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HISTORY

Osmosis, which comes from the Greek word "osmos"--meaning "to push",

is a natural phenomenon in which water diffuses through a membrane

from a less concentrated solution of salts to a more concentrated

solution of salts.

Since the beginning of time, plants and animals have assimilated water

by the process of osmosis. However, it wasn't until 1748 that the

phenomenon of osmosis was first documented. Abbe Nollet noted that

when a wine sac made of pig bladder was placed in a stream to cool,

the volume of the alcohol in the sac increased and its concentration

decreased. Thus, it was concluded that river water had diffused thr-

ough the pig skin.

Frustrated by the lack of' reliable membranes, it was not until the 195015

that the technology exi st:ed to produce syntheti c membranes whi ch were

reliable enough to begin to compete with other water purification methods.

PRI~JCIPLE OF OPERATION

In natural osmosis (depicted in Figure 1) watl=r in a dilute solution

passes through a semipermeable membrane and into the more concentrated

solution in an attempt to equalize the salt concentrations on both sides

of the membrane. This process continues unti'l an equilibrium is reached,

(depicted in Figure 2) in which the difference in fluid head between the

concentrated and the dilute solutions is equal to the osmotic pressure

difference of the two solutions. Its magnitude is proportional to the

amount of dissolved salts in the solutions and to the temperature of

the solutions.
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PRINCIPLE OF OPERATION ( c:onti nued}.

If the osmotic pressure is overcome by applying an external force to

the concentrated solution (depicted in Figure 3), the natura.l tendency

of the water to flow from the dilute solution to the concentrated sol-

ution is overcome. Thus, pure water as well as any dissolved gases it

may contain are forced out of the concentrated solution through the

semipermiable membrane, while the salts or dissolved solids are held

back. This is called reverse osmosis.
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MEMBRANE TYPES

Reverse osmosis membrane~) are made from synthetic materials that are

semipermiable. Water di"ffuses through RO membranes because the mat-

erials which are used to make them include chemical groups that have

an affinity for water. Thus, molecules of water are attracted to the

side of the membrane whic:h has the higher pressure and an equivalent

amount of water is relea~;ed on the side of the membrane which has the

lower pressure.

Dissolved solids do not }"eadily flow through RO membranes because the

materials used to make them do not include chemical groups which have

a similar affinity for diissolved solids. However, the molecular pore

si zes of 5-8 angstroms (iie. , 5x10-8 -8x10-8 cm) i n the membrane do

allow 2-10% of the disso'lved solids as well as 100% of the dissolved

gases to.pass through.

Conmercial RO membranes must posses a wide range of properties which

allow maximum flow of wa1:er and minimum flow of dissolved solids.

They should be mechanically strong, resistant to chemical and biolog-

ical attack, durable, pH and temperature tolerant, flexible, and econ-'

omi ca 1 .

The two materials that ar'e conJUonly used are cellulose acetate and

aromatic polyamide.

Three membrane configurat:ions or types of permeators are commercially

available.
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MEMBRANE TYPES ( conti nue,!!l

The first of the commercial configurations was the tubular device, de..

picted in Figure 4. The semipermiable membrane is eithe~ inserted into

or coated onto the surfa,ce of a porous tube whi ch i s designed to wi th-

stand the operating pres')ure. Feedwater under pressure is introduced

into one end of the tube. The product water permeates through the mem-

brane and is collected on the outside. The reject stream exits from

the far end of the tube.

The spiral wound device, depicted in Figure 5~ was a major step for-

ward in the effort to ob1tain large surface areas per unit volume of

container. It utilizes a sheet of membrane supported on both sides by

a, porous material used to distribute water and to support the membrane

This is rolled into a spiiral wound "jelly-roll" configuration.

The third membrane confi~luration is the hollow-fine-fibre permeator,

depicted in Figure 6. The fibre members which have the diameter of a

human hair, have a very thin, dense skin that inhibits the permeation

of salts, but readily alllows water to pass. Under this skin is a thic:k,

porous layer that provide~s support for the rejection skin, but because!

of its high porosity, it does not impede the flow of water into the

bore of the fibre.

The performance compari scln of the di fferent membrane types are i ndi cat:ed

in Table 1.
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Table I: Perfonnance Comparison of Membranes

TubularParameter Spiral Wound Hollow Fibre

Membrane Materia cellulose

acetate

cellulose

acetate
polyamide

finePretreatment

Requirements

very finecoarse

Membrane Fouling

Tendency

small comparatively

large

large

Membrane Cleaning

~ethod

chemical

flushing

chemical

flushing

chemical

flushing

1 0.7 0.5Equipment Cost

Flux Water

Equipment Volume

Flux Water

1 0.5 0.2

Membrane Area

Equipment Volume

1 2 50

Flux Water

Membrane Area

1 1 0.1
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COMPONEr~TS OF AN INDUSTRIAL RO PLANT

Irrespective of the type of membrane employed, the basic building blocks

from which an industrial RO Plant is constructed consists of a high pres-

sure pump and a membrane module or permeator. The capacity of an RO

Plant is largely determined by the sizing of the high pressure pump and

the total surface area of the permeator(s). However, in order to ob-

tain a reliable flow and quality of product, other components are re-

quired. These include the following items, some of which are optional

depending on the feedwater quality.

1. Feedwater Iron Control

Iron, if present in its oxidized trivalent state, can build up on

the RO membrane, thus reducing productivity. Typical approaches

for its removal include such options as a manganese greensand iron

filter, a softener, and sodium hexmeta phosphate injection.

2. Feedwater Scaling Tendency Control

Scale in the form of calcium carbonate or calcium sulfate, even if

their concentrations are low enough to be soluable in the feedwater,

may be preci pi tated on the RO membrane due to the hig'h concentrati on

of solids on the brine side of the membrane. Typical options for

their control include softening, acid injection, and sodium hexa-

meta phosphate injection. It should be pointed out here that if the

acid injection option is chosen, the product water will have a low

pH due to the inherent production of carbon dioxide and 1ts cemplete

passage through the RO membrane. The concentration of solids on the

brine side of the membrane and thus the scaling tendency may be con-

trolled to some extent by the control of the relative brine concen-

trate and product flow rates. These rates are typically adjusted

such that a recovery ratio (ie., ratio of product flow rate to feed

flow rate) of 50-75% is maintained.
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COMPONENTS OF AN INDUSTRIAL RO PLANT (continued)

3. Feedwater Chlorine Control

The presence of free chlorine or its absence in the feedwater is

sanewhat of a "Catch..22" situation. If it is not present, bacter'ia

will most likely be present and the concentrated nutrients on the

brine side of the RO membrane will ensure their continued growth

and subsequent fouling of the membrane. However, if free chlorine

is present in concentrations greater than 1 ppm, the membrane will

deteriorate. Thus, c:arbon filtration or sodilJ1l sulfite injection

may be used to remove chlorine, whereas sodium hypochlorite may bE~

injected to add chlorine.

4. [eedwater Suspended ~;o 1 i ds Contro 1

Adequate prefiltration must be provided to ensure continuous high

-productivity. Generally, prefi.ltration to 5 microns is adequate.

However, in cases whe're there are significant quantities of colloi-

dal solids or solids less than S microns in diameter (ie., SxlO-4

cm), additional means of suspended solids removal, such as poly-

electrolytes or filter aids, must be used.

5. Feedwater Temperature Control

Feedwater temperature should not exceed 30 C or be lower than 0 C

in order to preserve the RO membrane. However, feedwater tempera-

tures higher or lower than 25 C will give, respectively, greater or

less product. For example, there is a 15% increase in product flow

at 30 C and a 15% decrease in product flow at 20 C, both compared

to operation with feedwater temperature Of 25 C.
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(:OMPONENTS OF AN INDUSTRIAL RO PLANT (continued)

6. High Pressure Pump Protection

Due to the high discharge pressure, the amount of possible pretreat-

ment equipment upstream of the high pressure pump and the fact that

it is usually a multi-stage pump, it must be protected against loss

of suction. Therefore, a pressure switch at its suction and a pump

trip mechanism should be provided.

7. RQ r~embrane Cleaning System

Inspite of the precautions taken to prevent fouling of the RO mem-

brane, periodic cleaning is required. Therefore, a chemical injec-

tion system or cleaning connections should be provided for cleaning

of the brine side of the membrane.

Pressure Control8.

In order to maintain the required pressure to make the RO unit work

(usually in the order :)f 400 psi), a pressure control valve is re-

quired on the brine concentrate line, and in order to prevent an

unexpected increase in product pressure if the membrane should rup-

ture, a relief valve is required on the product line.

9. Additional Instrumentation

In order to properly monitor and control the routine operation of

an RO Plant, the following additional instrumentation is preferred:

(a) pressure indicators for the inlet and outlet of the prefilter,

the discharge of the high pressure pump, the brine concentrate

and the product lines;

(b) temperature indicator for the high pressure pump inlet;
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COMPONEr~TS OF AN INDUSTRIAL RO PLANT (continued)

(c)

d)

(e)

(f)

flow meters with adjusting valves in the brine and product
I

lines to control their relative flow rates, thus the design

recovery ratio;

pH probe, conductivity probe, monitors, and recorder for the

product line;

grab sample points throughout the pretreatment system, in the

brine concentrate line, and in the product line;

level control in the product storage tank to trip the high

pressure pump on high level.

This complete RO Plant is schematically represented in Figure 7

A typical industrial RO Plant is illustrated in Figure 8.
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RO PLA~~T CONTROL TESTS

Some means of monitoring the critical feedwater, brine and product

water characteristics is necessary in order .to assure proper operation

of the RO Plant. The key parameters to be monitored and their opera-

tional limitations are indicated in Table 2.

OTHER APPLICATIONS

In addition to the treatment of water for industrial and potable use,

other applications of reverse osmosis include the desalination of sea

water and waste water, and the concentration of whey, milk, fruit juice,

vegetable juice, alcohol, and electroplating wastes.
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Parameter Limitation

Feedwater

-free chlorine

-oxidants

-temperature

-pH

-pressure
-suspended solids

-TDS

-flow rate

,(1.0 ppm C12

~1.0 ppm C12
<30 C

~4.0;~7.5

~450 psig
~1.0 JTU (Jackson Turbidity Units)

~4.0 SDI (Silt Density Index)

~10% increase in design TDS

sufficient to maintain design recovery ratio

Brine Concentrate

-pressure
-TDS, hardness, alkalinity,

sulfate

-flow rate

~ 400 psig

values corresponding to a calculated

Ryznar Index of greater than 6.5

sufficient to control TDS of brine such

that a calculated Ryznar Index of greater

than 6.5 is maintained

PJ'~duct Water

-pressure
-flow rate

-pH

-conductivity, TDS

~ 75 psig

sufficient to maintain design recovery ratio

6.5.-7.5 (pH could be as low as 4.5 if acid

injection is used)

, 10% of feedwater values
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