (Badawy and Ali 2006).

Moreover, this process had less amount of harmful by-
products in comparison to other AOPs. (Demorais and
Zamora 2005). The amounts of reagents depended on the
concentrations of degradable materials present in the
wastewater which were a fundamental factor. But using an
efficient radiation system and a suitable design of the
photo-Fenton reactor would improve process performance
and reduced reagents consumption (Rossiter et al. 2013).
Coelho et al. (2006) reported that the maximum DOC
removal attained was 87 % by the photo-Fenton process
from petroleum refineries wastewater (sourwater). Previous
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work by Tony et al. (2012) used the photo-Fenton method
for the oil-refinery wastewater achieved approximately
50 % COD removal in the optimum concentrations; pH 3,
H,0, (400 mg L"), and Fe** (40 mg L™'). Rossiter et al.
(2013) showed that the 53 % COD removal was achieved
by the solar photo-Fenton process from petroleum
wastewater.
The main aims for this study are as follows:

e To investigate the performance of solar photo-Fenton in
petroleum wastewater treatment.

e To evaluate the performance of employing the pro-
posed method by a central composite design (CCD)
with response surface methodology (RSM) to degrada-
tion of TOC and COD from the petroleum wastewater.

e To evaluate the statistical relationships among operat-
ing variables (such as pH, H,O, dosage, Fe'* dosage,
and reaction time) and the responses, which COD and
TOC removal efficiencies were selected as the
responses for optimization.

e To determine the optimum operational conditions of the
proposed method.

e To compare the proposed method with the previous
works.

Materials and methods
Wastewater characteristic

The physicochemical characteristics of the petroleum
wastewater from Sohar oil refinery (SOR) were summa-
rized in Table 1. Samples of the petroleum waste water
were collected on different days. Samples were transferred
to the laboratory and stored under refrigeration (4 °C) until
use. Samples were characterized before the experiments to
obtain their chemical and physical properties. The petro-
leum wastewater characterization was determined by the
quantification of pH, total organic compounds (TOC) and
chemical oxygen demand (COD) according to the standard
methods for the examination of waste water methodology.

Materials

Samples of the petroleum wastewater were collected from
Sohar oil refinery, Oman. Hydrogen peroxide (H,O;)
[35 % (v/v)] and Iron sulfate hydrate (FeO;,S3) (which was
used as source of Fe™ in the photo-Fenton treatment) are
supplied by EMPROVE. Exp. They were used for the solar
photo-Fenton process to degradation of TOC and COD.
Sulfuric acid (95-97 %) and sodium hydroxide (50 %)
were used to adjust the pH to the desired values.
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Table 1 Characteristics of the petroleum wastewater from Sohar oil refinery (SOR)

No. Parameter Range of concentrations in Average The standard discharge
petroleum wastewater limit

1 pH 6-8 7 6-9

2 Conductivity (Micro S/cm) 2600-3950 3275 2000-2700

3 TDS (ppm) 1200-1500 1350 1500-2000

4 TOC (ppm) 220-265 243 50-75

5 COD (ppm) 550-1600 1075 150-200

Analytical procedure

A Shimadzu TOC analyzer (LCSH/CSN) was used to
measure the TOC for each sample. Chemical oxygen
demand (COD) was measured by COD photometer (man-
ufactured by CHEMetrics). COD was estimated before and
after treatment. Before each analysis, samples were filtered
by filter papers (0.22 um Millipore Durapore membrane,
40 Ashless, Diameter 150 mm). Solar ultraviolet radiation
(UV) was measured by a global UV radiometer (KIPP &
ZONEN).

Experimental procedure

A sketch of the solar photo-Fenton processes was shown in
Fig. 1. It consisted of a glass recirculation tank (5 L),
which was subjected to stirring to maintain a well-mixed
solution during the experiments, connected to the tubular
solar reactor [four tubes (50 cm length x 2 cm inner
diameter x 0.1 cm thickness]. The tubular photo reactor
operated at a UV-index from 8 to 11 according to exposure
category was very high as shown in Fig. 2.

The UV-Index is calculated as follow:

Take the output from the UV-E radiometer according to
ISO 17166:1999/CIE S007/E-1998. Transform the output
voltage to W/m? with the instruments sensitivity. Equa-
tion (5) allows calculating the amount of UV intensity
received on any surface in the same position with regard to
the sun by UV-Index (UVI):

UVI =R (W/m?) x 40 (m*/W) (5)

where, UVI is the UV-Index, R is the reading (R) in UV
radiometer by (W/m?) unit.

The solution was circulated through the reactor at a flow
rate of about 1.5 L/min by means of a peristaltic pump. The
Fenton regents were added in a glass recirculation tank
during this process.

The pH for petroleum wastewater samples was used
between 2 and 6. Several sets of experiments were carried
out according to a central composite design (CCD) with
response surface methodology (RSM) to determine the
COD and TOC removal efficiency under the optimum
operational conditions.

At the end of each run, in order to avoid iron precipi-
tation in the reactor, the samples were withdrawn and then
kept them at rest for 30 min. By increasing the pH of
sample to (8), the major iron ion was precipitated because
the removal efficiency of organics by Fenton stopped
(Salem et al. 2013).

Tekin et al. (2006) showed that the treatment efficiency
of Fenton ceased when the pH was equal to or greater than
7 because the generation of hydroxyl radicals was reduced
due to lack of presence of free iron ions. The excess of
hydrogen peroxide (H,O,) was removed by adding MnO,
and the suspension was stirred until the formation O, was
finished (no bubbles on surface) (Herrmann and Verlag
1996). The presence of H,O, normally provokes accurate
COD values (Amor et al. 2015).

Results and discussion

Experimental design and the analysis of variance
(ANOVA)

Central composite design and response surface methodol-
ogy were employed in the statistical design of the experi-
ments, data analysis, explaining the optimal conditions of
the independent variables and assessment of the relation-
ships among four significant independent variables, which
were pH, H,O, dosage, Fe™? dosage, and reaction time as
shown in Table 2.

The adequacy of the proposed model for degradation of
COD and TOC of the petroleum wastewaters by Fenton’s
reagent was evaluated at optimum conditions. Each inde-
pendent variable was varied over three levels according to
face centered CCD as —1, 0, and +1, respectively at the
determined ranges based on a set of preliminary experi-
ments. The total number of experiments conducted for the
four factors according to Eq. (6)

No. of Experiments = 2% 4+ 2k 4 6 (6)

where, k was the number of factors.

The design consisted of 2* factorial points augmented
by 2k axial points and six replications for a center
point. In this work, the total number of experiments
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Sunlight
Photo-reactor
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The tubular solar reactor

(Four tubes (50 cm length x 2 cm inner FeO1Sa ipn
diameter x 0.1 cm thickness)
H>0: (35% (v/v))
A flow rata of about1.5L min™ —~
The pump
The petroleum wastewater
Fig. 1 A sketch of the solar photo-Fenton process
| | | | | |
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Fig. 2 UV-index which measures UV intensity levels on a scale of 1-12

Table 2 Central composite design (CCD) independent variables

The factors Level of value

-1 0 1
pH 2 4 6
H,0, (g L7 1 0.75 0.5
Fe™ (g L™ 0.01 0.04 0.08
Reaction time (min) 60 120 180

conducted for the four factors were 30 with 16 factorial
points, eight axial points and six replications to assess
the pure error and got a good estimate. The COD and
TOC removal were the dependent variables (responses)
during this process. Performance was evaluated by
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analyzing the COD and TOC removal efficiencies as
shown in Table 3.

The behavior of the system was explained through an
empirical second-order polynomial model, as shown in
Eq. (7): (Montgomery 2008)

k k k
Jj=1 j=1 <j=2

(7)

where, ¥ was the response, X; and X; were the variables,  was
the regression coefficient, k was the number of factors studied
and optimize in the experiment, e; was the random error.
The analysis of variance (ANOVA) was used for
graphical analysis of data to obtain the interaction between
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Table 3 Responses values for different experiment conditions

Run Factors Responses
A, B,H,0, C,Fe™> D RT 1, TOC 2, COD
pH (g L™ (g Lfl) (min) removal (%) removal (%)

1 4 075 0.045 120 59.6 75
2 2 1 0.01 180 29.5 37.7
3 6 1 0.08 180 29.8 38.2
4 6 05 0.08 180 14.4 20.3
5 4 075 0.045 120 594 67
6 4 075 0.045 120 58.8 74
7 4 1 0.045 120 56.9 69
8 4 05 0.045 120 39 57
9 6 0.75 0.045 120 35 49
10 2 1 0.08 60 37.3 45
11 6 05 0.08 60 11.8 16.7
12 6 05 0.01 180 13.9 15.9
13 4 075 0.045 180 48 66
14 4 075 0.045 120 59.6 69.5
15 2 05 0.01 60 15 18.1
16 2 075 0.045 120 49 65
17 6 1 0.01 180 20 254
18 6 05 0.01 60 11 11
19 6 1 0.08 60 26.6 33.8
20 4 075 0.01 120 48.5 59.5
21 4 075 0.045 60 48 59
22 2 1 0.01 60 25 30.3
23 4 075 0.045 120 58.6 69
24 2 05 0.01 180 20.1 24.8
25 6 1 0.01 60 14.7 19.6
26 2 05 0.08 60 18.6 24.9
27 2 05 0.08 180 21.9 29.6
28 4 075 0.045 120 59.8 65
29 4 075 0.08 120 47 75.6
30 2 1 0.08 180 36 54.6

the process variables and the responses. The quality of the
fit polynomial model was expressed by coefficient of
determination (Rz). Model terms were evaluated by the
P value (probability) with 95 % confidence level.

The analysis of variance (ANOVA) for TOC and COD
removal were represented in Table 4. All the response
surface quadratic models for parameters in this table were
significant at the 5 % confidence level since the P values
were less than 0.05. The correlation coefficients (R?) for
the TOC and COD removal rates were 0.983 and 0.986,
respectively, which were greater than 0.80, the cut-off for a
model with good fit. A high coefficient (R?) value ensured a
satisfactory adjustment of the quadratic model to the
experimental data and illustrated good agreement between
the calculated and observed results and showed that a

desirable and reasonable agreement with the adjusted R*
(Salem et al. 2013).

If the model terms had the P value (probability) more than
0.05, they were considered limited influence. So, they had to
be excluded from the study to improve the models. The
model of TOC and COD removal were considered significant
using the F test at 5 % significant level (P < 0.05). The
“adequate precision” (AP) ratio values higher than four were
desirable and confirm that the predicted models could be
used to navigate the space defined by the central composite
design (CCD) (Noordin et al. 2004). The “adequate preci-
sion” (AP) ratio of the models in this study was adequate,
which varied between 30.74 and 35.28.

Normal probability

Design Expert 6.0.7 software program (a statistical soft-
ware package from Stat-Ease Inc) provided plots of normal
probability of the studentized residuals and diagnostics to
evaluate the models and confirmed that they provided an
adequate approximation of the real system. As shown in
Fig. 3, the normal probability plots for the studentized
residuals for TOC and COD removal efficiency predicted
that if the residuals followed a normal distribution, the
points fell along a straight line for each case.

However, some scattering were expected even with normal
data; thus, the data could be considered to be normally dis-
tributed in the responses of certain models. Empirical rela-
tionships among the variables and COD and TOC removal
efficiencies after excluding insignificant coefficients were
presented by the following polynomial Egs. (8, 9):

TOC removal (%) =57.36 —4.1A +6.1B +2.5C
+ 14D — 13.4A% —7.5B* — 7.7C>
—7.4D* 4+ 2.1BC

(3)
COD removal (%) =71.6 —5.5A +7.5B +5.4C

+3D — 16.4A% — 10.4B? — 5.9C?
—10.9D? + 2.3BC

©)

where, A, B, C and D were model terms that represent coded
factors of pH, H,0, dosage, Fe™* dosage, and reaction time,
respectively. Final equations in terms of actual factors were
presented by the following Egs. (10, 11):

TOC removal (%) = —113.9 +24.7pH + 193H,0,
+ 455.4Fe™? + 0.5RT — 3.3pH>
— 119.6(H,0,)*—6266.4(Fe*2)*
— 0.0002RT? 4 241.4(H,0,) (Fe*?)
(10)
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Table 4 ANOVA results and adequacy of the quadratic models for TOC and COD removal efficiency

Source Sum of squares Degrees of freedom Mean square F value Prob > F

TOC
Model 8653.098 9 961.4553 130.6553 <0.0001
A 314.1689 1 314.1689 42.69343 <0.0001
B 673.445 1 673.445 91.51663 <0.0001
C 116.0272 1 116.0272 15.76732 0.0008 Mean 35.76
D 36.40889 1 36.40889 4.947722 0.0378 R? 0.983
A2 467.0527 1 467.0527 63.46931 <0.0001 Std. dev. 2.71269
B2 144.8196 1 144.8196 19.68001 0.0003 PRESS 443.834
C2 152.6715 1 152.6715 20.74702 0.0002 Adj R? 0.97575
D2 142.8891 1 142.8891 19.41766 0.0003 Adeq precision 30.74
BC 71.4025 1 71.4025 9.703118 0.0055
Residual 147.1743 20 7.358717
Lack of fit 145.9943 15 9.732956 41.24134 0.0003
Pure error 1.18 5 0.236
Cor total 8800.272 29

COD
Model 13272.48 9 1474.72 155.6291 <0.0001
A 556.6672 1 556.6672 58.7458 <0.0001
B 1017.005 1 1017.005 107.3258 <0.0001 Mean 45.51667
C 516.2756 1 516.2756 54.48322 <0.0001 R? 0.986
D 162.6006 1 162.6006 17.15944 0.0005 Std. dev. 3.078289
A2 697.3728 1 697.3728 73.59465 <0.0001 PRESS 418.3004
B2 280.5637 1 280.5637 29.60825 <0.0001 Adj R? 0.979587
C2 88.85362 1 88.85362 9.376836 0.0061 Adeq precision 35.28
D2 308.1728 1 308.1728 32.52187 <0.0001
BC 85.10063 1 85.10063 8.980778 0.0071
Residual 189.5173 20 9.475863
Lack of fit 113.3089 15 7.553929 0.49561 0.8658
Pure error 76.20833 5 15.24167
Cor total 13462 29

COD removal (%) = —165.2 +30pH + 279.8H,0;
+ 583.2Fe™ + 0.7RT — 4.1pH?
— 166.5(H,0,)*— 4780.5(Fe*?)’
— 0.003RT? 4 263.6(H,0;) (Fe*?)
(11)

Three-dimensional plots of the regression
and optimization process

As shown in Figs. 4 and 5, the response surfaces plots were
created by Design Expert 6.0.7 provided a three-dimen-
sional view of the TOC and COD removals surface over
the independent variables. The main factors of this process
that improved the TOC and COD removal were H,O,
dosages, Fe™ dosages. Using the high dosages of Fenton
reagents to degradation of organic matter was attributed to

@ Springer

the nature of petroleum wastewater which had the recal-
citrant pollutants and then decreased the process efficiency
due to chloride ions, which were able to react with
hydroxyl radicals, producing less reactive radicals (Maciel
et al. 2004). So the concentration of Fenton’s reagent
employed must be enough to overcome the restrictions.

Design Expert 6.0.7 was used to determine optimization
of removal efficiency for TOC and COD. The pH, H,0,
dosage, Fe*? dosages, and reaction time were chosen as
“within” the range in the software optimization step. The
responses (TOC and COD removals) were defined as
“maximum” to achieve the highest performance. The
program combined individual desirability into a single
number and then search to optimize this function based on
the response goal.

Figure 4d showed the COD removal by Fenton oxida-
tion and the corresponding pH variation over time under
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Fig. 3 Design expert plot, Normal probability plot of the studentized residuals for a TOC and b COD removal

the optimal conditions a rapid degradation up to 90 min
followed a slow degradation. The rapid degradation was
attributed to high hydroxyl radical (OH) concentrations

which it exhibited reactivity toward organic compounds as
a result of amounts of Fe*" catalyst in solution that reacts
with H,O,. At the second stage, after 90 min, Fe?* ions
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Fig. 4 Response surface models for TOC

were decreased and the excess of H,O, reacted with
hydroxyl radical (‘OH) in result to slower rate of produc-
tion hydroxyl radical (OH) (Luna et al. 2013).

As shown in Table 5, the model under optimized oper-
ational  conditions, which were H,0, dosage
(850 mg L"), Fe™ dosage (60 mg L™"), pH (3.68) and
reaction time (127 min), predicted TOC and COD removal
rates approximately 59.3 and 74.7 %, respectively and the
desirability function was 0.988.

To confirm these results, an additional experiment under
optimized operational conditions was carried out which
was revealing agreement with the predicted responses. The
near connection between the experimental and the pre-
dicted results supported the reliability of the model.

The results of this research were compared with those of
other works that treated the wastewater by using the photo-
Fenton method, for example, Rossiter et al. (2013) showed
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that polycyclic aromatic hydrocarbons and aromaticity
removal of approximately 92.7 and 96.2 %, respectively,
from petroleum-extraction wastewater were obtained by a
solar photo-Fenton like process after 420 min and solar
photo-Fenton process achieved 53 % COD removal. Tony
et al. (2012) obtained 50 % COD removal after using
(H,0,/Fe™/UV) method under optimal conditions; pH 3,
HQOZ/FG:+2 ratio 10 while the current study revealed that
the solar photo-Fenton process in an AOP was more effi-
cient in the petroleum wastewater treatment, achieving a
74.7 % COD removal at conditions; pH 3.68, H202/Fe+2
ratio 14.

The maximum of COD removal at pH 3.68 agreed with
the results found in the literature for other wastewaters
treated by Fenton process, for example, Mohajeri et al.
(2010) reported that at pH 3 the COD and color removals
were 58 and 78 %, respectively within 120 min of reaction
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Fig. 5 Response surface models for COD

Table 5 Maximum TOC and COD removal efficiencies for model
response and verification experiments under optimum conditions
[H,O, dosage (850 mg L), Fe'? dosage (60 mg LY, pH (3.68)
and reaction time (127 min)]

Selected solution Lab experiments Error %
TOC removal (%) 59.3 62 43
COD removal (%) 74.7 72 3.6
Desirability 0.988 - -

time. Results of Ertugay and Acar (2013) indicated that the

highest COD removal was determined 50.7 % at pH 3.
The complexity of intermediate compounds during the

reaction and the high initial reaction rate made the study of

55,0068
QO 471946
O 334825
9 =

0.08
6.00

5.00
0.04 ™
C: Fet2
- - A:pH
0.01 200
(b)

D:RT

v
60.00 2.00

(d)

Fenton process very difficult in industrial wastewater
(Lucas and Peres 2009). Comparing this work with the
previous works was summarized in the Table 6.

Evaluation of the photolytic process

To evaluate the photolytic effect on the COD reduction, the
photocatalytic experiments were carried out under sunlight;
the tubular photo reactor operated at a UV-index of 9
(according to Exposure category was very high) as shown
in Fig. 6. The results revealed that the photolytic process
was less efficient in the petroleum wastewater treatment,
achieving a 11.5 % COD removal at pH 3.68 after 180 min
of solar irradiation.
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Table 6 Overview of work done in the area of photo-Fenton application in recent years

No. The process Wastewater type

Max. removal References

efficiency (%)

Removed material

1 H,0,/Fe** Semi-aerobic landfill leachate COD 58.1 Mohajeri et al.
H,0,/Fe** Color 78.3 (2010)

2 H,0,/Fe** Coking wastewater Phenol 95 Chu et al. (2012)

COD 44
3 H,0,/Fe** Drinking water networks contaminated with Chlorfenvinphos 95 Oliveira et al.
chlorfenvinphos (CFVP) (CFVP) (2014)
4 H,0,/Fe*" Organic pollutants in the textile effluent COD 90 Karthikeyan et al.
BOD 61 (2011
TOC 64.1
5 HZOZ/F62+ Agro-industrial wastewaters TOC 58.8 Martins et al.
(2010)
6 H,0,/Fe** An extremely polluted pharmaceutical wastewater COD 56.4 Martinez et al.
(2003)
7 H,0,/Fe*" Direct Blue 71 DB71 dye 94 Ertugay and Acar
COD 50.7 (2013)

8 H,0,/Fe*" Oil recovery industry wastewater COD 86 Dincer et al.
H,0,/Fe?t/UV 81 (2008)
H,0,/UV 39

9 H,0,/Fe** The fish canning industrial wastewater DOC 63 Cristovao et al.

(2014)
10 H,0,/Fe** Active pharmaceutical intermediates (API) in waste COD 54 Hussain et al.
waters (2013)
11 HO,/Fe*" Real effluent with COD: 1500 mg/L COD 45 Kang and Hwang
(2000)
# The solar photo-  Petroleum wastewater from SOR COD 74.7 This study
Fenton TOC 59.3
= %COD at pH 3.68 optimum H,0, concentration as determined previously, to
P =——— . . evaluate the effect of the Hydrogen peroxide (H,O,) with
80 ———— —_—
70 1/\\ = \\ ——— — solar radiation. The results revealed that 23 % of COD
60 —

\
/
i

50 =
40 ?‘\ =—— \\
N =
20 =
10
0

COD removal (%)

Photolytic

Photobleaching Fenton

Solar Fenton

The processes

Fig. 6 COD removal from petroleum wastewater under different
processes

The combined action of solar radiation and H,0,
After the evaluation of the photolytic process, some

experiments were carried out by adding 0.85 g L™
Hydrogen peroxide (H,O,) [35 % (v/v)], which was the

@ Springer

was removed within 180 min at pH 3.68. The degradation
was attributed to the photochemical cleavage of H,O, by
solar light absorption resulting to increase rate of pro-
duction hydroxyl radical (OH) (Oliveira et al. 2012;
Parson 2004).

Evaluation of the Fenton process

To evaluate the performance of employing the Fenton
process in the absence of solar irradiation to treat petro-
leum wastewater, The dark Fenton experiments were car-
ried out with adding 0.85 g L' Hydrogen peroxide (H,0,)
[35 % (v/v)] and 0.06 g L~ Iron sulfate hydrate (FeO,,S;)
at pH 3.68.

Results of this process indicated that the COD removal
was decreased to 61 % at pH 3.68 after 180 min, due to the
lower generation of hydroxyl radical (OH).
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Conclusion

The general results of this work indicated that the solar
photo-Fenton was a practical method to treat petroleum
wastewaters, allowing achieved well removal of TOC and
COD. Quadratic models for the following two responses
proved to be significant with very low probabilities
(<0.0001): Chemical oxygen demand (COD), total organic
carbon (TOC). The obtained optimum conditions included
H,0, dosage (0.85 g L"), Fe™ dosage (0.06 g L™"), pH
(3.68) and reaction time (127 min). TOC and COD
removal rates were 59.3 and 74.7 %, respectively. The
predictions correspond well with experimental results. The
current study revealed that the solar photo-Fenton process
in an AOP was well efficient in the petroleum wastewater
treatment, achieving a 74.7 % COD removal at conditions;
pH = 3.68, H,0,/Fe™ ratio = 14.
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