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In this research, the efficiency of an integrated acid cracking—membrane filtration system in the treatment of olive mill
wastewater (OMW) was investigated. OMW was pretreated by acid cracking and subjected to three stages of
microfiltration (MF) through membranes with nominal pore sizes of 50, 5 and 0.2 um. These stages led to reductions of
99%, 23% and 52% in the content of suspended solids, total phenols and chemical oxygen demand (COD),
respectively. Then, MF permeates were subjected to ultrafiltration (UF), followed by nanofiltration (NF). The COD and
the amount of phenolic compounds obtained as a result of UF were of 50.2% and 60.8%, respectively. NF showed high
efficiency in decreasing COD (more than 90%) and in the removal of phenolic compounds (78.3%), as well as
moderate desorption of mineral salts (41%). Also, the effect of operating parameters, such as pressure and volume
reduction factor (VRF), on the membrane flux was investigated. The results achieved are in good agreement with those

reported in the literature.
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INTRODUCTION

Olive mill wastewater (OMW) is a mixture of
solid materials and black liquid. It contains
phenolic compounds, fats and organic acids,
which have a harmful effect on soil. Thus, the
direct dumping of OMW into the environment is
prohibited by legislation, which allows discharge
only when the effluent meets standard values.
Plenty of water is used in conventional olive oil
extraction units, which produces a significant
volume of wastewater. The olive oil mill
wastewater contains water (80-83%), organic
components (15-18%) and inorganic components
(2%) (mainly, potassium, sodium and phosphate).
Furthermore, the effluent is acidic (pH=4-5) and
comprises plenty of oil.> The maximum chemical
oxygen demand (COD) of olive oil wastewater’
can exceed 200 g/L. It has been reported that the
use of biological treatment methods for this type
of wastewater is difficult, due to the presence of
toxic substances.* Thus, the wastewater coming
from olive oil mills has a 100-200 times higher
pollution load than that of urban wastewater.’
Uncontrolled release of these effluents into water

bodies will lead to serious problems for the entire
ecosystem, especially for natural water sources.’

On the other hand, some of the constituents of
OMVW, which make it most toxic and cause
serious pollution to the environment, can be
exploited both to the benefit of oil mills and of the
community. For example, olive oil mill effluents
contain a high percentage of organic material,
which can be turned into a fertilizer for
agricultural activities to bring nutrients to the
soil." Also, OMW contains a significant amount
of phenolic compounds, which are natural
antioxidants and could be valorized in
pharmaceutical, health and food industries”® to
help prevent heart disease and cancer. Therefore,
different techniques were proposed for olive oil
wastewater treatment, either individually or in a
combination of two or more methods in order to
diminish the pollution load and allow the
separation of useful constituents.”"”

The construction of wastewater treatment units
imposes huge costs to companies.
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Therefore, particularly owners of small family
businesses would be reluctant to embrace such a
project. In this context, it is important to choose a
method of treatment, which would be both simple
and economical. Membrane filtration processes
can be considered as an option, as they present a
significant number of advantages, such as reduced
energy consumption, low space requirement,
variation in size and shape, low pressure
requirement, high mass transfer, high separation
efficiency, low need for additives and solvents,
simplicity of design, ease of handling, easy scale-
up to an industrial level and environmental
friendliness, which makes them highly distinct
from other separation methods."* A literature
review shows that few works using membrane
processes, especially an integrated membrane
system of MF-UF-NF, have been carried out to
achieve the separation of phenolic compounds
from  wastewater. Therefore, this study
investigates the use of an integrated MF-UF-NF
system to treat olive oil mill wastewater, the use
of nanofiltration being especially important in this
process.'”"” The objective of the present research
is to attain the separation of phenolic compounds
by this integrated membrane filtration system.

EXPERIMENTAL
Chemicals and reagents

A sample of olive oil mill wastewater was prepared
by a company from the industrial town of Bandar Gaz,
Golestan, Iran. The wastewater characteristics are
given in Table 1. All the chemicals, such as sulfuric
acid and sodium hydroxide, as well as cyanide free
reagent and 4-Amino-anti-Perrin reagent, were
acquired from Merck, Germany.

Equipment

The following equipment was employed in this
work: a reactor and a photometer for measuring COD
(Model ET-108, Aqualytic, Germany), a digital
UV/visible spectrophotometer (Model 6305), an
electrical conductivity meter, a performance evaluation
system of helical membrane crossflow and a digital

Table 1

scale with an accuracy of 0.01 g (Model EK-300I,
Japan).

Method for measuring COD

In order to measure the COD of the samples, a
certain volume of wastewater was poured into vials,
stirred and then heated in a digester system at 150 °C
for two hours. After that, the vials were cooled to room
temperature and the COD values were measured by the
spectrophotometer.

Method for measuring phenolic compounds

The amount of phenolic compounds in the sample
was measured by the spectrophotometer. For this
purpose, an ammonium hydroxide solution was added
to the sample and its pH was adjusted to 10+1 using a
buffer solution. Then, 4-Amino-anti-Perrin was added
to the sample under stirring, followed by the addition
of ferricyanide solution and by stirring for 2-3 min.
After 15 min, the absorption of standard solutions of
the samples was measured by the spectrophotometer at
a wavelength of 460 nm. Also, the reduction of
phenolic compounds was calculated based on the
sample feed.

Acidification and sedimentation methods

At the beginning of the treatment process, the
wastewater sample was placed in a tank for settling of
suspended solids and was kept still for 1 hour. The pH
of the wastewater was reduced to 2 by adding sulfuric
acid. After 1 hour, the suspended and colloidal solids
from the effluent sample in the settling tank were
precipitated due to the pH change. Finally, the
precipitated materials were separated from the
wastewater through the drainage valve at the bottom of
the tank.

Microfiltration method

In order to separate micron-size suspended solids,
which were not identifiable in the pretreatment step,
microfiltration membranes made of polypropylene
(PP) with pore sizes of 50, 5 and 0.2 pm were used. In
this step, a low pressure pump was used to create the
flow in the microfiltration module and on the
membrane surface. Operating pressure and temperature
in the microfiltration process were of 0.2 bar and 28
°C, respectively.

Characteristics of the olive mill wastewater used in this study

Pollution index Unit Amount
COD g/L 58.11
Suspended solids g/L 16.58+2
Phenolic compounds g/L 5.3£0.2
Conductivity mS/cm 14.6
pH - 1.5+0.1
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Table 2

Characteristics of membranes used in this study

£

Membrane Company Membrane material MWCO
UF(ARS) Biocon Polysulfonamide 20 KDa
- _NF-70 Filmtec Polyamide 200 Da
“Molecular Weight Cut Off
Purification using ultrafiltration (UF) and FRR (%) = 100(J,,;/J,,,) N

nanofiltration (NF)

In this part of purification, UF and NF spiral
modules with an active area of 0.5 m” were used. The
specifications of these membranes are given in Table
2.

Membrane purification performance
Darcy’s equation was used to determine membrane
flux (J) as follows:'®
_1, M
A, dt

where A, Vp and 7 are specific area, phase volume

through the membrane and time, respectively.
The following equation was used to calculate the
percent of pollutant removal (R):

—a-Ce (@)
R(%) = CF)

where ¢, and ¢, are pollutant amounts after and

before the purification process, respectively. Also, the
volume reduction factor (VRF) was determined by the
following equation:

VRF = Y= 3)
v

R
where v, and y, stand for the initial feed volume and

retentate volume, respectively.

In order to assess membrane fouling, total
resistance (R,), reversible resistance (R,), irreversible
resistance (R;), flux recovery ratio (FRR) and flux
decline (FD) were calculated by the following
equations:

a) Total resistance was calculated using the following
equation:

R, =100({ - J\J\v0) “
where J, is olive oil wastewater flux through the
membrane in steady state condition and J,,, is water
flux through the neat membrane.

b) Reversible fouling resistance on membrane surface
(R,) was calculated as:

R, = 100[(J\; = I ] (%)
where J,,; is water flux through the membrane after the
washing operation.

c) Irreversible clogging resistance of the membrane
(R;,) was calculated as follows:

Rir = 100[(‘]14'0 - Jw])/JWU] (6)

d) The flux recovery ratio (FRR) was calculated after
cleaning operation by the following equation:

e) Flux decline (FD) was calculated using the
equation:

FD = (1-JJJ) (®)
where J; is the flux through the membrane in the first

15 min and J; is the flux through the membrane in the
last 15 min of the purification process.

RESULTS AND DISCUSSION
Acidification and microfiltration

The results of acidification and microfiltration
are presented in Figure 1. The acidification
process contributed to the reduction of the amount
of suspended solids in the wastewater from 16.58
to 8.62 g/L, with a removal efficiency of 48%.
Also, COD value decreased from 58.2 to 46.2,
and the removal efficiency was of 20.5%. This
removal may be due to the strong oxidation
property of sulfuric acid. The total amount of
phenols reduced from 5.3 to 4.34 g/L and the
removal efficiency was of 18.1%.

Therefore, the acidification stage could
remove a significant portion of suspended solids
and colloidal material from the wastewater. This
can be useful for reducing membrane fouling in
the purification process. A polypropylene
membrane was used to separate micron-size
suspended solids, which were not identifiable in
the pretreatment step. This microfiltration process
contributed to reducing suspended solids from
8.62 to 0.086 g/L (99%), total phenols from 4.34
to 3.34 (23%) and COD from 46.2 to 22.1 g/L.
(52%).

Figure 1 shows that the polypropylene
membrane retained the suspended solid materials
with an efficiency of 99%. However, the results
of microfiltration were not satisfactory regarding
total phenols and COD. This may be due to the
smaller size of phenolic compounds in the
wastewater compared to the pore size of the
microfiltration membrane.

OMW flux through UF and NF membranes
For appropriate purification, the effluent that

was subjected to the microfiltration step was

passed  through ultrafiltration (UF) and
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nanofiltration (NF) membranes. The results of
these experiments are illustrated in Figure 2. As
can be noted in this figure, in the case of the UF
membrane, the OMW flux increases with an
increase in the applied pressure. The slope of the
OMW flux versus pressure rises until it reaches 6

Removal percentage
@
@

| Acidification

bar and then, it decreases. This may be related to
membrane fouling occurring at higher operating
pressure.”” As for the nanofiltration membrane,
the slope of the OMW flux versus pressure goes
up to 15 bar, and then slowly increases to 20 bar.

# Acidification

Suspended solids

Phenolic con
compouds

Figure 1: Pollutant removal in acidification and microfiltration stages (error bars with percentage)
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Figure 2: OMW flux through UF and NF Figure 3: UF and NF membrane flux decline

membranes versus pressure at T = 28 °C (error

bars with percentage)

OMW flux through UF and NF membranes by
VREF experiments

The results of OMW flux through UF and NF
membranes obtained as a result of long-term
experiments on  concentrated olive mill
wastewater are shown in Figure 3. In this figure, it
can be observed that the olive mill wastewater
flux decreased with an increasing volume
reduction factor (VRF). Thus, it may be
concluded that olive mill waste flux reduction
may be influenced by the fouling of the
membrane surface.®

For a more detailed view, the graph may be
divided into two parts. In the first part, the
wastewater flow rate through the membrane is
reduced sharply to a VRF of 1.5. In the second
part, the flux decline is very slow and continues
until reaching a steady state condition. Flux
decline during the filtration process occurs due to
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versus VRF at T = 28 °C (error bars with
percentage)

several factors, such as concentration polarization,
gel layer formation on the membrane surface and
clogging of the membrane pores by compounds in
the olive mill wastewater.®® These factors may
contribute to a higher resistance on the membrane
surface.”'* In the first step, polarization may be
the cause of flux decline, which occurs rapidly.
After that, cake layer formation on the membrane
surface may further cause flux decline. The
percent of flux decline was calculated using
Equation 8 and the results presented in Figure 3
reveal that the UF membrane had a modest flux
decline (of 22%), while the NF membrane had a
greater flux reduction (of 64.5%).

Resistance and fouling of membranes

In order to analyze the level of fouling and
pore clogging in the membranes used in the
filtration processes, several parameters, such as
R, Ry, R, and FRR, were measured.'"'®
Reversible resistance (R,), due to polarization and



fouling compounds, can be reversed by washing
the membrane after the filtration process. In
contrast, irreversible resistance (R;,) is related to
the fouling of the membrane pores to an extent
that the washing method does not help. The
resistance values were calculated by Equations 4
to 8. The results obtained for UF and NF
membrane fouling and resistance are given in
Table 3.

According to Table 3, reversible and
irreversible resistance values for UF reached
26.6% and 11.9%, respectively. This is conducive
to the desirable anti-fouling property of this
membrane. It should be also noted that much of
the fouling formed on the surface of the UF
membrane was reversible, which may be
attributed to its hydrophilic surface and small
MWCO. The values of reversible and irreversible

Polyphenols

resistance for NF equaled 75.4% and 9.8%,
respectively. This reveals that the polarization and
layer formation make up a larger share of
clogging on the membrane surface than the
adsorption of compounds onto the surface and
inside the pores. The flux recovery ratio of this
membrane was of 90%, which led to desirable
anti-fouling.

Percent of pollutant reduction of UF and NF

The efficiency of membrane filtration in olive
mill wastewater (OMW) treatment was
determined by measuring the removal percentage
of various compounds present in the OMW
effluent. For this purpose, COD, phenolic
compounds and conductivity were measured and
shown in Figure 4.

Clogging of NF and UF membrane modules

Jwo Jui Iy R. (%) R (%) R. (%) FRR
UF 64 56.4 39.4 6.26 11.9 38.5 88.13
NF 54.3 49 8 75.4 9.8 85.2 90

100 4

90 A

80 1
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50 1

40 4

30 1

Percent of pollution reduction

20 4
10 4

o

IWNF

Phenolic compouds conductivity

Figure 4: Percentage removal of pollutants by UF and NF membranes (error bars with percentage)

COD value and the amount of phenolic
compounds retained by the UF membrane were of
50.2% and 60.8%, respectively. The results
indicate that almost half of the compounds have
probably passed through the membrane. Further,
the UF membrane could not completely expel
these compounds. Therefore, the NF membrane
was used to better dispose of olive mill pollutants.
This membrane showed high removal efficiency
for COD (more than 90%), phenolic compounds
(78.3%) and moderate desorption of mineral salts
(41%). Low desorption of mineral salts by the NF
membrane may be attributed to the very small
size of these compounds compared to the organic
compounds present in the wastewater.'®'*°

CONCLUSION

In the present work, the purification efficiency
of an integrated MF-UF-NF membrane system
was studied on olive mill wastewater. The
removal rates of COD, total phenols and electrical
conductivity were determined. The effect of
pressure on the membrane flux was also
investigated. The results obtained have led to the
following conclusions:

e  The microfiltration process reduced the
amount of suspended solids (99%), total phenols
(23%) and COD (52%);

e UF allowed obtaining values for COD
and phenolic compounds of 50.2% and 60.8%,
respectively;
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e NF showed good removal efficiency for
COD (more than 90%) and phenolic compounds
(78.3%);

e The olive mill wastewater flux decreased
with an increasing volume reduction factor
(VRF). UF and NF purification processes exhibit
small changes in the membrane flux after a VRF
=2.5.

e The results of flux decline calculations
indicate that the UF membrane had a modest flux
decline (22%), while the NF membrane had a
greater flux reduction (64.5%);

e  Experimental data indicate that most of
the resistance exhibited by the filtration
membranes in our study was reversible.

Therefore, the study demonstrated that the use
of the combined system of acid -cracking
pretreatment and integrated membrane filtration
was quite successful in treating olive mill
wastewater to bring it up to the required
standards.
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