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Abstract: This work was carried out to the make-up water for the boilers at the Tabriz power plant in Iran which
is treated by a reverse osmosis (RO) process. In this work foulants, cleaning agent on the membrane surface
were investigated.The results for EDTA and oxalic acid for removal of foulant on the hollow fine-fiber surface,
indicated that SDS and Goli cleaner are not suitable. It was concluded that EDTA and oxalic acid are more
effective.
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INTRODUCTION The key component of a membrane separation system

A membrane is a thin barrier or film through which membranes for different applications. In all, a driving force
solvents   a nd    solutes    are    selectively    transported. is applied to force the permeate through the membrane.
It may be of organic polymers, inorganics, metals, Several different configurations are used to house the
ceramics, layers of chemicals, or even liquids. Application membrane [1].
of a driving force (e.g., pressure, concentration, electrical For chemical cleaning of fouled membrane module,
potential, etc.) forces certain components of the solution the first step is identification of foulants’ types on the
through the membrane [1]. membrane surfac[3]. Investigations showed that more

Membrane technologies separate fluid mixtures in than 98% of the main compounds, which cause fouling,
many different applications. They can separate materials are salts and metal oxides of iron, calcium and magnesium.
based on size or electrical nature and are widely used in Iron compounds in internal parts of the module are more
the food processing, chemical industries and wastewater than of outside parts. 
treatment [1]. The second step is finding suitable chemicals in a

In the  chemical  industry,  separation processes are cleaning and rinsing program. In this step stability of
as important as chemical reactions. It is not uncommons membrane properties must be considered. The third step
to find that more than one-third of the processing cost is evaluation the cleaning efficiency in a real module. 
can be attributed to separation operations. Synthetic The current work was carried out to the make-up
membranes  can  achieve  separations  in a  wide  variety water for the boilers at the Tabriz power plant in Iran
of   industrial processes,   often   with  substantial energy which is treated by a reverse osmosis (RO) process.
saving  over  more  traditional  separation  techniques.
The membrane efficiency is critically dependent on MATERIALS AND METHODS
permeability and the membrane manufacturer has the
potential  to  tailor  membranes  to  specific  processing Membrane  Module:   Membrane  modules  are hollow
needs [2]. fine-fiber  modules.  DuPont  Company manufactures

Among many applications are: concentrating these modules. These asymmetric membranes are made
products; sterilizing through removal of bacteria or from polyaromatic amide (Aramid). They can operate
viruses; removing constituents (e.g., fats, proteins, acids) continuously  at  temperature  in  the  range  of  0°C to
from process streams; desalination; demineralization; 35°C and pH in the range of 4 to 11, not susceptible to
purification; and clarification [1]. biological    attack    and    excellent     chemical    stability.

is the membrane itself. There are a wide variety of
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These modules include of the two types of hollow fine-
fiber (B-9: fibers 42 ìm ID X 85 ìm OD and B-10: fiber 42 ìm
ID X 95 ìm OD). In Tabriz Power Plant water required for
boilers is treated by these RO modules. 

Cleaning Agents: Ethylene diamine tetra acetic acid
(Merck ), Sodium dodecyl sulphate(Merck), Oxalic acid
(Merck ), Goli cleaner liquid(Paksan)

Module  Cleaning  Technique:  Suitable  chemical
cleaning  agents  may  be  chosen  based  on  the
information of foulant types and membrane chemical
stability. Cleaning agents in different concentration,
various velocity and several time and temperatur were
tested in the fouled modules without applying any
pressure. For evaluation of the cleaning efficiency, water
flux before and after cleaning at high pressure (28 bar) was
measured. Fig. 1: Effect of EDTA Concentrations at pH 8 for

The modules are very voluminous and heavy.
Therefor, for choosing the suitable cleaning agents, firstly
the fouled membranes were washed by floating in various
chemicals. The obtained solutions were analyzed using
atomic absorption. This technique provideds information
for choosing the suitable cleaning agents which may be
tested in real modules.

RESULTS AND DISCUSSION

Identification of Foulant Types: The precipitates on the
membrane surface were analyzed and the results indicate
thatmore than 99% of the main compounds that
precipitate on themembrane surface are iron, calcium and
magnesium (iron = 56%,calcium = 28% and magnesium =
15%) compounds. Other ionswere investigated, such as
Ba2+, Co3+, Ni2+, Pb2+ and Bi3+, butnone were present
in the foulant.

The black particles on the membrane surface were
attracted  bya  magnet.  Considering  the  analysis that
more than 50% of foulants are iron compounds, we
conclude  that  the  iron   is   in   theform   of  magnetite
(i.e. Fe3O4, or mixture of FeO and Fe2O3). Our conclusion
is supported by the finding that it was difficult to dissolve
the precipitates in different acids. Furthermore, the pH of
the feed water is acidic (pH = 5.44), which indicates that
the formation of iron hydroxides (Fe(OH)2 and Fe(OH)3)
on themembrane surface was not possible. This
conclusion is confirmed by their solubility product
constant table 1.

Table 1: Solubility Product Constant of Ca, Fe and Mg precipitations [4]

Compound K Compound Ksp sp

MgCO 1 × 10 CaCO 4.8× 103 3
5 9

MgSO Soluble CaSO 1.2× 104 4
6

Mg(OH) 1.8 × 10 Ca(OH) 5 ×102 2
11 6

Fe(OH) 8 × 10 Fe(OH) 4 × 102 3
16 38

Removal of Ca and Mg Compounds in Hollow
Fine-Fiber Surface

Fig. 2: Effect of pH for Removal of Ca and Mg
Compounds in Hollow Fine-Fiber Surface

Cleaning with Ethylene Diamine Tetra Acetic Acid
(EDTA): For removal of calcium and magnesium
compounds, Ethylene diamine tetra acetic acid (EDTA) is
appropriarte. For optimization of the conditions for this
cleaning agent (suitable concentrations and pH), 0.10 gr
of the fouled hollow fine-fiber membranes were floated
(surface washed method) in the 30 ml of cleaner solution
in different concentrations and pH. The tests were carried
out by stirring at 22-24 °C for 45 minutes. The results are
illustrated in figures 1 and 2.

Cleaning with Oxalic Acid: For removal of the iron
compounds,  oxalic acid is suitable. For optimization of
this  cleaning  agent  (suitable  concentrations),  0.10  gr
of  the  fouled  hollow  fine-fiber   membrane   was  floated
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Fig. 3: Effect of Oxalic Acid Concentration for Removal Cleaning with Also Sodium Dodecyl Sulphate (SDS) and
of Fe Compounds in Hollow Fine-Fiber Surface Goli (liquid cleaner): Also Sodium Dodecyl Sulphate

Fig. 4: Effect of SDS Concentration for Removal of Ca,
Mg and Fe Compounds in Hollow Fine-Fiber 1. Fellows,  P.J.,    1988.  “Food   Processing
Surface Technology- Principle and Practice”, Ellis Horwood

Fig. 5: Effect of Goli Cleaner Concentration for Removal
of Ca, Mg and Fe Compounds in Hollow Fine-
Fiber Surface

(surface washed method) in the 30 ml of cleaner solution
in different concentrations. The tests were carreid out by
stirring at 22-24 °C for 45 minutess. The results are
illustrated in figure 3.

Figures2 and 3 show that EDTA at pH 7-9 and 0.1%
(wt) concentration for removal of the calcium and
magnesium is suitable. Figure 3 shows that oxalic acid in
0.1%(wt) concentration for removal of the iron
compounds is appropriate. 

These cleaning agents shoud be tested in a real
module, to confirm the results in large scale plants.

(SDS) and Goli (liquid cleaner) were tested for removal of
fouling on the membrane surface. The results are
presented in figures 4 and 5.

Comparison of the results presented in Figures 4 and
5 and the results for EDTA and oxalic acid for removal of
foulant on the hollow fine-fiber surface, indicated that
SDS and Goli cleaner are not suitable. In other words
EDTA and oxalic acid are more effective.

In conclusion, results for EDTA and oxalic acid for
removal of foulant on the hollow fine-fiber surface,
indicated that SDS and Goli cleaner are not suitable. In
other words EDTA and oxalic acid are more effective.
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