Reverse Osmosis Information

Types of Membranes

NF MEMBRANES

NF, Nanofiltration, membranes are frequently referred to as water softening membranes because they have good rejection of the calcium and magnesium salts that form the bulk of hardness. Most typically the nanofilter element will be a "low rejecting" version of an RO membrane. Sodium chloride rejection will usually be in the 60 to 80 % range. The membrane is usually more variable than RO membrane in roll to roll performance specifications, but individual element performance consistency within a roll is quite good. The same constraints that apply to TFC RO elements will apply to NF membranes, e.g. no chlorine in the feed. NF membranes are not stock items, but made to order. We therefor have to require a minimum order to justify manufacturing elements. The minimum order will vary by spiral size, but will be usually equivalent to one roll of membrane. The NF membrane would be available in any of our standard or custom size elements. Please call to discuss your requirements, and applications. 

UF MEMBRANES

UF, Ultrafiltration, is another type of membrane frequently found in a spiral element configuration. The membrane is used for separating molecular size compounds and colloids. The membranes are characterized by a molecular weight cutoff number that will signify the molecular size for approximately 90% retention. In general materials with higher molecular weight will be retained much better while smaller compounds will pass through the membrane into the permeate stream. Water and ions usually pass through the membrane with little or no hindrance. The membranes are used in cutoff ranges from 1000 to 100,000. Either the retentate or permeate or both may be a final product. The diversity of feed stocks, as well as requirements for cleaning and sanitization make it necessary to have many different styles of elements as well as types of membrane material. At this time Osmotik does not have adequate space or personnel to manufacture UF elements in-house. It may be possible for us to subcontract manufacturing or distribute product made by others in conjunction with sales of our own products. Be sure to discuss your full range of filtration requirements when discussing reverse osmosis or nanofiltration requirements. 
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Effect of Temperature

Temperature of the feed water is the most noticeable environmental condition effecting the performance of RO systems. The general rule of thumb is to estimate productivity change at 3% per degree Celsius, °C. change from the standard of 25 °C. If water temperature is 10 °C during winter, you would estimate element productivity to be approximately 55% of the rated capacity. If summer produced water temperature of 30 °C, then the estimate would be 115% of stated capacity. The range can be very large and it should be part of the factors used to size systems for the amount of water needed for the application. There are equations to provide a more exact estimate of productivity (see MS Excel program WEBGPD, available for downloading).

Extremes of temperature need to be avoided because of the potential for permanent severe effects on element and system performance. The expansion of ice will damage RO membranes just as it brakes water pipes in winter. High temperatures will accelerate compaction, the loss of porosity due to compression under pressure. Fortunately, elevated temperatures are not that common in most residential and small commercial systems.

The MS-Excel program can be used interactively or downloaded from our web site. The purpose of the program is to use mathematical descriptions of the temperature response of RO membranes as well as approximations for pressure effects on productivity to estimate performance for local conditions. Pressure is approximated by direct proportionality to productivity. Temperature correction is an exponential function related to the membrane material.

  

Temperature Correction Factor for Osmotik Elements 

TCOR = Q25 / QT = eX 

X = 2600 ( 1/ T+273 - 1/ 298 ) 

 TCOR= Temperature correction factor 

Q25 = Permeate flow at 25 °C 

QT  = Permeate flow at temperature 

T = Temperature in degrees Celsius
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Handling

All rough handling will tend to degrade performance even if it does not cause failure to meet minimum specifications. It is recommended that stock be rotated first in, first out (FIFO) so that there is little chance of the membrane drying. The bag we use on most products is a lamination of two different plastics to reduce water vapor loss and oxygen transmission. Product that is opened and not used that day should be covered with a large plastic bag to reduce air circulation until it can be used. Wearing disposable gloves is good practice in protecting workers from preservative solution and elements from mold and bacteria on worker’s hands. 

It should not be necessary to add lubricants to the seals to insert the element into the housing. If additional lubrication is needed, then we recommend either glycerin from USP drum or very high molecular weight silicone vacuum grease be used. Never use oil or grease of any other type.  

If elements need to be stored again after removal from the original packaging, we recommend sanitizing with preservative solution if possible. If preservative solution is not available, then rinse the element by dipping in RO product water and bagging in double plastic bags. Refrigerate if possible, but DO NOT FREEZE. When retreating the elements, it is best if the element can be dipped vertically to allow displacement of the air trapped in the element. Once air bubbles have stopped (or nearly stopped), drain excess liquid and bag. The following table may help in mixing up the correct concentration of preservative. 

  

	Sodium Metabisulfite 
	Filtered Water

	15 gm 
	1 liter

	2 oz 
	1 gal

	300 gm 
	20 liter

	10 oz 
	5 gal


Add the indicated amount of powder to the specified amount of filtered water. Discard the solution daily. The outer tape wrap may change color (lighten) on storage, but functionality is unaffected. Do not use stronger concentrations of the preservative. 
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Storage

TFC*Storage 

Spirals manufactured from this membrane are 100% performance tested on Buena
Park filtered tap water at 60 psig (4.1 atm) applied pressure. Productivity is corrected to 77º F (25º C). Nominal rejection is 96% to 97% (94% minimum) and nominal productivity is rated value ± 15%. Refrigerated storage is best for maximum life, but not a requirement. We do recommend leaving spirals in their original packaging until needed. 

A. Spirals are sanitized with 1.5 weight percent sodium metabisulfite. Spirals are nitrogenflushed and vacuum bagged or encapsulated into a housing. 

B. Spirals must NOT be allowed to dry. 

C. Spirals must NOT be allowed to freeze. 

Rinsing and preparation for use: 

A. Use only potable dechlorinated (0 ppm Total Chlorine) feed water. 

B. Rinse to drain a minimum of 3 hours. 

C. Nominal pH limits are 4.0 to 11 

D. Allowable feed water Temperature range is 34°F to 113°F (1°C - 45°C).

* Manufactured and licensed under U.S. Patent No. 4,277,344. 



CTA Storage 

Spirals manufactured from this membrane are 100% performance tested on Buena
Park filtered tap water at 60 psig (4.1 atm) applied pressure. Productivity is corrected to 77º F (25º C). Nominal rejection is 94% to 95% (93% minimum) and nominal productivity is rated value ± 15%. Refrigerated storage is best for maximum life, but not a requirement. We do recommend leaving spirals in their original packaging until needed. 

A. Spirals are sanitized with 1.5 weight percent sodium metabisulfite. Spirals are nitrogen flushed and vacuum bagged or encapsulated into a housing. 

B. Spirals must NOT be allowed to dry. 

C. Spirals must NOT be allowed to freeze. 

Rinsing and preparation for use: 

A. Use only potable dechlorinated (0 ppm) feed water. 

B. Rinse to drain a minimum of 3 hours. 

C. Nominal pH limits are 3.0 to 8.0. 

D. Allowable feed water Temperature range is 40°F to 110°F (4.4°C - 43°C). 
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Dry Membrane

“Dry” membrane is a misnomer because reverse osmosis membrane has to retain a certain amount of moisture and or wetting agents to allow for complete wetting of the membrane. A fully desiccated membrane is usually too hydrophobic to rewet even under high pressures. It requires the action of an agent that can bring water into contact with the membrane surface. The agent is then exchanged out or flushed out of the porous interior of the membrane. If the moisture is lost there are no agents left to facilitate rewetting, so there can be no water flow through that section of membrane. Another effect that can take place during a drying cycle is related to the capillary forces acting on the extremely fine structure under the surface of the active layer. The force at the air liquid interface is so large that the walls of the capillary are pulled together so that the structure collapses on to itself. The effect is irreversible and will greatly restrict water flow through the membrane. 

WHAT IS OUR “DRY” MEMBRANE? WHAT ADVANTAGE DOES IT PROVIDE? 

By “Dry” membrane, we mean the membrane as received from the manufacturing area. The membrane has a modest amount of retained moisture and a residual amount of material that functions as a wetting agent. The wetting agents hold the water in the membrane very tightly to prevent easy drying and collapse of the membrane. The “as manufactured” membrane is very clean and nearly sterile. By careful manufacturing we can keep exposure to the environment to a minimum. The finished element has a minimum amount of free liquid, lower bacteria and mold exposure, a less hospitable growth environment, and a strong resistance to further moisture loss. All of these factors result in a much improved shelf life for the finished element. Under ideal conditions of storage, two plus years is reasonable. Since the element does not contain excess water, it is lighter and therefore less expensive to ship and more resistant to freezing. To summarize the advantages: 

· LONGER SHELF LIFE 

· MORE RESISTANCE TO FREEZING 

· LESS EXPENSIVE TO SHIP 

· LESS HANDLING AND TESTING = LOWER COST 

WHAT DISADVANTAGES COME WITH “DRY” MEMBRANE? 

Dry membranes can be integrity tested using air, but they can not be performance tested without losing the benefits summarized above. We handle the above disadvantage by doing sample testing and using statistics to give reasonable assurance of lot performance. The elements that are used in the wet testing procedure would be handled like standard product that does not need extended shelf life. The other disadvantage that comes with no wet testing is the transfer of that rinse time from our facility to the customer’s facility. In the process of testing an element, it will typically have a minimum of 30 minutes flush time before data is taken. Low productivity elements need about that much time to rinse down to our minimum TDS rejection standards. High performance membrane equilibrates much faster, and does not present any unreasonable delay in reaching TDS standards. In practical terms, the high productivity spirals will not require any additional time over what is currently done to performance test a system. Low productivity elements may need 30 minutes more test time. Higher test pressures can lessen extended test time requirements, as well as lower TDS feed water or additional pre-rinse time. To summarize disadvantages: 

· NO DIRECT PERFORMANCE DATA ONLY STATISTICAL ASSURANCE 

· ADDITIONAL TEST TIME REQUIREMENTS 
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Gallons per Day

The relationship of gallons per day productivity to membrane area is not fixed for a particular size element. Membrane is manufactured in a range of productivity values that goes from low to very high. Each style of element has a preferred amount of active membrane area for ease of manufacturing. Whenever possible, we manufacture elements with the optimum size and length of materials because that gives us the most consistent production techniques. 

Before membrane goes into production we run quality control tests that classify the membrane productivity and rejection characteristics. To fill an order we choose the roll of membrane that comes the closest to using the optimum material lengths. The amount of membrane needed to fill an order might effect the decision to use one roll or another. In other words, we could use a large amount of lower productivity membrane, a medium amount of medium productivity membrane, or a small amount of high productivity membrane to make the same GPD element. All lots of elements have variations in productivity, e.g. ± 15%. Standard products can have overlapping productivity ranges, so it is possible to classify an element either as the low end of one range or the high end of the next lower range. In most cases, we try to classify in the higher range.The typical 112 style element will have approximately 4.5 sq. ft. of active membrane, but the range of active areas can be from approximately 2.9 to 5.0 sq. ft. 

FOR EXAMPLE: Given membrane at 5.5 gallons per sq. ft.-day productivity 

GPD = 4.5 sq. ft. area X 5.5 gfd = 24.7 gallons per day ~ 25 GPD
GPD = 3.0 sq. ft. area X 5.5 gfd = 16.5 gallons per day ~ 15 GPD  

           Given membrane at 11 gallons per sq. ft.-day productivity  

GPD = 3.0 sq. ft. area X 11 gfd = 33 gallons per day ~ 35 GPD 
GPD = 4.5 sq. ft. area X 11 gfd = 49.5 gallons per day ~ 50 GPD 
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Bacteria Removal

Reverse Osmosis membranes can remove bacteria from the water because they are designed to effectively remove dissolved ionic materials that are many orders of magnitude smaller than bacteria. The removal of bacteria cannot be guaranteed because there is no way of testing the unit short of challenging the membrane with bacteria. The other factor of importance is the large surface areas involved even in the small residential units (3-6 sq.ft.) means that there is probably at least one pin-hole or broken area that could allow at least one bacteria or spore to penetrate to the backside of the membrane. Because we are dealing with viable living organisms, it takes only one to start growth in a new location. Therefore, elements are designed to be operated on safe water supplies or provision made to disinfect the feed water prior to the R.O. system.

The general rule is the estimate bacteria removal at 3-log reduction (99.9% removal). The reduction can be substantially more but there is no way of proving it. Sterilizing filters used in the pharmaceutical industry are a type of microfiltration filter. A filter rated as 0.2 micrometer can remove all standard pathogenic bacteria. They are tested using one of the very smallest pseudomonas bacteria as a challenge organism. The results of challenge testing are then correlated to another non-destructive test known as bubble point. The test is to find the largest pore in the membrane. It is reasoned that if the largest pore is smaller than the smallest bacteria challenging the membrane, than there can be no bacteria penetration. The test looks at the pressure required to force fluid from the pore. The correlation of bubble point and pore size verses challenge results is basically empirical, but well accepted in the industry. The problem of applying the test to reverse osmosis is that the large amount of surface area has so much air diffusion that the bubble point is obscured beyond detection.

Microfiltration is for removing very small particles, ultrafiltration for removing dissolved molecular compounds, Nanofiltration for removing hardness, and reverse osmosis for removing most all dissolved salts. Each of the types of filtration deals with smaller and smaller size materials. R.O. is in a size range 1000 times smaller than the smallest bacteria, but the practical aspects of assembling elements means that there will be a chance that some damage to the surface will occur that will compromise the surface integrity, and therefore sterility. Elements are manufactured in a clean environment, but it is not sterile. Product side components can have exposure to mould and or bacteria from normal environmental conditions, so that even a spiral with no surface damage at all will have the potential of releasing something to the product side of the element. We go to great pains to minimize that potential, but there are no guarantees. The key is the system design and maintenance. In the cases where the unit is out of use for a long time mould and or bacteria sometimes grow; they should present only an esthetic compromise and not a serious health hazard if the unit is used correctly. Take assurance from the fact that R.O. has been used to produce millions of gallons of safe drinking water for over 25 years in the United States. 
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Ionic Solutes

Typical ionic rejection for reverse osmosis membranes @ 225 psi. 

  

	CATIONS

	MATERIAL 
	 SYMBOL 
	% REJECTION CTA 
	% REJECTION TFC

	SODIUM 
	Na+
	90 - 93
	99

	CALCIUM 
	Ca+2 
	94 - 97
	99

	MAGNESIUM 
	Mg+2
	96 - 98
	99

	POTASSIUM
	K+
	87 - 94
	98

	IRON 
	Fe+2 
	I95 - 98
	99

	MANGANESE 
	Mn+2 
	95 - 98
	99

	ALUMINUM 
	Al+3 
	98 - 99
	99

	AMMONIUM
	NH4+
	86 - 92
	97

	COPPER 
	Cu+2 
	98 - 99
	99

	NICKEL
	Ni+2 
	98 - 99
	99

	ZINC
	Zn+2 
	98 - 99
	99

	STRONTIUM 
	Sr+2 
	98 - 99
	 

	CADMIUM 
	Cd+2 
	96 - 98
	99

	SILVER
	Ag+ 
	93 - 98
	98

	MERCURY 
	Hg+2 
	96 - 98
	98

	BARIUM 
	Ba+2 
	96 - 98
	>99

	CHROMIUM 
	Cr+3 
	96 - 99
	99

	LEAD 
	Pb+2 
	96 - 98
	99


	 

	ANIONS

	MATERIAL 
	  SYMBOL 
	% REJECTION CTA 
	% REJECTION TFC

	 
	 
	 
	 

	CHLORIDE
	Cl- 
	87 - 93
	99

	BICARBONATE 
	HCO3-
	90 - 95
	98

	NITRATE 
	NO3- 
	60 - 75
	97

	FLUORIDE 
	F- 
	87 - 93
	98

	SILICATE 
	SiO2-2
	85 - 90
	98

	PHOSPHATE
	PO4-3 
	98 - 99
	99

	CHROMATE 
	CrO4-2 
	86 - 92
	99

	CYANIDE 
	Cn- 
	86 - 92
	95

	SULFITE 
	SO3-2 
	96 - 98
	 

	THIOSULFATE 
	S2O3-2 
	98 - 99
	99

	FERROCYANIDE 
	Fe(Cn)6-3 
	98 - 99
	97

	BROMIDE 
	Br- 
	87 - 93
	98

	BORATE 
	B4O2-2 
	30 - 50
	<50

	SULFATE 
	SO4-2 
	 98 - 99
	99

	ARSENIC 
	As-3 
	A94 - 96
	99

	SELENIUM 
	Se-2 
	94 - 96 
	99


  

Organic compounds such as Benzene, EDB, Trichloroethane, TCE, DBCP, THM’s, Dichloroethylene, etc. are removed, but the % rejection is much lower, 50-80% typically for TFC’s. Most organic compounds with molecular weights greater than 200 are highly rejected by both types of membrane. Materials, including some of the above compounds, that attack the membrane material will eventually destroy any rejecting ability of the active layer. The membrane will behave much more like a microfilter than reverse osmosis membrane. In the most severe cases with CTA membranes, the membrane can disappear entirely. Consult water treatment professionals in areas with known serious pollution problems. 

Gases that are dissolved in the feed water will generally not be rejected to any significant extent. If the feed water has an odor problem, it is best to treat the problem separate from the R.O. system. Consult with a water treatment professional for specific solutions to unusual feed water situations. 

Rejection characteristics of membranes are influenced by the particular mix of solutes in the water. The rejection will decrease at lower pressures, so use the numbers shown as a guideline only. 
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Troubleshooting

 

 

 

A 
B 
 

ELEMENT
PERFORMANCE
REJECTION = 
REJECTION LOW 
 1  
FLUX = 
GOOD 
OXIDATION
RECOVERY TOO HIGH
SEAL REVERSED
 2  
FLUX LOW 
FOULED
FOULED
OVER PRESSURE 
 3  
FLUX HIGH 
TEMPERATURE VARIATION
PRESSURE VARIATION
OXIDATION 
BACTERIA ATTACK 


	
	 

	 

 

 PERFORMANCE
CONDITION
DESCRIPTION 
RESPONSE 
ACTION
A1 

REJECTION = 

FLUX = 

GOOD  

Element performing within specifications

 

 

A2 

REJECTION = 

FLUX LOW 

FOULED 

Organic fouling more likely than inorganic 

CLEAN 

Chlorinate / UV, change carbon

TEMPERATURE
 VARIATION

Cold feed water temperature greatly lowers flux. Standard = 77°F (25°C)

 

Use higher productivity element

PRESSURE
VARIATION 

Low pressure will give lower flux. Standard is 60 psi., residential-225 psi, commercial 

 

Increase pressure

A3

REJECTION = 

FLUX HIGH 

EMPERATURE
VARIATION

Warm feed water temperature raises flux. Maximum is 110°F (43.3°C) 

 

Increase feed flow, cool feed water

PRESSURE
VARIATIONS

High pressure increases flux 

 

Check gauges

B1

REJECTION LOW 

FLUX =

OXIDATION

Chlorine or other oxidizers not adequately removed. Damage is accumulative and progressive

REPLACE

Change precarbon or chemical treatments

RECOVERY TOO
HIGH 

Average feed concentration much higher than expected 

CLEAN 

Lower recovery

SEAL REVERSED 

Part of feed bypasses the element-fouling is very likely if not corrected quickly 

CLEAN 

Reverse element

B2

REJECTION LOW 

FLUX LOW 

FOULED

#1 mode of element failure. Inorganic or organic material coats membrane surface 
CLEAN 

Lower recovery, add softener, use chemical feed additives

OVER PRESSURE 

Exceeding maximum pressure or allowing water hammer stretches membrane which opens up rejection layer and compresses support layer 

REPLACE 

Lower pressure and vent any air prior to start up

B3

  REJECTION LOW 

FLUX HIGH 

OXIDATION 

2nd common mode of failure. Chemical burn of membrane destroys rejection layer 

REPLACE 

Increase precarbon size

BACTERIA 

Rarely happens, but membrane can be attacked 

REPLACE 

Use UV or chlorine pretreatmen

  
	


