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Notice: Please note that the information and recommendations provided in this technical brochure do not claim to be 
universally valid; in particular, they are not meant to substitute, amend or supplement the information and/or 
instructions provided by the OEM of the RO membrane system and/or the facility operator. In fact, LANXESS strongly 
recommends to obtain written confirmation from the OEM of the RO system and/or the facility operator before using 
the chemicals described in our technical brochure, installation of the RO elements and operation of the RO 
membrane system, and to verify the advice and information provided herein in each case as to its compatibility with 
the overall water treatment facility and RO membrane system. 
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1. Basics and Principle of Reverse Osmosis 

1.1 Overview of RO application 

Reverse Osmosis (RO) is a separation 
technique that is suitable for a wide range of 
applications, especially when salt and/or 
dissolved solids need to be removed from a 
solution. Accordingly, RO can be used for 
seawater and brackish water desalination, to 
produce both water for industrial application, 
and drinking water. It can also be applied for 
the production of ultrapure water (e.g. semi-
conductor, pharmaceutical industries) and 
boiler feed water. In addition, RO membrane 
systems are used for wastewater and water 
reuse treatments. 

RO is currently considered one of the most 
economic and effective process for water 
desalination. Accordingly, it is often the 
appropriate technique to treat solutions having 
salt concentrations from 100 to over 50,000 
mg/ liter. Solutions with salinity from surface 
water to sea water, and even brines, can be 
treated by RO membrane. 

Cross flow is the configuration applied for 
membrane separation using RO membrane. 
As shown in Figure 1.1 the feed water stream 
flows tangentially to the membrane surface. A 
fraction of the water in this feed stream 
passes through the membrane, whereas the 
majority of the feed flow travels along the 
surface. Thus, two streams are collected: 

• permeate, almost pure water 
containing low concentration of ions 

• concentrate, having high concentration 
of small particles and dissolved ions 

 

 
 
Figure 1.1: Schematic flow of RO membrane

 

In operation, the RO membrane system is 
continuously supplied with feedwater which 
produces a constant water movement from 
feed to concentrate. When in cross-flow 
operation, there is little accumulation of the 
rejected solutes and fouling or scaling can be 
minimized. 

1.2 Principle of Reverse 
Osmosis 

Osmosis is a natural phenomenon which 
can be defined as the movement of pure 
water through a semi permeable membrane 
from a low to a high concentration solution 
(see Figure 1.2). The membrane is permeable 
to water and some ions but rejects almost all 
ions and dissolved solids. This process 
(movement of water) occurs until the osmotic 
equilibrium is reached, or until the chemical 
potential is equal on both sides of the 
membrane.  

A difference of height is observed between 
both compartments when the chemical 
potential is equalized. The difference in height 
expresses the osmotic pressure difference 
between the two solutions. 

Reverse osmosis is a process which 
occurs when pressure, greater than the 
osmotic pressure, is applied to the 
concentrated solution. Water is forced to flow 
from the concentrated to the diluted side, and 
solutes are retained by the membrane  
(see Figure 1.2). 
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Figure 1.2: Principle Osmosis and of Reverse Osmosis (RO)  
 

 

1.3 RO membrane description 

RO membranes can be supplied in both flat 
sheet and HFF (Hollow Fine Fiber) structural 
formats. The flat sheet RO membrane is 
composed of three layers. 

As shown in Figure 1.3, there is a non-
woven polyester support layer, a polysulfone 
layer, and on top the polyamide barrier layer. 
The barrier layer is formed by the polyamide 
of which the molecular structure is shown in 
Figure 1.3. 

1.4.1 

1.4 RO membrane performance 

The performance of an RO membrane is 
defined by various parameters. The important 
parameters are defined below. 

Flow Rate 

In RO device there are three streams. The 
feed stream is separated by RO membrane 
into permeate and concentrate streams. Flow 
rates of these streams are usually expressed 
in cubic meters per hour (m³/h) or in gallons 
per minute (gpm). Feed flow rate is defined as 
the rate of water entering the RO system. 
Permeate flow rate is defined as the rate of 
water passing through the RO membrane, and 
concentrate flow rate is defined as the rate of 
flow which has not passed through the RO 
membrane, and comes out from the RO 
system with rejected ions. 
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Figure 1.3: Structure of RO membrane 
 

 

1.4.2 Permeate Flux 

Permeate flux describes the quantity of 
permeate produced during membrane 
separation per unit of time and RO membrane 
area. The flux is measured in liters per square 
meters per hour (lmh) or in gallons per square 
feet per day (gfd). 

The flux is defined by: 

S
Q

J p
V =  (1.1) 

In which: JV, permeate flux,   S, area of the 
membrane,   Qp, permeate flow rate 

1.4.3 Salt Rejection 

Salt rejection is a percentage which 
describes the amount of solute retained by the 
RO membrane. The retention is given by: 
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In which: R, rejection, Cp, permeate 
concentration, Cf, feed concentration Cc, 
concentrate concentration 

Cave is average feed concentration, which 
is calculated as follows. 

 2)( CCC cfvea +=
   ,            

1.4.4 Recovery Rate 

The recovery rate is defined as the fraction 
of the feed flow which passes through the 
membrane. It is usually expressed in 
percentage. 

f

p

Q
Y =

Q
 (1.3) 

In which: Y, recovery rate,   Qp, permeate 
flow rate,   Qf, feed flow rate   
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1.4.5 

−=

1.4.6 

Differential Pressure 
(Pressure Drop) 

The pressure drop is the difference 
between the feed and concentrate pressure 
during water flow through one or more RO 
membrane elements. The pressure drop (dp) 
is defined by: 

cf PPdp  (1.4) 

In which: Pf, feed pressure,   Pc, 
concentrate pressure 

Transmembrane Pressure  

Transmembrane pressure (TMP or ΔP) is 
defined as the difference in pressure between 
the feed side and the permeate side of the 
membrane. This pressure is usually measured 
in bar or psi, and is the driving force for 
membrane separation and permeate 
production. In general, an increase in the 
transmembrane pressure increases the flux 
across the membrane. 

The transmembrane pressure (TMP) is 
defined by: 

p
cf PTMP −=

2
PP +

1.4.7 

 (1.5) 

In which: Pp, permeate pressure,   Pf, feed 
pressure,   Pc, concentrate pressure 

Tendency of RO 
Performance 

The main parameters of RO membrane 
unit are average permeate flux which defines 
the permeate production and the salt rejection 
which determines the quality of permeate. 
These two parameters can be influenced by 
operating parameters such as feed pressure, 
feed concentration, temperature, etc. These 
factors influence the RO membrane system 
performance, and are summarized in the 
following Table 1.1. 

When considering changes of feed 
concentration, the salt rejection increases with 
the increase of the concentration first. 

Reaching the highest value of rejection in the 
average feed salinity range of 300 – 500 mg/l. 
Afterwards, the salt rejection decreases as the 
feed concentration increases. The above 
discussion variability of salt rejection is shown 
schematically in Figure 1.4. 

Feed concentration

Salt
rejection

 

Figure 1.4: Feed concentration effect on RO 
membrane rejection 

The influence of the pH of the feed solution 
on the rejection of solutes is complex because 
the pH fluctuation affects the charge of 
membrane surface as well as dissociation rate 
and state of the solutes. However, the 
following trends of rejection can be shown in 
Table 1.2. 
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Tendency Increase of  
Conditions Flux Rejection 

Reason for  
Membrane Performances Change 

Feed Pressure   Permeate flux is proportional to net driving pressure. 
Solute permeation rate does not increase with 
pressure. As a result, the flux and the salt rejection 
increase. 

Feed Concentration   Net driving pressure decreases by osmotic pressure. 
At lower salinity (ex. < 400 mg/l), the salt rejection 
decreases due to charged effect of RO membrane. 

Temperature   Permeate flux increases with temperature (3%/degC) 
mainly owing to decrease of water viscosity. Solute 
permeation rate increases with temperature more than 
permeate flux. 

Concentrate Flow 
Rate 

  At low flow rate, concentration polarization occurs,  
as a result, the concentration at the membrane surface 
becomes higher, and osmotic pressure increases. 

 
Table 1.1: Operating conditions and effect on RO system performance 

 

 

 

Chemicals 
pH Range 
(Acidity) 

pH Range 
(Alka-
linity) 

Reason of Membrane Rejection Change 

Acidic Compounds 
low high 

The dissociation of acids at alkaline pH enhances the 
rejection because of the charge repulsion occurring 
between compounds and membrane surface. 

Basic Compounds 
high low 

The dissociation of alkaline compounds at acidic pH 
enhances the rejection because of the charge 
repulsion occurring between compounds and 
membrane surface. 

SiO2 
low high 

An increase of pH modifies the ionization of silica from 
silica acid to silicate, therefore increasing the rejection.

Boron 
low high 

An increase of pH modifies the ionization of boron from 
boric to borate, therefore increasing the rejection. 

Table 1.2: Feed pH effect on RO membrane rejection 
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1.4.8 Element Construction 

Several designs are available for making 
RO membrane and elements. These 
membrane devices are available in plate and 
frame, tubular and hollow fiber membrane 
module configuration. The Lewabrane® RO 
membrane elements from LANXESS are 
manufactured as “spiral wound RO membrane 
elements”. 

The most common element device for RO 
membrane application is assembled according 
to spiral-wound configuration. 

This format provides the highest degree of 
packing density. The spiral-wound module 
uses flat sheets wound around a centre pipe.  

 

The membranes are glued along three sides 
to form membrane leaves attached to a 
permeate channel (centre pipe) placed along 
the unsealed edge of the membrane leaf. The 
internal side of the leaf contains a permeate 
spacer designed to support the membrane 
sheet without collapsing under pressure. 

This permeate spacer is porous and 
conducts permeate to the centre pipe. A feed 
channel spacer (a net-like sheet) is placed 
between the leaves to define the feed channel 
height (typically round 1 mm) and provide 
mass transfer benefits. The membrane leaves 
are wound around the centre pipe and given 
an outer casing (Figure 1.5). This design 
provides a high packing density (300-1000 
m2/m3). 

 
 

 

 
 
Figure 1.5: Typical spiral-wound element construction 
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DISCLAIMER 

Health and Safety Information: Appropriate 
literature has been assembled which provides 
information concerning the health and safety 
precautions that must be observed when 
handling the LANXESS products mentioned in 
this publication. For materials mentioned 
which are not LANXESS products, appropriate 
industrial hygiene and other safety 
precautions recommended by their 
manufacturers should be followed. Before 
working with any of these products, you must 
read and become familiar with the available 
information on their hazards, proper use and 
handling. This cannot be overemphasized. 
Information is available in several forms, e.g., 
material safety data sheets, product 
information and product labels. Consult your 
LANXESS representative in Germany or 
contact the Regulatory Affairs and Product 
Safety Department of LANXESS Deutschland 
GmbH or - for business in the USA - the 
LANXESS Product Safety and Regulatory 
Affairs Department in Pittsburgh, PA, USA.  

Regulatory Compliance Information: Some 
of the end uses of the products described in 
this publication must comply with applicable 
regulations, such as the FDA, BfR, NSF, 
USDA, and CPSC. If you have any questions 
on the regulatory status of these products, 
contact - for business in the USA - your 
LANXESS Corporation representative, the 
LANXESS Regulatory Affairs Manager in 
Pittsburgh, PA, USA or for business outside 
US the Regulatory Affairs and Product Safety 
Department of LANXESS Deutschland GmbH 
in Germany.  

The manner in which you use and the 
purpose to which you put and utilize our 
products, technical assistance and information 
(whether verbal, written or by way of 
production evaluations), including any 
suggested formulations and recommendations 
are beyond our control.  

 

Therefore, it is imperative that you test our 
products, technical assistance and information 
to determine to your own satisfaction whether 
they are suitable for your intended uses and 
applications. This application-specific analysis 
must at least include testing to determine 
suitability from a technical as well as health, 
safety, and environmental standpoint. Such 
testing has not necessarily been done by us. 
Unless we otherwise agree in writing, all 
products are sold strictly pursuant to the terms 
of our standard conditions of sale. All 
information and technical assistance is given 
without warranty or guarantee and is subject 
to change without notice. It is expressly 
understood and agreed that you assume and 
hereby expressly release us from all liability, 
in tort, contract or otherwise, incurred in 
connection with the use of our products, 
technical assistance, and information.  

Any statement or recommendation not 
contained herein is unauthorized and shall not 
bind us. Nothing herein shall be construed as 
a recommendation to use any product in 
conflict with patents covering any material or 
its use. No license is implied or in fact granted 
under the claims of any patent.  

© 2013 – All Rights Reserved 
LANXESS Deutschland GmbH 
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LANXESS Deutschland GmbH 

Business Unit Liquid Purification Technologies 

Kennedyplatz 1 
50569 Köln, Germany 

E-mail: lewabrane@lanxess.com
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