Journal of Sedimentary Environments

Published by Universidade do Estado do Rio de Janeiro
4 (1): 99-107. January-March, 2019

doi: 10.12957 /jse.2019.40991

SJSE

RESEARCH PAPER

OI1L PRODUCED WATER TREATMENT USING ADVANCED OXIDATIVE PROCESSES:
HETEROGENEOUS-PHOTOCATALYSIS AND PHOTO-FENTON

PRISCILA CHRISTOPOULOS SILVA!, NATHALIA PEREIRA FERRAZ!, ELEN AQUINO PERPETUO! AND YVAN JESUS OLORTIGA

ASENCIOS™*

1 Universidade Federal de Sio Paulo, Instituto do Mar, Campus Baixada Santista, Sio Paulo, Brazil

* CORRESPONDING AUTHOR, yvan.jesus@unifesp.br

Received on 30 August 2018
Received in revised form on 20 March 2019
Accepted on 22 March2019

Editor: Wania Duleba, Universidade de Sao Panlo, Brazil

Abstract

The Oil Produced Water (OPW) is an effluent produced
during the oil extraction process. Owing to its complex
composition and toxicity it must be treated by wastewater
treatment technologies. However, traditional facilities may
be unable to remove all the anthropogenic or naturally
occurring compounds. This can result in their discharge to
surface water and ultimately affecting the sedimentary
environment. The present work shows the application of
two Advanced Oxidative Processes (AOPs), Photocatalysis
and Photo-Fenton to treat two kinds of effluents: phenolic
solution made in seawater, and a real sample of OPW from
Rio Grande do Norte, Brazil. Two commercial catalysts were
used: TiO; (for Heterogeneous-Photocatalysis process), and
FeSO4.7H-0 (for Photo-Fenton process). The catalysts were
characterized by X-Ray Diffraction Analysis (XRD), and
Diffusive Reflectance Spectroscopy (DRS). In the two AOPs
the following parameters were evaluated: initial pH of
effluent (acid, neutral and alkaline), presence of HxO»
(0.3%v/v) and time under ultra-violet (UV) irradiation

1. Introduction

During the extraction of oil in offshore operations, the
watet that reaches the surface is called: Oil Produced Water
(OPW), defined as a mixture of water, salts, suspended solids,
organic compounds, heavy metals, microorganisms and
dispersed oil droplets (Judd et al., 2014; Cheriyan and
Rajagopalan, 1998). The organic compounds present in OPW
include: benzene, toluene, ethylbenzene, xylene, naphthalene,
phenanthrene, dibenzothiophene, polyaromatic hydrocarbons
(HPA), phenols, gases and heavy metals (Judd et al., 2014;
Neff, 2002). Present in the OPW are also ions, such as Na*,
K*, Mg 2%, Ca**, CI, SO, HCOs"! and some heavy metals,
such as Cd, Mn, Hg, Zn, Fe, Cr and Cu; furthermore, metals
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(254nm); aiming to find the suitable conditions for OPW
treatment. The results showed an efficiency of 99% for
phenol removal, despite the high content of salts present in
seawater. In the treatment of the two effluents by the
AOPs, the reaction reached chemical equilibrium in 1 h
under UV irradiation (254 nm); the best pH to treat the
effluents was pH 7, in the presence of H2O» (0.3%v/v) and
by increasing temperature to 75°C (in the case of the real
sample of OPW). The results of this work show that the
two studied AOPs can be used in the oil industry, for OPW
treatment and to treat effluents (with high salinity)
contaminated with phenol, to remove organic compounds
in order to reduce their toxicity, and consequently assist
towards a better quality of the sedimentary environment.
The best results were obtained by the Photo-Fenton
process.

Keywords: Contaminants. Treatment. Oil Produced Water.
Seawater. Phenol. Advanced Oxidative Processes (AOPs).

have a variable composition, but often, barium and iron are the
major elements (Ray and Engelhardt, 1992).

The oil contained in the OPW can be classified into three
fractions: dispersed oil, oil-in-water or water-in-oil emulsions,
and dissolved organic compounds (Liu et al., 2016). The first
two can be removed by gravity or hydrocyclone (after
demulsifier addition), but the residual oil droplets and
dissolved  organic compounds  (including aromatic
compounds and polycyclic aromatic hydrocarbons) remain
unchanged.

The occurrence of aromatics is of great concern because of
their high resistance to biodegradation, toxicity to marine biota,
and possible carcinogenicity and mutagenicity (Jing et al., 2014).
The treatment of OPW is necessary due to the large volumes
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that are generated during the production of crude oil and,
especially, due to the impacts that it causes to the environment
when it is improperly discarded. These impacts, include
biological effects on marine pelagic ecosystems, causing:
endocrine, non-endocrine and reproductive problems (Bakke
et al, 2013). In Brazil, according to the Exploration and
Production Database (of the National Agency of Petroleum),
the average OPW production in 2017 was around 3.7 million
bbl/day and oil production was approximately 2.4 million
bbl/day, considering the Brazilian onshore and offshore
production. In Brazil, the Resolution, n® 393/2007 of the
National Environmental Council (CONAMA) establishes that
the monthly average limit of Total Oils and Greases (TOG) in
OPW (for discard) is 29 mg.L-.

Numerous OPW treatment technologies have been
developed (including hydrocyclone, filtration, adsorption and
osmosis) that allow for injection, discharge to the land surface
(if managed correctly), or beneficial reuse (Ahmadun et al.,
2009; Carvalho, 2016). However, traditional facilities may be
unable to remove all the contaminants contained in OPW.
This can result in their discharge to surface water and
ultimately affecting the sedimentary environment.

Advanced Oxidative Processes (AOPs) are used for the
degradation of contaminants in water. In Heterogeneous-
Photocatalysis (an AOP), a semiconductor, for example: TiOx,
is activated by UV or visible radiation. The semiconductor is
characterized by conduction bands (CB) and valence bands
(VB), the energetic region between bands is known as band-
gap energy (E_ ). The absorption of photons with energy
(E= h.y, where h is the Planck’s constant and » is the
photon’s frequency) greater than E,, promotes an electron

from the valence band to the conduction band (€") generating

an electron-hole in the valence band (h’; Ibhadon and
Fitzpatrick, 2013) (Equation 1):

Semiconductor + h.» (>Ebg) —ecp + hyp (1)

However, if electrons (ecg) and electron-holes (hyp)
migrate to the surface of the semiconductor without
recombination, they can participate in several oxidation
reactions. In the oxidation of organic compounds in water the
clectron-holes (hyp) present on the surface of the
semiconductor induce the oxidative decomposition of
adsorbed organic molecules. These electron-holes can also
react with water molecules (and also with the -OH ions present
in the water) to produce the hydroxyl radical (*OH). This *OH,
quickly attacks organic pollutants in the solution leading to
mineralization (CO2 and H2O) (Nogueira and Jardim, 1998).

A simple search in the Scopus database, using the
keywords: “seawater”, “photocatalysis”, reported that
between 1997 and 2018, only 60 scientific papers on this
subject were produced worldwide. The number of papers is
even smaller when the search is restricted to the keywords:
seawater, photocatalysis and phenol. The same occurs with
the terms: photocatalysis, catalysis, Oil Produced Water
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(OPW). Thus, it is possible to affirm that applications of
photocatalysis to the degradation of organic compounds in
seawater and in OPW, are topics not well studied, yet.

In this context, considering that depollution of water leads
to a better quality of the sedimentary environment; the aim of
this study was to investigate the degradation of organic
compounds in OPW using two AOPs: Heterogeneous-
Photocatalyst and Photo-Fenton. Two effluents were used
for this study. The first effluent was a phenolic solution made
in seawater, in order to simulate an OPW. Phenol was used
as a model molecule representing the aromatic fraction of
crude oil (aromatic alcohols are highly soluble in water). The
use of seawater is justified by considering that the high
content of salts is similar to that present in OPW, and,
moreover at longer reservoir lifetimes, seawater may
predominate the composition of OPW since it is used as fluid
of injection into the reservoir (Ray and Engelhardt, 1992; Jing
et al,, 2014). The other effluent analyzed in this study was a
real sample of OPW collected from an oil company located
in Rio Grande do Norte, Brazil. For the two AOPs two
commercial catalysts were used: TiOz and FeSO4.7H,O. The

initial pH of effluents and irradiation time under UV light

were varied in order to identify the best conditions for the
OPW treatment by AOPs.

2. Materials and Methods
2.1 Catalysts

Two commercial catalysts were used: TiO2 (Synth 99,99%
P.A) for the Heterogeneous-Photocatalysis  and
FeSO4.7H:0 for the Photo-Fenton. Both were characterized
by X-Ray Diffraction (XRD) in a Rigaku miniflex
diffractometer (30 Kv-10mA) with scanning from 5° to 80°.
The crystalline structures were identified considering the
International Center of Diffraction Database (ICDD). The
average crystallite sizes were determined from XRD line-
broadening measurements using the Scherrer Equation
(Jenkins and Snyder, 1996): d= k./ (Buu.cosb), where dis the
average crystallite size, k is the shape factor, taken as 0.89, A
is the wavelength of CuKa radiation, Buu is the full width at
half maximum (FWHM) of the particular peak and 0 is the
Bragg’s angle.

The catalysts were also characterized by diffuse
reflectance spectroscopy (DRS) in a Cary 5E Spectrometer
(200 to 800nm). The band-gap energy (eV) of the catalyst was
provided by the steep linear extrapolation part from the
absorption profile obtained in DRS, as described in the
literature (Wood and Tauc, 1972).

2.2 Effluents
The effluents were identified as the following:

— Phenol in seawater: a stock solution of phenol (46 mg.l") was
100
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prepared using seawater as solvent; the fresh seawater
was collected from a clean and preserved region of the
beach in Guaruja city (Sdo Paulo State, Brazil) and
passed through a filter membrane (cellulose) of 0.22
pm.

— O1l Produced Water (OPW): a real sample of OPW
obtained from an oil company located in Rio Grande
do Norte, Brazil. This effluent was degassed and passed
through a filter membrane (cellulose) of 0.22 um.

2.3 Photocatalytic tests

In the Heterogeneous-Photocatalysis process: TiO2 was
used in a ratio of 1gcaiyss -Letituene ! and H202 (0.3% v/v). In the
case of the Photo-Fenton process, 4.2 mg of FeSO4.7H>O and
H20O; in a molar ratio of 1:10 (catalyst: H,O,) were used.

In both processes, 25 mL of effluent was used, and the
initial pH was varied as: 3, 7 and 10, with addition of H>SO,
(0.1 M) or NaOH (0.1 M). A glass beaker (500 ml) was used as
a batch reactor, which was open to ambient air, the reactor was
under magnetic stirring. The reactor was confined in a dark
chamber with internal ventilation and exhaust. The irradiation
for each process was provided by six UV lamps (253.7 nm, 15-
watt, 220 volt) and the illumination to the reactor was from the
top. The catalyst/effluent separation was done by
centrifugation (12,000 rpm).

The phenol concentration was monitored during each
photocatalytic reaction by spectrophotometry through the
colorimetric method with 4-aminoantipyrine (APHA Method
D 5530 and EPA Method 604), and a calibration curve at
A=510 nm. The colorimetric method was used previously by
other researchers (Xu et al.,, 2015; Sun et al., 2016; Zhu et al,,
2016), for studies of photocatalytic degradation of phenol.
Some tests were also monitored by High Performance Liquid
Chromatography (HPLC, Shimadzu i-series Chromatograph)
with furnace temperature of 35°C, the mobile phase consisted
of aqueous acetonitrile solution with a flow of 0.8 mL.minute !,
and a C-18 column (5 um, 4.6 x 250 mm) in a reverse mode.
In this process the phenol removal percent (X%) was
calculated as: X% = (M; - My)/M;) x 100, where M; and My are
the phenol concentrations at the beginning and at the end of
each experiment, respectively.

In the case of the photocatalytic tests using OPW, the

organic matter present in this sample was characterized by
UV/Vis Spectrophotometer (Global Trade Technology,
model: UV-5100) in scan mode, as described by Albrektiené et
al. (2012) and Claro (2013).

3. Results and Discussion
3.1 Characterization of catalysts by X-Ray Diffraction (XRD)

The results of the photocatalysts obtained by XRD
analysis are shown in Fig. 1a-b. From this analysis and from
the JCPDS database, it was possible to identify that the
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FeSO4.7H>O photocatalyst (Fig. 1b) is present as a single
monoclinic phase (PDF 25-0409), with unit cell parameters:
a=7.624 A, b=7.648 A and c= 7.123 A. Additionally, the
average crystallite size calculated by the Scherrer equation
(Jenkins and Snyder, 1996) was 23 nm. According to the
Diffuse Reflectance Spectroscopy (DRS) analysis, the band-
gap energy of FeSO4.7H>O photocatalyst was 1.98 eV.

The XRD pattern of the TiO, photocatalyst (Fig. 1a)
shows the single anatase phase (tetrahedral) (PDF 21-1272)
with a Bragg angle and unit cell parameters of the tetrahedral
phase of a = 3.73 A, b =0 and, c = 9.37 A. The average
crystallite size of TiO, calculated by the Scherrer equation
(Jenkins and Snyder, 1996) was 38 nm; and according to
Diffuse Reflectance Spectroscopy (DRS) the Band-gap
Energy of TiO2 was 3.2 eV. It is known that the anatase phase
of TiO; presents good photocatalytic activity under UV light,
better than the rutile phase. This is due to the fact that TiO,
has low recombination rate of “photogenerated-holes and
electrons” (Carp et al., 2004); this property is very important
for heterogeneous photocatalysis.

3.2 Photocatalytic test: Phenol in seawater
3.2.1 Heterogeneous-Photocatalysis Test (TiO5)

Firstly, the photocatalytic tests were cartied out over TiO2
in the absence of H2O», The initial pH was regulated to: 3, 7
and 10. The results are shown on the chromatogram profile
(by HPLC analysis), in Fig. 2a-d. According to the result
shown in Fig. 2a, the profile of the initial phenol solution
presents two peaks, the first was assigned to salts present in
seawater, and the second to phenol (46 mg.L"). The profile
obtained for the sample after the photocatalysis at pH 3 (Fig.
2b), reported a final concentration of 31 mg. I meaning that the
33% of phenol was removed from seawater.

Nevertheless, the results at pH 7 (Fig. 2¢) and 10 (Fig. 2d)
reached lower removal percentage values (11% and 7%,
respectively) demonstrating that the pH of the initial solution
influenced the removal of phenol. Similar results were
reported by Seftel et al. (2014) and Moraes (2003) for the
photocatalysis of phenol in distilled water. Our finding
means that even in the presence of high seawater salinity, the
low pH promotes high phenol removal rates. According to
the chromatograph profiles of Figs. 2b-d, there were no other
intermediates formed after phenol degradation (not detectable under
chromatograph detection limit).

The chromatographs for samples after 1 hour of
Heterogeneous-Photocatalysis using TiO with addition of H2O;
(0.3%v/v) under UV are shown in Fig. 3a-c. In Fig, 3a-b, the peaks
of phenol after the photocatalysis at pH 3 and 7 correspond to 5.9
mg.L! and 2.9 mg.L1, which result in the phenol removal of 87%
and 94%, respectively.

The photocatalysis at pH 10 (Fig. 3¢) resulted in 71% of phenol
removal. The excess H»O, appears in the chromatograph,
however, the peak of H:O; is less intense at pH 10 which is
reasonable, since HxO» is less stable at basic pH.
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Fig. 1. XRD diffraction patterns of photocatalysts: A. TiO; and; B.
F6504.7H20.

The pH of the phenolic solutions after photocatalysis were
also measured (final pH). There was a slight increase after the
photocatalysis in pH 3 and 7 samples and a significant
reduction for the pH 10 sample, reaching pH 8.5.

The increase in the final pH of the samples at 3 and 7 (to 4
and 8, respectively), can be explained by the formation of
organic compounds such as short-chain organic acids, as a
product of phenol degradation process. Probably these
organics are in very low concentration since they were not seen
by chromatography, and are in ionic form (example: acetate
ions) and in equilibrium in water.

The formation of these ions leads to a pH increase (due to
the H+ protons suppressed from water) to maintain the
equilibrium (established by the Le Chatelier Principle; Atkins
and Jones, 2010). The results indicated that the
Heterogeneous-Photocatalysis  under UV with TiO;
photocatalyst plus H2Oz reached the highest removal values of
phenol at pH 3 and pH 7.

The kinetic results for the heterogeneous-photocatalysts
with TiOz plus HoO2 under UV light (254nm) are shown in
Fig.4. According to these results, at pH 3 and 7 the process
kinetics are very fast, and, the most favorable result was at pH
7 (94% degradation). The reaction reaches the equilibrium
after 1 hour of exposure to UV light.
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Fig. 2. Chromatograms of Heterogeneous-Photocatalysis tests
using UV light (254nm) for 1 hour, without H2O». A. initial solution

of phenol in seawater (46 mg.L‘l), before photocatalysis; B. sample
after photocatalysis at pH 3; C. sample after photocatalysis at pH
7; D. samples after photocatalysis at pH 10.

3.2.2 Photo-Fenton test (FeSO4.7H20)

The phenol removal % reported in Photo-Fenton process
was as high as that of Heterogeneous-photocatalysis. The
chromatographs are shown in Fig.5, where the phenol removal
reached 99% (Figs. 5a and 5b).

An almost complete phenol removal was obtained at pH 3.
The high efficiency of the process at this solution pH can be
explained by the fact that Fe’* and Fe?" are very stable acidic
media, which favors the interaction of these ions with H2O»,
generating hydroxyl radicals (*OH) and oxidizing phenolic
molecules in water (equations 2 and 3):

Fe?* + Hy0, > Fe3* + “0H + ‘0OH (2)
Fe3* + H,0, + hv - Fe?* + H* + :0H (3)
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Fig. 4. Kinects of phenolic degradation by heterogeneous-
photocatalysis with H2O» (0.3% v/v) under UV (254nm).

Wang et al. (2014) reported phenol removal of 85% (in
distilled water) for samples with pH 3 when submitted to the
Fenton process. In parallel, Kuo (1992) and Kiwi et al. (2000)
found that at pH =3 the hydroxyl radicals are the most active
species in the degradation of organic compounds in Photo-
Fenton process. Similar results were found when the Photo-
Fenton was carried out at pH 7.

Similarly, for the heterogeneous-photocatalysis, the Photo-
Fenton process was less effective at pH 10 and the peak of
phenol present in Fig. 5¢ corresponds to the concentration of
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8.2 mg.L-1, which result in 57% phenol removal. This can be
related to the low stability of H2O; in basic media, which
hinders the interaction with Fe2* and Fe3*, and therefore leads
to a less effective oxidation process.
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Fig. 5. Chromatograms of Photo-Fenton test using UV light
(254nm). A. Photo-Fenton at pH 3; B. Photo-Fenton at pH 7; C.
Photo-Fenton at pH 10.

The kinetic results in Photo-Fenton reaction are shown in
Fig. 6. According to the profiles, as expected, the reaction was
very fast at low pH (3 and 7), and was less efficient and slower
at pH 10. The kinetic test showed that the reaction reached the
equilibrium after 1 hour of irradiation. The results were similar
to those found in Heterogeneous-Photocatalysis experiments,
and seem to indicate that the pH of the solution influences the
reactivity of H2O» and the stability of the phenolic species in
aqueous media at different pH.

Figure 7 presents the comparison of different AOPs studied
in this work, for the degradation of phenol in seawater. That
figure also presents the adsorption of phenol over the catalysts
in the dark, which clearly shows that there was no significant
contribution of the adsorption of the phenol by the TiO;
surface. UV radiation (254 nm) and UV+H;0; (0.3%) removed
significantly ~phenol. Nevertheless, in all case, the
Heterogeneous-Photocatalysis and Photo-Fenton process
reached the highest value, showing that even in the presence of
high seawater salinity, the photocatalytic process is effective.

The results observed before, indicated that the AOP is
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effective even in the presence of water with high salinity. As is
known, the presence of salts is interfering factors in reducing
the efficiency of AOPs, especially due to higher NaCl
contribution, which releases chloride ions (Cl) that compete
for hydroxyl radicals.
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Fig. 6. Kinects study of Photo-Fenton reactions at different initial
solution pH.
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Fig. 7. Comparison of the different AOPs studied in this work, for
degradation of phenol in seawater

3.3 Water Produced from Oil (OPW)
3.3.1 Heterogeneous-Photocatalysis

The UV-Vis spectra scan of the effluent before
Heterogeneous-Photocatalysis is shown in Fig. 8. As is
presented, the initial OPW profile has a principal band at 254
nm, which was attributed to the dissolved organic matter
(Albrektien et al., 2012); the decrease in the profile intensity of
this UV-Vis spectral was utilized to monitor the efficiency of
AQOP (Claro, 2013).

In the spectra scan of the effluent after heterogeneous-
photocatalysis, the strong band below 300 nm, corresponds to
the remaining H»O,, which has a high absorption in this
region. Therefore, this region was not considered for analysis.
On the other hand, at pHs 3 and 7, the two photocatalytic
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process caused a greater character alteration in the region from
300 to 400 nm (indicated with a narrow black in the Fig. §),
indicating that the photocatalytic process was effective to
remove the dissolved organic matter present in OPW at these
pHs (Tambani, 2011).

—— OPW
——Ti05-pH 3
TiO,-pH 7

Abs

Reduced absorption band

0,5 -

0,0 T T T T T T
200 250 300 350 400 450 500
% (nm)

Fig. 8. UV-Vis scan profile of OPW after 3 hours of Heterogeneous-
Photocatalysis over TiOs plus H2O5 (0.3% v/v), under UV irradiation
(254nm).

In the next experiment, the same experiments described
above were carried out (Heterogenous-Photocatalysis at pH 3
and 7 for three hours of UV irradiation), but, this time with
heating at 75°C and the results are shown in Fig. 9. In this
Figure there was a greater alteration (of the peak related to
organic matter located in intervals of 300-400 nm) when
compared with the results obtained at room temperature (Fig.
8). This change of character is more notable for the
photocatalysis at pH 7. It is known that the temperature is not
a very relevant factor for the UV/H>O, system and for
hydroxyl radical generation (Gongalves, 2004), however, the
improvement of the removal of dissolved organic matter is
clear. In this sense, we can affirm that the temperature favored
the kinetics of the reaction (by increasing the kinetic energy of
molecules), resulting in a higher oxidation rate.

3.3.2 Photo-Fenton

The UV-Vis spectra scan of the effluent after Photo-
Fenton is shown in Figure 10. Similar to the analysis in
heterogeneous-photocatalysis, the alteration of the initial OPW
profile, which has a principal band at 254 nm attributed to the
dissolved organic matter (Albrektien et al.,, 2012); served to
monitor the efficiency of AOP (Claro, 2013).

In the spectra scan of the effluent after Photo-Fenton, the
strong band below 275 nm, corresponds to the remaining
H20,, which has a high absorption in this region. Therefore,
this region was not considered for analysis. The Photo-Fenton
carried out at pH 3 and 7 led to alteration of the OPW profile
above 275nm, indicating that the photocatalytic process was
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effective, the profile that corresponds to pH 7 denoted a more
demarked difference when compared to the initial profile of
OPW above 275 nm (see the black arrows in Fig.10).

3,5 — OPW
M — TiO,-pH 3
3,01 W TiO,-pH 7
2,54
3 20-
Z 4
1,5 1
Reduced absorption bands
1,0 1
0,51
0,0 T T T T T 1
200 250 300 350 400 450 500

X (nm)
Fig. 9. UV-Vis scan profile of OPW after 3 hours of
Heterogeneous-Photocatalysis over TiOz plus HxO2 (0.3% v/v),
under UV irradiation (254nm), and heating at 75°C.

The same experiments described above (Photo-Fenton at
pH 3 and 7 for three hours under UV irradiation), were carried
out but with heating at 75°C (Fig. 11). There was a greater
change of character in the absorption band above 275 nm,
related to organic matter in OPW, when compared with the
similar at room temperature (see Figs. 10, 11).

357 —— OPWr
— FeSQ,7H,0 - pH 3
3,007 FeSQ,7H,0 - pH7
254
8 20
22
154 Reduced absorption bands
<
1,0
0,54
0,0 T T T T T T T — T T 1
200 250 300 350 400 450 500

Anm)

Fig. 10. UV-Vis scan profile of OPW after 3 hours under UV
irradiation (254 nm), Photo-Fenton process with FeSO4.7H,O plus
0375 ml. HzOz.

This change was more marked for the photocatalysis at pH
7. As it is known, the temperature is not a very relevant factor
for the UV/H;O; system and for the hydroxyl radical
generation (Gongalves, 2004). Nevertheless, the improvement
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of the removal of dissolved organic matter is clear. At this
point, we can affirm that the temperature favored the kinetics
of the reaction (by increasing the kinetic energy of organic
molecules), resulting in a higher oxidation rate.

4,04
: — OPW
3,5 —— FeSQ,7H,0 - pH 3
- FeSO,7H,0 - pH 7
3,0
2,51
[72]
o
< 2,04
Reduced absorption bands
1,54
1,0
0,51
0,0 T T T T T T T T T T T 1
200 250 300 350 400 450 500

A (nm)
Fig. 11. UV-Vis scan profile of OPW after 3 hours under UV

irradiation (254 nm), Photo-Fenton process with FeSO4.7H20 plus
0.375 mL H>O; and heating at 75°C.

4. Conclusion

The results of Photo-Fenton and Heterogeneous-
Photocatalysis (both in the presence of H»Os) for the
degradation of phenol in seawater, indicated that these
processes are favored at low pH (< pH7), the kinetics of the
processes were also favored. These processes were very
favorable despite the high salt content in the seawater. The
efficiency of the Photo-Fenton process reached =99% at pH 7.

The Photo-Fenton process was more effective than
Heterogeneous-Photocatalysis to treat the two types of
effluents studied in this work. In the case of the effluent made
of phenolic solution in seawater, the treatment did not generate
any intermediates (detected by liquid chromatography)
indicating the mineralization of phenol to CO» and H>O.

The results of OPW treatment by Heterogeneous-
Photocatalysis and Photo-Fenton, demonstrated that the two
photocatalytic processes were effective for the removal of
dissolved organic matter in OPW, the best treatment was at pH
7. These processes were improved by heating at 75°C.

In future trials, it is feasible to substitute the UV irradiation
of lamps by sunlight, constituting an alternative with lower
energy and sustainable consumption.

This study demonstrates that the two AOPs can be used in
the oil industry, for OPW treatment and effluents (with high
salinity) contaminated with phenol, to remove organic
molecules in order to reduce their toxicity, and consequently
provide better quality to the sedimentary environment.
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