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Understanding and Cleaning of Reverse Osmosis System  
 Article of interest by Dewindia Team 
 

The use of reverse osmosis (RO) to remove a variety of unwanted contaminants from 
water has steadily become more common in the last few decades as the technology has 
been improved. One characteristic that is important for users of this process in industrial 
or municipal water treatment applications, however, is the RO membrane’s tendency to 
become fouled by the contaminants it is removing from the feed water.  

Colloidal solids, microbiological growth and insoluble precipitates can collect on the 
membrane during operation. Once a certain quantity of these deposits has built up, the 
treatment system has to be shut down so that the membrane can be cleaned. This 
results in downtime and consequently additional operating expense.  

When cleaning is not performed soon enough in a use cycle, the membrane may be 
damaged beyond repair. In some situations the presence of fouling materials can totally 
preclude the use of membrane treatment as an option. Fortunately a number of pre-
treatment processes are available to reduce the fouling potential of the feed water being 
introduced to the membrane. These methods include various types of conventional 
filtration, disinfection and chemical treatment. But no matter which method is used, most 
RO treatment systems must be cleaned regularly.  

RO Design 

Before plant operators begin to use any cleaning procedures they should understand 
how reverse osmosis works. Practical RO systems use the cross-flow filtration concept, 
where only a portion of the water passes through the membrane. The remainder travels 
across the membrane and through the treatment system as waste (also called 
concentrate, reject or brine). This waste or concentrate flow is the mechanism that keeps 
fouling materials from building up too rapidly on the surface of the membrane.  

Cross-flow membrane treatment systems have one feed stream entering the system, 
and two streams, one concentrate and one permeate (the purified water) being 
discharged (Figure 1).  
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Any membrane process system is limited by the quantity of water that can be forced 
through a given area of membrane in a given amount of time. This flow, referred to as 
the membrane flux rate, is often reported in gallons per square foot per day (gfd). For a 
treatment system to be able to treat more water, a greater membrane surface area must 
be present. The membrane is operated under pressure, so it must be enclosed inside a 
pressure vessel (PV). For the sake of economy, the volume of these PVs must be as low 
as possible. The goal is to include as much membrane as possible in a small volume 
while still making sufficient provision for feeding water to the membrane surface and 
removing concentrate and permeate.  

Common style uses membranes wound in spiral configuration
While RO membrane elements are available in a number of styles, one of the most 
common is the spiral wound. In the assembly of this design, two flat sheets of membrane 
are placed back-to-back to form an envelope (Figure 2) that contains a porous sheet of 
material called a permeate carrier. The envelope is glued together on three sides only. 
The fourth side of the envelope is attached to a perforated permeate tube. The only way 
the purified water or permeate can escape from the envelope is through this tube.  

 

During operation the feed water, which is under pressure, flows across the membrane 
surface on both sides of the envelope (Figure 3). The water that passes through the 
membrane flows along the permeate carrier toward the open end of the envelope and 
leaves through the permeate tube.  
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In large industrial systems several envelopes are attached to a common permeate tube. 
These envelopes are then wrapped, or wound, around the permeate tube to form a 
cylindrical membrane element. Before the wrapping is carried out, however, a mesh 
spacer is placed between the envelopes (Figure 4).  

 

This space, called the feed channel, allows the influent stream to flow evenly distributed 
through the membrane element from one end to the other (Figure 5).  

 
 

Elements are placed end-to-end in a cylindrical pressure vessel (PV), see Figure 1. The 
permeate tubes of each element are connected to form a channel which allows the 
permeate from the collective elements to exit one end of the PV. Feed water enters one 
end of the vessel and concentrate exits from the other. A typical industrial element is 8 
in. in diameter by 40 in. long. PVs may hold one to eight elements, with six being the 
average, and are arranged as shown in the figure. Entire membrane systems may 
contain from one to hundreds of PVs.  
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Feed spacers mounted inside the element can cause problems. They limit the velocity of 
the feed water flowing through the element and reduce the cleaning ability of the cross 
flow. These spacers also provide locations where colloidal particles can be retained and 
bacteria can grow, increasing the tendency of a typical spiral-wound element to foul. As 
the feed channels become fouled, the feed water flow through the element becomes 
uneven. The feed water seeks the path of least resistance, resulting in lower cross-flow 
velocities downstream of the fouling. This can produce even more fouling, especially if 
microbiological growth is present. At some point the system must be shut down and 
cleaned.  

A second problem involves the membrane element configuration inside the PV. 
Elements are rarely removed for cleaning because of the time and labor involved, 
especially in large systems. This means that elements are usually cleaned while they 
housed in the module. This is accomplished by connecting hoses or other feed lines to 
the PV and pumping cleaning solution through the vessel. Because the elements are 
mounted in series in the PV, any fouling material removed by cleaning from the first 
element must pass through the remaining elements before it exits the system. Each 
following element does the same, with the exception of the last element in the series 
(Figure 2).  

 

All these factors can add up to a protracted cleaning time. Because the system is not in 
regular production during the cleaning phase, and since labor and cleaning chemicals 
are expensive, membrane cleaning is not exactly a cost-effective operation. Any 
procedure that will speed up the cleaning process or increase the time between 
cleanings is welcomed by membrane system operators. A membrane treatment system 
can be fouled by virtually anything present in the water being fed to the unit. However, in 
common treatment systems such as reverse osmosis, the fouling materials may be 
generally categorized as inorganic, organic, or biological.  

Inorganic compounds that cause fouling of membrane modules include inorganic salts 
with low solubility. These may enter the treatment system in particle form, or they may 
precipitate inside the system as a result of concentration changes occurring in the feed 
water as permeate is recovered through the membrane. The highest concentration of 
dissolved solids happens to occur immediately adjacent to the surface of the membrane 
in the treatment module (Figure 3).  
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If the feed water contains salts of low solubility, it is likely that these salts will precipitate 
on the surface of the membrane to form scale. Salts such as calcium carbonate (CaCO3) 
and calcium sulfate (CaSO4) are common in most feed waters. Other salts such as 
barium sulfate (BaSO4), strontium sulfate (SrSO4), and calcium fluoride (CaF2) also may 
be in solution. In many feed water sources these salts are present at or near their 
solubility limits and will precipitate as the concentration of the feed water increases in the 
system. Although this precipitation can be controlled with proper pretreatment, fouling 
due to these salts does occur frequently because of operator error or unknown changes 
in feed water quality.  

Metal hydroxides are other inorganic compounds that cause fouling. The most common 
culprits are iron hydroxide, (Fe(OH3)) and aluminum hydroxide, (Al(OH3)). As in the case 
of inorganic salts, these hydroxides may enter the system as suspended particles or 
they may form inside the system. Unlike the inorganic salts however, metal hydroxides 
do not deposit a hard crystalline scale but rather a soft, gelatinous layer.  

Clay, silt and other silica-based materials can cause fouling if the particles are not 
removed in the pretreatment equipment located in the process train ahead of the 
membrane treatment system. In some feed water sources clay occurs as very finely 
divided (1 to 5 micron) particles. These small colloidal particles can be very difficult to 
remove with conventional equipment. Silica may also enter the membrane system in the 
dissolved or reactive form. This low molecular form of silica will polymerize as the feed 
water concentration increases at the surface of the membrane. The resulting solid silica 
deposit on the membrane can be extremely difficult, if not impossible, to remove.  

Organic compounds make up the second category of fouling materials. Surface water 
sources like rivers and lakes may contain naturally occurring organics, for example 
humic acids. Clarified water may contain residual polymers, and wastewater influents 
may contain any number of organic compounds. The mechanism behind organic fouling 
depends upon the size and chemical nature of the specific substance causing fouling. 
High molecular weight compounds may act more as particles and can plug the feed 
spacer in the membrane element. This plugging may be worsened if inorganic particles, 
such as clays and metal hydroxides, also are present.  

Low molecular weight organics may foul the surface of the membrane through chemical 
interaction. As an example, chlorinated phenols will adhere to the surface of an RO 
membrane by means of hydrogen bonding. In this situation, a small concentration of the 
chlorinated phenol in the feed water can cause a large loss of flux in the treatment 
system.  

Biological organisms also are troublesome because of their tendency to foul 
membrane surfaces. Although they are technically organic, biological organisms demand 
special consideration. In terms of fouling, the concern is primarily with single cell 
organisms. These include bacteria, algae and fungi. Of these, bacteria cause the 
majority of problems in membrane water treatment systems for a variety of reasons. 
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First, many types of bacteria can adapt to the environment inside the membrane 
modules. Unfortunately, a great number of these species are found in typical feed 
waters, particularly water from a surface source, such as a river or lake. Second, since 
the bacteria are rejected by the membrane, they end up on its surface. While their 
presence there is bad enough, their food, consisting of organic matter, also is being 
concentrated at the membrane surface. When bacteria are placed in a livable 
environment with sufficient food, they multiply rapidly. This means that even more 
bacteria end up on the membrane surface.  

Finally, bacteria have a number of defense mechanisms. Several have small hair like 
appendages, called fimbriae, which stick out from all sides of the cell. These allow the 
bacteria to attach themselves, and remain attached, to the surface of the membrane or 
to the feed spacers. In addition, bacteria secrete a mucous capsule, or slime, which 
coats the cell and protects them from any harsh elements entering their environment.  

  

A well-equipped membrane cleaning system is illustrated below. As is evident, the 
system’s components are commonly found pieces of equipment.  

 

A mixing tank is used to prepare and hold the cleaning solution. It should be large 
enough to hold a sufficient quantity of that solution. A good rule of thumb is that it have a 
200 Liter capacity for each 8-in. vessel (holding six elements) being cleaned. The tank 
should be equipped with a mechanical mixer to ensure proper dilution of the cleaning 
chemical before use. In the absence of a mixer, the tank should be piped so that the 
cleaning solution can be re-circulated through the cleaning pump and back to the tank 
before being returned to the vessels being cleaned.  
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The tank should be equipped with a means to heat the cleaning solution. In smaller 
systems, this can be accomplished with an electric submersible heater. In larger 
systems, it may require a steam coil. The temperature should be thermostatically 
controlled to prevent overheating the solution. A thermometer and pH sensor should be 
installed to monitor the temperature and pH of the solution during cleaning. The tank 
should be equipped with a cover to prevent splashing outside its walls and to keep 
foreign material from falling into it. Ideally, it should have a cone-shaped bottom or some 
other configuration to allow it to be drained completely. This eases considerably the 
cleaning of the tank before the next use.  

The pump incorporated in the system has to be large enough to provide sufficient 
cleaning velocity (flow). It should be able to produce at least 200 Liter for each 8-in. 
vessel being cleaned at the same time. For instance, if the first stage of an RO system 
contains nine vessels and the entire stage is cleaned at once, the pump should be able 
to produce 2000 liter. The pressure output of the pump should be such that 3.5 Kg/cm2 

of pressure drop is available across the vessel(s) being cleaned. The system should be 
designed to permit control of the output from the pump. A flow sensor is required to 
monitor the flow from the cleaning system to the vessels.  

A cartridge filter is necessary to prevent large particles from entering the membrane 
treatment system during cleaning. This filter usually is located between the pump and 
the pressure vessels (in the supply line) rather than between the pressure vessels and 
the mixing tank (the return line). In this way, any foreign material such as trash in the 
mixing tank or inert components in the cleaning chemical will not find their way into the 
membrane elements being cleaned.  

Because the filter is used to prevent relatively large particles from plugging the feed 
spacers in the elements being cleaned, cartridge hole sizes in the 10-20 micron range 
are generally sufficient. The pressure drop across the filter should be monitored during 
the cleaning process. Cartridges should be changed when the pressure drop reaches 
1.5 kg/cm2 

While the size of the cleaning system will vary with the size of the membrane treatment 
system being cleaned, the basic components of the cleaning system will be the same 
regardless of system size. Materials of construction should be compatible with the 
cleaning solutions being used. This usually means compatibility with high or low pH. 
Aluminum especially should be avoided since it is soluble at high and low pH, but less so 
at a neutral pH. Aluminum can cause problems, even in small quantities such as the 
amount that might be contained in hose connectors, for example. It is imperative that the 
cleaning system is connected correctly to the membrane system being cleaned. Never 
should more than one stage of vessels be cleaned at once (Figure 2). During cleaning it 
is important to achieve as much flow as possible. Because little water permeates 
through the membrane during cleaning, the majority of the flow remains in the feed 
spacer area of the elements, where it should accomplish more effective cleaning.  
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If multiple stages in series are cleaned at the same time, the flow will be either low in the 
first stage or excessive in the second stage. Cleaning one stage at a time allows the 
maximum flow to be attained in each vessel. Permeate produced during the operation 
should be returned to the mixing tank to prevent loss of the cleaning solution.  

 

In some cases, such as in ultrafiltration systems, vessels can be cleaned individually. In 
instances of extreme fouling it may be necessary to clean elements individually. This is 
accomplished by using a stand-alone cleaning system that incorporates a single-element 
vessel to hold the element being cleaned.  

While vessels holding multiple elements are being cleaned, it is necessary to move the 
cleaning solution in the same direction as the feed water when the system is being used 
in the normal operating mode. The cleaning flow may be reversed only if the thrust collar 
is moved from the discharge end of the vessel to the feed end.  

If the flow is reversed without moving the thrust collar, the high differential pressure on 
the element stack inside the vessel can cause element telescoping since the last 
element in the vessel is supported only by its permeate connection (the end cap 
adapter). At all times, follow the membrane element manufacturer’s recommendation for 
pressure drop across the vessel (typically 3.5 Kg/cm2 for a vessel holding six elements).  

one must be able to monitor the pressure across the vessel or stage of vessels being 
cleaned. The pressure drop across the vessel(s) is the primary indicator of progress 
during the cleaning process. It also is necessary to monitor this pressure drop to ensure 
that the elements are not damaged (telescoped) during the process.  
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A variety of factors decides the cleaning procedure 

Actual cleaning procedures will vary depending on membrane type, cleaning system, 
cleaning chemical ( DEWTREAT or DEWCLEAN) and cleaning experience. The 
following procedure is a good starting point if an effective method is not already in use.  

Step 1: Make sure the mixing tank is clean and that fresh cartridges have been installed 
in the filter. Also, make sure that the hoses or piping used to connect the cleaning 
equipment to the membrane system is clean.  

Step 2: Thoroughly mix the cleaning solution and adjust for proper pH and temperature. 
Allow enough time for the pH and temperature to stabilize before starting the cleaning 
process. If you are using a commercial cleaning formulation, make sure to follow the 
manufacturer’s instructions.  

Step 3: Begin to transfer the cleaning solution to the vessels. Allow the flow to remain at 
this rate for approximately 15 minutes. This prevents loose particles from being 
dislodged suddenly and becoming caught in the feed spacers of the elements 
downstream.  

Step 4: Increase the flow to an intermediate flow rate. Allow the flow to remain at this 
rate for an additional 15 minutes. Gradually increase the flow rate until the maximum 
pressure drop across the vessel has been reached. As the elements in the vessel(s) 
become cleaner, the pressure drop will decrease. Adjust the flow frequently to keep the 
pressure drop at its maximum, making sure that it does not exceed the maximum 
allowed value. Continue to monitor the flow rate. At some point, the flow will no longer 
increase. This indicates that the maximum amount of cleaning has been attained. If the 
flow and pressure drop do not correspond to desired levels (usually those attained after 
a previous cleaning), it may be necessary to use a different cleaning solution.  

Also, it may be advantageous to allow the cleaning solution to soak in the vessels in one 
stage while cleaning is started in another stage. If so, when returning to the original 
stage, start with the low flow step before going to the higher flow rates. Soaking loosens 
material that may suddenly break free and plug the feed spacer if high flows are started 
initially.  

Due to the variability in typical feed water sources, fouling materials and equipment 
characteristics, finding the most effective cleaning procedure is almost always a matter 
of trial and error. For this reason it is important to keep a log of cleaning activities.  
 

Dew is leading cleaning solution provider for membrane based system such as UF , Nano 

and RO system. If you facing frequent deposit formation and flow restriction in your 

reverse osmosis. Call or write us. 


