Drinking Water Treatment: Softening

Waters oftening is a treatment process aimed at removing or reducing hardness-causing
minerals, mainly calcium (Ca*") and magnesium (Mg?>") ions, from raw water.

Hardwater is undesirable be cause it causes caling in pipes and boilers, reduces soap
efficiency, and affects taste and usability.

Softening is therefore essential in both domestic and industrial applications to ensure water
quality that is safe and suitable for use.

1. Obijectives of Softening
® To reduce or eliminate hardness-causing minerals(Ca?*,Mg?").

To prevent scale deposition in pipelines, heaters, and boilers.
To improve the efficiency of soap sand detergents.
To ensure water quality suitable for industrial processes.

To enhance the aesthetic acceptability of drinking water.

2. Types of Hardness
e Temporary Hardness

® Caused by bicarbonates of calcium and magnesium.

e Can be removed by boiling or lime treatment.
e Permanent Hardness
e Caused by sulfates,chlorides, and nitrates of calcium and magnesium.
e Cannot be removed by boiling; requires chemical or ion exchange methods.

3. Methods of Water Softening

1. Lime-Soda Process
e Lime (Ca(OH).) removes carbonate hardness.
*® Soda ash(Na.COs)removes non-carbonate hardness.
e Produces sludge that must be disposed of.

2. lon Exchange Process
® Hardness ions(Ca*",Mg?")are exchanged with sodium ions(Na*).
e  Produces very soft water.
e Requires regeneration using brine (NaCl).

3. Reverse Osmosis (RO)
e  Membrane process that removes dissolved salts and hardness ions.



®  Provides very high-quality water.
e High cost and requires electricity.
4. Zeolite (Sodium Alumino-Silicate) Process
* Hardness ions exchanged with sodium ions in azeolitebed.
e Easy to operate but limited in handling large volumes.
5. Sequestering Agents(e.g., EDTA)
® Chemicals that bind hardness ions, keeping them in solution.
e Useful in laboratory and industrial applications.

4. Factors Affecting Softening Efficiency
e pH of water(lime-soda requires alkaline conditions).
e Concentration of hardness ions.
e Dosage and regeneration frequency in ion exchange.
e Membrane quality and maintenance in RO systems.

5. Advantages of Water Softening
e Prevents scaling and clogging of pipes and appliances.
* |mproves soap efficiency and reduces detergent consumption.
e Extends the life of boilers and industrial equipment.
e Produces water suitable for textile, pharmaceutical, and beverage industries.

6. Limitations of Water Softening
e Lime-soda process produces sludge disposal problems.
¢ |on exchange softeners increase sodium concentration in water.

e Reverse osmosis is expensive and energy-intensive.
e Does not remove all types of impurities (e.g., microorganisms, organics).

7. Applications of Softening
e Domestic use: Preventing scale in heaters, pipes, washing machines.
¢ Industrial use: Boilers, cooling towers, textiles, paper, and chemical industries.
e Municipal water supply: To reduce consumer complaints of scaling and taste.

8. Diagram: Water Softening Process(lon Exchange)
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9. Conclusion

Softening is an essential process in drinking and industrial water treatment,ensuring usability,
efficiency, and safety.

By removing hardness-causing ions,it prevents scale formation, improves soap action,and
extends the life of appliances and industrial equipment.

Modern technologies like ion exchange and RO have mades oftening more effective, though
cost and waste management remain challenges.
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