ENVIRONMENTAL POLLUTION AND CONTROL

Demineralization Process of Water Softening
Demineralization process of water softening can be brought about in two ways:

1. Hydrogen Cation exchange
2. Anion exchange

1. Hydrogen Cation Exchange:
Cation resin can be in Hydrogen (R-SO3H) or Sodium form (R-SO3Na). Sulphonated resin
(Cation acid resin) in Hydrogen form is used as cation exchanger for water softening.

CaCl2 + H2R --> CaR | + 2HCI
Ca(HCO3) + H2R --> CaR | + 2H20 + 2CO2

2. Anion Exchange:

Amino resin (anion base resin) is used and produced HCI is removed.
HCI + HOR1 --> CIR1| + H20 (soft water)

Regeneration:

We know, regeneration is done to get back the resins which are used to softening water are
exhausted and we have to apply some acid & alkali to regenerate them again.

For stepl, regeneration is performed by using acid. Less than 2% H2S04 is used.
CaR + H2S0O4 --> CaSO4 + H2R (regenerated resin)
For step2, regeneration is done by using 1% solution of NaOH.

CIR1 + NaOH --> NaCl + HOR1 (regenerated resin)

Treatment of water for municipal water supplies

Water purification is the process of removing undesirable chemicals, biological contaminants,
suspended solids and gases from contaminated water. The goal is to produce water fit for a
specific purpose. Most water is disinfected for human consumption (drinking water), but water
purification may also be designed for a variety of other purposes, including fulfilling the
requirements of medical, pharmacological, chemical and industrial applications. The methods
used include physical processes such as filtration, sedimentation, and distillation; biological
processes such as slow sand filters or biologically active carbon; chemical processes such
as flocculation and chlorination and the use of electromagnetic radiation such as ultraviolet light.
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Purifying ~ water may  reduce the  concentration of  particulate  matter
including suspended particles, parasites, bacteria, algae, viruses, fungi, as well as reducing the
amount of a range of dissolved and particulate material derived from the surfaces that come from
runoff due to rain.

The standards for drinking water quality are typically set by governments or by international
standards. These standards usually include minimum and maximum concentrations of
contaminants, depending on the intended purpose of water use.

Coagulation and flocculation

One of the first steps in a conventional water purification process is the addition of chemicals to
assist in the removal of particles suspended in water. Particles can be inorganic such
as clay and silt or organic such as algae, bacteria, viruses, protozoa and natural organic matter.
Inorganic and organic particles contribute to the turbidity and color of water.

The addition of inorganic coagulants such as aluminum sulfate (or alum) or iron (IIT) salts such
as iron(IlI) chloride cause several simultaneous chemical and physical interactions on and among
the particles. Within seconds, negative charges on the particles are neutralized by inorganic
coagulants. Also within seconds, metal hydroxide precipitates of the aluminum and iron (III)
ions begin to form. These precipitates combine into larger particles under natural processes such
as Brownian motion and through induced mixing which is sometimes referred to as flocculation.
The term most often used for the amorphous metal hydroxides is "floc." Large, amorphous
aluminum and iron (III) hydroxides adsorb and enmesh particles in suspension and facilitate the
removal of particles by subsequent processes of sedimentation and filtration.

Aluminum hydroxides are formed within a fairly narrow pH range, typically: 5.5 to about 7.7.
Iron (IITI) hydroxides can form over a larger pH range including pH levels lower than are
effective for alum, typically: 5.0 to 8.5. In water purification plants, there is usually a high
energy, rapid mix unit process (detention time in seconds) where the coagulant chemicals are
added followed by flocculation basins (detention times range from 15 to 45 minutes) where low
energy inputs turn large paddles or other gentle mixing devices to enhance the formation of floc.

In fact, coagulation and flocculation processes are ongoing once the metal salt coagulants are
added.

Organic polymers were developed in the 1960s as aids to coagulants and, in some cases, as
replacements for the inorganic metal salt coagulants. Synthetic organic polymers are high
molecular weight compounds that carry negative, positive or neutral charges. When organic
polymers are added to water with particulates, the high molecular weight compounds adsorb onto
particle surfaces and through interparticle bridging coalesce with other particles to form
floc. PolyDADMAC is a popular cationic (positively charged) organic polymer used in water
purification plants.
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Sedimentation

Waters exiting the flocculation basin may enter the sedimentation basin, also called a clarifier or
settling basin. It is a large tank with low water velocities, allowing floc to settle to the bottom.

The sedimentation basin is best located close to the flocculation basin so the transit between the
two processes does not permit settlement or floc break up. Sedimentation basins may be
rectangular, where water flows from end to end, or circular where flow is from the centre
outward. Sedimentation basin outflow is typically over a weir so only a thin top layer of water.In
1904, Allen Hazen showed that the efficiency of a sedimentation process was a function of the
particle settling velocity, the flow through the tank and the surface area of tank. Sedimentation
tanks are typically designed within a range of overflow rates of 0.5 to 1.0 gallons per minute per
square foot (or 1.25 to 2.5 meters per hour). In general, sedimentation basin efficiency is not a
function of detention time or depth of the basin. Although, basin depth must be sufficient so that
water currents do not disturb the sludge and settled particle interactions are promoted. As particle
concentrations in the settled water increase near the sludge surface on the bottom of the tank,
settling velocities can increase due to collisions and agglomeration of particles. Typical detention
times for sedimentation vary from 1.5 to 4 hours and basin depths vary from 10 to 15 feet (3 to
4.5 meters).

Inclined flat plates or tubes can be added to traditional sedimentation basins to improve particle
removal performance. Inclined plates and tubes drastically increase the surface area available for
particles to be removed in concert with Hazen's original theory. The amount of ground surface
area occupied by a sedimentation basin with inclined plates or tubes can be far smaller than a
conventional sedimentation basin.

Disinfection
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Pumps used to add required amount of chemicals to the clear water at the water purification plant
before the distribution. From left to right: sodium hypochlorite for disinfection, zinc
orthophosphate as a corrosion inhibitor, sodium hydroxide for pH adjustment, and fluoride for
tooth decay prevention.

Disinfection is accomplished both by filtering out harmful micro-organisms and also by adding
disinfectant chemicals. Water is disinfected to kill any pathogens which pass through the filters
and to provide a residual dose of disinfectant to kill or inactivate potentially harmful micro-
organisms in the storage and distribution systems. Possible pathogens include viruses, bacteria,
including Salmonella, Cholera,Campylobacter and Shigella, and protozoa, including Giardia
lamblia and other cryptosporidia. Following the introduction of any chemical disinfecting agent,
the water is usually held in temporary storage — often called a contact tank or clear well to allow
the disinfecting action to complete.

Chlorine disinfection

The most common disinfection method involves some form of chlorine or its compounds such
as chloramine or chlorine dioxide. Chlorine is a strong oxidant that rapidly kills many harmful
micro-organisms. Because chlorine is a toxic gas, there is a danger of a release associated with
its use. This problem is avoided by the use of sodium hypochlorite, which is a relatively
inexpensive solution used in household bleach that releases free chlorine when dissolved in
water. Chlorine solutions can be generated on site by electrolyzing common salt solutions. A
solid form, calcium hypochlorite, releases chlorine on contact with water. Handling the solid,
however, requires greater routine human contact through opening bags and pouring than the use
of gas cylinders or bleach which are more easily automated. The generation of liquid sodium
hypochlorite is both inexpensive and safer than the use of gas or solid chlorine.

All forms of chlorine are widely used, despite their respective drawbacks. One drawback is that
chlorine from any source reacts with natural organic compounds in the water to form potentially
harmful chemical by-products. These by-products, trihalomethanes (THMs) and haloacetic
acids (HAAs), are both carcinogenic in large quantities and are regulated by the United States
Environmental Protection Agency (EPA) and the Drinking Water Inspectorate in the UK. The
formation of THMs and haloacetic acids may be minimized by effective removal of as many
organics from the water as possible prior to chlorine addition. Although chlorine is effective in
killing bacteria, it has limited effectiveness against protozoa that form cysts in water

zone disinfection

Ozone is an unstable molecule which readily gives up one atom of oxygen providing a powerful
oxidizing agent which is toxic to most waterborne organisms. It is a very strong, broad spectrum
disinfectant that is widely used in Europe. It is an effective method to inactivate harmful
protozoa that form cysts. It also works well against almost all other pathogens. Ozone is made by
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passing oxygen through ultraviolet light or a "cold" electrical discharge. To use ozone as a
disinfectant, it must be created on-site and added to the water by bubble contact. Some of the
advantages of ozone include the production of fewer dangerous by-products and the absence of
taste and odour problems (in comparison to chlorination). Another advantage of ozone is that it
leaves no residual disinfectant in the water. Ozone has been used in drinking water plants since
1906 where the first industrial ozonation plant was built in Nice, France. The U.S. Food and
Drug Administration has accepted ozone as being safe; and it is applied as an anti-
microbiological agent for the treatment, storage, and processing of foods. However, although
fewer by-products are formed by ozonation, it has been discovered that ozone reacts with
bromide ions in water to produce concentrations of the suspected carcinogen bromate. Bromide
can be found in fresh water supplies in sufficient concentrations to produce (after ozonation)
more than 10 parts per billion (ppb) of bromate — the maximum contaminant level established
by the USEPA.

Ultraviolet disinfection

Ultraviolet light (UV) 1s very effective at inactivating cysts, in low turbidity water. UV light's
disinfection effectiveness decreases as turbidity increases, a result of the absorption, scattering,
and shadowing caused by the suspended solids. The main disadvantage to the use of UV
radiation is that, like ozone treatment, it leaves no residual disinfectant in the water; therefore, it
is sometimes necessary to add a residual disinfectant after the primary disinfection process. This
is often done through the addition of chloramines, discussed above as a primary disinfectant.
When used in this manner, chloramines provide an effective residual disinfectant with very few
of the negative effects of chlorination.
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