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Basics of RO and NF: Desalination Technologies and Filtration Processes

FILMTEC™ reverse osmosis (RO) and nanofiltration (NF) membrane technologies are
widely recognized to offer the most effective and economical process options currently
available. From small scale systems, through to very large scale desalination, RO and NF
can handle most naturally occurring sources of brackish and seawaters. Permeate waters
produced satisfy most currently applicable standards for the quality of drinking waters.

RO and NF can reduce regeneration costs and waste when used independently, in
combination or with other processes, such as ion exchange. They can also produce very
high quality water, or, when paired with thermal distillation processes, can improve asset
utilization in power generation and water production against demand.

Figure 1.1 gives an approximate representation of the salinity range to which the main
desalination processes can be generally applied economically.

The most typical operating range of the four major desalination processes is shown in
Figure 1.1. Also shown is typical operating ranges for several generic FILMTEC membrane

types.

Figure 1.1 Major desalination processes

Distillation

20,000

Sea Water RO
Membranes

8,040 50,000

50 12,000

| Reverse Osmosis

50 | 50,000
| Electrodialysis
300 10,000

lon Exchange |
600

10 Raw Water Salt Concentration (mg/l) 100,000

The various filtration technologies which currently exist can be categorized on the basis of
the size of particles removed from a feed stream. Conventional macrofiltration of suspended
solids is accomplished by passing a feed solution through the filter media in a perpendicular
direction. The entire solution passes through the media, creating only one exit stream.
Examples of such filtration devices include cartridge filters, bag filters, sand filters, and
multimedia filters. Macrofiltration separation capabilities are generally limited to undissolved
particles greater than 1 micron.
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For the removal of small particles and dissolved salts, crossflow membrane filtration is used.
Crossflow membrane filtration (see Figure 1.2) uses a pressurized feed stream which flows
parallel to the membrane surface. A portion of this stream passes through the membrane,
leaving behind the rejected particles in the concentrated remainder of the stream. Since
there is a continuous flow across the membrane surface, the rejected particles do not
accumulate but instead are swept away by the concentrate stream. Thus, one feed stream
is separated into two exit streams: the solution passing through the membrane surface
(permeate) and the remaining concentrate stream.

Figure 1.2 Crossflow membrane filtration
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There are four general categories of crossflow membrane filtration: microfiltration,
ultrafiltration, nanofiltration, and reverse osmosis.

Microfiltration (MF)

Microfiltration removes particles in the range of approximately 0.1 to 1 micron. In general,
suspended particles and large colloids are rejected while macromolecules and dissolved
solids pass through the MF membrane. Applications include removal of bacteria, flocculated
materials, or TSS (total suspended solids). Transmembrane pressures are typically 10 psi
(0.7 bar).

Ultrafiltration (UF)

Ultrafiltration provides macro-molecular separation for particles in the 20 to 1,000 Angstrom
range (up to 0.1 micron). All dissolved salts and smaller molecules pass through the
membrane. Items rejected by the membrane include colloids, proteins, microbiological
contaminants, and large organic molecules. Most UF membranes have molecular weight
cut-off values between 1,000 and 100,000. Transmembrane pressures are typically 15 to
100 psi (1 to 7 bar).

Nanofiltration (NF)

Nanofiltration refers to a speciality membrane process which rejects particles in the
approximate size range of 1 nanometer (10 Angstroms), hence the term “nanofiltration.” NF
operates in the realm between UF and reverse osmosis. Organic molecules with molecular
weights greater than 200-400 are rejected. Also, dissolved salts are rejected in the range of
20-98%. Salts which have monovalent anions (e.g. sodium chloride or calcium chloride)
have rejections of 20-80%, whereas salts with divalent anions (e.g. magnesium sulfate)
have higher rejections of 90-98%. Typical applications include removal of color and total
organic carbon (TOC) from surface water, removal of hardness or radium from well water,
overall reduction of total dissolved solids (TDS), and the separation of organic from
inorganic matter in specialty food and wastewater applications. Transmembrane pressures
are typically 50 to 225 psi (3.5 to 16 bar).
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Reverse Osmosis (RO)

Reverse osmosis is the finest level of filtration available. The RO membrane acts as a
barrier to all dissolved salts and inorganic molecules, as well as organic molecules with a
molecular weight greater than approximately 100. Water molecules, on the other hand, pass
freely through the membrane creating a purified product stream. Rejection of dissolved salts

is typically 95% to greater than 99%.

The applications for RO are numerous and varied, and include desalination of seawater or
brackish water for drinking purposes, wastewater recovery, food and beverage processing,
biomedical separations, purification of home drinking water and industrial process water.

Also, RO is often used in the production of ultrapure water for use in the semiconductor
industry, power industry (boiler feed water), and medical/laboratory applications. Utilizing
RO prior to ion exchange (IX) dramatically reduces operating costs and regeneration
frequency of the IX system. Transmembrane pressures for RO typically range from 75 psig
(5 bar) for brackish water to greater than 1,200 psig (84 bar) for seawater.

The normal range of filtration processes is shown in Figure 1.3.

Figure 1.3 Ranges of filtration processes

|<] Electron Microscopy

< Optical Microscopy

< Visible to Naked Eye

lonic Range | Molecular Range

Macr%MoIecuIar

I
|Micro Particle

Range | Macro Particle Range

ange
v\mcrorpete‘rs‘Hm110'3 L Hmio'2 R L ““‘110 L Hm)loo L
T T 0 e A
2 3 [4 T T TTTTTT[S T T TTTTTT[G T T T T
Angstrom 10 10 10 10 10 10
Mol.Wt.range 100 200 1,000 10,000 20,000 100,000 500,000
L Latex Emulsion |
L Oil Emulsions
|_Sugars L_Carbon Black Paint Pigment |
L Endotoxins (Pyrogen) L Yeast Cells |
Soluble Salts L : : Saclerie :
(lons) L_[Mycoplasm Red
| Colloids | Blood Cells, f Sand
| Metal lons | L Proteins / Enzymes | Human |Hair
REVERSE OSMOSIS [ MICROFILTRATION |
NANOFILTRATION ‘
‘ [ ULTRAFILTRATION | [ PARTICLE FILTRATION
I I I I

Note: 1 Angstrom Unit = 107" Meters =

10"

Micrometers (Microns)

FILMTEC Membranes

For more information about FILMTEC
membranes, call the Dow Liquid
Separations business:

North America: 1-800-447-4369
Latin America: (+55) 11-5188-9222
Europe: (+32) 3-450-2240
Pacific (ex. China): +800-7776-7776
China: +10-800-600-0015

http:/mww.filmtec.com
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Notice: The use of this product in and of itself does not necessarily guarantee the removal of cysts and pathogens from water.
Effective cyst and pathogen reduction is dependent on the complete system design and on the operation and maintenance of

the system.

Notice: No freedom from any patent owned by Seller or others is to be inferred. Because use conditions and applicable laws
may differ from one location to another and may change with time, Customer is responsible for determining whether products
and the information in this document are appropriate for Customer’s use and for ensuring that Customer's workplace and
disposal practices are in compliance with applicable laws and other governmental enactments. Seller assumes no obligation or
liability for the information in this document. NO WARRANTIES ARE GIVEN; ALL IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.
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