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Abstract

Membrane bioreactor (MBR) is credible and promising technology methods for industrial wastewater treatment and recycle it
to use in different applications. Today MBR has many domestic and industrial applications and it is popular among the types of
conventional treatment methods. The main drawback in the operation of MBR is membrane fouling, that drive to the decrease
in permeate flux so need some technique to clean the membrane. In spite of more than a decade of significant advances in
improvement of fouling reduction technique, various physical and mechanical methods are still necessary to be improved to
limit the membrane fouling problems. In this review, the advantages and disadvantages of membrane bioreactor, fundamental
of membrane fouling that is affected by some factors and methods of controlling membrane fouling were discussed.
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1. Introduction

Membrane bioreactor (MBR) is a technology that combines membrane filtration with a biological reactor. Recently,
membrane based separation has gained much attention over the conventional separation methods for wastewater treatment. Due
to the effective design and operation, this method has significantly used in municipal and industrial wastewater treatment
[1].The principle behind this technique is the gravity settling, where the treated water can pass through the membrane but the
activated sludge remains on the surface of the membrane. Basically, this method is based on the separation of solid-liquid
phases. However, this technique is not effective to remove the bacteria and suspended solids [2]. MBR has shown high
efficiency of treatment for wastewater compared to other membrane process. Beside biological degradation, this separation
method has the ability to treat polluted water from different industrials process, as well as MBR is a better alternative for
conventional treatment techniques such as flocculation, sedimentation, filtration and disinfection [1]. MBR has been applied to
be highly effective for the treatment of polluted of many types of  wastewater to
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produce potable water it's application not just for biological degradation, but also to replacing other conventional treatment
such as flocculation, sedimentation, filtration, and disinfection The characterization of MBR over the conventional
Techniques due to outstanding treated water quality high biodegradable efficiency, small footprint and reactor
requirements, absolute biomass retention and ease of stable operation [3]. MBR has been known to be effective for
wastewater treatment that by improvement solid retention time (SRT), permitting excellent biological treatment of organic
pollutant, and decrease the hydraulic retention time (HRT) that return for the feature of membrane able to reject the
suspended solids to get highly purified water [4]. However, there are many disadvantages when using the MBR technology
such as control membrane fouling problems, and the high costs of membrane replacement [5]. During the operation,
membrane fouling results in an increase in sludge amount as well as pressure. The pressure differential across the
membrane or the driving force required to achieve a given flux, it known as transmembrane pressure (TMP). The TMB is
measured by the variation in feed pressure and permeate pressure [6]. The objective of this review was to collect
information about the advantages and disadvantages of the MBR and the different factors increase the membrane fouling,
and how to control the fouling as well.

2. The Advantages of Membrane Bioreactor
2.1. Small Footprint

one of the reasons that lead to more reduction of small footprint in the overall for the system is the reactor can operate
at a higher mixed liquor suspended solids (MLSS) concentration, that leads to the smaller volume required to treat the same
waste [7, 8].

2.2. High Quality Effluent

The pore size of the membrane is very small (typically 0.1 pm for microfiltration), that indicates the effluent suspended
solids (SS) content is very low. In modern studies found that the reduction in micro-organisms is more than the
conventional methods [7, 9].

2.3. Better Control over Biological Conditions

Finished the material separation (solid or liquid), all sludge can be retentate to the reactor. This means the age of
sludge is independent of HRT. To in order to control the microorganism reaction, it prefers to monitor the HRT and SRT
[10].

MBR can be used for ultrafiltration and nanofiltration process. However, for the treatment of wastewater the
ultrafiltration is considered more suitable than the nanofiltration. Because, ultrafiltration is low cost process and able to
remove the contaminants. The nanofiltration reserve osmosis is a deep separation process which is good for drinking water
but it is time consuming and costly to be used for treated water for industrial applications [11]. The others types of the
membrane, for instance, nanofiltration and reverse osmosis have a high cost compared ultrafiltration (UF) consider as a
method to remove the contaminations from the wastewater [12, 13].

3. The Precept and Mechanisms of Membrane Fouling

The great issue of membrane separation processes is membrane fouling. Which it consider the main obstacle to applied
on MBRs [14, 15]. Decrease the lifespan of the membrane, when the membrane fouling occurs, due to material deposits
and accumulates on the membrane surface or in the membrane pores, that decrease the permeability of the membrane, rise
the feed pressure, increase system downtime, reduce productivity, increase membrane maintenance and operation costs due
to membrane cleaning [16]. The membrane fouling occurs by the materials that accumulate on the membrane surface.
These materials typically consist of suspended particulates (primarily microorganisms and cell wreckage), solutes, and
colloids [17]. In other hand the presence of fouling cause the reduction of permeate flux for constant pressure operation.
The mixture nature of active microorganisms in mixed liquor suspended solids (MLSS) and suspended solids create
membrane fouling that is difficult challenge to control in long-term MBR applications [18]. In the membrane fouling area,
a lot of extensive research in order to improve the broad application of the MBR technology in wastewater.

4. Factors Affecting Membrane Fouling

Membrane fouling is an especial interaction between the membrane and different components (suspended solids and
microorganisms) of the feed wastewater. Using different operating conditions the feed compounds reaction with the
membrane and there are very difficult to put professional theory or rules about the component pool on the surface of the
membrane. In general, the factors affecting membrane fouling can be grouped into two categories:

4.1. Membrane Properties
4.1.1. Material Type

One of the famous impacts on the membrane fouling is material of the membrane. Generally, the membrane material
can be divided into ceramic membranes, polymeric membranes, and composite membranes. Ceramic membrane is made
from organic material and it is perfect filtration performance that returns to their high chemical resistance, highly
hydrophilic which create more fouling resistant, ease of cleaning and the operation is low costs. It used for liquid filtration
[19, 20]. Polymeric membranes are known with the most effective types available. It has an excellent physical and
chemical resistance and hydrophobicity. The reason which makes the polymeric membranes resist the foul easily is a
fabrication of the pore sizes [21]. To overcome of membrane fouling were plated with a hydrophilic polymer, this is known
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as composite membrane. Thus, the recent research has been focusing on enhancing the membrane material to reduce the
membrane fouling [22].

4.1.2. Characterization of Membrane Surface
The surface of membrane controllable of the fouling, the surface roughness has the effect on membrane fouling in
MBRs [23]. The homogeneous surfaces of the membrane are minimal to being fouled than those with uneven surfaces [24].

4.1.3. The Role of Membrane Pore Size

Usually, the pore size of a membrane returned to the size of particles in the effluent feed stream in MBRs which
influence the membrane fouling [25]. Mostly, membranes applied in wastewater treatment are wildly divided into two,
porous membranes and non-porous membranes. Microfiltration (MF), ultrafiltration (UF), and loose end nanofiltration
(NF) membranes, these as known Porous membranes [26, 27]. On the other hand, used Non-porous membranes in the
various in diffusivity or solubility between the solvent and the solute in the membranes for separation [27]. Generally, the
particle size distribution of the feed stream effected on the structure of the membrane pore, and when the particle size is
smaller than the membrane pores the particles permeate into or block the pores [28]. This is attributable to easier for
particles to enter the membrane pores and closed it, then the pore blocking [24].

4.2. Operating Conditions

Operating parameters such as transmembrane pressure, Solids Retention Time (SRT) and Hydraulic Retention Time
(HRT, temperature. High SRTs are not favourite due it increase membrane fouling by accumulation the matters,
microorganisms and increasing sludge viscosity [29]. It found that the lower membrane fouling rates at 30 days and 50 days
SRTs contrast to 10 days SRT. That means the operating above 50 days indicate to increase fouling [30]. Likewise, the
operating at low SRTs (Less than two days) it causes to increase the membrane fouling [31]. That has been attributed to
increase the concentration of soluble and suspended solids. Low SRTs causes the reduction in MBR performance and low
biomass concentration [32]. Generally as is known the rate of Membrane fouling in MBRs increases when HRT reduced
[33]. Moreover, the decrease in HRT direct increases in MLSS concentration and biomass viscosity that predominant
factors that affect hydrodynamic conditions of MBR systems [32]. It is reported that operated the MBRs at 14,18 and 20
days increased the concentration and viscosity of sludge thus intense the fouling [34]. One of the influencing factors is
temperature. The low temperatures during the process cause the increased of filamentous bacteria which create soluble
microbial products, hence more severe for membrane fouling.

In the MBRs have two types of TMP, one is constant TMP with variable penetrate flux and second is constant
penetrate flux with variable TMP. It observed that TMP increase the membrane fouling at a constant permeate flux [21].
The TMP They mention that during the experiments were carried out at fixed flux, the TMP keep constant or increasing
gradually to causes the fouling. Thus, to decrease the membrane fouling should be constant filtrate flux [35].

5. Types of Membrane Fouling

The main phenomena of membrane fouling is accumulation of organic and inorganic particles, colloids and
microorganisms on the surface, or closed the pores of membrane. On the other hand the fouling means the adhesion of
particles on the surface. Generally, fouling can be classified into two types [6]:

5.1. External Fouling

The adsorption or sedimentation of solutes (the component in a solution) on the external membrane surface called
External membrane fouling [36, 37]. External fouling prevents the transfer of solutes via blocking the pore entrance or
increasing the effective membrane thickness fully and partially [38].

5.2. Internal Fouling
Indicates to the adsorption or sedimentation of solute molecules within the pores of membrane [37]. Due to these
interactions in pore blocking of the membrane that can drive to irreversible fouling of the membrane [39]. Figure 1 shows

the various fouling technique.
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Figure-1.
External and Internal fouling on the membrane.
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6. Mechanism of Cleaning Ultrafiltration Membranes

Membrane separation processes use in several industrial processes. Generally, to separate or treatment dairy,
biochemical and pharmaceutical industries using ultrafiltration. That used in the heavy process, due to high solid loading
[40]. There are some conventional procedures, removed the fouling in the membrane such as soaked in a strong alkaline
solution containing detergents/surfactants, washed and re-used. However, use the technique cleaning by expensive
chemical causes negative effect on both economy and environmental. Another way to clean ultrafiltration by using the
ultrasonic membrane has been widely studied by Kentish and Ashokkumar [41]; Abdurahman, et al. [42]. Used ultrasonic
membrane for cleaning the surface of membrane one of the method found a large success. The studies are still advanced
and developed every day in this subject.

7. Fouling Control

The important point to control the fouling is operation conditions can reduce membrane fouling to some limit. The
fouling is created due to some reasons such as some complicated reaction may happen between the particles and the surface
of the membrane, and the particles rejected by or adsorbed on the membrane surface. Recently, it should be found some
solutions to apply a suitable operation or cleaning strategies to prevent the complicated reaction before it happens. The new
solution by Ultrasonic membrane anaerobic system (UMAS) for reduce the fouling and treat a various types of wastewater
this reported by Abdurahman, et al. [43]. The control of various fouling technique is not easy in the different types of
membrane may require different operating and cleaning strategies [11].

8. Conclusions

This review paper gives the technique of MBR advantages and the major problem facing it. Due to use MBR in
different types of separate or treatment for industrial wastewater. The MBR fouling cleaning becoming the intense area to
develop it. MBR effected by some factors and their interactions have a big role. Nevertheless, used the chemical to clean
the membrane which considers expensive and the effect of this chemical on the membrane material. Recently used
ultrasonic membrane anaerobic system to reduce the membrane fouling and treat wastewater.
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