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MEMBRANE FILTRATION TECHNOLOGIES
The membrane separation process is based on mechanical filtration of a liquid

medium (sea water, brackish water, drinking water, waste water, process water, etc.) through
a membrane module. The technology utilizes semipermeable membranes, permeable
water molecules and membrane of a special type: only particles of a certain size can pass.
Semipermeable membranes are classified mainly by pore size, which determines the size of
particles that can pass. Since all solid particles are separated during membrane filtration,
filtered raw water is safe for health.

The membrane technology is used in petrochemical industry (waste water disposal,
process water reuse), pharmaceutical industry (injection solutions, drug production), food
industry (water for beverage production, processing of fruit and vegetable juices, milk
processing), in hydraulic structures, power plants and heating installations (demineralized
cooling water, additional boiler feedwater).

Mechanisms of component transfer through membranes can be divided into four
groups:

1. filtration; 2. solubilization-diffusion; 3. gas penetration; 4. dialysis
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Mechanism of component transfer through membranes

Membrane processes can be classified by size of retained particles as follows:
- microfiltration (MF),
- ultrafiltration (UF),
- nanofiltration (NF),
- reverse osmosis (RO).

Membrane pore size decreases from microfiltration to reverse osmosis, thus the
minimum size of retained particles decreases. However, the smaller the pore size is, the
greater the flow resistance and the required pressure for the filtration process.
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Types of membrane filtration

Microfiltration membranes with pore size of 0.1 to 1.0 pm retain fine suspensions and
colloidal particles, defined as turbidity. As a rule, membranes of this type are used for coarse
filtering or primary purification of water before more fine purification.

ШUltrafiltration membranes with pore
size of 0.01 to 0.1 pm remove large organic
molecules (molecular weight greater than
10,000), colloidal particles, bacteria and
viruses, without retaining of the dissolved
salts. Such membranes are used in industry
andat homeandprovidea consistentlyhigh
quality of purification, without changing
the mineral composition of water.

Nanofiltration membranes have
pore size of 0.001 to 0.01 pm. They retain
organic compounds with a molecular
weight greater than 300 and pass 15-90%
of salts, depending on the structure of the
membrane.
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Reverse osmosis membranes have
the smallest pores, and therefore the highest
selectivity.They retainall bacteria and viruses,
most of the dissolved salts and organic
substances (including iron, pathogenic
substances and humic compounds which
define the colour of water),
passing only water molecules of light organic compounds and light mineral salts. On average,
RO membranes retain 97-99% of all dissolved substances, passing only molecules of water,
dissolved gases and light mineral salts. Such membranes are used in many industries, where
high quality water is required (water filling, production of alcoholic and non-alcoholic
beverages, food industry, pharmaceuticals, electronic industry, etc.).

Two stage reverse osmosis (double passing of water through reverse osmosis
membranes) allows producing distilled and demineralized water. Such systems are
economically viable alternative to evaporation distillation units and are used in various
industries (electroplating, electronics, etc.).
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FORTEX - Water Technologies JLLC uses DOW and Hydranautics membranes

in membrane units.

ULTRAFILTRATION

Ultrafiltration belongs to membrane processes. It is a method of water filtration,
involving the membrane as a filter in separation of the particles from a liquid medium.
Membranes utilized in the ultrafiltration process have the porosity of 0,1 to 0,01 pm. The
driving force is the hydrostatic pressure difference. During the process of ultrafiltration,
the inlet water is divided into a retentate, which remains on the inlet side, and the permeate,
which passes through the membrane.

Blanica1008/28,120 00 Prague, Czech
Tereshkovoy 25A, 210602 Vitebsk, Belarus
Nezavisimosti 169, 220114 Minsk, Belarus

info@indyn.eu +420 775 951 557
+375 212 633 623
+375 172 181 246 30



Sewage Treatment Plants
Water Treatment Plants
Cooling Towers
Electroplating and Chemical Surface Treatments

•H INDUSTRIAL DYNAMICS

In the case of the ultrafiltration, there
are two dominant mechanisms of particle
separation:

• particles larger than the membrane pore
diameter are captured on the surface of the
partition (membrane)

• particles smaller than the membrane
pore diameter penetrate the pores and are
adsorbed on their surface. The adsorption
(physical and chemisorption) occurs also
outside the pores on the membrane surface.

Depending on which mechanism prevails, a specific method of membrane cleaning
is used. In the first case it is sufficient to remove the collected particulate matter simply by
backflush. In case when the second mechanism prevails, there is usually a need of adding
the cleaning chemicals in the flushing water. Then we talk about so-called chemically
reinforced flushing. The use of the cleansing chemicals is also necessary when anorganic
substances are precipitating on membranes, or when membranes are clogged with organic
substances. In both cases, the cause is the poorly pretreated inlet water. From the facts
mentioned above it is clear, that the ideal state is the one where the inlet water coming to
the membrane already contains only particles which are aggregately stable, with a diameter
greater than the pore diameter. For this reason, according to the nature of the inlet water
resource, raw water is usualy pretreated before entering the ultrafiltration unit.

Most of the membranes are currently produced from polymers rather than from
marginally used ceramic materials. Operation of the ultrafiltration membranes is cyclic, so
after the filtration phase comes the wash phase - exactly backwashing.
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Ultrafiltration is a compact alternative to traditional filtration technologies for water
treatment. Flowever, due to a small pore diameter, membranes allow the removal of particles
which are several orders smaller than particles removed by e.g. sand filtration. This means
that membranes separate the bacteria, viruses and macromolecular organic compounds.
The process can easily be automated, but it will require daily supervision service, especially

Blanica1008/28,120 00 Prague, Czech
Tereshkovoy 25A, 210602 Vitebsk, Belarus
Nezavisimosti 169, 220114 Minsk, Belarus

+420 775 951 557
+375 212 633 623
+375 172 181 246

info(a>indyn.eu
31



Sewage Treatment Plants
Water Treatment Plants
Cooling Towers
Electroplating and Chemical Surface Treatments

INDUSTRIAL DYNAMICS

raw water quality monitoring, together with the possible response to its changes. Like all
modular systems, ultrafiltration technology can be relatively easily expanded according to
the changes of the production capacity.

SEA WATER TREATMENT

Together with the growing population on the planet, there is an increasing demand
on water supplies. In some countries , there are already insufficient freshwater resources to
supply residents, industry and agriculture. These areas are dependent primarily on the use
of the salt water. Salty sea water contains large amounts of dissolved substances, reaching
concentrations up to 37 000 mg/I and because of such a high concentrations, it is not
suitable for further use. With the use of the membrane processes, it is possible to remove
the solubles and enable its further use as a drinking water, in the industry, or in agriculture.
The most suitable method to desalinate the sea water is the reverse osmosis, which provides
a highest efficiency in relation to energy consumption.

There is a vast amount of water on the Planet, but only the less than one thousandth
of a percent is fresh water in a liquid form. Almost 98 percent of water is in the oceans and
the seas - the salt water. Because of its high level of dissolved solids, the sea water is quite
unsuitable for consumption or for another, eg. industrial use.

If the water contains more than 2000 mg/I of dissolved solids, it is referred to as a
salty water and therefore unsuitable for drinking. The average content of dissolved solids in
the sea water ranges between 33 000 to 37 000 mg/I. If such a water has to be suitable for
drinking, it would be necessary to decrease the dissolved solids content to less than1000
mg/I (such water is already known as edible), or preferably to a value of about 500 mg/I.

There is a number of possibilities to reduce the amount of dissolved solids in the salt
water. Decreasing of the dissolved salts content is generally called as desalination and the
process mostly used for the salt water desalination is the membrane technology.
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NANOFILTRATION
Nanofiltration works on a similar principle as reverse osmosis, but it uses a porous

membrane having a pore size from 0.01 to 0.001 pm, which usually carries a functional
groups with a negative charge (e.g. sulfonic acid groups). The nanofiltration membranes
work on the the sieve effect principle -(molecules larger than the membrane pores can
not pass through the membrane) and besides that, a part of the molecules dissolves in the
membrane, which is followed by their diffussion through the membrane and desorption on
the other side. Also the effects resulting from the presence of an electrical charge on the
membrane polymer are observed . Nanofiltration is operated at lower operating pressures
from 0,5 to 1,5 MPa.

Nanofiltration membranes have the ability to selectively capture ions with a higher
charge. This fact very well applies in the process of water softening, as the nanofiltration
technology captures significantly more bivalent ions (98%) than monovalent ions (60%).

The most commonly used modules used in nanofiltration are spiral wound, plate,
tubular, hollow fiber, ceramic, or capillary. To select a suitable membrane, we frequently
take into account the energy demands, flux, fouling control (clogging by sediment of
biological origin) and scaling (clogging by sediments of inorganic origin - mainly calcium
and magnesium salts in combination with carbonates).

Another field of nanofiltration application is the removal of pathogenic substances,
precursors of chlorinated derivatives of the organic substances which are formed during
the water disinfection, organic substances with molecular weight above 200, pesticides
etc.
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REVERSE OSMOSIS

IReverse osmosis is a physical process
in which the purified liquid is propelled at
high pressure through a special membrane
capturing any undesired substances. The
membrane pore ranges from 0.001 to 0.0001
pm, which allows the elimination of even the
smallest contaminants. Therefore, only the
water molecules pass through the membrane
under a great pressure. The result of reverse
osmosis process is a pure liquid which has
passed through the membrane and the waste
solution intended for disposal.

Purified water free of harmful substances can be further treated according to the
specific application, e.g. remineralising, alkalizing etc.

Reverse osmosis technology has an efficiency up to 98% and it is capable to remove
almost any undesirable substances:

• mineral salts
• sulphates
• nitrates
• nitrites
• fluoride
• chlorides
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• heavy metals
• asbestos
• arsenic
• radon
• bacteria and viruses
• pharmaceuticals
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1. Receipt of water
|2. Yield of fhe concentrate
3. Permeate collector tube
4. Direction of movement of
source water
5. Direction of permeate movement

g 6. Protective material
io 7. Sealed gasket between the module
11 8. Permeate collector openings
10 9. Gasket
9 10. Membrane

11. Permeate collector
12. A line of soldering of two
membranes and a casing
(adhesive line)
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The advantages of reverse osmosis
The advantages of reverse osmosis fechnology are not only energy savings in the

process of wafer purification and process simplicity, but also the fact that there is no need
of any chemicals that may degrade the fluid or change its properties.

The effectiveness of water purification by reverse osmosis is influenced by several
factors:

Membrane quality
Different brands of reverse osmosis

membranes have a different design,
materials and quality. This has a significant
effect on the result of water purification,
because the lower quality membranes do
not have to capture all pollutants and also
have lowered resistance and durability.

The amount of contaminants in inlet water

Sufficient inlet pressure
Inlet pressure for the efficient

reverse osmosis process has to be as high
as possible with respect to the equipment
design and the membrane type used.

In standard applications the water
pressure ranges between 2 and 6 bars.

The yield of the outlet water depends on the degree of inlet water comtamination
and decreases with the increasing amount of dissolved solids. Generally there is a problem
with iron, which tends to form crystals in the pores, which gradually reduce the membrane
efficiency and thus the quality of outlet water. Similarly, higher amounts of manganese
adversely affects the properties of the membrane. Silicon and calcium clog the membrane
pores. This degradation of fhe membrane can be prevented either by pretreatment of the
inlet water before the reverse osmosis unit, or simply by more frequent replacement of
membranes.

Inlet water temperature
The quality of the purified water decreases with an increasing temperature of the inlet

water above 30 °C and also with a decreasing the temperature below 5 °C. The optimal inlet
water temperature is 25 ° C.
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Inlet water optimal properties
* The water temperature should be between15 to 25 ° C, the upper limit is considered

as ideal.
* Inlet water pH for optimal results of reverse osmosis is limited to the range of 2 to 11.
* The pressure depends on the individual circumstances and applications, ranging

between 2 bar to 6 bar.
* Maximum iron and manganese content is 0.15 mg/I, the higher concentration can

damage the membrane.
* Maximum active chlorine content is 0.1 mg/I.

Pretreatment of water before the reverse osmosis
As already mentioned, some of the substances e.g. iron may in higher concentrations

cause the membrane damage or reduced filtration ability. Therefore, if the maximum limits are
exceeded, inlet water has to be appropriately pretreated before it is processed through the
reverse osmosis technology. Pre-treatment is carried out eg.: iron removal, water softening,
sand filtration of water, water dechlorination.

El
L.c
r m , ■

r

Reverse osmosis utilization
Reverse osmosis finds a very wide range of applications in almost all types of the

industrial processes, but also in homes, restaurants, aquariums and other areas. Examples
of the reverse osmosis use:

• water and sewage treatment
• sea water treatment and desalination
• purification and treatment of water from wells
• pharmaceutical industries and laboratories (as a replacement of distillation)
• dilution chemical and cosmetic agents
• restaurants, bars and breweries
• food industry
• water treatment with a request for a salt content
• water for replenishing the batteries in handling technology and cooling systems
• domestic waste water and water management
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• hydroponics and horticulture
• aquariums
• and many other examples of the effective use of reverse osmosis

Reverse osmosis removes all undesirable substances causing the unpleasant taste of
water, so the outlet water has a completely natural taste and drinks produced from such a
water will taste better. The taste of the outlet water is directly dependant on the inlet water
quality and contaminant content.

Assuming the use of quality membranes, up to 98% of all pollutants normally found in
contaminated water canbe removed. By maintaining the optimal reverse osmosis conditions,
only molecules of water permeate through the membrane, while all the other substances are
separated as a waste.

Reverse osmosis currently belongs among the best worldwide used filtering
technologies. It is not only highly effective and efficient, but also economic, environmentally
friendly, and utilizable in almost all industrial plants and households. Our company FORTEX
- Water Technologies, JLLC features experts in the reverse osmosis and all the other water
treatment and purification technologies. With us, every customer gets a professional
consultancy based on individual process requirements.

For industrial operations we design and imlement fully automatic reverse osmosis
units, taking into account all aspects of the individual production processes, as well as
economic impact and corporate regulations.
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