
Modern Water 
Management-

basic Track 
Boilers
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Steam boilers are more sensitive to water impurities 
than the human stomach

Horizon Chemical For Special Chemicals 2



Content :
3

• Definition of steam boilers

• Boiler Systems 

• Uses of steam boilers

• Types of boilers 

• boiler treatment why? 

• Problems in boilers 

• Boiler analysis 

• Boiler cleaning 



Definition of steam 
boilers
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• A boiler is an enclosed vessel that 
convert water to steam under 
controlled conditions of 
temperature & pressure



Boiler Systems 
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• feed water system The two sources of feed water are: (1) Condensate or condensed
steam returned from the processes and (2) Makeup water (treated raw water) which
must come from outside the boiler room and plant processes.

• steam system: the steam system collects and controls the steam produced in the
boiler. steam is directed through a piping system to the point of use. throughout the
system, steam pressure is regulated using valves and checked with steam pressure
gauges

• fuel system: the fuel system includes all equipment used to provide fuel to generate
the necessary heat. the equipment required in the fuel system depends on the type of
fuel used in the system.

• deaerator to remove gases



Uses of steam boilers
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• Heating

• As a Raw Material

• Motive Force

• Cleaning/Disinfection/Sterilization



Uses of steam in industry
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• Nuclear Power Stations

• Refineries

• Petrochemicals/fertilizers/basic chemicals

• Pharmaceutical Industries

• Paper mills

• Food & beverage



Types of boilers 
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• 1.According to production to: 

• Steam boiler 

• Hot water boiler

• 2.According to designing of boiler:

• Fire tube  

• Water tube 

• 3.According to working pressure :

• low pressure boiler

• High pressure boiler



Water tube boiler fire tube boiler
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• Fire tube or “fire in tube” boilers ; contain long steel tubes through which the hot
gasses from a furnace pass and around which the water to be converted to steam
circulates ,fire tube boilers, typically have a lower initial cost, are more fuel efficient
and easier to operate, but they are limited generally to capacities of25 tons/hr and
pressures of 17.5 kg/cm2

• water tube or “water in tube” boilers in which the water passes through the tubes
and the hot gasses passing outside the tubes, these boilers can be of single- or
multiple-drum type. these boilers can be built to any steam capacities and pressure
and have higher efficiencies than fire tube boilers.
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Fire tube boiler Water tube boiler 

1 In this type, the hot flue gases are 
present inside the tube and water 

surrounds them 

The water is present inside the tubed 
and the hot flue gases surrounds them 

2 The operating pressure is about 25 
bar 

The operating pressure is about 165 bar 

3 The steam generation rate is low The steam generation rate is high 

6 The overall efficiency is up to 75% The overall efficiency is up to 90%
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8 It can work on fluctuating loads for 
short time 

It can work on fluctuating loads all time 

9 Less bursting chance More bursting chance 

10 Due to bursting, there is a greater 
risk of damage to the boiler  

Bursting doesn’t produce any major 
destruction to the whole boiler 

12 Low operating cost High operating cost 

13 Can be operated with less skilled 
person 

A skilled person is required to operate 

14 Low maintenance cost Low maintenance cost 

15 It is suitable for small power plant It is suitable for large power plant 
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boiler 
treatment 
why? 
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• when water is boiled into steam its volume
increases about 1,600 times, producing a force
that is almost as explosive as gunpowder. this
causes the boiler to be extremely dangerous
equipment that must be treated.

• for every 10°c rise in temperature, chemical
reaction rates double



Problems in boilers 
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1. Scale 

2. Corrosion 

3. Deposition /fouling 

4. Carryover 



1.Scale

24

The deposition of sparingly soluble salts, 
usually as hard deposits which interfere

with heat transfer and fluid flow

Scale can lead to:

• Loss of efficiency

• Higher fuel consumption

• Blockages

• Tube failure

• In severe, case explosions!



Types Of 
Scales 
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1- water born scales 

1.1Mainly Ca , Mg

(CaCo3, CaSo4, CaSio3, MgO,  
MgSo4 , Mg(OH)2)

1.2 silica 

1.3 iron oxide

2. Fouling 

Corrosion product come from 
auxiliaries  (deaerator –condensate 
line –soft. )
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Scale Impact On Boiler 
Performance

27

1-Bad heat transfer 

2-Decrease in boiler performance

3-Low flow rate 

4-Higher fuel consumption 

5- over heating (iron bent at 480C )

6-under deposit corrosion

7- higher maintenance cost & 
production stoppage  



Scale treatment 
(pretreatment –first defense line)
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Scale Treatment 
(Internal Treatment –Second 
Defense Line)
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1- Precipitation way 

1.1. Using carbonate 

1.2. Using phosphate 

2- Non precipitation way

2.1 chelate (EDTA.NTA)

2.2. supplementary (polymers)



Scale Treatment 
(Internal 
Treatment –
Second Defense 
Line)
Precipitation 
Using Carbonate 

Method :

-converting hardness in the boiler to insoluble precipitate ,then 
discharged with blowdown. 

-By adjusting alkalinity of the boiler, the calcium salts are 
converted in the form of carbonate and magnesium in the form 
of hydroxide 

Other additives synthetic polymer -tannins, lignin, starches and a 
wide variety can be used to improve the mobility of the 
precipitates and thus enhance their removal by bottom blow-down

(1) Ca (HCO3)2 + Na2CO3 ----- CaCO3 + 2NaHCO3

(2) 2NaHCO3 + Heat         ----- Na2CO3 + H2O + CO2

(3) MgCl2 + 2NaOH       ---Mg(OH)2 + 2NaCl

Limitations

Since the carbonate break-down increases with temperature the 
phosphate cycle was developed for use at higher pressures.



Scale Treatment 
(Internal 
Treatment –
Second Defense 
Line)
Precipitation 
Using Phosphate  

Method :

-converting hardness in the boiler to insoluble precipitate ,then 
discharged with blowdown. 

-By adjusting alkalinity of the boiler the calcium salts are converted in 
the form of Phosphates and magnesium in the form of hydroxide 

Other additives synthetic polymer -tannins, lignin, starches and a wide 
variety can be used to improve the mobility of the precipitates and thus 
enhance their removal by bottom blow-down

3Ca (HCO3)2 + 2Na2PO4 -----Ca3(PO4)2 +  3Na2CO3+3H2O +3CO2

3Ca SO4 +2Na2PO4 -----Ca3(PO4)2+3NaSO4

Na2CO3 + H2O                 ----- 2NaOH + CO2

MgCl2 +2NaOH                  ----- Mg(OH)2 + 2NaCl

Limitations

Since the carbonate break-down increases with temperature the 
phosphate cycle was developed for use at higher pressures.



Equilibrium and congruent phosphate 
treatment  
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Scale treatment 
(internal treatment –
second defense line)
Non precipitation way

34

Chelate :

- (EDTA) or nitrilo tri acetic acid (NTA) can be used 
as chelating agents which form strong soluble 
complexes with calcium and magnesium and 
prevent scale formation

Limitations

• hardness less than 1.5 PPM 

• pressure less than 90 bar. 

• Improper dosage will cause corrosion 
problems inside the boiler



Preventing 
silicate 

deposits

• Silicate deposits consists of complex salts of 
calcium, magnesium, iron, aluminum or 
combination of these.

• Eliminate calcium 

• Scale is prevented by keeping silica in solution 
by maintaining silica to caustic alkalinity ratio of 
0.3: 1 in the boiler water Na2[SiO2(OH)2]

• This method is suitable for boilers up to 40 bar



2.Corrosion 
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Causes of Corrosion

Boiler Area

• Insufficient oxygen removal in feed 
water

• High pH value and alkalinity

• Increase in suspended solids and 
deposits 

Steam and Condensate Area

• Formation of carbon dioxide

• Low pH-values

37



Steam And Condensate Corrosion 

• Carbonic acid Behavior(corrosion)

• Bicarbonate degradation inside boiler 
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What causes 
corrosion in 

boilers?

• Dissolved gases

Oxygen, carbon dioxide, and ammonia creates corrosion in boilers as 
the degree of oxygen depends on concentration of dissolved oxygen, 
pH and temperature of water.

• Dissolved or suspended solids

It increases electrical conductivity of water, higher dissolved solids 
indicate greater conductivity and eventually causes corrosion

• Acidity

High velocity increases corrosion by transporting oxygen to the metal 
and carrying away the products of corrosion at a faster rate. When 
water velocity is low deposition of suspended solids can establish 
localized corrosion cells.

• Temperature

Concentration of oxygen along with increased temperature 
accelerates the reaction so that even a small quantity of dissolved 
oxygen causes severe corrosion.



Oxygen Attack

• Oxygen is highly corrosive when present in 
hot water. Even small concentrations can 
cause serious problems. Because pits can 
penetrate deep into the metal, oxygen 
corrosion can result in rapid failure of 
feedwater lines, economizers, boiler tubes, 
and condensate lines. Additionally, iron oxide 
generated by the corrosion can produce iron 
deposits in the boiler.

• Oxygen attack is an electrochemical process 
that can be described by the following 
reactions:
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The influence of temperature is important ,a temperature rise provides 
enough additional energy to accelerate reactions at the metal surfaces, 
resulting in rapid and severe corrosion.

At 60°F and atmospheric pressure, the solubility of oxygen in water is 
approximately 8 ppm. Efficient mechanical deaeration reduces dissolved 
oxygen to 7 ppb or less. For complete protection from oxygen corrosion, 
a chemical scavenger is required following mechanical deaeration.

Major sources of oxygen in an operating system include poor deaerator 
operation, in-leakage of air on the suction side of pumps, the breathing 
action of receiving tanks, and leakage of undeaerated water used for 
pump seals.



Feed water Temperature

°C °F

Oxygen for  

saturation

ppm

0 32 14.16

5 41 12.37

10 50 10.92

15 59 9.76

20 68 8.84

25 77 8.11

30 86 7.83

35 95 7.04

40 104 6.59

50 122 5.57

60 140 4.76

70 158 3.89

80 176 2.89

90 194 1.63

100 212 0

Condensate

T

Overflow

Vent

Lid
Make-up water

Supplementary

steam line

Lagging

Boiler feed suction
Horizon Chemical For Special Chemicals 42



• It is important that the water in the feed tank is kept at a high enough temperature to
minimize the content of dissolved oxygen and other gases.

• Cost savings associated with reducing the dissolved oxygen in feedwater by heating.

• Shouldn't add sodium sulphite 𝑵𝒂𝟐𝑺𝑶𝟑
−𝟐at temperature less than 70 c ̥̥̥̥

2Na2SO3 (7.88 ppm) + O2 ( 1 ppm) → 2Na2SO4 For the residual, 1.6 ppm Na2SO3 will
yield 1 ppm SO3.

The total calculation equation to remove residual oxygen and provide a boiler water
residual is:

(Feedwater O2 x 7.88) + (1.6 x Boiler Water SO3 Residual) / Feedwater Cycles = Feedwater
Dosage of 100% sodium sulfite in ppm.
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Factors Affecting Corrosion 
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Corrosion 
(pretreatment –first defense line)

Deaerator
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Boiler corrosion inhibitors 
(internal treatment –second defense line)

Boiler corrosion 
inhibitors 

Oxygen 
scavengers 

Food 
grade 

In organic 
(sulfites)

Organic 
(tannins)

Organic (L-ascorbic 
acid)

Non-food 
grade 

Organic 

Hydrazine 
hydrazide    

Hydroquinone 
DEHA  

Film forming 
compound

polyamine Filming amine

Horizon Chemical For Special Chemicals 47



PASSIVATION
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Chemistry Of Agents

4Fe + 3O2 →2Fe2O3

12Fe2O3 + (N2H3)2CO → + 8Fe3O4 + 3H2O + 2N2 + CO2

8Fe3O4 + 2O2 → 12Fe2O3

8CuO + (N2H3)2CO → + 4Cu2O + 3H2O + 2N2 + CO2



Condensate treatment 

Why? 
• Power saving 

• Water saving 

• Chemical saving 

• Money saving 

• Higher water quality

Condensate 
Treatment 

Neutralizing 
Amine 

Filming 
Amine 
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3.Fouling 
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Fouling is deposition of suspended 
solids or  buildup of microbiological 
organisms within heat  exchanger and 
cooling tower fills.

Fouling caused by :

• Scale deposits

• Metal oxide solubility

• Feed contamination

• Precipitation Treatment & no 
dispersant



4. Carryover 
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• Carryover accelerate By Two Factors: 

1.Priming - this is the ejection of boiler water into the steam take-off and is generally 
due to one or more of the following:

-Operating the boiler with too high a water level.

-Operating the boiler below its design pressure; increases the volume and the velocity 
of the steam released from the water surface.

2. Foaming - this is the formation of foam in the space between the water surface and 
the steam off-take. 



Priming

Horizon Chemical For Special Chemicals52

Priming Caused by :
• Rapid drop in boiler pressure  

• Rapid increase in Steam load

Both lead to :
• Increase in specific volume of steam.

• Increase in steam velocity.

Boiler Water in ‘ Sucked out’ of the boiler.

Normal Operation

Steam
Steam

+
Water

Priming

psi psi



Foaming

Normal Operation Slight Foaming

Severe Foaming DANGER!
Horizon Chemical For Special Chemicals 53



Foaming caused 
by :
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• High TDS/Alkalinity

• High Suspended Solids

• Contaminated feedwater -
organics, etc.



Priming/foaming 
can lead to:55
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• Contaminated Steam/Condensate

• Extremely high boiler TDS levels

• Uncovered tubes

• In extreme cases tube 
failure/explosions



Carry over treatment 
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1- Adjust water chemistry controlling 

TDS

Alkalinity 

Silica below 0.02 mg SiO2/l for preventing the silica deposition on turbine blades.

Eliminate organic contaminations

2- Antifoam dosing 

3- operate boiler at standard operation conditions (water level -..etc.) 



Boiler Blowdown
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• When water is boiled and steam is 
generated, any dissolved solids contained 
in the water remain in the boiler. if more 
solids are put in with the feed water, they 
will concentrate, these solids encourage 
foaming and cause carryover of water into 
the steam. the deposits also lead to scale 
formation inside the boiler, resulting in 
localized overheating and finally causing 
boiler tube failure so to control the level 
of concentration of the solids a certain 
volume of water is blown off and is 
automatically or manually replaced by 
feed water – thus maintaining the 
optimum level of total dissolved solids 
(TDS) in the boiler water

Boiler Type Maximum TDS 
(ppm)*

Low pressure Water 
tube boiler

2000–3000 ppm 

High Pressure Water 
tube boiler with 
superheater

3,000–3,500 ppm



Conductivity as Indicator of Boiler 
Water Quality
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• conductivity measurement is used for monitoring the overall TDS present in the 
boiler. A rise in conductivity indicates a rise in the “contamination” of the boiler 
water.

• TDS= Conductivity ms\cm *.6= ppm

• ms:millisiemens



Blowdown calculations
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• The quantity of blowdown required to control boiler water solids concentration 
is calculated by using the following formula:

𝑩𝒍𝒐𝒘 𝒅𝒐𝒘𝒏 (%) =
𝑭𝒆𝒆𝒅 𝒘𝒂𝒕𝒆𝒓 𝑻𝑫𝑺 ×%𝑴𝒂𝒌𝒆 𝒖𝒑 𝒘𝒂𝒕𝒆𝒓

𝑴𝒂𝒙𝒊𝒎𝒖𝒎 𝑷𝒆𝒓𝒎𝒊𝒔𝒔𝒊𝒃𝒍𝒆 𝑻𝑫𝑺 𝒊𝒏 𝑩𝒐𝒊𝒍𝒆𝒓 𝒘𝒂𝒕𝒆𝒓

• If maximum permissible limit of TDS as in a package boiler is 3000 ppm, 
percentage make up water is 10% and TDS in feed water is 300 ppm, then the 
percentage blow down is given as: =( 300 x 10)/ 3000 = 1% 



Benefits of Blowdown 
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• Good boiler blow down control can reduce treatment and operational costs that include:

– Lower pretreatment costs

– Less make-up water consumption

– Reduced maintenance downtime 

– Increased boiler life 

– Lower consumption of treatment chemicals
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Parameters 
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Boiler Feed Water Limits 
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Analysis 
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TDS

pH

Alkalinity

Hardness

chloride Sulfite

phosphate or organophosphate



Measurements

1. PH

Scale (0-14)

2. TDS (total dissolved solids ) 

Unit :” ppm ” (part per million)  

3. Conductivity :concentration of ions in the water

Unit : “us/cm” or “ms/cm”( Milli or Micro siemens per centimeter )

4. Turbidity : is caused by particles suspended or dissolved in water that scatter light 
making the water appear cloudy

Unit : nephelometric turbidity units (NTU) and Formazin Nephelometric Unit (FNU)
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PH measurement device TDS measurement device 

Horizon Chemical For Special Chemicals 69



Conductivity measurement device Turbidity measurement device 
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Testes 
Determine the total hardness
• Hardness in water is due to the presence of dissolved salts of calcium and magnesium. 

• Hardness of water is determined by titrating with a standard solution of ethylene diamine tetra acetic acid 
(EDTA) which is a complexing agent

• Two type of hardness is present in water first is temporary hardness and second is permanent hardness. 
Temporary hardness is due to the presence of bicarbonates of calcium and magnesium ions. It can be easily 
removed by boiling. Permanent hardness is due to the presence of chlorides and sulphates of calcium and 
magnesium ions. This type of hardness cannot be removed by boiling.

Reagent

1. EDTA  0.02N

2. Erio–T indicator

3. Ammonia buffer
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Procedure:

1. The burette is filled with standard EDTA solution to the zero level.

2. Take 50ml sample water in flask. 

3. Add 1ml Ammonia buffer.

4. Add 5 to 6 drop of Erio– T indicator. The solution turns into wine red colour.

5. Note the initial reading.

6. Titrate the content against EDTA solution. At the end point colour change from wine red to blue colour. 

7. Note the final reading and record it. Repeat the process till we get concordant value.

8. Take 50ml sample in another flask and boiled it. (Add distilled water to get  final volume of water.
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Calculation 

• Total hardness of water mg/L (𝐶𝑎𝐶𝑂3 Scale) = ml of EDTA used (unboiled) *103 /ml of sample

• Permanent hardness of water mg/L (𝐶𝑎𝐶𝑂3 Scale) = ml of EDTA used (boiled) *103 /ml of sample 

• Temporary hardness of water mg/L (𝐶𝑎𝐶𝑂3 Scale) = Total hardness of water - Permanent hardness of water

• Total hardness as 𝐶𝑎𝐶𝑂3 In ppm=
V1∗𝑁∗50∗1000

𝑉
=ppm 

When :

• V1=volume of end point  ,    N=normality of EDTA=molarity *valence =.02*4 

• V=volume of sample,  

• 50 is  equivalent weight of 𝐶𝑎𝐶𝑂3 =
molecular 𝑤𝑒𝑖𝑔ℎ𝑡

𝑡𝑜𝑡𝑎𝑙 𝑛𝑜 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑣𝑒 𝑐ℎ𝑎𝑟𝑔𝑒 𝑜𝑛 𝑐𝑎𝑡𝑖𝑜𝑛 𝑐𝑎++
=

40+12+(16∗3)

2

Horizon Chemical For Special Chemicals 73



Determine the Alkalinity 

• The alkalinity of the water is a measure of its capacity to neutralize acids.

Reagents: 

𝐻2𝑆𝑂4 solution 0.01 N

Phenolpthalein indicator

Methyl Orang indicator OR Bromocrosol green 
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Procedure:

1. Fill the burette to 𝐻2𝑆𝑂4 0.01 N solution.

2. Take a 50 ml water sample in flask. Add few drop of 
Phenolphthalein indicator.

3. Titrate against 𝐻2𝑆𝑂4 till the pink colour 
disappear.

4. Note the end point reading and get volume of used 

𝐻2𝑆𝑂4 in ml 

5. Add 1-3 drop of Bromocrosol green  in same 
sample flask.

6. Titrate it, till the appearance of green colour.

7. Note down the final reading and find the volume of 
used 𝐻2𝑆𝑂4 .
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Calculation
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Note:

Sulphate Sulphite Sulphide

1. The chemical or molecular formula  

for sulphate is 𝑺𝑶𝟒
𝟐−.

2. The molecular or chemical formula 

of sulphite is 𝑺𝑶𝟑
𝟐− 3. The chemical or molecular formula 

of 𝐬𝒖𝒍𝒑𝒉𝒊𝒅𝒆 𝒊𝒔 𝑺𝟐−.
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Sulfite Test Kit 
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Phosphate Test Kit 
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Thank you
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