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				When does it make sense to clean elements, and when is replacement the only option in high purity applications?In the case of high purity applications, the main criterion for clean vs. replace is salt passage. Any increase in salt passage to the demineralizers can be enough financial justification for replacement. As an example, even a slight decrease in salt rejection from 99.6% to 99.2% may not seem troublesome to someone treating brackish water for a potable application. But in a high purity application that generally employs mixed bed demineralizers to polish the RO permeate, the amount of salts that have to be removed by the demineralizer system would double, which in turn doubles the number of regeneration cycles. This corresponds to doubling of acid, caustic, and neutralization costs would drive the decision of whether to replace or clean.

Increased salt passage accompanied by increased differential pressure, and/or reduction in normalized permeate flow would suggest that the decline in salt rejection is a result of scaling/fouling, and that cleaning may improve permeate quality. However, if permeate quality is not recovered after cleaning, it can be assumed that the loss of salt rejection is permanent and that membrane replacement is necessary.



What does differential pressure or delta P (ΔP) mean when logging RO data?What is delta P (ΔP) and what does it mean when logging RO data? The differential pressure (dP) is the pressure lost due to friction as water passes through the system. You take a reading before the pressure vessels and after the pressure vessels of each stage, and that tells you how much pressure was lost across that stage.

A very high concentrate flow rate will result in a high dP because of the high friction. From a fouling perspective, scale, suspended solids, and biological growth, etc… build up in the feed channels and interfere with flow, thereby increasing friction and resulting in pressure losses.

If you are concerned about scale, then you should be monitoring your normalized permeate flow, not your dP. Monitoring normalized permeate flow allows you to detect scale formation and address it well before it is detectable by an increasing dP. Once your dP has increased, the scale will have already become very thick and will become more difficult to clean. The opposite is true for suspended solids, where you may see a significant increase in dP with minimal impact on normalized permeate flow.

AWC provides the RO membrane community with RO chemical solutions for optimizing system operation. Be sure to contact us today at (813) 246-5448 to learn more.



What is the relationship between pH and alkalinity? How are they different? How does temperature affect them?

What is the relationship between pH and alkalinity? In simple terms, pH is the concentration of acid protons [H+]. On the other hand, the alkalinity of a solution is its ability to neutralize acids. Alkalinity consists of ions that incorporate acid protons into their molecules so that they are not available as a free acid that can lower the pH. This is known as buffering.

For example acid reacts with CO32- to make HCO3-, and converts PO42- to HPO4-  .  This makes it so that a significantly higher quantity of acid is required to lower the pH compared to a solution that does not contain these ions. Deionized water can drop from pH 7 to pH 2 with just one drop of acid, while natural well water may require 200 – 300 ppm of acid just to lower pH from 7 to 6.

What is Alkalinity? Alkalinity consists primarily of carbonate, bicarbonate, phosphate, borate, orthosilicate, sulfides, and organic acids. Most people refer to alkalinity as the concentrations of carbonate (CO32-) and bicarbonate (HCO3-) ions, which are the buffers that are typically present in the highest concentrations in natural waters. Bicarbonate in particular, is the strongest buffer (largest Ka value) and the effect of other buffers becomes insignificant in its presence.

At very high pH, like pH 12, the hydroxide ion [OH-] concentration is so high that it takes a significant amount of acid to neutralize enough of them before the pH drops. For that reason, hydroxides (OH) are considered as contributors to alkalinity above ~pH 10.5. At very low pH, hydronium ion [H+] concentrations are very high, and as a result, a much higher concentration of acid is required to further lower the pH.

Higher temperature shifts the equation to the right, slightly increasing the carbonate to bicarbonate ratio. At the same time, the acid (H+) concentration increases slightly which causes a slight drop in pH. This means that a warmer solution can have better buffering capacity despite a lower pH.

$${HCO_3{^-} \Leftrightarrow CO_3{^2}{^-} + H^+}$$

The opposite happens at lower temperature.

In reverse osmosis (RO) and nanofiltration (NF) membrane systems, bicarbonate is the primary driver behind the increased pH in the concentrate relative to the feed. Bicarbonates increase in concentration as they are rejected by the membrane, while CO2 concentrations remain constant since gases are not rejected. The increased ratio between bicarbonate and carbonic acid results in a shift to the left, absorbing more free acids and thereby increasing the pH.

$${H_2CO_3 \Leftrightarrow HCO_3{^-} + H^+}$$

**H2CO3  and CO2 are used interchangeably because H2CO3 converts instantly to CO2.

AWC provides the membrane community with chemical solutions. Be sure to contact us today at (813)246-5448 so we can help you optimize your RO membrane system operation.



What will happen to antiscalants when we discharge them to the enviroment ? Are they toxic? Are they biodegradable? If so how long will they take to decay?There are different types of antiscalants. Some are phosphonate based,and some are polymer based. Many are blends to provide synergistic effects of the two chemistries. Antiscalants have to be non-toxic, or they would not be approved by NSF for potable water applications. Both phosphonate and polymer based antiscalants are biodegradable over time. Ultraviolet light increases the rate of degradation as the chemical bonds are broken, and certain types of bacteria produce enzymes that cleave the bonds.

Recently some “green” antiscalants have been introduced into the market, with the claim that they biodegrade at a faster rate. In reverse osmosis membrane systems, anything that biodegrades too quickly will be a carbon source for bacteria and contribute to biofouling. It is best to avoid such chemistries from an operational standpoint.



How do I pretreat H2S in Reverse Osmosis feed water?H2S acts as a weak acid, much like carbonic acid:

$${H_2S \Leftrightarrow HS^- + H^+}$$$${HS^- \Leftrightarrow S{^2}{^-} + H^+}$$

If your pH is above 5.5 and oxygen is allowed to contact with air, then sulfide ions will oxidize to element sulfur. We have recently come accross a case where a plant in South America made the mistake of using peroxide to oxidize the H2S and then attempting to remove the resulting elemental sulfur by ultrafiltration prior to the RO. We just performed an RO membrane autopsy and their membrane was completely coated with elemental sulfur.

The fact that you have H2S implies that your source is anaerobic. You should maintain the feed water under pressure from the well directly into the RO. If you operate at pH 5.5, your H2S will be 100% gas and pass to the permeate side. If you operate at a higher pH, then more of your H2S will be in sulfide ion form and be rejected, ending up in the RO concentrate (as long as your water is free of oxygen or other oxidizers).  If you have iron in your water, the sulfide ion can form a black ferrous sulfide scale on your membranes (again assuming anaerobic conditions).  This can be removed with low pH membrane cleaners.

In all cases, some H2S and/or sulfide ions will pass through to the permeate side.  Acid should be added to the permeate prior to a degasifier to maintain all sulfides as H2S, because air stripping does not remove ions, only gases. Any ions will react with the oxygen and precipitate as elemental sulfur in your degasifier.

Some plants with  low  concentrations of sulfides use strong oxidizers such as chlorine or ozone to oxidize hydrogen sulfide (H2S) to sulfate (SO4).  Such a treatment is too expensive with water containing high H2S levels.



If silica is not removed by ion exchange, does that mean it is colloidal silica?It is not possible to have colloidal silica in your feedwater unless your silica concentration is above the solubility limit under those conditions, resulting in polymerization and hence colloidal silica formation.

The difference between results from ICP-AA vs molybdate reactive silica is often mistakenly attributed to the presence of colloidal silica – but 99% of the time, the difference is due to calibration issues.

Silica leaks through demineralizers because it only partially deprotonates at neutral pH and is not fully charged unless the pH is very high. That has no relevance to its existence in colloidal or silicic acid form. Surface groups on colloidal silica will also deprotonate and become anionic at high pH, and can be removed no differently than silicic acid by ion exchange.

$${H_4SiO_4 ⇔ H_3SiO{_4}{^-} + H^+}$$$${H_3SiO{_4}{^-} ⇔ H_2SiO{_4}{^2}{^-} + H^+}$$

At neutral pH, the calculations show that no measurable amount of silica is charged.  Even at pH 10, about 40% of the silica remains unionized, and therefore cannot be removed by ion exchange resin.

As  an example, here are some calculations from a water analysis where reactive silica was 33 ppm as SiO2 (52.793 ppm as H2SiO4 ):

pH 7.3, Temp 25 deg C, Ionic Strength 0.0554, reactive silica 52.793 as silicic acid

mols/L         mg/L

[H2SiO42-]   8.80E-11       0.000

[H3SiO4-]     1.53E-06       0.146

[H4SiO4 ]     5.48E-04      52.646

pH 10, Temp 25 deg C, Ionic Strength 0.0918 (increased due to caustic addition), reactive silica 52.793 as silicic acid

mols/L           mg/L

[H2SiO42-]     9.33E-06        0.878

[H3SiO4-]        3.17E-04     30.105

[H4SiO4]         2.23E-04     21.472



Can chlorine dioxide be used effectively in place of sodium hypochlorite for prechlorination of bore well water, RO feedwater and Permeate water?Chlorine dioxide is a highly potent biocide that has a higher efficacy than hypochlorite in destroying protozoa, bacteria and viruses, without allowing them to build a tolerance.  It is effective over a wide pH range as both a biocide and metal precipitant and has gained popularity because it creates significantly lower concentrations of disinfection byproducts such as trihalomethanes (THM’s) and haloacetic acids (HAA’s) when compared to chlorine. However, at least one study has shown that THM formation is still significant when naturally occuring organic matter (NOM) such as humic acids are present (A.A.Stevens, “Reaction Products of Chlorine Dioxide”,1982).

Chlorine dioxide is a powerful oxidizer and can damage polyamide reverse osmosis (RO) membranes, so a reducing agent such as sodium bisulfite is usually dosed as a precautionary measure.

The use of chlorine dioxide at a low residual that would deplete prior to contact with the RO membrane surface  has been a hot topic.  But as with any other biocide, when the residual depletes to sub-lethal doses prior to membrane contact, biofouling will be enhanced.  This was confirmed in a 2010 publication by Shemesh et al, “The biocide chlorine dioxide stimulates biofilm formation in Bacillus subtilis by activation of the histidine kinase KinC.”

Chlorine dioxide can be used in the permeate but only at low dosages because it is reduced to chlorite and chlorate ions which can cause anemia and affect the nervous system.  In the United States, the EPA limits the allowable residual of chlorine dioxide in drinking water to 0.8 ppm.



Please suggest an appropriate antiscalant and dosage for use with feed water having a TDS of 1500 ppmAntiscalant dosage cannot be determined by TDS (Total Dissolved Solids).  The reason is that TDS can be made up entirely of sodium and chloride which do not have a scaling potential, or it could be made up entirely of calcium and sulfate which have a very high scaling potential.

In order to determine the correct antiscalant and dosage, the ion species in the water must be identified, and their concentrations have to be calculated based on the concentration factor.  The concentration factor is variable with the type of membrane (Reverse Osmosis vs. Nanofiltration) and the % salt rejection (NF membranes can vary from a 50% to 90% divalent salt rejection.)

We can then calculate the potential of the ions in the water to form a scale, and the antiscalant will be selected based on the type of scale most likely to form.  For example, if there is a potential for both calcium carbonate and calcium sulfate to form, an antiscalant that can control both these scales would be selected.  On the other hand, if there is a potential for calcium phosphate to form, a more exotic antiscalant would be required.

The dosage is then calculated based on the driving force for scale formation, which is dependent on the concentration of each ionic species, pH, temperature and ionic strength.

However, there are also other parameters that have to be taken into account when calculating dosage.  For example, antiscalants have a greater affinity for certain surfaces, like ferric hydroxide salts,  so when iron is present in the ferric state, a higher dosage is usually required.

So in order to obtain a recommendation for antiscalant selection and dosage, it is very important to perform a complete and accurate water analysis, and to measure pH and temperature immediately upon collection of the water sample.

The parameters that are required for an accurate recommendation are:

Cations: Ca, Mg, Na, Ba, Sr, Fe (specify ferrous or ferric), Mn, Al

Anions: Alkalinity, SO4, Cl, PO4, SiO2

pH, Temperature (both measured immediately upon sample collection), TDS (estimated from conductivity) and %Recovery.



What filtration system will remove soluble iron, manganese and salt from bore waterSoluble iron and manganese can be removed by using a Manganese Greensand Filter. However, in order to separate salt from water, either Reverse Osmosis or Evaporation have to be used.



How can we determine whether the membranes in our Reverse Osmosis system are damaged?There are various symptoms that can be associated with membrane damage:

	Loss in permeability that doesn’t recover even after aggressive cleaning: This is usually a sign of irreversible damage.  It can occur as a result of membrane dehydration, exposure to certain solvents that cause pore collapse, cationic polymers or surfactants which irreversibly bind to the membrane, or oxidation by halogens like iodine which impact permeability through steric effects.
	Dramatic increase in permeability coupled with an increase in conductivity: This is usually a sign of halogenation by chlorine or oxidation by permanganate or chlorine dioxide. The presence of transition metals (such as Iron, manganese, cobalt, etc.), can accelerate this damage wherever the metals have deposited and make more membrane-safe oxidizers such as peroxides or peracetic acid cause membrane surface damage. Severe delamination would also exhibit similar symptoms. Membrane probing can determine whether an increased permeate conductivity is simply due to leakage at the permeate tube interconnectors (damaged O-ring), but such leakage would not exhibit a severe increase in permeability.
	Increase in differential pressure (ΔP) in combination with increased conductivity: Continuing to operate a system while experiencing a high differential pressure will cause telescoping and/or feed spacer migration.  The movement of membrane media will result in membrane abrasion and an irreversible loss in permeate quality. This will be exacerbated by any deposits that were trapped at the feed spacer contact points.
	Increase in conductivity with no significant increase in permeability: This is usually due to minor delamination caused by a leaking check valve or CIP performed with the permeate valve closed.  Other causes can be due to abrasion, or exposure to oxidizers in the presence of small amounts of locally deposited transition metals.


As mentioned above, membrane probing can identify O-ring damage. Inspection of the exterior of a membrane can identify severe telescoping/feed spacer migration. A membrane autopsy can typically determine the cause of any failures internal to the membrane. Full element performance tests will determine the performance of the membrane as compared to specifications. Inspection of the membrane once opened can identify delamination, or the presence of particulates. Fujiwara testing coupled with X-ray Photoelectron spectroscopy (XPS) can identify halogenation. Dye tests will highlight any surface damage as high molecular weight dye passes through the membrane staining the permeate side. The location and pattern of the stains offer clues as to the nature and cause of the physical membrane damage. These dye tests can even be scaled up to full element tests allowing the entire membrane element to be inspected for any physical damage.

For examples, please see the blog titled Membrane Autopsy: Damage from Permeate Backpressure athttps://www.membranechemicals.com/membrane-autopsy-damage-from-permeate-backpressure/
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					Activated Carbon Filters
Filtration Theory: For thousands of years filtration has been used to reduce the level of dirt, rust, suspended matter and other impurities from water. This is achieved by passing…
Read More

	Activated Sludge Process
Activated sludge process is a process for treating sewage and waste water commonly referred as effluent using bacteria (to degrade the biodegradable organics) and air (Oxygen for respiration). Activated sludge refers to a mixture…
Read More

	Advanced Oxidation Processes
Advanced oxidation processes (abbreviation: AOPs), in a broad sense, refers to a set of chemical treatment procedures designed to remove organic (and sometimes inorganic) materials in water and waste…
Read More

	Advantages of Nanofiltration
There are many advantages of nanofiltration. Here's a brief rundown of them. Nanofiltration is a relatively recent membrane process used most often with low total dissolved solids water such…
Read More

	Aerobic Treatment Package
Aerobic Treatment Packages for Untreated Water Definitions: Wastewater : water polluted by a mixture of all sorts of inorganic (sand, clay, salts) and organic (proteins, sugars, oils and fats) components;Some…
Read More
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						A blueberry farm in South America was using RO treatedwater from brackish water wells for irrigation. All localwells had extremely high sulfate concentrations.

					

				


			
				
					
						
							
						
					

					
						A 6 MGD water treatment plant in South Texas employs

					

				


			
				
					
						
							
						
					

					
						An 8 MGD wastewater reuse facility in Northern California employs 4 Reverse Osmosis trains. Each train consists of 2 stages with a train configuration of (52×7) -> (28×7) and is currently operated at 80% recovery.

					

				


			
				
					
						
							
						
					

					
						The Cincinnati Zoo uses an Ultrafiltration System (UF) to treat stormwater.

					

				


			
				
					
						
							
						
					

					
						A municipal potable water RO plant located in Northwest Ohio has a design capacity of 2 MGD. It receives water from brackish wells.

					

				


			
				
					
						
							
						
					

					
						A power plant in South Florida requested AWC’s assistance in finding a solution to reverse the fouling on their UF elements.

					

				


			
				
					
						
							
						
					

					
						The municipal potable water RO plant is on the west coast of Florida and has a design capacity of 20 MGD. It receives water from brackish wells supplied by the Hawthorne Aquifer. There are a total of 10 trains. Four trains have Dow Filmtec BW30-400 membranes with a (40X6)→(20X6) configuration running at 75% recovery. The other 6 trains have Toray TM720-400 membranes with a (42X6)→(18X6) configuration running at 75% recovery.

					

				


			
				
					
						
							
						
					

					
						The municipal potable water RO Plant has a capacity of 640 GPM. The plant

consists of two trains, each operating at 75% recovery. The train configuration is

(4X6)→(2X6) with Hydranautics ESPA-1 membranes in the first stage and ESPA-2

membranes in the second stage.
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	Latest News
		Proton® update: Proton® has been upgraded to Incorporate Lithium into its calculations for Membrane System Design ProjectionsAs the increasing demand for long-lasting, battery-powered devices drives the  […]

	American Water Chemicals (AWC®) marks 30 years in the membrane industry with launch of European Division!Amaya Solutions, Inc DBA American Water Chemicals (AWC®) proudly marks a major  […]

	Why Reverse Osmosis Chemicals and RO Antiscalants MatterWhat are RO Antiscalants? RO antiscalants are specialty chemicals that are  […]
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