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Diagram 1: Liquid Solids 
Separation Polymer Test Kit
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The ability to jar test and demonstrate the benefits of your program to a customer 
is at the core of being a successful wastewater professional.  Like any new endeavor, 
building a strong foundation through organization, understanding your customer’s 
challenges and needs, and having a plan is essential. 

Upon opening his first liquid solids separation polymer test kit, Kevin Cope, Brenntag 
Water Additives Applications Specialist, saw a gray box with numerous black dots. 
His initial thought was, “Do I need to test all of these?”.  

Not only was he overwhelmed with the number of products to be tested but also 
by the number of application types: steel mill waste pit, refinery DAF, apple plant 
sludge dewatering, chrome electroplating Lamella, waste oil recycler cooker, river 
water clarification.  Each application appeared to be unique and all posed separate 
challenges.

To be successful, he realized the need for a standardized jar testing method.  A 
method which does not require each product to be tested, but it’s a reliable method 
to quickly yield results and direction.

The Application Road Map for Successful Jar Testing is a basic guide to help organize, 
identify, and understand the jar testing process.  More importantly, it allows you to 
begin to develop skills imperative to becoming a successful wastewater professional.

Successful Jar Testing



Developing a system to help you identify products and their functions is critical 
to achieving jar testing efficiency.  In this program, we utilize a color coding 
system for organization.  Wastewater products can be organized into three 
categories: Chemistry, Charge, and Physical Characteristic.

CHEMISTRY

There are four basic chemistries for wastewater products: Coagulants, 
Flocculants, Metals Removal Products, and Oil Demulsifiers.

Coagulants (organic and inorganic) usually have a cationic charge and function 
to neutralize charges.  This neutralization step creates what is known as a pin 
floc: very small particles yet still visible to the eye.  Given enough time, these 
particles will either settle to the bottom or raise to the top of your sample 
depending on their buoyancy.

Think of a stream after a rain storm.  The stream’s water is hazy and will not 
clear up quickly due to the small, solid particles in the water which have a 
negative charge.  This negative charge causes the small particles to repel 
each other much like similar poles on a magnet.  The cationic charge of the 
coagulants neutralizes the negative charge and allows the particles to coagulate 
and create a pin floc.

Chemistries which are considered coagulants include:

 ■ Organic Coagulants
 − DADMAC, Polyamine-EPI, Tannin, Starch, Mannich Amine, Melamine 

Formaldehyde, Chitosan

 ■ Inorganic Coagulants
 − Aluminum-based products, Iron based-products, Organic/Inorganic Blends

ORGANIZATION
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Diagram 2: Flocculants
Flocculants can have an anionic, cationic, or nonionic 
charge and are much higher molecular weighted 
products than coagulants. 

Think of a strand of pearls.  Flocculants would be the 
size of a full strand but the coagulants are the size of 
a single pearl (Diagram 2).  Polymer manufacturers 
can control the number of pearls (molecular weight), 
charge on the pearls (anionic, cationic, or nonionic), 
and number of charged pearls per strand (charge 
density).  Nonionic products are actually very low 
anionic products which contain only a very few 
number of charged pearls on a strand.

Metals Removal Products include Carbamate, Polycarbonate, Thio Red, Polysulfides, and 
various other products.

Oil Demulsifiers are categorized in two basic types: surfactants and oils/solvents.  Surfactant 
based demulsifiers are used to water wet solid particles. Oil/solvent based demulsifiers are 
used to destabilize a water in oil emulsion.

CHARGE

There are three charges: cationic (positive charge), anionic (negative charge), and nonionic 
(very low anionic charge).  Note Coagulants and Flocculants carry a charge, whereas Metals 
Removal and Demulsifiers are not based on charge

PHYSICAL CHARACTERISTICS

Physical characteristics of wastewater products can be classified into three segments: Liquid, 
Emulsion, and Powder.

1. Liquid: Typically, yellow, straw, brown-red, or clear in color. 

2. Emulsion: Usually white in color, these are the long chain flocculants dissolved in water, 
encapsulated or emulsified in an oil, and uncoil and expand when prepared for use. 

3. Powder: Beads, flakes, or granular.
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Diagram 3: Color-Coded Testing Kit
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To ensure the task is not overwhelming, Kevin Cope recommends categorizing all the 
products using colored labels (readily available at any office supply store).  This will give the 
32 black bottle tops some organization.  Organizing and knowing the chemistry of the 32 
products you color-coded will help you decide which products to use to jar test.

The following label categories are suggested: 
 

 ■ Green for cationic 

 ■ Red for anionic 

 ■ Yellow for nonionic 

 ■ Gray for oil breakers 

 ■ Blue for metals precipitants

 ■ White for any extra products

 ■ Also label each product with its name and form:
 − L for liquid
 − E for emulsion
 − P for powder

IDENTIFICATION
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THE SIX TYPES OF WASTEWATER

Often when speaking with a customer or prospect they comment, “This is the most unique 
and difficult wastewater you will ever see” and they are absolutely correct.  Remember, 
their system or possibly a similar system may be the only applications they’ve seen.  As 
a wastewater professional, we have the opportunity to see and treat a vast plethora of 
treatment plants and types of water.

There may be different names for equipment, types of contaminants, or different industries, 
but these are the ONLY six types of wastewater you may encounter:

1. Dissolved Material is any detected contaminant able to pass through a 0.45 micron 
filter paper.  Dissolved heavy metals are a prime example.

2. Colloidal Suspension are finely dispersed solids incapable of settling out quickly.  An 
example of this is river water.  Although these fine particles will settle out eventually, 
the customer’s systems typically will not have the needed residence time.

3. Oily Wastewater (oil in water) is much like Colloidal Suspension where oily wastewater 
will not separate on its own.  Finely dispersed oil droplets are emulsified in the 
water.  This emulsion is often caused by a surfactant preventing the oil particles from 
coalescing and in turn remain emulsified.  Typically, colloidal solids are also present in 
oily wastewater.

4. Suspended Solids are larger particles which will settle out quickly.  The speed by which 
they settle will often need to be improved for plant operation.

5. Sludge occurs when a Colloidal Suspension and/or a suspension is treated.  These 
solids are known as sludge and settle out in a system.

6. Oily Emulsion (water in oil) is when oily wastewater (oil in water) is treated and 
it creates a more concentrated waste known as an Oily Emulsion or a water in oil 
emulsion.



Diagram 4: Application Road Map
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APPLICATION ROAD MAP

Before testing can begin you must know exactly what is important to the customer.  Do you 
know what is important to your customer?

Once you understand this, the Application Road Map (Diagram 4) provides a logical, 
systematic approach to solving your customer’s jar testing problems. 

For a liquid solids separation program to be effective, a dissolved solid must be made 
insoluble to be extracted.  This can be accomplished through various processes including 
precipitation, biological removal or complexing.  Knowing what contaminant needs to be 
removed will determine the process required for removal.

 ■ Example: A customer needs to reduce soluble copper.  By researching on the internet 
you will find that pH adjustment for hydroxide precipitation, sulfide precipitation, and 
heavy metal precipitants are possible treatment schemes.  These processes will make the 
copper insoluble and place you on the insoluble side of the Application Road Map.

Precipitation: A function causing a soluble 
substance to become insoluble in a solution.

Flocculation: The gathering together of fine coagulated 
and/or precipitated particles to aid in separation. 
Separation can be floc settling or raising within a solution. 

Coagulation: The act of particle charge 
neutralization which allows small insoluble 
particles to gather becoming larger.

Dewatering: The removal 
of water to reduce volume 
from generated sludge.
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DISSOLVED MATERIAL

Dissolved Materials must be transformed from soluble to insoluble before the liquid solid 
separation process can begin.  Knowing the type of soluble material is key.  Time could be 
wasted while jar testing if you are uncertain on how to precipitate the soluble material. 
Some soluble material can be removed by biological activity; soluble BOD or COD can 
be broken down by biological activity.  Another method for removal is complexing with 
another chemistry.  An example of complexing is the use of an aluminum-based material to 
remove phosphate. 

There are three popular chemical methods to precipitate soluble heavy metals: hydroxide 
precipitation, sulfide precipitation and using the new metals precipitant chemistries.

1. Hydroxide precipitation: Each metal has an optimum pH where it will precipitate as a 
hydroxide.  This method has been tried and is very effective for bulk removal of metals.
There are drawbacks to this method, but it can be effective if the discharge limits aren’t 
too low.

2. Sulfide precipitation: This is not as pH dependent as hydroxide and can often reach 
lower discharge limits.  While using this process, some environmental and safety issues 
can occur.

3. Metals precipitants: These chemistries are proving to be cost effective and allow 
customers to reach new lower limits.  Several chemistries are available and should be 
considered when choosing a jar testing  process.

COLLOIDAL SUSPENSION/OILY WASTEWATER OR SUSPENDED SOLIDS?

Once you are certain the contaminants are all insoluble, you must determine where 
you are on the Application Road Map.  Use a simple flocculation test to determine if the 
contaminants are a colloidal suspension or a simple suspension. 

If flocculation occurs and the water produced after settling is acceptable to your customer, 
you know your particles can be categorized as Suspended Solids.  If there is no reaction or 
if there is some settling but the water is not as clear as the customer needs, your particles 
can be categorized Colloidal Suspension (or if oil is present then you’re dealing with Oily 
Wastewater). 

The key to proper testing is to know where you are on the Application Road Map.  Once 
you know what you are dealing with, product selection becomes simplified.

THE PRODUCT TESTING PROCESS



Diagram 5a: Jar A, Collodial Suspension Diagram 5b: Jar B, Suspended Solids
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SUCCESSFUL JAR TESTING

The images below represent different results when jar testing.  A 30% anionic flocculant 
was added to Jar A (Diagram 5a).  No reaction was seen indicating a coagulant is needed, 
therefore Jar A is a Colloidal Suspension or Oily Wastewater. 

A 30% anionic flocculant was added to Jar B (Diagram 5b).  The particles came together 
and settled, therefore this indicates Jar B is Suspended Solids. 

COLLOIDAL SUSPENSION/OILY WASTE WATER (OIL IN WATER)

You have now determined you have Colloidal Suspension or Oily Wastewater.  Think of 
these as finely dispersed particles all having a negative charge.  Negative charges will 
cause these particles to repel each other much like similar ends of magnets (Diagram 6a).

Coagulation utilizes a positively charged product (cationic) to neutralize the negative 
charges allowing for the particles to come together (Diagram 6b).

This image demonstrates the creation of a pin floc (Diagram 6c).

Dosage rates can vary based on the type of wastewater you are testing.  Five ppm for 
raw river water to 5000 ppm for spent metal working fluids are not uncommon.  Kevin 
Cope recommends starting with a 500 ml sample and a 1% solution of the coagulant, 
meaning for every 0.1 mls of the diluted product you will be adding 2 ppm of treatment 
(note: You may want to use a 1000 ml sample to aid in viewing the liquid/solids “break” 
in the beaker).  To simplify dosage calculations, write down the amount of a diluted 
product which equals 1 ppm.  Cope will typically make up a 100 ml diluted sample, 1 ml 
of product into 99 mls of water.



Diagram 6a Diagram 6b

Diagram 6c
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There are a variety of organic, inorganic, and blended coagulants on the commercial 
market coming in various chemistries, charges, molecular weights, activities, and ratios.  
It is not necessary to initially test all of the products in your test kit; separating them into 
their various chemical families gives you an excellent method to screen out what does not 
work.  Although there are numerous coagulants available, you may not have access to all 
these chemistries. 

Below is a list of the most common coagulants:

 ■ Organic Coagulants
 − DADMAC, Polyamine-EPI, Tannin, Starch, Mannich 

Amine, Melamine Formaldehyde, Chitosan

 ■ Inorganic Coagulants
 − Aluminum-based products, Iron-based products

Many of these coagulants are produced by different manufacturers and possess varying 
characteristics.  Choosing one from each family can give you an indication of the type of 
chemistry to pursue further.  Upon identifying a successful chemistry or chemistries, you 
can test various molecular weights and activities.  As you become more comfortable with 
jar testing, you will develop a feel for which product in each family yields consistent results.  
It is unlikely you will have (or need) all these coagulants to adequately and successfully 
conduct jar tests.
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A typical field jar stirrer will have four test positions, which allows you to test four products 
at once and compare the effectiveness of each test against the others.  Cope recommends 
starting with the lowest numbered product on the left position and then working 
numerically up from left to right.  This helps to keep track of the products if any outside 
distraction should occur.

For coagulation, start the jar stirrer at full speed with 500 ml samples in 1L beakers.  Add 
the products at 1 ppm and then reduce the speed to see if any coagulation has occurred. 
Look very closely at the very top of the sample for what appears to be small grains of sand 
forming within clear water.  If you don’t see a reaction, continue to add product at 1 ppm 
at a time reducing the stirrer’s speed after each addition to look for a reaction.  For difficult 
wastewater, after reaching 10ppm it may be prudent to jump to 10ppm or even 100ppm 
dosages.

SUSPENDED SOLIDS

You have resolved Colloidal Suspension, Oily Waste, or determined by using the quick 
anionic or cationic emulsion test, you ended at a Suspended Solid on the Application Road 
Map.  You should conduct tests to determine the best charge and molecular weight.

Performing a test using a 30% anionic emulsion and 30% cationic emulsion will give you an 
indication of the best charge of the flocculant needed.  Most often the product of choice is 
an anionic flocculant.  A quick test using the 30% cationic product is recommended just to 
be certain of the correct charge for the flocculant.

Unlike coagulants varying based on chemistry, flocculants vary on charge (anionic or 
cationic), charge density (amount of charge), and molecular weight (length of the polymer 
chain).  By bracketing the charge, you can identify the best charge to flocculate the 
suspended solids.

Emulsion products require a much quicker make-down than do powders.  Proper 
procedures are available for emulsion and powder test samples and plant operation.  For 
our purpose, Cope recommends the initial make down at a 1% solution (1 ml into 99 mls of 
water).  Use this 1% solution as your stock solution and further dilute to a 0.2% solution (20 
ml of this 1% stock solution into 80 mls of water).

By 1000 ppm, you may have completely used the entire 100 mls of diluted sample you 
have prepared.  Unless you are testing very heavy oily wastewater, like a spent metal 
working fluid, the coagulant you are trying most likely is not a chemistry which should be 
considered.  It is then recommended to try a different coagulant chemistry.

Use 500 ml test samples, (0.5 mls of a 0.2% solution is 1ppm) staring at 0.1ppm (0.05 mls) 
and continuing to add at 0.1ppm intervals until 1ppm; continue at 1ppm until 10ppm. 
Usually flocculants for Suspended Solids applications will work from 0.3ppm to 7ppm, 
however higher dosages are not uncommon and are often dependent on the amount of 
solids.

Starting with the previously determined correct charge (anionic or cationic), test products 
at 10%, 30%, and 40% charge density.  Look for floc formation, floc size, settling or raise 
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speed, and water clarity.  If the high charged product looks best, test higher charge density 
products.  Conversely, if the lower charged product looks best, look at lower charged 
products.  Nonionic should also be considered if the lower charged products give better 
results.

Once the correct charge is determined, test various molecular weights of the same charge 
should also be considered.  If your customer requires a powder product, prepare powdered 
products by matching the emulsion product giving the best results.

SLUDGE DEWATERING

Testing for Sludge Dewatering is very similar to Suspended Solids testing.  Sludge Dewatering 
usually requires a cationic product but like Suspended Solids, first determine the correct 
charge by using the anionic and cationic emulsions previously prepared.  For Sludge 
Dewatering use the 1% stock solution; dosages for Sludge Dewatering are typically higher 
than flocculation tests. 

Sludge testing is best conducted using the “Pour Test”.  Simply pour sludge from one beaker 
to the other. Using 500 ml samples in 1000 ml beakers allows for a much cleaner less messy 
test.  While pouring, look for floc formation time, floc size, floc stability (does it quickly break 
apart), water release, and water clarity.  Always count the number of pours and keep this 
consistent during your tests.

Start with putting 10ppm (0.5 ml of a 1% solution) into 500 mls of sludge.  Dose the polymer 
into the empty beaker and begin to pour back and forth counting the number of pours. 
Continue adding product at 10ppm intervals up to 100ppm, then at 100ppm intervals up 
to 1000ppm.  Focus on the charge density, like testing Suspended Solids, and bracket the 
charge.   Once the correct charge is determined test various molecular weights.

Additional testing on specialized equipment like a filter leaf, Buchner funnel, or vacuum filter 
are options to determine the best product for the system.
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Wastewater treatment is often considered an art by many in the industry, but there is 
always a logical process used to give structure to your treatment approach and reach your 
desired destination.  Hopefully this roadmap has given you a logical approach to jar testing, 
and the necessary foundation regarding basic chemistries, charges, and product forms as 
you begin your journey into the field of wastewater treatment.

Kevin Cope is a long-standing employee of Brenntag North America with over 30 years of 
experience in the Water Additives industry.  For more information on this process, please 
email him at kcope@brenntag.com.

CONCLUSION

OILY EMULSION (WATER IN OIL)

Oily Emulsion, also known as reverse emulsions, requires a very different type of testing. 
The most common treatment method is the use of Oil Demulsifiers or Oil Breakers.  These 
products are water in oil demulsifiers and surfactants.  The oil is placed in a temperature 
appropriate clear glass bottle, then the bottle is placed in a water bath and heated to 140° 
F.   Various Oil Breakers are then added and mixed, and the temperature is increased to 
180° F.  After 90 minutes the bottles are observed for clean oil, amount of oil, amount of 
rag (oil wet solids), water clarity, and amount of bottom solids.

The most successful program yields the cleanest oil and water with the least amount of rag 
layer and /or bottom solids.
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ABOUT BRENNTAG NORTH AMERICA

Brenntag is the global market leader in full-line range of chemical and ingredient products and value-added 
services. As one of the four geographically structured segments of the Brenntag Group, Brenntag North 
America operates over 180 locations across the United States and Canada.

By connecting chemical and ingredient manufacturers (our suppliers) and chemical and ingredient users (our 
customers), we provide complete distribution solutions rather than just chemical and ingredient products. 
We effectively connect our customers and suppliers in winning relationships —globally and locally.
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(800) 890-0355
contactus@brenntag.com

www.brenntagwater.com

Disclaimer: This document should be used as a reference only. Ultimate decisions are the sole responsibility of the customer. While the 
information set forth above has been prepared based on information believed to be reliable, any recommendations or advice given 
by Brenntag, its employees or agents in connection with the sale or use of products are provided as a courtesy only and without any 
liability. All warranties, expressed or implied, as to the accuracy of the information provided, including, without limitation, any implied 
warranty of fitness for a particular purpose, are expressly disclaimed and all responsibility for use of or reliance on such information 
rests solely with the customer. Please contact your local Brenntag representative for additional information and product availability.


