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1.9 FEEDWATER TREATMENT

Boiler make-up water to the extent of 1.5—2 percent of the total flow rate is
required to replenish the losses of water through leakage from fittings and bearings, boiler
blow down, escape with non-condensable gases in the deaerator, turbine glands, and other

causes.

1. Prevention of hard scale formation on the heating surfaces

Elimination of corrosion

N

w

Control of carry-over to eliminate deposition on superheater tubes, and

&

Prevention of silica deposition and corrosion damage to turbine blades.

Raw water is, therefore, first pre-treated and then demineralized. For once
through boilers and boiling water nuclear reactors, which require high water purity, a
condensate polishing system is used to further polish the water. Raw water contains a
variety of impurities, such as (a) Suspended solids and turbidity, (b) organics, (c)
hardness (salts of calcium and magnesium), (d) alkalinity (bicarbonates, carbonates,
and hydrates), (e) other dissolved ions (sodium, sulphate, chloride, etc.,), (f) silica and
(g) dissolved gas( O2, CO2). The extent of pre- treatment depends on the source of raw

water.

External treatment

The first step of pre-treatment of boiler feed water is clarification, in which the
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water is chlorinated to prevent biofouling of the equipment. The suspended solids and
turbidity are coagulated by adding special chemicals (like aluminiumsulphate,
Al2(S04)3) and agitated. The coagulated matter settles at the bottom of the clarifier and
IS removed.

If the turbidity of clarified effluent is high, positive filtration is needed. Both
gravity filters and pressure-type filters are used, but the latter is preferred. A granular
medium like sand is commonly used for filtration. The pressure difference across the
filtering medium is an indication of solid accumulation. When it reaches a given
limit,the solids are removed from the bed by backwashing. Further filtration by
activated carbon can absorb organics and remove residual chlorine from the chlorination
process.

The dissolved salts of calcium and magnesium give to water a quality called
hardness. Hardness is characterized by the formation of insoluble precipitates or curds
with soaps, and is usually measured with a standard soap test. All natural waters are
hard and contain scale-forming impurities which are mainly the salts of calcium and
magnesium in the form of carbonates, bicarbonates, chlorides and sulphates. The
hardness is expressed in ppm of dissolved salts. Softening of water, i.e removal of
hardness from water, can be done by lime-soda process, phosphates process, zeolite
process and demineralization.

Lime—soda process

In lime—soda softening, calcium and magnesium salts are removed using lime
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(calcium hydroxide) and soda ash (sodium carbonate). When this process is carried out at
normal raw-water temperature, it is called a “cold process” softening; and when carried out
at or near the boiling point, it is referred to as a “hot process” softening. Since heating
greatly accelerates the necessary reactions, the hot process is preferred for boiler water
treatment, where most of the energy used in heating the water may be retained in the cycle.
The representative reactions are given below:
Ca(HCO3)2+Ca(OH)2 =2CaC0O3+2H20
MgCl2+Ca(OH)2=Mg(Oh)2+CaCl2
MgSO4+Ca(OH)2=Mg(OH)2+CaS04
CaS04+Na2C0O3=CaC0O3+Na2S04
CaCl2+Na2C03=CaC0O3+2NaCl
The products, calcium carbonate and magnesium hydroxide are insoluble in water

and settle to the bottom of the vessel. The softened effluent is then passed through sand

or charcoal filters before usage.

Hot phosphate Softening

In the hot phosphate softening process, calcium and magnesium hardness is
removed using phosphate and caustic soda, Tricalcium phosphate (Ca3(PO4)2) and
magnesium hydroxide are precipitated. The process is carried out at a temperature of
100°C or above. Since the hot phosphate process requires more expensive chemicals
than the lime—soda process, it is used where the initial water hardness is 60 ppm or
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less. Where hardness is greater than this, a lime soda process may be used first, followed

by a phosphate clean-up. The representative reactions are given below:
3Ca(HCO3)2+6NaOH=2CaC0O3+2Na2C0O3+6H20
CaCO3+2Na3P04=Ca3(P04)2+2Na2C0O3
g(HCO03)2+4NaOH=Mg(OH)2+2Na2C03+2H20

3CaS04+2Na3P04=Ca3(P04)2+3Na2S04

Sodium Zeolite Softening

Water can be softened by passing it through a bed of sodium zeolite, which may
be natural compounds of sodium aluminium silicate, with the cations of calcium and
magnesium removed in the process.

CaCO3+Na2A=Caz+Na2CO3

MgSO4+Na2Z=MgZ+Na2S04
Ca(HCO3)2+Na2Z=CaZ+NaHCO3)2

The softening capacity of the bed gets exhausted in course of time, and the bed can be
regenerated by flushing it with brine (NaCl),

CaZ+2NaCl=Na2Z+Ca

MgZ+2NaCl=Na2Z+MgCl2
Zeolite softening is not ideal for the following reasons: (i) Water of high or low pH have a
deleterious effect on zeolites, (ii) high temperatures also have a bad effect,(iii) turbid

waters coat the zeolite material, reducing its efficiency, (iv) there is no reduction in
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alkalinity or total solids, (v) there can be silica gain in water from the zeolite,(vi) with low
content of calcium, the water can be corrosive, sodium zeolite softening in conjunction

with the use of evaporating may be more effective.

Hydrogen Zeolite softening

When water containing calcium, magnesium and sodium ions is passed through a
hydrogen zeolite, these ions are exchanged for hydrogen and the bicarbonate, sulphate,
chloride and nitrate radicals are converted to their respective acids.

When the hydrogen zeolite becomes exhausted, it is backwashed and regenerated
with acid. After being rinsed, it is ready for use again. Sulphuric acid is generally used
for regeneration because of its relatively low cost.

MgZ+H2S04=H2Z+MgSO4

CaZ+H2S04=H2Z+CaS04

Anion exchangers

Anion exchangers can remove the anions like chlorides, sulphates and nitrates (acid
forms) present in hydrogen zeolite effluent by resinous materials which absorb them.
Typical reactions are:

2HCI+RCO3=RCI2+H2C0O3 H2SO4+RC0O3=RS0O4+H2CO3

2HNO3+RCO3=R(N0O3)2+H2C03

Carbonic acid is removed by aeration. When the acidic water is sprayed in a
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shower to expose large surface area, the carbon dioxide gas is released.

H2CO3= CO2+H20

When the anion exchanger is exhausted, it is regenerated by
backwashing with soda ash
RCI2+Na2C0O3=RCO3+2NaCl

RSO4+Na2CO3+RCO3+Na2S04

Demineralizing plant

The process of removing dissolved solids in water by ion exchange is called
demineralization. Two types of resins, cation and anion, are used. The cation resin is the
hydrogen zeolite where the hydrogen ion is exchanged for the cations calcium,
magnesium and sodium, and the anion resin adsorbs the anions chlorides, nitrates and
sulphates, as discussed above. Both ion-exchange processes are reversible, and the
resins are restored to their original form by regeneration.

A typical Demineralizing plant consisting of a cation exchanger, an anion
exchanger, a degasfier and a silica adsorber in series is shown in Fig.31. In the
degasifier, carbon dioxide gas is removed by aeration. Silica in water is very detrimental
at high pressure. It vaporizes at high pressure and flows with steam, condenses on
turbine blades in the form of hard glassy scales which are difficult to remove.
Magnesium hydroxide is often used to adsorb silica from water.

The membrane treatment for removing the total dissolved solids from make-up

water is also an energy efficient process and is gradually gaining more acceptances. It
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uses the principle of either reverse osmosis or electro dialysis. The driving force for
reverse osmosis is the application of counter pressure to normal osmotic pressure,

driving water molecules through the membranes in preference to dissolved salts.

Raw water
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Figure 1.8.1 A typical Demineralizing plant
[Source: “power plant Engineering” by Anup Goel ,Laxmikant D.jathar,Siddu :65]

Condensate polishing

A high quality make-up water can be produced for the plant by using
Demineralizing systems as discussed above. However, this treated water while flowing
through the cycle can pick up impurities due to condenser leakage from the circulating
water through the tubes as well as metallic ions, such as iron and copper, from pipelines.

Condensate polishing is accomplished by passing the condensate through large
Demineralizing vessels, called mixed bed units, which contain both cation and anion
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resins. The resins not only remove dissolved salts in the above manner, but also act as
filters for impurities or suspended solids. Power plants using once-through boilers and
nuclear reactors generally require high quality water and use condensate polishing

systems.
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