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ABSTRACT

In this study, treatability of olive mill wastewater (OMW) by acid cracking, chemical
coagulation, and Fenton process was investigated. Various coagulants, such as alum, ferric
chloride, ferrous sulfate, and bentonite were examined in chemical coagulation process and
the chemical oxygen demand (COD), total phenols, color, and aromaticity were determined.
The removal of COD, color, total phenols, and aromaticity in acid cracking were 47, 63, 30,
and 57%, respectively. The pH, iron-salt, and hydrogen peroxide dosage were found to
significantly affect the efficiencies of Fenton process and acidic pH conditions were the most
effective. Acid cracking and Fenton process showed high efficiency of COD (83%), total
phenols (98.6%), color (77%), and aromaticity (67%) removal from the OMW. As a result of
this study, acid cracking and Fenton process have a significant effect in reducing the COD

and total phenols from OMW.
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1. Introduction

The production of olive and olive oil is significant
agricultural activities in the Mediterranean countries
[1] and approximately, 1.8 x 10° tons of olive oil are
produced annually worldwide, where the majority
(98%) of it is produced in the Mediterranean basin [2].
It is also approximated that around 30 million cubic
meter of OMW are generated annually in this area [3].
Olive mill wastewater (OMW) generated from olive
oil production is a serious environmental problem due
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to its high organic content, suspended solids (SS), high
concentrations of recalcitrant compounds, and resis-
tance to biodegradation caused by its high level of
polyphenol [4].

The organic fraction of OMW contains 2-15% of
phenolic compounds corresponding to a concentration
of 0.002-80 g/L [5,6]. The chemical oxygen demand
(COD) is also high, ranging from 45 to 220 g/L, as is
the biochemical oxygen demand (BODs), ranging from
35 to 100 g/L. The pH of OMW is acidic, approxi-
mately 4-5 [6]. In addition, OMW can contain a con-
siderable amount of SS that can reach 1-9 g/L [7,8].
Most of the aforementioned parameters are varied
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based on source of olives; however, SS up to 190 g/L
have been recorded [9].

The uncontrolled disposal of OMW constitutes
serious environmental problems, such as coloring of
natural waters, threat to the aquatic life, causing sur-
face and ground water pollution, changing soil quality
and plant growth, and causing odors [10]. Therefore,
OMW treatment should be carried out properly, but
there are some difficulties about treatability of OMW.
These are mainly related to (a) high organic loading,
(b) seasonal operation (typically between December
and March), (c) high territorial scattering, (d) localized
production low and wastewater flow rates (between
10 and 100 m®/d), and (e) presence of organic com-
pounds which are hard to biodegrade such as long-
chain fatty acids and phenolic compounds [11].

There are several processes described in the litera-
ture for the treatment of OMW. Some treatment meth-
ods practiced on a large scale have until now proved
to be ineffective or very costly. Aerobic or anaerobic
biological processes require long treatment times
owing to the inhibition effect of phenolic compounds
and do not completely remove the organic pollution
load. Many physico-chemical treatment methods pro-
duce large quantities of sludge, though others have
high cost and low efficiency [12]. Aktas et al. [13] have
tested the lime treatment of OMW, achieving a low
degree of removal (28%) of volatile phenols responsi-
ble for high COD values and moreover phytotoxic
conditions. Therefore, research efforts have been direc-
ted toward the development of efficient treatment
technologies that include various combinations of
some physical, chemical, biological, and advanced
treatment processes. Chemical + biological treatment
[14], aerobic treatment + Fenton oxidation [15], electro
Fenton + anaerobic treatment [16], UF + H,0O,/UV
[17], physical treatment + adsorption [18], reverse
osmosis membranes [19], laboratory-scale physico-
chemical methods using UV/H,0, [20], and adsorp-
tion processes using different concentrations of acti-
vated carbon as adsorbent [21] have been successfully
applied on OMW treatment.

Acid cracking and coagulation with various coagu-
lants, such as chitosan, sodium dodecyl sulfate, and
FeCl; have been used for OMW treatment and the
COD has been decreased from 128 to 19.2 g/L with a
removal efficiency of 85% [1]. In another study done
by Kiril Mert et al. [11], acid cracking, coagulation,
and Fenton and Fenton-like processes have been used
and they have removed 67% of COD and 72% of total
phenol by acid cracking and coagulation—flocculation.
Fenton and Fenton-like processes have showed high
COD (>80%) and total phenol (>85%) removal perfor-
mance. Yalili Kili¢ et al. [4] have used acid cracking,
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oil separation, and coagulation—flocculation processes
at pilot scale and obtained high efficiency of COD
(85%), oil and grease (O&G) (>97%), SS (>99%), and
phenol (92%) removal from the OMW.

In recent years, new treatment technologies have
been developed to reduce organic and phenolic con-
taminants of OMW. Among them, advanced oxidation
process (AOP) which employ strong oxidant agents
(ozone, hydrogen peroxide and UV, Fenton, etc.), are
able to remove organic and phenolic pollutants of the
OMW [22]. The Fenton process one of the AOPs is
accomplished by the implementation of hydrogen per-
oxide (H,O,) and a ferrous salt (Fenton’s reagent). It is
an economical system characterized by its simple
application and possibility of using perfectly mixed
tank reactors. The system can also be adapted to
different volumes and individual conditions [23].

Fenton process has been largely studied on OMW
treatment and great efficiencies are reported by sev-
eral authors. Dogruel et al. [24] obtained 46-63% total
phenol and 40-50% COD removal, while Lucas and
Peres [25,26] removed 70 and 96.8% COD, respec-
tively. Ozdemir et al. [27] utilized two different meth-
ods of Fenton process named Conventional Fenton
(CFP) and Fenton Type Processes (FTP) with zero-
valent iron to remove COD and phenol from OMW.
82.4% COD and 62% phenol removals were performed
under the optimum conditions by CFP, while 82%
COD and 63.4% phenol were removed by FIP.

The aim of this study is the investigation of most
appropriate treatment process combinations for OMW.
For this purpose, acid cracking, chemical coagulation
with various coagulants, and Fenton process have
been applied and the results of these treatment pro-
cesses are presented as COD, total phenol, color, and
aromaticity removal efficiencies.

2. Materials and methods
2.1. Materials

Sulfuric acid, hydrochloride acid, sodium
hydroxide, lime, and hydrogen peroxide were
purchased from Merck. All chemicals were used with-
out further purification. A.R. grade chemicals, H,SO,,
NaOH, and H;O, (30%) were used without any
purification and were provided by Merck.

2.2. Wastewater specification

The OMW used in this study was taken from the
effluents of an olive oil production plant located in
Lushan Industrial, Gilan city, Iran. The factory uses a
centrifugal three-phase olive oil extraction process
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with maximum daily oil processing capacity of 60 tons
at an average waste effluent of 430,000 L/day on the
days the factory active. The pollution characteristics of
this wastewater are given in Table 1.

2.3. Experimental procedure

Two types of experiments were performed: phys-
ico-chemical treatment and advanced oxidation stud-
ies using the Fenton process. An acid cracking study
was performed in a 1 L cylindrical reactor, and the
intermediate phase was moved to 0.5 liter beakers by
the siphoning method. The pH was adjusted using
sulfuric acid to obtain a pH 2.5.

In the physico-chemical treatment, experiments
were performed using a jar test apparatus (Zagchimi
(Iran Co.)), Ca(OH), (lime), and ionic and cationic
polyelectrolytes were used to investigate the coagula-
tion—flocculation effects at various dosages.

The coagulation process was done using alum,
ferric chloride, and ferrous sulfate. The pH was
adjusted by NaOH before the coagulation agent.
Wastewater with the coagulation agent was mixed in
the jar test apparatus for 1 min at 120 rpm, and then
mixed for 15 min at 30 rpm.

All the Fenton experiments were performed in a
250 ml glass batch reactor placed in a shaker.
A certain amount of ferrous sulfate hepta-hydrate was
added to the samples and the pH was adjusted with
sulfuric acid. The aqueous solution containing the
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reactants was homogenized by magnetic agitation to
avoid concentration gradients. Advanced oxidation
with the Fenton (Fe*?-salt + H,O, in acidic solution)
experiments was performed using an ordinary jartest
apparatus, where 0.5 liter beakers were used and pH
adjustments were done manually using sulfuric acid
(1 N) and sodium hydroxide (1 N). The addition of
the ferrous sulfate (FeSO,.7H,0) solution was done in
the next step. Afterwards, hydrogen peroxide (reagent
grade 30%) was added to the medium and the reac-
tion began. The reaction was complete within 60 min
(6 min rapid mixing and 55 min slow mixing). The
Fenton oxidation experiments were performed under
various Fe*? salt, H,O,, and pH values to determine
the optimum conditions.

2.4. Analytical method

The COD was measured using a spectrophotome-
ter instrument (ET108, Lovibond Co.) according to the
Standard Method, Section 5220D [28,29]. Turbidity
was measured using N2100 Hach (USA) after being
diluted five times due to the high turbidity of the
samples. Additionally, the aromaticity and color of the
samples were measured after being diluted 100 times
by N2100 Hach (USA) at 254 nm and 280 nm
wavelengths, respectively. The last one is then called
polyphenol index (A,gy) which is a relative index of
the polyphenol content [30]. The total phenol content
was determined according to a modified Folin-Ciocal-

Table 1
The physico-chemical analysis of OMW before processing and after acid cracking, the Fenton test, and the coagulation
test
Total
Pretreated OMW Removal efficiency Removal Removal removal
Raw after acid cracking after acid cracking efficiency after  efficiency after efficiency
Parameter oMW at pH=2.5 (%) Fenton (%) coagulation (%) (%)
pH 54+015 25=x0.15 - - - -
COD (g/L) 744 +3.42 39.64 + 245 47 57 27.6 83
Color (@ - - 63 18 6.2 77
280 nm)?
Turbidity 2,665 + 82 2,530 + 64 97 - - -
(NTU)
Total 1.8 +0.1 1.25 + 0.05 30 97 35 98.6
phenols
(mg/L)
Aromaticity - - 57.4 32 8.5 67
(@
254 nm)®

Notes: “The absorbance value at 280 nm is measured before and after the treatment and used to calculate the color removal efficiency.
"The absorbance value at 254 nm is measured before and after the treatment and used to calculate the aromaticity removal efficiency.



2034

Table 2
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Removal efficiencies of wastewater pollution parameters on acid cracking at different pH values

Removal efficiency (%)

Sample no. pH COD Turbidity Total phenol Aromaticity Color Time (min)
1 1.5 46.3 98 30.1 59.1 64.3 50

2 2.0 47.3 96 28.1 58.7 63.8 50

3 2.5 47.1 97 29.6 57.4 63.2 60

4 3.0 46.4 92 28.3 55.3 62.1 150

5 3.5 46.4 90 23.8 51.9 62.0 > 360

teu method [31]. The total phenol content was deter-
mined using 0.5 ml of Folin-Ciocalteu (fourfold
diluted) phenol reagent to 10 ml of samples (20 times
diluted). After 5 min, 0.5 ml of sodium carbonate solu-
tion (200 g/L) was added and the absorbance was
measured at 725 nm against a blank after 30 min. The
hydrogen peroxide concentration according to the
standard iodometric titration method was measured
by sodium thiosulfate (0.1 N) titration with a starch
paste indicator.

3. Results and discussion
3.1. Acid cracking test

A large amount of pollution and oil particles in
OMW results in stable emulsions. De-emulsification of
this stable emulsion can be done by heating or adjust-
ing the pH using sulfuric acid or hydrochloric acid.
The emulsion has a negative charge and, therefore,
acidification of the solution can increase the H* con-
centration, can neutralize the negative charge and help
precipitate the emulsion particles. To investigate the
optimum pH of the solution, several experiments were
performed at different acidic pH values using concen-
trated sulfuric acid. The removal efficiency of the
wastewater pollution parameters was determined
using the COD, turbidity, total phenol, aromaticity,
and color and their relationship with pH, which is
presented in Table 2. As observed from Table 2, the
optimum pH was 2.5. Lower pH values just reduced
the experimental time and did not show a significant
difference in the removal efficiency. However, at a
low pH, more NaOH is required to adjust the pH in
other steps of the experiment to complete treatment,
which is not an economic solution. The required sulfu-
ric acid for the acid cracking process was measured
using 1.5 ml per one liter of wastewater and the acid
cracking time was approximately 1 h to complete the
process. The results of this process are shown in
Table 2 and indicate that acid cracking alone resulted
in satisfactory treatment efficiencies.

3.2. Investigating the double effect of acid cracking

Acid cracking is an important process to decrease
waste pollution parameters, such as COD, turbidity,
total phenol, aromaticity, and color. Two aspects can
be considered in acid cracking of OMW. One, sulfuric
acid is a powerful oxidant agent that can oxidize the
OMW component and reduce the COD itself. How-
ever, adding sulfuric acid results in a lower pH and
improves the coagulation of OMW. To investigate the
coagulation and oxidation effect of acid cracking, two
separate experiments were performed at the optimum
pH condition. In one of the tests, the solution was
allowed to precipitate and in the other test, precipita-
tion was avoided by being continuously stirred using
a magnetic stirrer. After one hour, the COD of the
solution was measured and compared. The results
indicate that only 10% of the acid cracking efficiency
was due to its oxidation effect, while the other 90%
was related to the coagulation effect. In the case that
the solution was continuously stirred and avoided to
precipitate, the only process which occurred was oxi-
dation and the COD removal at this section was low
and only 10% of the whole COD removal occurred in
the process which allows the solution to precipitate.

3.3. Coagulation tests

Lime (Ca(OH),) was used as the coagulation agent
to precipitate the particles; however, using lime
resulted in certain problems, such as a low efficiency
in COD removal, an increase in water stiffness, an
increase in pH up to 11-12, and the production of a
large amount of slop. In this study, the use of typical
coagulants, such as alum, ferric chloride, ferrous sul-
fate, and bentonite were examined. The ferric chloride
treatment after acid cracking resulted in a 27.6% COD
removal and 35% phenol removal at a dose of 6 g/L.
Ferric chloride at a pH 9 showed a better efficiency to
decrease the pollution parameter than the other treat-
ments. Fig. 1. shows that the COD decrease as a result
of the ferric chloride.
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Fig. 1. COD variation by adding different dosages of ferric
chloride and ferrous sulfate as coagulation agent.

Compared with the ferric chloride, the addition of
ferrous sulfate up to 15 g/L did not show a significant
COD removal, which indicates the effect of the cation
charges on the coagulation process. Additionally, the
addition of alum at the optimum pH showed a similar
behavior and did not decrease the pollution parameter
efficiently. However, the use of bentonite exhibited a
high efficiency in color and turbidity removal; it was
found that 5 g/L of bentonite can reduce the wastewa-
ter turbidity and color by 50-60% and 30-40%, respec-
tively. Thus, bentonite can be used as an absorbent
agent during the coagulation process.

100
90 o i coD

1 |EEE] Total Phenol
80 4 || Aromaticity
70 | Color

Removal efficiency (%)
3

0.005 0.01 0.02 0.03
Fe concentration (M)

Fig. 2. Fe (II)/H,0;, treatment of OMW as demonstrated
by the evolution of the COD removal efficiency, total phe-
nol, aromaticity, and color with the influence of the ferrous
iron initial concentration. Ty = 298 K, pH = 3, H,O, con-
centration of 0.5 M, and reaction time of 4 h at a stirring
rate of 90 rpm.
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As shown from Fig. 1, the optimum amount of
ferric chloride consumption was fixed at 6 g/L. Table 1
shows that other pollution parameters decreased with
the use of ferric chloride.

3.4. Fenton test

Performing Fenton followed by acid cracking to
decrease the pollution parameters was also studied.
Typical operating variables, such as the reagent con-
centration (Cp.p) 0.005-0.03-M, (Cr,0,) 0.12-0.5 M), at
a pH between 2 and 5, and reaction temperature (T)
between 298 and 303 K had a positive influence on
COD and total carbon removal. In this study, the opti-
mum pH and the hydrogen peroxide and iron ion
concentrations were obtained.

3.4.1. Effect of the initial amount of iron salts

Generally, the rate of degradation increases
with an increase in the concentration of ferrous ions
[32-34]; however, the extent of the increase is some-
times only marginal above a certain concentration, as
reported by [35-37]. Additionally, an enormous
increase in ferrous ions will lead to an increase in the
unused quantity of iron salts, which will contribute to
an increase in the TDS content of the effluent stream
and is not permitted. Thus, laboratory-scale studies
are required to establish the optimum loading of fer-
rous ions under similar conditions unless data are
available in open literature [38].

The effect of the initial concentration of ferrous
iron is shown in Fig. 2. As observed from the Fig. 2,
the optimum load of ferrous iron is 0.02 M. An excess
amount of ferrous iron does not significantly affect the
removal efficiency of the total phenol, though it can
reduce the COD and color removal efficiency.

3.4.2. pH effect

The performance of Fenton processes is highly
affected by the reaction media pH [39,40]. Broadly
speaking, low pH values between 2 and 4 favor the
efficacy of the oxidation. In this study, different values
of pH were investigated to ascertain the influence of
this parameter on the removal of COD, color, and
aromaticity.

At lower pH values (pH < 3), Fe(OH)** forms,
which reacts more slowly with hydrogen peroxide
and therefore, produces less reactive hydroxyl radi-
cals, which reduces the degradation efficiency [41,42].
In addition, the scavenging effect of hydroxyl radicals
by H" becomes important at very low pH values [43]
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Fig. 3. Fe (II)/H,0, treatment of OMW as demonstrated
by the evolution of the removal efficiency of the COD,
total phenol, aromaticity, and color with the influence of
the pH from 2 to 5. Ty = 298 K, ferrous iron initial concen-
tration 0.02 M, H,O, concentration 0.5 M, and reaction
time of 4 h at a stirring rate of 90 rpm.

and the reaction of Fe®* with hydrogen peroxide is
also inhibited [42]. At a pH of 4, the decomposition
rate decreases because of the decrease in the free iron
species in the solution, likely due to the formation of
Fe (II) complexes with the buffer, which inhibits the
formation of free radicals and also due to the precipi-
tation of ferric oxyhydroxides [34,44,45], which inhib-
its the regeneration of ferrous ions. Additionally, the
oxidation potential of HO® radicals is known to
decrease with an increase in pH [33]. At a higher pH
and alkali pH, Fe**is converted to Fe®*, precipitates as
Fe(OH)*, and loses its catalytic effects so it is no
longer active in the reaction. Furthermore, it has been

6.5
Fe Added

6.0

5.5 - —

5.0 -
=
S 45 -

4.0 ~

35 -

3.0 - ;

t T T t
0 0 0 1 3 5 10 30 60

Reaction time (min)

Fig. 4. Variation in pH during the reaction time and the
effect of adding Fe®* salt and H,O,.
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proven that the reaction potential of HOe® radicals
reduces with increasing pH [46]. To investigate the
effect of pH, first, the hydrogen peroxide and iron ion
concentrations were fixed at 0.25 and 0.02 M, respec-
tively, and then the process was studied at different
pH values (2-5). The result was an optimum pH of 3.
With increasing pH, the Fe** half-life decreased and
then Fe was removed from the environment as a cata-
lyst; thus, the process efficiency decreased. The pH
effect on the COD, color, and aromaticity removal is
shown in Fig. 3.

3.4.3. Variation in pH during the reaction time

The pH variation during the reaction time (Fig. 4)
can indicate the reaction promotion. The first decrease
is due to the addition of the Fe solution with sulfuric
acid and the second decrease is after adding H,O, to
the reaction. The decreasing pH gradually continued
because of the formation of the organic acid compo-
nent during the reaction.

3.4.4. Effect of the amount of hydrogen peroxide

The concentration of hydrogen peroxide plays a
more crucial role in deciding the overall efficacy of
the degradation process. Generally, it has been
observed that the degradation percent of the pollutant
increases with an increase in the peroxide dosage [33—
37,47]. The presence of hydrogen peroxide is harmful
to many microorganisms [48] and will affect the over-
all degradation efficiency significantly, where Fenton
oxidation is used as a pretreatment to biological oxida-
tion. An additional negative effect of hydrogen perox-
ide, if present in large quantities, is that it acts as a
scavenger for the generated hydroxyl radicals. Thus,
the loading of hydrogen peroxide should be adjusted
in such a way that the entire amount is used, which
can be determined based on laboratory-scale studies
on the effluent in question.

In this study, the iron ion and hydrogen peroxide
concentrations were fixed in two ranges, (0.01, 0.02,
0.03, and 0.05 M) and (0.12, 0.24, 0.36, and 0.48 M),
respectively. The results showed that the process effi-
ciency does not increase if the amount of iron ions
added to the wastewater exceeds 0.02 M. If the iron
ion concentration is increased to greater than 0.02 M,
the amount of iron ions will increase in the outlet
wastewater, which decreases the COD removal effi-
ciency and the process will not be as economic and
environmentally friendly.

In this study, the optimum concentration was
0.36 M. If the concentration becomes greater than
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Fig. 5. Fe (II)/H,0, treatment of OMW as demonstrated
by the evolution of the removal efficiency of the COD,
total phenol, aromaticity, and color with the influence of a
H,O, concentration (0.12, 0.25, 036, and 05 M),
Ty = 298 K, ferrous iron initial concentration of 0.02 M and
a reaction time of 4 h at a stirring rate of 90 rpm.

0.36 M, the reaction temperature will increase and
there is no way to control the solution temperature
when analyzing the hydrogen peroxide; thus, the pro-
cess efficiency will decrease.

Fig. 5. shows the effect of the Fenton advance
oxidation in optimum iron ions and peroxide concen-
tration (0.02 M as conc. and 0.36 M as).

3.4.5. Temperature effect

Not many studies are available depicting the
effect of temperature on the degradation rates and
ambient conditions can safely be used with good effi-
ciency. Lin and Lo [30] reported an optimum tempera-
ture of 303 K, whereas Rivas et al. [33] reported that
the degradation efficiency is unaffected even when the
temperature is increased from 283 to 313 K. If the
reaction temperature is expected to rise beyond 313 K
due to exothermic reactions, cooling is recommended
at temperatures greater than 313 K, which lowers the
efficiency of the hydrogen peroxide due to the acceler-
ated decomposition of hydrogen peroxide into water
and oxygen [41].

A series of experiments was performed to assess
the influence of temperature on the final COD, total
phenol, color, and aromaticity removal extent. As sta-
ted previously, runs were completed with the temper-
ature being controlled at 298 K. Therefore, for the
conditions of these experiments [Fe(Il) at 0.02 M and
H,O, at 0.5 M, pH at 2.5], an average increase of
10-15 K greater than the starting temperature occurred
within several minutes after mixing the Fenton's
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Table 3

Temperature effect on the COD, total phenol, color, and
aromaticity removal efficiency; pH 2.5, Fe(Il) initial concen-
tration 0.02 M and H,O, concentration 0.5 M

Removal efficiency (%)

Parameter Temperature 298 K Temperature 308 K
COD 52 51
Total phenol 96 98
Aromaticity 30 27
Color 15 18

constituent reagents. Table 3 shows the benefits of
increasing the temperature on the COD degradation
rate. As mentioned by Rivas et al. [33] and shown in
Table 3, increasing the temperature from 298 to 308 K
has no significant effect on the percentage of COD
and other parameters; increasing the temperature only
increases the reaction rate slightly.

3.4.6. Effect of using different amounts of hydrogen
peroxide during the reaction time

The reaction time depends on several parameters,
such as the initial concentration of wastewater, initial
amount of hydrogen peroxide, and the amount of iron
salts. Wastewater with a phenolic component less
than 0.25 g/L is typically complete after approxi-
mately 30-60 min; however, it may take several hours
for the high phenolic content of the OMW to be fully
removed. In all experiments, the amount of iron was
adjusted to 0.02 M and the removal efficiency varia-
tion of the pollution parameters, such as the COD,
total phenol, aromaticity, and color, with different
amounts of hydrogen peroxide during the reaction
time is shown in Fig. 6(a—d). As observed from Fig. 6,
after 4 h reaction is discontinued, there was no obser-
vable change in the removal efficiency. It is clear from
Fig. 6(a). that the COD is rapidly removed early in the
experiment and tends to become constant after 4 h.
Increasing the amount of H,O, from 0.12 to 0.5 M also
led to an increased COD removal. Fig. 6(b) shows that
the increase in H,O, has less of an influence on the TP
removal efficiency; however, it exhibits the intrinsic
behavior of raising the amount of TP removal as H,O,
increases slightly. H,O, has a significant effect on the
aromaticity removal efficiency; a small increase in
H,O, from 0.12 to 025 M led to the aromaticity
removal increasing from 5 to 30%. Similar behavior
can be seen in the color removal, which can clearly be
observed in Fig. 6(d). Despite all of the
aforementioned points, it should be noted that in
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Fig. 6. Effect of using different amounts of hydrogen peroxide during the reaction time on the removal efficiency of the
COD, total phenol, aromaticity, and color; Ty = 298 K, ferrous iron initial concentration 0.02 M, H;O, concentration of

0.12, 0.25, 0.36, and 0.5 M.

Fig. 6(a—d), additional amounts of hydrogen peroxide
improved the removal efficiency of the pollution
parameters.

Conclusion

In this study, acid cracking, chemical coagulation,
and Fenton processes were applied on OMW. The
conclusions can be drawn from this study.

(1) The acid cracking at pH 2.5 removed 97, 47,
30, 63, and 57% of the turbidity, COD, total
phenol, color, and aromaticity, respectively.

(2) The results of the experiments showed that
the temperature increase from 298 to 308 K
does not have a considerable effect on the effi-
ciency process and only slightly increases the
rate of the reactions.
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Consequently, it can be concluded that a combina-
tion of acid cracking, chemical coagulation, and
Fenton processes can be used as a suitable treatment

T T
1 2

Time (h)

It is obtained more than 83, 98.6, 77, and 67%
removal of COD, total phenol, color, and aro-
maticity by the combination of acid cracking,
chemical coagulation, and Fenton processes.

processes for OMW treatment.
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