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ABSTRACT
Membrane processes have been used in many applications such as waste water recovery, desalination, energy
production, pharmaceutical industry and dialysis. However, there are some technical problems encontered in
membranes systems to a decrease in the production of fresh water with values lower than the customer's
requirements,increase of the energy consumption and poor quality of treated water. These technical problems
are mainly related to the different mechanisms of interaction between the solutes and the different membrane
structures, which one can quote polarization of concentration,inverse diffusion of salt and consequently
increase energy consumption. In this work, we will try to make a presentation on fouling phenomena in
membrane processes, including organic, inorganic and biological fouling, for a better understanding of these
problems which represent real obstacles in the improvement of the efficiency of membrane processes.
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NOMENCLATURE
.
Symbols :
Jv Volumetric flux, L/m²h
Js Solute flux , g/m²h
C Concentration, mol .L-1
R Membrane resistance m-1
u velocity, mh-3
Ϭ Rejection coefficient

Q Flow ,m3 h-1

1. INTRODUCTION
Water and energy are two complementary elements,because water is used for the production and supply of
energy, and, in turn, energy is used for pumping of water and the processes of treatment. However, with
significant energy expenditure through processes and the support of conventional energy resources such as oil
and gas, drought, global warming, increased demand for water as a result of population growth. Membrane
separation techniques are becoming a major priority in meeting water needs [1].However,it was observed that

membrane systems are encontered by technical problems causing increase of energy consumption and decrease
of the treated water quality .Among this problems,membrane fouling or obstruction of the pores by different
species is considered as limiting factor on the effeiciency of membrane systems which causes increase of
operating and therefore excessive energy consumption (Fig 1)

Feed
Membrane

Pump
Filtrate

Fig.1:Fouling phenomenon on membrane systems

Fig.2:Flux decrease after membrane fouling

Fig.3: Effect of membrane fouling by oil [2].
In the different stations using the membrane systems, the gradual deposition of the substances causes a
reduction of the water production rates and the operators try to increase my pressure in order to reach the
desired flow rate value, which leads to significant energy losses as shown in the diagram in Fig. 4.

Fig.4: Effect of fouling on energy consumption in an ultrafiltration unit [3].
From this observation, it is quite logical that the energy losses are related to the membrane fouling, and in
order to fight against this phenomenon,it should be interessant to understand the phenomena of interaction
solute membranes and identify their physical,biological and chemical aspects.
2. PHYSICAL ASPECT OF MEMBRANE FOULING
There are several modes of blocking pores of membranes by particles found in water (Fig.5.) ;and according to
each mode, we can use an equivalent mathematical model cited in Table 1

Fig.5: Pore blocking by different size of particles [4].
Table1:Mathematical models [5].
Fouling mechanism

n

Kv

Deposit layer formation

0

CfRc/Rm

Intermediate blocking of pores

1

CfϬ

Standard pore blocking

Complete pore blocking

2Cf/Lp

2

CfϬ

Linear equation

LnJs=-KvVs

integrated form

The series resistance model remains the most used in the modeling of the physical interactions between solutes
and membranes, this model is described by the following model and equation:

Fig.6. Resistance model [7]

Fig.7.; Increased total resistance of the ultrafiltration membrane [3].

2. CHEMICAL ASPECT OF MEMBRANE FOULING
2.1.SCALING OR INORGANIC SALTS FOULING
Scaling is a problem of mineral salts that tend to settle on membrane surfaces. The deposits consist mainly of
calcium carbonate (CaCO3), magnesium hydroxide (Mg(OH)2) and calcium sulphate. For limescale deposits,
two main conditions must be met:
 Thermodynamic condition: it is necessary that the limit of solubility is exceeded, that is to say that
there is supersaturation
 Kinetic condition: the speed of deposition must be fast enough.

Fig.8; Scaling mechanisms

Fig.9:Scaling of module by inorganic salts
In general, scale deposits encountered in desalination plants are:
 calcium carbonate CaCO3 (calcite, aragonite)
 cacium sulphate CaSO4 (anhydrite, gypsum)
 magnesium hydroxide Mg (OH)2 (brucite)
 calcium silicates including CaSiO3
 magnesium silicates including MgSiO3
 silico-aluminate of sodiium (analcite)
 sodium ferro silicate (acmite)
 silica (SiO2)
2.1.ORGANIC FOULING
Natural organic matter is mainly derived from the decomposition of plants, animals and micro-organisms
which can produce different humic substances present in the waters. Generally, soluble fractions of humic and
fulvic fractions react with bivalent ions such as calcium to form insoluble complexes which deposit on the
membrane surfaces to form a layer (Fig.10).Organic deposits such as suspension materials, humic and fulvic
acids, microorganisms and products excreted by microorganisms (polysaccharides), colloidal deposits such as
silica and iron hydroxides, aluminum manganese ...

Fig.10: Principle of complexation and deposition of humic acids in the presence of ions such as calcium

Fig.11: Organic fouling of modules

3. BIOLOGICAL ASPECT OF MEMBRANE FOULING
Fouling by bacterial biomass or biofouling can be defined as membrane pores blocking by micro-organisms
(mainly bacteria), but also micro-algae, fungi: either directly by the, or indirectly by the metabolites produced
by the micro-organisms (polysaccharides). biofouling causes an increase in the pressure drop because the
passage sections of the water to be treated are reduced. possible chemical attack of metals (corrosion) or
membranes by acid compounds produced by bacteria (organic acids in general). Bacterial growth is an
exponential phenomenon that depends on parameters such as temperature, nutrients, pH, fluid velocity,
osmotic pressure, oxygen content and the presence or absence of biocides. This phenomenon is frequently
present in many industries.

Fig.11: Biofouling of modules

4. MEMBRANE AUTOPSY
The identification of the type of fouling is performed by membrane autopsy; and this cutting off part of the
membrane (Fig.12.) and the analyzes by the following methods;
 XRD powder diffractometry
 XPS spectroscopy
 Scanning electron microscopy (SEM)
 Atomic Force Microscopy (AFM)
 X-ray fluorescence spectroscopy
 Nuclear magnetic resonance
 Bacteriological analysis

Fig.12: Cutting membrane sample
5. ANTIFOULING STRATEGY
According to this research work,it was found that the fouling phenomenon is generally caused by the presence
of several factors in this case;
 The chemical composition of the raw effluent, which may contain insoluble mineral salts that may
form scale, the organic compounds that may form macromolecules or complexes may be deposited at
the membrane or nutrient levels for the development of bacterial biofilms causing biofouling by
bacterial biofilms
 The pH of the raw effluent which can play a very important role in determining the nature of the
species present in solutions
 The ionic strength that represents a fundamental element in molecular interactions
 The temperature which influences the mode of reactions of the species from the kinetic and
thermodynamic point of view but also on the growth of the bacterial biofilm

In this context, it will be very important to choice the appropriate conditions of pretreatement, and the
membrane types whith resistance to different conditions and also to take in consideration the operating pressure
for low energy consumption .
6.CONCLUSION
Fouling of membranes in liquid effluent treatment systems is a very complex problem that depends on several
factors.The different studies that membrane solute interaction phenomena significantly influence the
mechanisms of deposition of foulant substances on the surfaces of the membranes and this following several
physical, chemical and bacteriological phenomena.
The strategy implemented at membrane effluent treatment plants remains inadequate, and therefore it would be
quite logical to make a rigorous follow-up in the pre-treatment system.
Scientific research developed by several laboratories around the world.The main objective of this research os
to synthesize a new generation of anti-fouling membranes more resistant to clogging in order to limit the
fouling phenomena , and therefore increase the amount of treated effluents but especially reduce energy losses
and this to promote the renewable energy as a new electricity supply alternative in the different effluent
treatment plants around the world
(1)
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