Drinking Water Treatment: Flocculation

1. Introduction

Flocculation is a critical step in the drinking water treatment process, performed immediately
after coagulation.

While coagulation destabilizes suspended and colloidal particles by neutralizing their charges,
Flocculation involves gentle stirring or mixing to promote the collision and aggregation of these
destabilized particles into larger, settle able masses known as flocs.

The efficiency of flocculation significantly influences the performance of sedimentation and
filtration units, making it a vital process in achieving clear and safe drinking water.

2. Objectives of Flocculation

e To transform small,unstable micro-flocs formed during coagulation into larger and
stronger macro-flocs.

e To reduce the concentration of suspended solids, turbidity, and colorin water.
® To improve the removal of microorganisms by promoting their enmeshment in flocs.
e To enhance the overall efficiency of sedimentation and filtration processes.

3. Principles of Flocculation

e Particle Destabilization: Coagulant chemicals(e.g.,alum,ferricsalts)destabilizecolloidal
particles, allowing them to come together.

e Aggregation by Mixing: Gentle hydraulic or mechanical mixing enables Brownian motion
and fluid shear to cause particle collisions.

¢ Floc Growth: Initially small micro-flocs grow into larger, settle able macro-flocs.

e Settling Readiness: The size and density of flocs deterine their ability to settle in
sedimentation tanks.

4. Types of Flocculation

¢ Peri kinetic Flocculation: Occurs due to Brownian motion of particles; effective for very
small colloids.

¢ Ortho kinetic Flocculation: Caused by fluid shear forces during gentle mixing.

e Biological Flocculation: Involves microbial secretions and bio films that trap suspended
solids (common in wastewater treatment).

5. Factors Affecting Flocculation



e Mixing Intensity(G-value): Must be optimized. Excessive mixing breaks flocs,while in
sufficient mixing prevents collisions.

e RetentionTime: Typically 20-30 minutes for effective floc formation.

e Temperature: Low temperatures reduce particle collisions and floc growth.

e pH and alkalinity: Optimal pH ensures proper performance of coagulants.

e Coagulant Type and Dose: Alum, ferricchloride, and polymers enhance floc formation.

6. Unit Operations and Equipment
e Hydraulic Flocculators: Use flow patterns and baffles to achieve mixing.
e Mechanical Flocculators: Use paddles or impellers to provide controlled stirring.
e Tubeor Plate Flocculators: Compact designs that improve collision efficiency.

7. Applications of Flocculation
¢ Drinking water treatment plants —removal of suspended solids and turbidity.
e Waste water treatment plants—removal of organic and inorganic impurities.
e Industrial water treatment —clarification of effluents before discharge.
e Surface water purification—-removal of algae and natural organic matter.

8. Advantages of Flocculation
* Produces large, strong, and settle able flocs.

e Improves microbial removal efficiency.

* Enhances filtration and sedimentation performance.
e Reduces the need for excessive coagulant dosage.

9. Limitations of Flocculation
e Requires careful control of mixing intensity.
® Sensitive to changes in water quality (pH, temperature, turbidity).

e Generates sludge, requiring disposal.
e Operational costs may increase with use of coagulant aids.

10. Diagram: Flocculation Process
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11. Conclusion

Flocculation is an indispensable stage in drinking water treatment, bridging the gap between
coagulation and sedimentation.

By promoting the formation of larger, stronger flocs,it ensures efficient solid-liquid separation,
thereby improving water clarity and safety.

When carefully optimized, flocculation contributes significantly to the sustainability, efficiency,
and reliability of modern water treatment systems.
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