EXPERIMENTAL OF COAGULATION AND FLOCCULATION (JAR TEST)

A. PURPOSE

To determine the optimum concentration pH, coagulant dose and polyelectrolyte dose for removal of suspended solid and color by using jar test method.
B. THEORY
Sedimentation can be used to remove suspended particles depending on their density, but smaller particles have very low settling velocities so that removal by sedimentation is not feasible. If these colloidal particles can be persuaded to agglomerate they may eventually increase in size to such a point that removal by sedimentation becomes possible. In a quiescent liquid tiny particles collide because of Brownian movement and collisions also occur when rapidly settling solids overtake more slowly settling particles. As a result larger particles, fewer in number, are produced; growth by these means is, however, slow. Collisions between particles can be improved by gentle agitation, the process of flocculation, which may be sufficient to produce settleable solids from a high concentration of colloidal particles. With low concentrations of colloids a coagulant is added to produce bulky floc particles which enmesh the colloidal solids.

Many of the contaminants in water and wastewater contain matter in the colloidal form. These colloids result in a stable “suspension”. In general the suspension is stable enough so that gravity forces will not cause precipitation of these colloidal particles. The objective of coagulation is to transform STABLE particles (i.e. that is resistant to aggregation) into an unstable one.

STABLE Particles,

• Electrostatic Stabilization (due to surface charge)

• Steric Stabilization

Typical colloidal characteristics for water and wastewater:

· Size range: 10-3- 1 micron. (somewhere in the range between a molecule and bacteria in size).

· 50 – 70 % of the organic matter in domestic wastewater is composed of colloidal matter.

In water treatment color, turbidity, viruses, bacteria, algae and organic matter are primarily either in the colloidal form or behave as colloids.
Agitation of water by hydraulic or mechanical mixing causes velocity gradients the intensity of which controls the degree of flocculation produced. The number of collisions between particles is directly related to the velocity gradient and it is possible to determine the power input required to give a particular degree of flocculation as specified by the velocity gradient. Flocculation of dilute colloidal suspensions provides only infrequent collisions and agglomeration does not occur to any marked extent. In such circumstances clarification is best achieved using a chemical coagulant followed by flocculation and sedimentation. Before flocculation can take place it is essential to disperse the coagulant, usually required in doses of 30-70 mg/l, throughout the body of water. A velocity gradient of around 1000 s-1 is required for effective mixing. The coagulant is usually a metal salt which reacts with alkalinity in the water to produce an insoluble metal hydroxide floc which incorporates the colloidal particles. This fine precipitate is then flocculated to produce settleable solids. Coagulants are usually added as a concentrated solution which can be dosed accurately using a positive displacement metering pump. Inorganic coagulants such as aluminum and iron salts are the most commonly used. For many years aluminium sulphate  has been the most popular coagulant for water treatment. The reactions which take place when aluminium sulphate, known commercially as alum. When added to water, these highly charged ions to neutralize the suspended particles. The inorganic hydroxides that are formed produce short polymer chains which enhance microfloc formation. Inorganic coagulants usually offer the lowest price per pound, are widely available, and, when properly applied, are effective in removing most suspended solids. They are also capable of removing a portion of the organic precursors which may combine with chlorine to form disinfection by-products. Inorganic coagulants produce large volumes of floc which can also entrap bacteria as they settle. 

Coagulation sufficient alkalinity must be available to react with the alum and also to leave a suitable residual in the treated water to provide pH buffering. Inorganic coagulants may alter the pH of the water since they consume alkalinity. When applied in a lime soda ash softening process, alum and iron salts generate demand for lime and soda ash. They also require corrosion-resistant storage and feed equipment. It is important to note that large volumes of settled floc must be disposed of in an environmentally acceptable manner. Coagulants used are;
· Aluminium sulphate (Alum), A12(SO4)3
· Ferrous sulphate (copperas), FeSO4.7H20

· Ferric sulphate, Fe2(SO4)3
· Ferric chloride, FeC13
Alum, ferric sulfate, and ferric chloride, lower the alkalinity, and pH reactions for each follow: 
Aluminium sulphate 
A12(SO4)3  +  3 Ca(HCO3)2   ------------>    2 Al(OH)3  +  3CaSO4  +  6 CO2
Aluminum +  Calcium             gives          Aluminum  +  Calcium  +  Carbon

Sulfate           Bicarbonate                          Hydroxide      Sulfate         Dioxide

 (present in the water to treat)

Ferric Sulfate

Fe2(SO4)3 + 3 Ca(HCO3)2 ------------> 2 Fe(OH)3 + 3CaSO4 + 6 CO2
Ferric      + Calcium           gives           Ferric    +    Calcium  + Carbon

Sulfate       Bicarbonate                         Hydroxide     Sulfate      Dioxide

 (present in the water to treat)

Ferric Chloride

2 FeCl3 + 3 Ca(HCO3)2 ------------> 2 Fe(OH)3 +   3CaCl2   +  6CO2
Ferric   + Calcium             gives          Ferric      + Calcium  +  Carbon

               Chloride Bicarbonate           Hydroxide   Chloride      Dioxide

 (present in the water to treat)

Polymers (long-chained, high-molecular-weight, organic chemicals) are becoming more widely used. These can be used as coagulant aids along with the regular inorganic coagulants. Anionic (negatively charged) polymers are often used with metal coagulants. Low-to-medium weight cationic (positively charged) polymers may be used alone, or in combination with alumor ferric coagulants to attract suspended solids and neutralize their surface charge. Manufacturers can produce a wide range of polymers that meet a variety of source-water conditions by controlling the amount and type of charge and the polymers molecular weight. Polymers are effective over a wider pH range than inorganic coagulants. They can be applied at lower doses, and do not consume alkalinity. They produce smaller volumes of more concentrated, rapidly settling floc. Floc formed from use of a properly selected polymer will be more resistant to shear, resulting in less carryover and a cleaner effluent. Polymers are generally several times more expensive in price per pound than inorganic coagulants. Selection of the proper polymer requires considerable jar testing under simulated plant conditions, followed by pilot or plant-scale trials. All polymers must also be approved for potable water use by regulatory agencies.In order to optimize the flocculation process, a number of process parameters are relevant such as coagulant dose, pH, shear rate during flocculation, flocculation time, dosing of a coagulant aid (a polymer). By modifying these process parameters, the optimal conditions can be determined. The jar tests serve to indicate the optimum conditions for the removal of turbidity and color from water/wastewater. Jar tests, furthermore, yield a wealth of qualitative information on the rate of agglomeration as a function of energy input (paddle speed), the settleability of the floc formed, the clarity of the supernatant water (which might be related to the subsequent length of filter run). Thus, jar tests are often used for the design of treatment facilities and in the routine operation of treatment plants.
C. APPARATUS AND MATERIALS

· Jar Test Apparatus (Six-place laboratory stirrer)

· pH meter
· Turbidimeter

· Beaker (500 mL)
· Otomatic pipettes (1-10 mL)
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D. REAGENTS
· Aluminium sulphate (alum), Al2(SO4)3
· Ferric chloride, FeC13
· Polyelectrolyte
· H2SO4 or NaOH 
E. PROCEDURE
Experimental Procedure-Optimum pH Determination 
1. Place 500 mL sample in 1 L beakers 

2. Prepare an appropriate volume of alum solution that will yield 1000 mg/L as Al2(SO4)3 when added to the 500 mL sample. 

3. Adjust the speed of the stirrer to 120 rpm. A light table will facilitate viewing of the contents of the beakers. 

4. At the start of one minute mixing at 120 rpm, add the alum solutions to the beakers keeping one beaker as a control. 

5. Immediately, adjust pH of the sample to pH 3, 4, 5, 6, 7, 8 and 9 with H2SO4 (1N or 6N) or NaOH (1N or 6N) solutions. 

6. After one minute rapid mixing, reduce the speed of the stirrer to approximately 30 rpm (slow mixing conditions) and flocculate sample at that speed for 15 minutes. Record the elapsed time before a visible floc is formed and note the size and appearance of the floc formed. 

7. After flocculation, stop the stirring apparatus, remove the paddles and allow sample in the beakers to settle for 30 minutes. 

8. After the settling period, take samples (~30 mL) from the supernatant of all the samples and measure Turbidity (NTU) using Turbidimeter.

9. Record all data on the sheet provided. 
                 Residual turbidity versus pH
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Experimental Procedure-Optimum Coagulant (Alum and Iron Chloride) Dosage Determination 

1. Place 500 mL sample in 1 L beakers  

2. Prepare an appropriate volume of alum and iron chloride solution (500 mg/L to 2000 mg/L) when added to the 500 mL aqueous solution. 

3. Place sample on the six-jar laboratory stirrer. Adjust the speed of the stirrer to 120 rpm. A light table will facilitate viewing of the contents of the beakers. 

4. At the start of one minute mixing at 120 rpm, add the alum solutions to the beakers keeping one beaker as a control. 

5. Immediately, adjust pH of the aqueous solutions to value determined as optimum pH in the previous experiment set (optimum pH determination). 

6. After one minute rapid mixing, reduce the speed of the stirrer to approximately 30 rpm (slow mixing conditions) and flocculate sample at that speed for 15 minutes. Record the elapsed time before a visible floc is formed and note the size and appearance of the floc formed. 

7. After flocculation, stop the stirring apparatus, remove the paddles and allow sample in the beakers to settle for 30 minutes. 

8. After the settling period, take samples (~30 mL) from the supernatant of all the samples and measure Turbidity (NTU) using Turbidimeter.
9. Record all data on the sheet provided. 
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Experimental Procedure-Optimum Polyelectrolyte Dosage Determination 

1. Place 500 mL sample in 1 L beakers  

2. Prepare an appropriate volume of alum and iron chloride solution (1000 mg/L) when added to the 500 mL aqueous solution. 

3. Place sample on the six-jar laboratory stirrer. Adjust the speed of the stirrer to 120 rpm. A light table will facilitate viewing of the contents of the beakers. 

4. At the start of one minute mixing at 120 rpm, add the alum and iron solutions to the beakers keeping one beaker as a control. 

5. Immediately, adjust pH of the aqueous solutions to value determined as optimum pH in the previous experiment set (optimum pH determination). 

6. After 3 mins rapid mixing, add polyelectrolyte as different concentration (10 to 40 mg/L) reduce the speed of the stirrer to approximately 30 rpm (slow mixing conditions) and flocculate sample at that speed for 15 mins. Record the elapsed time before a visible floc is formed and note the size and appearance of the floc formed. 

7. After flocculation, stop the stirring apparatus, remove the paddles and allow sample in the beakers to settle for 30 mins. 

8. After the settling period, take samples (~30 mL) from the supernatant of all the samples and measure Turbidity (NTU) using Turbidimeter.

9. Record all data on the sheet provided. 

F. CALCULATION

Find initial and final pH and Turbidity values of samples. By using the removal efficiencies obtained by the other lab groups, prepare figures to show your results as a function of reaction pH, coagulant and polyelectrolyte dosage. Find the most efficient pH, coagulant and polyelectrolyte dosage as graph. 

The pH with the lowest residual turbidity will be the optimum pH





The coagulant dose with the lowest residual turbidity will be the optimum coagulant dose
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