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Membrane, One of the main problems of membrane separation processes is the occurrence of the
Fouling Mechanism, fouling and concentration polarization that cause by sedimentation on membrane
Concentration surface and adsorption into the pores of the membrane particles. Membrane fouling
Polarization, during separation process reduced the efficiency and caused an increase in the
Transmembrane operation cost and in the other hand the occurrence of the membrane fouling is
Pressure. inevitable in the membrane process, so various methods were used for the membrane

recovery. On the other hand the costs related to washing such as cleaning chemicals,
frequent stops of the separation operation for cleaning and etc. should be considered.
All these factors cuased reduction in the production time and finnaly create the
economic problems. So, understanding and knowing the effective factors that affect
the fouling mechanism in order to increase the efficiency of separation and reduce the
cost of washing and cleaning is necessary.

1. Introduction

Membrane process had beed considered in recent decades because of low energy consumption,
high selectivity, easy installation, being controllable, less space occupation, high biocompatibility
and none use of chemical compounds [1]. But the main issue in the membrane seperation processes
that limit the membrane usage in the industries is the occurrence of the fouling and concentration

polarization [2].

These factors have economic aspects that cuase the increase in the costs of operation and
maintanance such as increase in the energy costs related to fouling reduction or fouling elimination,
costs for membrane cleaning and washing using chemical cleaning agent, the reduction of the useful
time for production, frequent stops of the separating operation, reduction in the membrane lifetime

and the cost of membrane replacing [3-6]. For such the reasons, the elimination or reduction of the
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membrane foaling is very important. Therefore many experimental, mathematical and numerical
studies were done by researcher for better understanding of the fouling mechanism in the membrane

processes [7].

Ng et al in 2014 [8] surveyed foaling mechanism and the factors affecting on membrane
performance such as trans-membrane pressure, operational tempreture and exclusion limit or "cut-
off" of the membrane in the separating process of the milk. In mentioned research Hermia’s Model
is used for prediction and analysis of the foaling mechanism during seperating operation.Gao et al in
2014 [9] examined characterization of internal and external concentration polarizations during
forward osmosis processes (FO). Boussu et al (2007) [10] survey the effect of varius characteristics
of the membrane and colloidal material like size and electrical load on fouling of nanofiltration
membranes. James et al (2003) [11] evaluated the membrane fouling during filtration of milk. Peter-
Varbanets et al (2011) [12] investigated the membrane fouling mechanisms during ultra-low pressure
ultrafiltration to treat water. Ma et al (2013) [13] and Arévalo et al (2014) [14] tested the effect of
various temperatures on membrane performance and it’s fouling. Huang et al (2014) [15] evaluated
the influence of feed concentration and transmembrane pressure on membrane fouling and the
obtained results showed that these two factors has more influence on the membrane foaling.
Yazdanshenas et al (2010) [16] modeled the effluent from ultrafiltration membrane in the apple juice
sgueezing process using concentration polarization and fouling models. Results shows that the main

factor that cause fouling is the amount of feed concentration.

2. Concentration Polarization and Fouling

Concentration polarization named as the first factor of flux reduction.When the transmission of
excreted components from the surface of the membrane to the feed mass slowly done because of it’s
low turbulence, it caused accumulation and concentration gradient on the membrane surface and then
a boundary layer is formed on the surface of the membrane that shows concentration polarization
[17]. Then, over the time, gradually the adsorbtion and sedimentation on the membrane surface
increase that cuase closure of the pores and formation of the gel layer on the membrane surface
because of density of the excreted compounds.In this state, fouling occurred. Transition state from
concentration polariztion to fouling when occurre that van der waals forces between membrane and
the particles are more than electrostatic repulsion forces. In the concentration polarization and fouling,
the increase in the osmotic pressure cause reduction in the effect of the driving force of the
Transmembrane Pressure (TMP) which according to Darcy equation, membrane filtration flow rate

decreases [3].
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J=(Ap-m)/(LY'R) 1)

Concentration polarization is the reversible phenomenon and caused no changes in membrane
structure and by washing the membrane easyly disappeare. Fouling based on its relative strength
versus washing and cleaning methods, classified in the two classes of reversible and irreversible.
Reversible fouling according to cleansing article categorized in two class of backwashable and non-
backwashable. Backwashable and non-backwashable fouling disappeared by washing with water and
chemical compounds respectively [18]. In the state of irreversible fouling which cuase by three factors
of clogging of the pores, chemical reactions and chemisorption, the fouling is not disappeared by
washing by water and chemical compounds, therefor the membrane must displaced. Dissolve organic
matters exist in the input feed is the main factor of this type of fouling [19].These maters is adsorbed
to the membrane and changed its structure irreversibly. Generally, pores clogging, forming the gel
layer on the membrane surface, adsorbtion and biological clogging were named as the main factors
of the fouling [20].

3. Fouling Affected Parameters

Varius factors like material and membrane properties (eletrical charge exist in the membrane
surface, membrane thickness, size of the pores), dissolved compounds and solvent characteristics
(pH, ionic strength, particle eletrical charge), operational parameters (tempreture, transmembrane
pressure), the hydrodynamic conditions of the process (feeding velocity and initial flow leakage)

affect the membrane fouling [19, 21].

3.1. Membrane Charecteristic

Choosing the appropriate membrane to reduce the fouling rate is very important. In the filtration
process, the first studing step is for surveying and understanding the varius membrane to choose the
best membrane. Many experiment or teorical studies were done to identify a best membrane according
to feed property, to reduce the fouling rate and increasing the performance of filtration process
Mechanical strength, thermal stability and resistance versus disintegration by chemical compounds
is related to structure and membrane property. Various types of common membrane with their

property followed in Table 1 [3].

Table 1. Polymer and ceramic membranes feature [3]

CA PAN PES PS PVDF Ceramic
Mechanical strength Good Good Good Good Good Excellent
Thermal Limit (°C) 30 40 80 75 40 High
pH 4-8 2-10 2-12  1-13 2-10.5 Superior
Oxidant tolerance Moderate Moderate Good Good  Excellent Superior
Ultrasonic irradiation Moderate Moderate Poor Good Good Excellent
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3.2. Molecular Weight Cut-off (MWCO) of the Membrane

Effluent flux rate in the membrane by high cut-off is more than membrane with low cut-
off.Futhermore, in the membrane with high cut-off, reduction of the discharging flux from the
membrane in a certain period has lower slope compared by the membrane with lower cut-off. This

subject shows that fouling rate is more affected in the membrane with low cut-off [22].

3.3. Tempreture
Tempreture of the process has high effect on fouling rate and the flux rate of the leakage flow. In
the base of Arrhenius equation the flux rate of the leakage flow increased by increasing tempreture.

In the below equation A _p is the activation coefficient and E_p is activtion energy [23].
J=Ap.exp (-Ep/RT) 2

By increasing tempreture, viscosity of the input feed decrease and its infiltration coefficient
increase and also the membrane pores are expanded. Totally these factors caused the increase in the
effluent flux from membrane and reduction in fouling rate [24]. In another hand, Van't Hoff equation
shows that the osmotic pressure increased by increasing tempreture which with regard to Darcy
equation, the rate of discharging flux reduced in the constant pressure condition [24, 25]. Also by
excessive increase in temperature, infiltration coefficient increased more than ever and then pollutants
disposal are reduced. For this porpuse, indicating the optimal tempreture is important for improving

performance of the membrane process [26].

3.4. Trans-membrane Pressure

As regards, separating operation in the UF and MF membrane basically occurred by pressure
driving force so with regard to Darcy equation, the flux rate increased by increasing pressure but
concentration polarization and fouling occurred quickly afterward [27]. flow flux due to rapid
clogging of the pores and compression of sediment or gel layer on the surface of the membrane is
reduced within a few seconds and does not change with further increase of the pressure, therefore the
effect of the increasing in pressure easily neutralize, so for this reason the effect of pressure increasing
is temporary. Flux increasing is done by increasing the pressure to the specefic pressure named critical

pressure and after that point, by increasing of the pressure, leakage flux remains constant [28].

3.5. Input Feed Velocity
Increasing in influent velocity caused turbulence and shear stress in the membrane and these
factors cuased displacement of the parts of the gel layer that settled on membrane surface and quick

transfer of the excreted compounds to the liquid mass and finnaly prevent the gel layer from getting
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thicker [23]. Increasing in influent velocity also caused reduction in turbidity and suspended particle
in membrane effluent [27]. Simultaneously by increasing in feed influent velocity, trans-membrane
pressure increases.If flow velocity on the membrane surface was zero, trans-membrane pressure
reached its limit in far less time than high membrane surface velocity and therefore the maximum
obstruction occur In high velocity, trans-membrane pressure increases with much milder slope and

therefore in the longer time reached the critical pressure [25].

3.6. pH

The seperation operation using membrane process is mainly based on particle size (Assuming
that particles have no eleterical charge) but the other factors that have significant effects on separation
are the repulsive force between charged membrane surface and ionic particles and also repulsive force
between distributed ionic particles [10]. The level of pH has important role on aggregating particles.
In low pH level because of the deprotonation reduction of the acidic groups in macromolecule such
as proteins and humic acids, the electrostatic repulsion forces between particles are decreases and due
to the van der Waals attractive force between particles, colloidal particles are connected to each other
and lumping together that consequently caused clogging of the membrane pores and also gel layer on
the membrane surface will be extended [3].Connection of the colloidal materials can be justified
based on the DLVO theory [28, 29]. Membrane electrical charge by affecting on the repulsion forces
between membrane and ionic particles, is significantly affected the membrane performance such as
amount of clogging and the amount of impermeable material reluption [13]. By increasing of the pH,
minus electrical charge in membrane surface increases and if the large number of particles have
negative charge, consequently electroestatic reluption force between minus electrical charge exist on
the membrane surface and minus electrical charge exist in the effluent increases which reduces the
adhesion of the gel layer on the membrane surface and this factor keep the flux in the high level and
prevents membrane fouling [28].

3.7. Feed Concentration

Increase in the input feed concentration cause the accelerated increase in the thickness of the cake
layer and the amount of fouling. In the condition that transmembrane pressure is fixed, increase in
the feed concentration increases the osmotic pressure and therefore the membrane output flux reduces

and the fouling rate increases [16, 25].

4. Conclusions
With regard to problems caused by the membrane fouling such as costs of operation, maintenance
and costs related to washing the membrane, optimization of the operationg condition is necessary. So
the main affecting factors accordingly choosen that mentioned below.
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e By increase of the nominal molecular weight cut-off (MWC), trans-membrane flow
(flux) increased.

e By increase in the operation tempreture, the flux rate increased.

e By increasing in the operation tempreture, the pollutants concentration in the effluent

increased.

Therefor with regard to above mentioned choosing the best combination of these three factors is

S0 important.
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