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Introduction  

For most applications, decanter centrifuges will not work without polyelectrolytes.  In evaluating the life cycle costs of a centrifuge installation, the polymer cost is larger than the maintenance, power, and labor costs put together. 

The success of the centrifuge depends upon the reaction between the sludge and the polymer.  It is no exaggeration to say that the polymer selection determines the success of the project.  There are three steps to the selection process, each more important than the others:

1. Make up small quantities of test solutions.

2. Evaluate the reaction between the solutions and a sample of the sludge.

3. Make repeatable observations.
Predicting the performance of the centrifuge from the polymer testing is thought of by the unknowing as a Zen art.  It is really an assemblage of careful observations of the sludge-polymer reaction, coupled with knowledge of the treatment process, and experience at other treatment plants.    Even so, jar testing cannot answer the question "Is this the best polymer?" it will narrow the selection down to a manageable number.

Life before Polymers
Before the invention of polymers, drying beds dewatered most sludge.  They are still used occasionally today.  While they are undeniably simple to build and fool proof to operate, they are a source of odor, take up a lot of room, are subject to weather, and require a lot of labor.  So they are not such a good solution.  Mechanical dewatering of the sludge is usually preferred.  In the early days, this consisted of vacuum filters and pressure filters using Lime and Ferric Chloride to condition the sludge.  These were large cumbersome systems with low capacity, and poor (by modern standards) performance.     

The first successful centrifuges used in sewage dewatering were basket centrifuges.  Sludge poured into the spinning centrifuge, and compacted under 1000 g or less.  When full, the centrifuge slowed, nearly stopping, and a plow scooped the solids out.  As the centrifuge accelerated, the feed resumed.  The process was automatic, but the results were limited.  Capacities were less than 25 m3/hr (100 gpm) on a continuous basis, and the sludge was barely truckable.  Decanter centrifuges were used in any number of other applications, but attempts to dewater wastewater sludges and produce a clean centrate failed.  Inorganic conditioning agents, such as lime and ferric chloride separated from the sludge in the centrifugal field, and were no help at all.  The solids readily settled in a bottle centrifuge, why did the decanter centrifuge fail?  The problem was that the screw conveyor in the centrifuge was too inefficient to scroll the solids out.  Efficiencies were about 60%, even with primary sludges.  Large particles tended to scroll with higher efficiency than small particles, and very small particles did not scroll at all.  What was needed was a chemical to bind the large and small particles in the sludge into uniform, larger flocs. 

About 1970, synthetic polyelectrolytes reached the market, and the dewatering options for the treatment plant changed.  The invention of polyelectrolytes was the principle factor which put centrifuges (and belt filter presses) into the waste water treatment field.  The reaction between the polymer and the sludge still determines the success of the separation.  Despite tens of millions of dollars spent by the polymer manufacturers, and hundreds of thousands of dollars spent by centrifuge manufacturers, polymer selection and application is still an art, and not a science.  

Part 1

Types of Polymers
 Polyelectrolytes are long chain molecules, typically with molecular weights over 1,000,000.  They are water-soluble molecules with active sites, which react with sludge particles.  One might think that a theoretical knowledge of the polymer structure and the chemistry upon which they are based would be useful.  But since all polymers are proprietary products, we, the end users, will never know such details.  Polymer salesmen and their technical support people logically would have access to more theoretical knowledge than we, but it seems to be of little practical use to them as well.  We really need concern ourselves only with generalities. 

The most obvious difference between polymers is the physical form, 

1. dry

2. emulsion

3. Liquid solution (Mannich).  

 For any sludge, we can find polymers in two or even all three categories which are effective.  Obviously one of the polymers will be cheaper to use than the others. and we must experiment to find which one that is.  We cannot predict which form will be most cost effective at a particular plant.  For the dry and emulsion products, there are three charge types of polymers used in sludge dewatering.  Based upon their active sites they are:



Anionic



Nonionic



Cationic   

Generally, a given sludge will react with only one charge type.  Of these, nonionic polymers are rarely used in municipal sewage treatment.  Anionic polymers are sometimes used when the sludge is treated with lime or ferric chloride, but most of our work is with the last category, cationic polymers.  They make up 95% of the polymers used in sewage sludge dewatering and thickening.  Occasionally a polymer salesperson sells a dual addition system, where a anionic and cationic polymer are added in some sequence.  It may be valid in some odd case, but in over 25 years, I have never found one!  
Dry Polymers
We think of these as 100% active*
.  In fact, they are only 80-90% active, but since we cannot easily measure the contaminants, we assume them to be 100% active.  Some products are powders that may contain a lot of dust, and some are small beads with no dust, which makes them easier to handle.  As a group, dry polymers have a great advantage being the least expensive to transport.  In remote markets, dry polymers are usually the only forms available.  The shelf life of the powder is one year or more when protected from heat and moisture, and the degradation over subsequent years is slow.  If you open a bag, and see that it is in the least caked up, it has gotten wet, and will not dissolve very well.  As a result, its activity will be very low.  If it is free flowing, the product is probably OK.  Dry polymers are the most difficult form of the polymers to dilute in water.  The problem is the individual particles must be wet with water without touching another particle.  When a clump of particles is wet, it forms an agglomeration that will dissolve slowly, if at all.  What polymer does not fully dissolve is unavailable to the sludge, and therefore wasted.  After mixing to 0.25% (preferably 0.1 to 0.2%) this form of polymer needs an aging time to reach its full activity.  It is convenient to think of the polymer as being in a coil, like a spring.  The coil needs to unwind to reach its full length before it is fully active.  The absolute minimum aging time is 30 minutes.   
Polymer tanks are usually not completely emptied, there is a heel of polymer that remains in the bottom of the tank when the polymer system starts to refill.  The space above the heel is the active volume of the tank, and it is the active volume that should be used in out calculations.  The volume of the heel is wasted space, and should be ignored when calculating the volume of the tank.  When first made up, the polymer solution will be clear, but with numerous bubbles and lumps.  As it ages, the bubbles and lumps will dissolve, and it should be a clear, colorless viscous fluid.  Lumps or “fish eyes” (snotters to the less cultured) are an indication that the polymer is not fully dissolved because of insufficient aging time, or the make up system has a problem.  Essentially the polymer make up system is not dispersing the polymer very well.   The make up systems vary so much its hard top generalize, but some how, at the point the polymer is wetted, and it's forming clumps.  A common solution to eliminate lumps is to mix it vigorously.  Unfortunately high shear mixing destroys some of the polymer's activity.  Most make up systems add water for a time, then the polymer solution, followed by water to top off the tank.  This produces a tank with layers of water and polymer solution.  You need some sort of mixer to assure the tank is uniformly mixed.  You do not need to agitate the solution during the entire aging time, but a mild mixing for 30 minutes will do no harm.  
Post dilution

It is a questionable practice to design a system to make up a solution much stronger than 0.25% so as to reduce the size of the aging tanks.  The hope is, the very thick mixture can be diluted in line (called post dilution) and this dilution will restore the activity.  This is an invitation to problems.   There is a question as to aging time.  It may be adequate for one polymer, but not for another, and It's hard to mix a viscous fluid with a much thinner fluid without at least a good inline mixer.  Lastly, you have to be sure the dilution water flow is constant, otherwise, every time the line pressure changes, the polymer rate to the centrifuge changes as well.  You would need a magnetic flow meter connected to a flow control valve so as to maintain constant flow.  The only motive to design a make up system this way is to lower the cost of the system.  A low cost system will not have the flow meter and flow control valve, and probably not an adequate inline mixer.  Saving money by limiting the polymer make up system is a false economy.  At best, the result is a system that is limited and unable to function when conditions are less than optimum, and at worst, it can drastically reduce the activity of the polymer, thereby raising the costs.

Emulsion polymers
[image: image8.wmf]Emulsion polymers consist of 1-2 micron droplets each of which contains of a huge number of polymer chains dissolved in water.  The droplets are in turn suspended in an oil phase matrix.  The early emulsion polymers were not very competitive with dry polymers, in price or performance, but after years of development, they are now very competitive.  The shelf life of the emulsions is six to nine months.  The activity of these polymers varies, typically between 30 and 50% active.  As received, emulsion polymers are a milky white viscous liquid.  The emulsion can stratify in the container, so always mix well before use.  The finished solution will have a whitish haze to it and a characteristic odor because of the oil, which is used to form the emulsion product.  Again, air bubbles are OK, but no lumps.  At any point in the process of handling the emulsions, should even moderately small amounts of water should come in contact with the product, the polymer becomes viscous goo, and will not dissolve.  As with the dry products, if it does not dissolve, it cannot react with the sludge.  Some manufacturers claim that emulsions do not require any aging time.  This is a dubious claim.  The fact is that the activity immediately after wetting is better than the activity of the dry polymers in the same state.  However, while usable immediately, the activity does increase with aging time.  Provide at least 15-30 minutes aging time.

The polymer as delivered is referred to as “neat.”  If we are referring to the active polymer, we use the term active or dry equivalent.  The manufacturers don’t really like to discuss activity, but will tell you if you ask.  They prefer to quote price per unit weight as delivered because the price per kilogram will be lower than the dry polymers.  We often need to know the activity because some contracts specify a maximum polymer dosage in terms of pounds of polymer per ton of sludge, and we like to compare our dosage with other plants, and as is dosage varies all over the place. Pounds of polymer per ton of sludge should always refer to the pounds of active polymer.  We need to know the concentration of the neat polymer to calculate the active dosage.  For example, if we have a 25 lb pail of polymer which is 42% active (42 lb active polymer/ 100 lb neat solution), we can calculate the active amount by:

Sample Calculation 2

We have a 25 pound pail of emulsion polymer that is 42% active.  How many pounds of active polymer are in the pail?


Active polymer = 25 lb (neat)  x 42% (active) =  10.5 lb (active) 







100 

We can also use this formula to calculate how much emulsion polymer we need to add to get, for example, ten pounds of active polymer:

Sample problem 3

We need ten pounds of active polymer.  We have an emulsion polymer that is 42% active.  How many pounds of neat polymer do we need to add to our make up tank?


Pounds of emulsion =   10.0 lb (active) x 100   = 23.8 lb (neat)  






           42% (active)
 Liquid solution polymers
This name can be misleading because at first glance, the emulsions are also a liquid.  Emulsions are not really solutions, but rather mixture of two immiscible liquids.  Liquid solution polymers consist of polymer and water in solution, and nothing else.  Since they are already in solution, they do not require dispersing or wetting, simple dilution is all that’s required.  As delivered they are clear liquids.  They are called Mannich (pronounced ‘Mannick’) after their inventor.  As the concentration increases, so does the viscosity.  Indeed, these polymers as delivered are much higher than 15,000cps and hard to draw a sample into an unmodified syringe.  As a result, they are only 4-7% active, and the rest is water.  Shipping costs preclude their use very far from the manufacturing plant.  In the past, the polymerization reaction some times continued during transport and storage, and the product would set up to a stiff gel in the storage tank.  Because of the chemistry of these polymers, they will not work if the sludge pH s above 7.2.  For testing, you usually need several 55-gallon drums.  We can use the same formula as above to calculate the pounds of active polymer:  

4)
Active polymer = 25 lb (neat)  x 5%   (active) =  1.25 lb (active) 





            100 lb (neat)

5)
Pounds of emulsion =   10.0 lb (active) x 100   = 200 lb (neat)  






           5% (active)
The process used to make these polymers is much cheaper than the dry polymers and emulsion products, so if there's a plant near you, Mannich polymers are very often cost effective.   Depending upon the quality control of the manufacturer, sometimes errors occur in the concentration of the polymer.   Mistakes tend to be in the direction of excess water.  The operator should be alert to changes in performance especially if correlated with a polymer delivery.  The shelf life of these polymers is shorter than the other products, usually only a few months.  Where these polymers work, and if the manufacturing plant is close by, these polymers are usually very cost effective.


The polymer cost is one of the largest in the plant.  To minimize this cost, it is important to have a polymer system that can handle more than one form of polymer.  Think of it as deciding to choose a spouse only from one of the three high schools in town.  You might get a good one, but arguably with a better selection, you could have done better.  Over the years, for example, first dry polymers were the lowest cost, then emulsions became cheaper, and looked as though they would sweep the market, but the dry products made a come back.  We cannot predict what form of polymer will be the most cost effective next year, so versatility should be designed into the polymer system, so that it can be used for either dry or emulsions, with design provisions for the addition of liquid products as well.
General Handling and Safety
Polymers used in sludge dewatering are not particularly toxic, but is prudent to avoid contact.  Some polymers are in fact potable water grade.  Health problems are mostly related to slip hazards and dust getting in the eye. Tools wetted with polymer are impossible to work with, and polymer on the floor or stuck to the sole of one’s shoe is very dangerous.  Dust from dry polymers turns into an extremely slippery liquid when wet. When a polymer solution dries out, it is harmless until rewetted when they once more become slippery.  Polymer can be tracked around into places where it would not be expected, to await the unwary.  Walking through a puddle of water and then across polymer dust is also dangerous.  Clean up a spill by vacuuming what you can, followed by flushing with lots of water.  Steam cleaning is very effective.  Very carefully, check to see if the area is slippery afterward.  If there it is still slippery, flush or clean some more.  The chloride ion breaks the molecular chain and the resulting polymer is less slippery, and easier to clean up.  Spread table salt, rock salt, or bleach on the spill, let it stand for as long as is convenient, and then hose it off.  Prevention of the spill is easier than containment and clean up.  
Part II  Jar Testing,   Mixing small quantities of polymers
Selecting the polymers
The obvious first step is to select the polymers you will test. There is any number of companies to choose from, and most are listed in the WEF Water Technology buyer's guide.

1. Major manufacturers are Ciba, Nalco, Polydyne, and Stockhausen.  These large are international manufacturing companies.  Some will service small installation, but many have turned the smaller consumers over to local businesses that represent, or distribute the products locally.  Both the manufacturers and the distributors buy polymer from one another, so you never really know who actually made the polymer.

2. Water treatment specialists (nicknamed “water doctors”) are usually set up to give extensive service by well trained representatives. Service is expensive, and their prices usually reflect these costs. 

3. Representatives and repackagers.  You might assume, because they are middle men, they will charge more for the same polymer.   Well, maybe.  Price is dependent upon costs, and it costs the manufacturer a good deal to service a small customer, and there’s not a lot of product to spread the costs over, so their bid price will be high.  A distributor usually gets a volume discount based upon their annual sales, so his price is often lower than you can get buying direct.   So work with whoever is there.  

4. Regional manufacturers, of Mannich polymers can have excellent prices.  Since shipping costs are so high, the small, local manufacturer will be very cost effective.  If you lack the tanks and pumps to handle the Mannich, discuss with the supplier the cost to modify your polymer system.  

But the point is, there is no one company who is most cost effective in all cases.  A manufacturer not in the big four mentioned above may have a much better product for your particular sludge.  Do you really care who made the polymer?  Don’t ignore a distributor you never heard of.  But you should ask whose polymer and what product number he is supplying.  You need not be present for this, but it is better to participate.  Always remember the polymer supplier, however helpful and sincere, is a salesman, and his priorities are not necessarily your priorities.  Like car salesman, their first choice may be influenced by what they have in excess inventory.  This may not result in the best possible polymer selection..

Hardware and Supplies
As a user of polymers, you need to know how to test them, and how to trouble shoot the system.  Of course you need a sample of polymer as delivered, and simple equipment to make your own solutions.   You can buy the kit I use elsewhere on my website.
· A selection of clear beakers, cups  (plastic drink cups work fine), or jars

· A scale , graduated beaker or cylinder to measure the sludge (about 200 ml is good) 
· Plastic syringe holding 10, 20, and 30 cc.
· A Brit jar and ring stand to drain water from the flocculated sludge
· A few liters of the same water which will be used to make up the polymer solution you will use in the centrifuge.  This will be either non-potable or city water.  When you have narrowed the polymer selection, it is a good idea to try both.
· A sink with running water and at least one meter of bench top with AC power available.  
· A waterproof marking pen and a good supply of paper towels.
· About three gallons of sludge from the same point the centrifuge will be drawing sludge.
· If you are mixing dry polymers, 250 ml (8 oz) of alcohol is helpful.  This can be purchased at a drug store, and is called Isopropyl or rubbing alcohol.
· A piece of insect screening about 125 mm square.
· A variable speed hand held blender.  House ware departments of discount stores sell hand held blenders with fixed or better yet variable speed controls.  This is needed to blend the neat and dry polymers into the diluting water.  Alternately (but not as good) is a lab mixer with magnetic stirrer.
· A balance with a capacity of at least 200 grams accurate to 0.1 gram or better to measure dry polymer, and as a convenience to measure the water removed from the sludge
Make up water quality

The best water for polymer make up is de-ionized or distilled water.  Unfortunately, the cost of this water is prohibitive.  Polymer solutions made with distilled or de-ionized water last longer and deteriorate more slowly than solutions made from city water.   Both suspended and dissolved solids in the water reduce the activity of the polymer.  Usually, the better the water quality, the lower the polymer dose will be.  Some non-potable water systems produce very good water, which works as well as city water, and occasionally even better than the city water.  It is very important the pH of the make up water be close to seven.  

The make up water you use for polymer jar testing should come from the same source as the water you will use to make up polymer in the full scale plant installation.  

Dissolving the dry polymer
You will want to make up all of the solutions to the same active strength.  Usually 0.1% or 0.2% is fine.  Pick a standard amount of solution; usually 200 ml is about right.  You can always make up another batch of the better polymers if you run low. 

For the dry polymers, weigh out the correct amount of polymer.  If you want to make up 200 ml of 0.2% solution, the formula is:

200 gm (weight of water) x 0.002 (weight fraction of active polymer) = gm of active polymer to add = 0.4 grams of active polymer.

I confess I often make a little table:

10% of 200 grams is 20 grams

1%    of 200 grams is 2   grams

0.1% of 200 grams is 0.2 grams

0.2% of 200 grams is 0.4 grams  

All those decimal points and zeros run together when you are tired, and the table is idiot proof.
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Weight the polymer in an aluminum foil pan, or some other small, light weight container.  Measure out 200 ml of water in a beaker or cup.  If you have a choice, warm water 400 C (1040 F) is better than cold water.  Again, it is very important to use the same water you will use to make up the polymer for the centrifuge.  The choice is usually between potable and non-potable water.  When you find a polymer you intend to try on the centrifuge, make up another solution in whichever water was not used before.  Sometimes it is worth spending money to change the water source, but you won’t know if you don’t test for it.  Place the blender in the cup and turn it on.  At full speed, the water may splash out of the cup, so reduce the speed of the blender as needed.  Add enough alcohol to slurry the polymer, and dump it in the vigorously mixed cup or beaker.  After 5 or 10 seconds, shut the mixer off.  Avoid excessive mixing.  If any significant polymer particles remain in the pan, add a little more alcohol to slurry it up, and turn the mixer on briefly while you dump it in.  The purpose of the alcohol is to separate clumps of polymer and allow them to disperse in the water before the water reaches the polymer agglomerations.  If you have no alcohol, pour the polymer evenly into the mixing water over the space of 10 or 15 seconds.  It is more important to do it the same each time then to follow these instructions exactly. The hand held blender is a high shear mixer, and must be used sparingly.  
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An alternate way to mix the polymer is to use a lab mixer/magnetic stirrer as shown here.  Spin the mixer bar as fast as possible and not have it rattle around.  Add the polymer very slowly to the side of the vortex as illustrated.  If you are using alcohol, swirl the alcohol polymer mix to suspend the polymer, and dump it in.  As the solution builds viscosity, you will have to reduce the mixing speed.  Laboratory mixers like this are low shear mixers, there is no danger of shearing the polymer, and the length of time the mixer is running is not critical.  Initially, the polymer solution will entrain lots of air bubbles, and you will see grains of undisolved polymer.  Sometimes it is hard to tell the two apart.  As the polymer ages, both should disappear.  If they don’t, the solution it not as good as it should be.  The polymer will have to age for a minimum of 30 minutes and preferably one hour.  Stirring doesn’t make much difference in the time to dissolve the polymer.  Polymer which is not fully dissolved will not be a smooth, clear solution.  It will have lumps called “fish eyes” (snotters to the less gentile) which clearly are concentrated polymer.  More aging time will improve the solution, but it may never reach full strength.  If you don’t have the time to make another solution, assume it is not as active as the other ones, which are better dissolved.  The matter of aging time is important.  As we said before, it helps to think of the polymers as a tightly coiled springs which are somewhat tangled.  When the polymer is put in water, the grains, which contain tremendous numbers of molecules, slowly dissolve, and the individual molecules drift apart.  As the polymer ages, the springs slowly uncoil.  As they uncoil, the viscosity increases, and as they drift apart, the fish eyes dissolve.  The polymer does not reach its full activity until the “springs” fully uncoil.  After the initial rapid mix, any high shear mixing will degrade the polymer.  You can prove this by dividing the solution into two parts, and giving one a 30-second mix with your blender at high speed.  When you compare this to the original solution, the sheared polymer will not work as well.  This is why the pumps used to transfer polymer solutions are never the centrifugal types.  Likewise, avoid restrictions in the piping, which may shear the polymer.  


Both emulsion and Mannich polymers are dispersed the same way, except they are measured by volume.  Unless you know the actual specific gravity of the solution, assume it is 1.0, which makes ten grams equal one CC.  For this example, you still need four grams of active polymer, but depending upon the activity of the neat polymer, you will need more than 4 ml of it.  For example, suppose we have a Mannich polymer which is 6% active.  


0.4 gm active = 0.4 cc / 0.06 = 6.7 cc of polymer. 

To be precise, since we want 200 ml of solution, we should add 6.7 ml of neat polymer to 193 ml of water.  For fieldwork, just add the stuff to 200 ml of water,  if we use a beaker to measure the water, the error is probably greater that 3.5%, or 7CC. Use the plastic syringe to measure the neat polymer.  It helps to remove the plastic tip of the syringe to make it easier to draw up the polymer, or drill a large hole in the bottom.  The resulting hole in the bottom of the syringe should be about 3 to 6 mm (1/8- 1/4 inch) in diameter.  When switching to another polymer, fill and empty the syringe several times in the new polymer to flush it out.  Usually a bit of contamination with another polymer doesn’t cause a problem, but one never knows, so avoid it when you can. 

Mix each polymer you will test, label the containers (not the lids!), and set them aside to age while you fetch the sludge sample.   
Bench testing the polymers

The amount of polymer you add to the sludge is expressed as the polymer dosage, in units of kg/t (LB/t).  This refers to the weight of active polymer added to a ton of sludge total solids.  If you don't know the total solids (%T.S.) of the sludge, find out, because you need a number to work with.  Also take a sample and have a total solids analysis to measure what it actually is.  While you are at it, have a % Volatile SS run on the sludge and a pH determination on both the sludge and the polymer make up water.  The volatiles are an indication of how difficult the sludge will be to dewater.  


You could add polymer by trial and error until you get a suitable reaction, but your results will be more professional if you organize your tests.  Start out by adding the polymer in two-lb/t increments if you expect the dosage to be under 10-12 lb/t, and five lb/t if you expect it to be higher.  Here’s the calculation:

6)
Universal Polymer Equation:

 EQ Volume of polymer x  Concentration of polymer   x  2000 lb/t =  Polymer dose lb/t

Volume of sludge  x Concentration of sludge  
Memorize this formula!  You will use it!   It is also helpful to rearrange this formula to solve for “volume of polymer:

7)
Universal Polymer Equation:

 EQ  Polymer dose  x Volume of sludge x Concentration of sludge   =  Volume of polymer
               Concentration of polymer x 2000 lb/t 

For example, to calculate how much additional polymer solution we need to increase the dosage by 2 lb/t, we plug use this formula: 

2 lb/t x 150 ml sludge x 3.5% TS     = volume of polymer  = 2.63 ml
0.2% polymer x 2000 lb/t  

If you add polymer in 2.6 ml increments, you will collect data in 2 lb/t increments, which looks professional.  More important, it makes sure that you know in advance what dosage you are adding.  It is not unheard of to be off by a factor of 2 or 3, and discover that the data collected is useless.  Of course, when you find a good polymer, and want to be more exact, you would use smaller increments.
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Now to get down to work.  There are two common methods to mix the polymer with the sludge.  The traditional way involves pouring back and forth between two beakers; some people prefer shaking in a jar.  The former is a low shear method which shows the development of the floc.  Some feel does not adequately demonstrate “resistance to shear” The shaking method on the other hand while it does not show the dynamic development of the flocs, does give somewhat more shear, and as a bonus, its hard to splash your self with the sludge if it’s in a sealed jar.

Beaker method:  Start with two containers about 200 ml or more, and measure 150 ml of sludge into one of them.  Fill a syringe with 5.25 or 10.5 ml of polymer solution as appropriate, and inject the polymer as you pour the sludge from one beaker to the other as Illustrated.  Pour back and forth 6 or 8 times.   Add more polymer and pour back and forth until you see floc forming.  This is the “jar test dose”.  It is the minimum dosage this polymer will allow dewatering with wet cake and adequate centrate

Shaking method:  Start with a single large mouth jar with a tight fitting lid.  Measure the sludge, and add the polymer.  Fasten the lid and shake vigorously 6 or 8 times. 
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Which ever mixing method you use, after mixing, examine the sludge.  You are looking to see some evidence that the polymer is working.  At a low dosage of polymer, you will see no change.  If this is the case record the data, and add another quantity of polymer, repeat the mixing.  As the dosage increases, at some point the sludge will become grainy, having distinct floc about 2-4 mm in diameter.  This is an important point and it is the minimum jar test dosage.  It is important, because it is easily recognized, and is a benchmark.  If the polymer you are testing doesn’t reach this point even at higher dosages, then it does not react and may be dismissed from further consideration.  When you know about what dosage will give the minimum reaction, repeat the test adding the total amount of polymer at one time.  Record the minimum dose in a table, and set the sample aside.  Start with a fresh sludge sample, and add the minimum dose of the same polymer plus sufficient polymer to increase the dosage 2 lb/t and repeat the test.  We hope to see larger floc, 4-6 mm in diameter.  Repeat the mixing step once or twice.  Does the floc seem to break up?  If so, it is not too stable, which is not a good thing.  Try to judge the floc size and floc strength.  These observations are subjective, meaning subjected to your judgment.  Common terms used are “small, tight floc, large, popcorn floc.”  Try to decant the clear water off, remove as much as you can.  Pour the water off, turning the beaker slowly, and occasionally turning it upright to consolidate the sludge into a lump the test adding the total amount of polymer at one time.  Record the minimum dose in a table, and set the sample aside.  Start with a fresh sludge sample, and add the minimum dose of the same polymer plus sufficient polymer to increase the dosage 2 lb/t and repeat the test.  We hope to see larger floc, 4-6 mm in diameter.  Repeat the mixing step once or twice.  Does the floc seem to break up?  If so it is not too stable, this is not a good thing.  Try to judge the floc size and floc strength.  These observations are subjective, meaning subjected to your judgment.  Common terms used are “small, tight floc, large, popcorn floc.”  Try to decant the clear water off, remove as much as you can.  Pour the water off, turning the beaker slowly, and occasionally turning it upright to consolidate the sludge into a lump.  The ability of the conditioned sludge to form a lump, or ball is another benchmark.  Also, make note of the ease of separating the water.  If it decants without carrying floc into the separated water, record the weight (or volume) of water drained off.  From this, subtract volume of polymer you added from the water you separated.  This is the water actually removed from the sludge, and with a note on the ease of separation, is another benchmark.  It is a recognizable and repeatable reaction.  Obtaining very dry solids from a centrifuge usually requires about half again this dosage. 
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Another method, probably less subjective, is to use a coarse filter screen (preferably finer than insect screen is) to make the separation.  Pour the sludge into a container with a screen bottom.  You can make one by gluing a piece of 50 - 100 mm plastic to your screen with hot melt glue.  The water should flow through with nearly all of the solids resting on the screen.  The advantage of the screen method is that it is less subject to technique.  It is something worth paying more attention to.  Weigh the amount of water removed, or measure the volume decanted off.

If you can’t decant the water without a lot of floc carrying over, try higher polymer doses until you can, or until the polymer dosage is excessive.  Persons who do this a lot often have a small electronic balance the size of a calculator, and weigh the decant water rather than use a graduate.  However you do it, record your observations.  They should look something like this where a + sign means ‘an additional’:

Flushing Channels Waste Water Plant

June 1, 2002

Sludge Sample:
Secondary Digester Holding tank

Temperature:
15 C


pH

6.9

Total solids

3.5%  (assumed)
TS


(measured)

Volatile Suspended Solids

64%
(reported)

(measured

Volume of sludge used
200
ml

Concentration of Polymer
0.2
%

Cytek SD2081
  2.6 ml   3.0 lb/t
no reaction



+2.6 ml
6.0 lb/t
very small floc  



+2.6 ml
9.0 lb/t
medium floc, formed a weak ball





105 ml of free water decanted



+2.6 ml
12.0  lb/t Large floc, formed a ball



Jar test dose, 5.2 ml 6.0 lb/t very  small, minimum dose


+ 8 pours of the beakers, floc degraded but still visible




10.4 ml
12.0 lb/t
Large floc formed.  Decanted  148 ml of free water



7.8 ml   9.0  lb/t
Large floc, Decanted 135 ml



6.5 ml   
7.5 lb/t
Smaller floc, still reasonably large after 24 pours little free water
From this experimental test, we can deduce the following:

· At the point where the first floc is formed, we should expect to obtain truck able cake at moderate flow rates.  About 6 lb/t in this example

· At the point where the sludge coalesces into a lump, and the free water is easily removed, we can expect to get reasonably dry cake (not the driest cake) in a decanter.  Here 9.5 lb/t

· With the addition of an additional 25-50% more polymer, we should get really dry cake.  12 lb/t

· All else equal, The more free water drains off, the better

· The less the floc breaks up after repeated pours of the beakers, the better

The aspect of shear resistance is interesting.  High shear is not good, we saw that when the blender could reduce the activity of the polymer.  It is intuitive that the centrifuge shears the sludge more than a press, and therefore centrifuges especially need a polymer with a lot of shear strength.  However, what se do not know is to what extent the shear in the centrifuge reduces the polymer activity.  The majority of the shear takes place in the feed zone, while in many cases the floc are forming.  In the pool of the centrifuge, the shear is not so bad.  Maybe feed zone shear is not as serious a problem as is shear when the flocs are fully formed.  It’s hard to quantify shear and shear resistance.  We can conclude that shear is not as bad as it’s been portrayed, but also not a desirable thing either. 

Over dose conditions    Repeat the test 
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With still more polymer.  Does the floc get larger, stay the same, or get smaller?  We would rather the floc get larger because we don’t want to reach the point operating the centrifuge where additional polymer results in poorer performance.  The plant operators always have the tendency to react to poor centrate with more polymer.  This chart shows that sometimes more polymer destabilizes the sludge and results in a harder to dewater sludge than before.  While we would not discard a polymer with this characteristic, neither would we wish it to be our first choice, and we especially wish to know this if we are using that polymer in the centrifuge.  Record the results of higher dosages.  

Clarity of the free water
Some people observe the clarity of the water outside of the floc, and feel it’s significant.  They feel that any haze is bad, and clear water is good.  All observations are important to one extent or another, this one comes under “or another.”  

Is the polymer a one of a kind?  
Repeat the testing with the other polymers in the same product line.  If several of Allied Colloids products work reasonably well, then all of the other manufacturers will have something which works.  If only one polymer in a product line works, you have a problem.  This means you will have very few products to choose from, and you may not find a polymer much better than what you have.   It is a good sign when several of the polymers you try react well with the sludge.  This suggests that if you tried more polymer venders, you could find a polymer that was better then the one you will pick from your limited selection.  On the other hand, if only one polymer works, then you have a very difficult sludge, and you cannot expect to easily find a better polymer. 

Floc Size
 The art of polymer selection is that the biggest floc doesn’t necessarily do the best job.  Floc strength is more important mostly because it suggests where we will add the polymer to the sludge in the plant.  When you have surveyed all of the polymers, repeat the tests for the most promising ones.  Inject the full dosage at one time and pour back and forth 10 times.  Observe the floc.  Pour back and forth another 10 times.  Did the floc change?  Set the samples side by side and rank them.    Big floc at low dosages are a good start, but not definitive.  Sometimes, small floc can be better.  

Common jar testing problems
Thick, viscous feed:  Sometimes we encounter feed so thick and viscous that it is difficult or impossible to see the effect of polymer.  With reluctance, dilute the sludge until you can see the polymer react.  Water for dilution should be as close in chemical composition as possible to that in the sludge sample.  For example, if the sludge is from a thickener, dilute it with thickener overflow, not potable water.  In diluting the feed, we are introducing a change, which we cannot duplicate in the centrifuge, and we have no idea what effect it will have on the sludge - polymer reaction.  Very thick sludges are harder to dewater, and extra effort must be made to mix the polymer with the sludge. 

No polymer works very well:  
Some sludges are naturally very hard to floc.  Often the only way to improve things is to change the process.  Naturally we cannot rearrange the whole plant, but sometimes we can alter it a bit:

Importance of plant data:


Some day in the future when there is a problem, we will wish to duplicate this work.  It’s easy to duplicate the polymer, but how do we duplicate the sludge?  You will need to obtain and record some more information.  Description of the process which generated this sludge.  In a waste water plant, what is the suspended solids and BOD of the plant influent and effluent?  What is the ratio between the primary solids and the Biological solids?  Is there any significant industrial waste present?  Is there anything unusual about the plant operation or design?  Are the plant operators having any particular problems during the polymer selection period?  While you are at it, measure the temperature and the pH of the sludge, and any other analysis you can think of.  Observe the color and the odor of the sludge as well.  When you record all of this, you will have as complete a description of the sludge, and the sludge-polymer reaction. As is reasonable, should the polymer dose go up sometime in the future this data may very well show you the smoking gun.  
.

Other tests sometimes used

The research people have developed many ways to try to quantify polymer reactions, which I will not go into.  

· Filter leaf test

· Tetra Press 

· Streaming current,  

· Capillary Suction Test, 

· Viscosity measurements

·  Zeta Potential

 All of these try to measure the reaction of the sludge with the polymer.  To my knowledge, these tests are usually of marginal benefit to field people.  We of course hope that better instruments and techniques will come along, but for now, the simple jar test described above is as good as we know how to do. 

Part III  Polymer Trials

Getting ready

Write up a polymer protocol.  It defines what the product they sell must do, how much you will purchase, and over what period of time you will purchase it.  It describes 
· What the vendors must do
· What you will do. 
· What the polymer must do, 200 gpm of sludge, 22% cake, 95% recovery, or some such. 
· How long the contract period is 

· How much sludge you intend to dewater during the contract period 

· Provisions for responding should the sludge change during the contract period

· It defines when and for how long jar testing will be conducted

· When and for how long the full scale testing  may take. 

  Notify vendors by sending them a copy of the protocol, and a schedule.  Large plants usually have too many vendors interested, and smaller plants too few.  If you need to whittle the number down, pre qualify the vendors to eliminate those who will not add value.  You can require experience at plants of similar of larger size, you can require the companies testing actually manufacturer polymer, etc.  If you don't get much response from vendors, ask the manufacturers for samples, and do it your self!  You can select a product, obtain enough to do a plant trial, and ask for a price.  

Record Keeping

You need to calibrate the polymer system, and write up detailed procedures to change the polymer concentration, because the vendors will need your operators to do that.  In polymer trials, we are trying to measure the cost effectiveness of the polymer, and so we wish to keep everything else constant.   During each test, record as much information about the plant operation as possible.  You will need to make up a form to record this data. Major changes in operation or plant flow etc. can affect dewatering.  The polymer supplier should be allowed to change the torque setting, and the pond setting of the centrifuge, and of course change the polymer concentration, post dilution and the polymer addition point.  It is true that an astute polymer salesman who can better optimize the centrifuge will have an advantage over someone who cannot optimize the centrifuge.  However, it is the plant operator’s job to optimize the centrifuge.  If someone else can do a better job, then the plant benefits, and the person who improved the operation deserves reward.  Alternately, you could do a process optimization yourself, or outsource the task to a specialist to do it for you.  Partly it depends upon how many vendors you expect, and how much time you have allotted.  

Start a Polymer Procurement Procedure book.  You need to be organized.
Bench Testing

The vendor will need a space to work.  Some prefer the dewatering building, others the laboratory.  If possible give them their choice.  They will need 110 v electricity, running water, a sink, and about six feet of bench space.  Assign a person to obtain sludge samples from the spot you designate in your procedure book.  You may also need to provide make up water for the jar testing. The person responsible for overseeing the testing ideally should witness the testing, but at a minimum, stop by hourly to see all is well.
Plant trials.  

The trial must be conducted by the plant, with input from the vendor.  This data will largely determine you polymer costs for a year or two, so it pays to have a good person representing you.  You might consider outsourcing the task if you can't spare a senior person for the days it will take.  All adjustment to the centrifuge, all adjustments to the polymer system, and all samples and all readings will be taken by you representatives, and the vendor may witness thus if he chooses.  It is very important that the rolls not be reversed, with the vendor changing this and that, with you and the representative standing by and idly witnessing the goings on.  Each vendor should have one or two days of plant trials.  

Confidentiality and Fairness
A lot of money rides on the polymer testing, and each polymer supplier activities must be kept in strictest confidence.  After each polymer trial, the centrifuge must be returned to its default condition.  No information about the testing conducted by one vendor can be revealed to the others.  The data should be released to the vendor, and held closely within the plant.  
Likewise the rules for the testing must be the same for everyone.  If one vendor is allowed additional days for field testing, this gives him an advantage.  Changes in the sludge are another matter.  If there is a temporary upset, then it is only fair to reschedule the tests.
An Alternate Plan:  Consider doing it yourself, or outsourcing the work

It takes a lot of your time to go through the traditional bid procedure, and in the end, you are not sure you got a fair deal.  One idea is to do it all by yourself, without a vendor setting foot on site.   I am indebted to Wayne Layaway, of MPL Service Inc. for describing this way of bidding polymers.   You will do more or less what the vendors would have done, but you will do it as a production line, setting up, and mixing up all of the polymer samples at once, then jar testing them at once, and field testing them, one after the other.  

Call the vendors; tell them you are doing your own polymer evaluation.   Tell them the application, the goals etc. everything that belongs in the bid package.  Request 4 oz samples of polymers they think suitable, and ask for any specific test or information they want from you so as to choose a polymer for full scale trials.   Otherwise you will assume that floc size, flock stability, and water break away are all they need.  Lastly, have them submit a sealed bid for those polymers, to be opened by you at a specific date and time, after the testing is done.   Obtaining bids at this point avoids problems with leaks from your organization to the polymer vendors, and forces the bidders to go on price alone.  It will take one to two days to make up the solutions do the jar tests, and write up the reports to the vendors.  

Schedule the plant trials, and request enough polymers to run a centrifuge for a minimum of two or three hours.  If you have to pay for the polymer at the same price (on an active basis) you are currently paying, plus shipping, no big deal, you would have paid for polymer anyway.  Watch the weather forecast; you need a week with no plant upsets. You can probably run three or four polymers per day, more if you are willing to empty the polymer tank quickly when you have obtained enough data.   List the data in a spread sheet, showing the polymer dose obtained in the field testing, leaving the price of the polymer blank.
After all of the polymer has been run, hold the bid opening, enter the prices in the spread sheet, and award the bid to the lowest responsive bidder.  

This will reduce your time to a fraction of what would be needed if you let the vendors do it, and you are likely to get the lowest price.  Or, you could outsource the whole thing.  Do check to see that the person you hire has no current dealings with any polymer vendor.    

·     Adding ferric chloride will often improve dewatering, especially when polymers don’t work well.  Best of all, it can be done in a jar test because the ferric react.  Immediately.  Add about 50 kg/t (100 lb./t) of ferric to the sludge, and repeat the jar testing

· Finding a polymer to dewatering lime treated sludges with a high pH is a problem.  A long term solution might be to add the lime after dewatering, so the sludge is dewatered at neutral pH.

· Industrial biological sludge can be odd especially if the bacterial food is a single chemical.  Adding minerals and other contaminants into the industrial waste is an option.

· Try adding one polymer upstream of the centrifuge, and another one at the centrifuge.  This works occasionally. 

· Sludges which are septic rarely dewater well.  Compare the pH of the thickener underflow with the thickener influent.  If it gets a lot worse to dewater within the thickener, try to eliminate the thickener.

· Consider weather you have exhausted all of the available polymers.  Look harder for a polymer, which works.










� There are instances of an unethical supplier diluting the polymer with sodium sulfate or some other stuff to lower the cost per pound.  Sometimes it is obvious, as the particles are of different shapes.
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