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Abstract— An attempt has been made in this paper to discuss
the nature and various categories of boiler depositions- its
physical properties and chemical composition, the impacts of
the scale formation on the boiler along- with the preventive
measures. Scale formation is not only a nuisance but a
menace. Scaled boilers require a greater temperature
differential between metal and water than clean boilers
operated at the same rating. This is because scale has a very
low thermal conductivity. The principal deposition is calcium
carbonate, magnesium hydroxide, calcium sulphate and
silica. Most of the scale forming constituents is removed from
feed water by external treatment. Residual concentration is
removed by supplemental treatment. Precipitation of
hardness is controlled by adding softening chemicals to the
feed water.
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I. INTRODUCTION

Boiler feed-water is water used to supply a boiler to generate
steam or hot water. At thermal power stations the feed-water
is usually stored, pre-heated and conditioned in a feed-water
tank and forwarded. into the boiler by a boiler feed-water
pump.

Impurities in  water become an important
consideration when water is to be used for steam generation.

With ‘the trend toward higher-pressure boilers,
pretreatment has become the key to successful operation of
industrial power plants. Feed-water must be pretreated to
remove impurities to control deposition, carryover, and
corrosion in the boiler system.

A. Boiler Depositions

Boiler depositions include the scale and sludge. Scale is the
dense deposits appearing on surfaces and has capability of
disturbing normal operation of boiler unit whereas loose
deposits result from the settling, accumulation and thickening
of suspended solids. The scale and sludge can be considered
as hazards to boiler unit.

The depositions are described by their physical
properties as well as chemical composition. Physical
properties include colour, hardness, porosity, adhesive force
between deposition and metal, thickness and such other
physical factors. Chemical composition of the deposition
include % content of CaO, MgO, CuO, SOs, SiO,, Fe;0s,
Fes0s, AlOs, P,Os and some volatiles. On the basis of
chemical composition, the scales can be divided into
following four categories:

1) Alkali earth scale

2) Iron oxides scale

3) Copper scale

4) Silicate scales of various compositions

1) Alkali earth Scale

Alkali earth Scale Consists of basically Ca and Mg
compounds such as CaCOs;, CaSQ., CaSiOsz, Ca3(PO4); ,
MgO, Mg(OH)2, Mg(PO4)x.

Boiler water contain cat-ions Ca *? and Mg *2and an-
ions OH', CO:{Z, SO4’2, PO4’3, SiO3’2.

The interaction of cat-ions and an-ions results in
formation of one or several soluble compounds under certain
conditions of temperature and pressure. The scale formation
tendency increases with an increase in temperature of feed
water.

This is because the solubility of some salts such as
calcium sulphate decreases with an increase in feed water
temperature.CaSO4 has solubility of 3200 ppm at 55°C and it
reduces to 55 ppm at 230°C and 27 ppm at 320°C.

Scale formation takes place mainly due to the
presence of salts of calcium and magnesium and sometimes
it is pasted like hard mass when silica is present in the boiler
feed water.

Ca(HCOs): +Heat — CaCOs +CO+H20
Mg (HCO3), - Heat —»MeCO; + €O + HiO

Less soluble salts CaCO3; and MgCOs precipitate
and settle in the boiler. At boiler water temperature and
pressure, these forms insoluble precipitates and if these
precipitates adhere to the metal surfaces, the resulting scale
so formed seriously interfere with the normal operations of
boiler. Na salts are also highly soluble in water but is non
scale forming. Mg salts are also soluble in water and are not
much troublesome but Ca salts are highly troublesome.

2) Iron Oxides Scale

The common cause responsible for the formation of the
depositions is the introduction of iron into boiler unit together
with feed water. The iron gets into feed water as a result of
corrosion process taking place in the water condensate circuit
of electric power stations and industrial boiler houses. These
consist of ferric and ferrous compounds. Deposits could be
iron silicate, ferrous phosphate, sodium Ferro phosphate and
Fe,O3 and Fes304.The rate of formation of iron oxide
depositions greatly depends upon heat liberation per unit
heating surface.

3) Copper Scale

The principal factor responsible for the formation of copper
deposits is the introduction of copper compounds into the
boiler unit with feed water. Normally the Copper content may
be 20 to 30%.

In addition to these scales also contain iron oxides
and secondary impurities such as Calcium and Magnesium
compounds. Copper scale are found to form in boiler units
operated at different pressures but always on sections
subjected to high rate of heat flow and mostly on the part of
tube circumference facing the surface. Copper is present in
the metallic state and in the form of oxides. It is distributed
non- uniformly in the earth crust which is responsible for
giving rise to copper scale if copper is not adequately
removed from the feed water.

4) Silicate scales of various compositions

All natural water has capacity to dissolve silica. Silica is not
troublesome in low pressure boilers but it is most troublesome
in high pressure boilers sometimes The silica combines even
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with the trace amounts of Calcium , Magnesium, Aluminum
and other components of water to form the objectionable
scales. At high temperature silica becomes sufficiently
volatile to be carried over into the steam and form hard glass
like coatings on turbine blades and therefore it has to be
prevented carefully.

Il. SIGNIFICANT IMPACTS OF THE SCALE FORMATION

The most important impact amongst all is to choke the flow
by reducing the flow area and increases the pressure required
to maintain the delivery of the water. Another significant
impact is that it reduces the transfer of heat from the hot gases
to water. The scale formation leads to the retardation of the
flow of heat and concomitantly metal temperature increases.
It has been reported that even a thin layer of scale in high heat
zone area can overheat the metal enough to form crack and
thereby rupture the metal tubes. The overheating sometimes
causes layers of metal to separate leading to the phenomenon
called blistering. It is therefore necessary to reduce contents
of Calcium and Magnesium before the feed water reaches to
boiler (external treatment) or by adding certain chemicals
(internal treatment).

I11. PREVENTION OF FORMATION OF SCALE

The water required for boiler feed purposes i.e. for steam
generation should be of very high quality and thus requires a
lot of treatment. Untreated waters, containing impurities may
lead - to the problems in boilers like Scale and sludge
formation, boiler corrosion, caustic embrittlement, priming
and foaming and carry over. The basic aim is to remove
Suspended Solids (SS), Dissolved Solids (DS) and Dissolved
Gases (DG) from the water before supplying to the boiler.

IV. EXTERNAL TREATMENT OF BOILER FEED WATER

It is a pretreatment. It aims at removal of SS by sedimentation
coagulation and filtration, removal of dissolved solids by

processes like hot lime, zeolite ion exchange,
demineralization etc.

A. Removal of SS and colloids

The simplest method for removal of SS is plain

sedimentation. The process is carried out in a settling basin
where SS are settled under the influence of gravity. For
removal of colloids, chemical coagulation has been
recommended. (Al or Fe coagulants) depending upon the pH
as under:

Filter Alum [Al; (SO4)s], sodium aluminate, pH=5.5 -8

FeSO, Ferrous sulfate, Fe, (SO4)sFerric sulfate, pH 5-6

FeClz Ferric chloride, FeSO, + Cl. Chlorinated

copperas. Miscellaneous coagulants which can be included at
any given pH could be activated silica, clay bentonite and
activated carbon.

B. Filtration

Filtration is also employed to remove SS. As a matter of fact
for removal of SS by sedimentation, coagulation and filtration
are common. Passing the water through a porous medium
using rapid sand filter or pressure filter or diatomaceous earth
filters are commonly employed to remove the solids. The SS
matter adheres to the filter materials leaving the water clear
as it drains from the bottom.

The filter uses sand, anthracite coal or combined
sand and coal. The bed is washed periodically to remove
solids collected in the voids of the filter medium.

C. Hot Lime Soda Process

In this process the raw water is heated to boiling point. In
accordance with the general rule that most chemical reaction
approximately double in speed for each 10°C rise in temp, the
reaction takes place several hundred times as fast as in the
cold process. Also the precipitates formed at these higher
temp are larger and heavier and hot water is less viscous than
cold water, settling takes more rapidly so that unlike the cold
water, no coagulant is needed. The hot process defers from
the cold process in that no lime is added for the CO2 content
as this is driven off by heat before the chemicals are added.
The principal chemicals used in the process are
hydrated lime [CaO + H,O = Ca(OH);] and soda ash
(Nazco:g)
The lime precipitates the carbonate hardness
Ca (HCO); + Ca (OH) ; = 2Ca CO3 + 2H,0
The sulfate hardness of Ca and Mg is removed by
soda-ash
CaS04 + Na,CO3 = CaCOs + Na,SO4
MgSO4 + Na;COs = MgCO3 + NaySO4
The Chloride hardness of Ca and Mg is also
removed by soda-ash
CaCl,+ Na,CO3 = CaCO3 + Na,SOq4
MgCI2+ Na,CO3 = MgC03 + Na,SO4
The Mg (OH), formed has coagulating property for
rapid precipitation. It also absorbs silica and magnesium oxide is
purposefully added to the water to remove silica. Another better
option is to use Sodium tri-phosphate and caustic soda in
addition to lime and soda.
The phosphate is very effective in removing Ca and
Mg salts as well as silica.
3Ca (HCO3)2 + NaOH =3CaC03+3Na,C0O3+6H,0
3Mg (HCOs), + NaOH =3MgCO3+3Na,CO3+6H,0
3CaS0O4+ 2NasP0O,4 = Cas (PO4)2 + 3Na,S04
3MgSO4+ 2NazPOs = Mgs (PO4)2 + 3NaS04
This process is used for low hardness of water and
for high hardness water we use zeolite or ion exchange
process.

D. Zeolite lon Exchanger

Zeolite ion exchanger Impurities dissolved in water dissociate
to form positively and negatively charged particles known as
ions. These ions exist in the solution and act almost
independently. There are some ion exchange materials which
can give ‘kho’ to one ion for other and such materials are
called as zeolites. The most used form is Sodium zeolite- Na,
(A|28i203) or Nazz.
Ca (HCO3); + NazZ = CaZ + NaHCO;
CaS04+ NayZ = CaZ + NaSOq
CaCly+ NaZ =CaZ + 2 NaCl
The reactions of zeolite on Mg salts are also similar.
The regeneration CaZ + 2NaCl = Na;Z + CaCl;
MgZ + 2NaCl = NazZ + MgCl;
It can also be regenerated by Sodium hydroxide.
Water hardness is corrected by the use of a water softener
(often referred to as a conditioner). The hard water is passed
through a tank containing resin beads coated with sodium
ions, or, in some cases, potassium ions. The calcium and
magnesium ions are exchanged for the sodium ions, thus
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softening the water. When the beads have trapped all the
hardness they can hold, the unit is regenerated with salt brine
to replace the hardness ions with sodium ions.

E. Demineralization Plants

These are the mixed ion exchange beds containing
complimentary pairs of exchange media demineralize the
water. It is therefore called as catexer (acid regenerated cation
exchanger) and anexer (Caustic soda regenerated anion
absorber) treatment.

Mixed beds replace all cations by hydrogen ions and
all anions by hydroxide ions. The water is demineralize and
all ionizable dissolved matters is effectively removed.

1) Cation Exchange Stage

Ca (HCO3)2 + HyZ = CaZ + 2H,0 +CO;
CaS0; + HoZ = CaZ + HzS04
2) Anion Exchange Stage
CO; + A.OH = A. HCO3
H2SO0.+ A. OH = A.HSO4 + H,0

Water for steam generation at higher pressure requires almost
complete elimination of DS.

Deionization or demineralization is an alternative
procedure which does not require heating of water and in
most cases more economical than distillation. Sometimes two
processes are combined utilizing deionization as an initial
stage and distillation as a second stage in order to obtain
optimum water quality and economy. Removal of DS by two
stage ion exchange process is remarkable. In a two stage ion
exchange process, the water first passes to the separate cat-
ion anion exchangers and is then polished by a passage
through a mixed bed. It has been reported that the
corresponding water may result into 0.1 ppm DS and less than
0.1 ppm silica.

V. INTERNAL TREATMENT OF FEED WATER

The important purpose of internal treatment is to ensure
prevention of scales. Every pre heated feed water must be pre
heated further to control the accumulation of hardness, silica,
oxygen and other impurities. Internal treatment alone may
suffice when boilers operate at low or moderate pressures.

A. Principal aims of Internal Treatment

The reaction of residual feed water hardness to prevent its
precipitation as scale

The conditioning of precipitates such as hardness
and iron oxide, to keep them from adhering to boiler surfaces

The control of foaming to minimize carryover in the
presence of reasonable and unavoidable concentration of
dissolved and suspended solids

The prevention of corrosion by eliminating DO and
adjusting the alkalinity.

Most scale forming constituents can be removed from
feed water by external treatment. Yet remaining concentrations
are nearly high enough to warrant supplemental treatment.
Precipitation is controlled by adding softening chemicals like
soda ash for precipitation of calcium as calcium carbonate,
sodium phosphate for removal of calcium as calcium
phosphate and caustic soda for precipitation of magnesium as
magnesium hydroxide.

Silica is removed in conjunction with the magnesium
as 3MgO, 2SiO,, 2H,0. At high concentration of magnesium
in the feed water, a magnesium phosphate sludge may be

thrown down. It is difficult to condition the sludge and it ends
to stick to the boiler metal. Chelating agents include large no.
of organic chemicals that combine with metal ions- among the
hardness ions- and hold them in soluble but nonionic form
Chelated calcium and magnesium are not precipitated by
carbonate and phosphate and do not produce scale. Copper and
iron are also chelated but not fully. Most in use chelating agent
is EDTA (ethylene diamine tetra acetic acid).

B. Deoxygenating Chemicals

Sulfite treatment is basically water deoxygenation as the
reagent has power of binding DO. The chemicals are Na,SO3
and N2Ha.

2Na,SO3 + O, = 2Na S04 (Oxidization of sulfite by
water dissolved oxygen).

Hydrazine is a strong reducing agent. It is available
in hydrazine hydrate N2H4.H2O. It binds DO. NaHa+ Oz = No+
2H,0 This proceeds at an appreciable rate only at t> 373K
and pH 9 to 9.5 and it takes 2 to 3 sec to bind O,. AtpH <7
hydrazine fails to prevent corrosion and even intensifies to
some extent. Hydrazine sulfate can only be for treating feed
water of drum type. Hydrazine and its solution is noxious
.They must be handled with care according to prescribed
safety rules by using protective devices like breathing masks,
goggles gloves etc.)

VI. SUMMARY

The principal deposition is calcium carbonate, magnesium
hydroxide, calcium sulphate and silica. Most of the scale
forming constituents is removed from feed water by external
treatment. Residual concentration is removed by
supplemental treatment. Precipitation of hardness is
controlled by adding softening chemicals to the feed water.
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