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What is in Water



What is in Water



Suspended Solids
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Boiler Feed Water Specifications

End User Requirements Determines Specifications

Depending on:
• level of impurities present in raw water, 
• FW quality required for the End User and 
• Operating Conditions,
 a suitable water treatment process is selected.

➢Each Specification has reference with dedicated Standard
➢Each Standard can dramatically change the way of how to treat Water!
➢Boiler Feed Water British Standard(EN 12952-12:2003)
➢Hydro processing Wash Water(API-rb-932-b)



General Feed Water Characteristics

Dissolved 
Oxygen



Types of Water used in a power or process 
plant:
• Raw water. Water received at the premises of the users regardless of 

any previous treatment. The sources may be a river, lake, well, mine 
water, and so on.

• Softened water. Water whose hardness has been removed 
substantially.

• Decationized Water: Water whose all Cations Removed

• Degassed Water: Water Without Co2



Types of Water used in a power or process 
plant:
• Raw water. Water received at the premises of the users regardless of any 

previous treatment. The sources may be a river, lake, well, mine water, and so on.

• Softened water. Water whose hardness has been removed substantially.

• Condensate. Condensed steam returned from a power or process plant without
mixing with any other water.

• Demineralized water. Water nearly freed from total ionized dissolved solids by
passing through ion exchange materials.

• Feed water. Water passing through the feed pumps or ejectors containing any 
mixture of the above-mentioned waters to process units(treatment-boiler-…) .

• Boiler water. Water in the boiler vessels with steaming in progress.

• Makeup water. Water added to the system to compensate for losses.



Soft Water



Soft Water

• The water salinity is unchanged, only the hardness has been replaced 
by sodium.

•  A small residual hardness is still there, its value depending on 
regeneration conditions.

• Water for low pressure boilers
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Typical Steam Generation System Layout



Effects of Water on Boilers

Water, although adequately treated, harms the boilers in three ways, 
unless it is conditioned suitably:

1. Scaling
2. Corrosion
3. Carryover

4. Foaming



Scale Formation(Precipitation)



SCALE CRISIS

• scale is caused by impurities being precipitated out of the water 
directly on heat transfer surfaces or by suspended matter in water 
settling out on the metal and becoming hard and adherent.

• Evaporation in a boiler causes impurities to concentrate. This 
interferes with heat transfers and may cause hot spots.

• Leading to local overheating.



SCALE CRISIS

• Scaling is mainly due to the presence of calcium and 
magnesium salts (carbonates or sulphates), which are less 
soluble hot than cold, or to the presence of too high concentration of 
silica in relation to the alkalinity of the water in the boiler.



SCALE CRISIS

• scaling causes progressive lowering of the boiler efficiency by heat 
retardation, acting as an insulator. 

• Eventually, scale built-up will cause the tube to overheat and 
rupture!

• Boiler deposits can also cause corrosive attack underneath 
the Scale!



SCALE CRISIS

• Scaling is mainly due to the presence of calcium and 

magnesium salts (carbonates or sulphates), which are less 
soluble hot than cold, or to the presence of too high concentration of 
silica in relation to the alkalinity of the water in the boiler.



MINERAL SCALE

Commonly encountered cooling water scales:



SCALES FORMATION



Cycles of Concentration

• “Cycles of concentration” is one of the most important concepts in 
boiler and cooling water treatment. It measures the degree to which 
the solid impurities in the makeup water are concentrated in the 
recirculating water of an evaporative system. The higher this ratio, the 
more the impurities in the makeup water are being concentrated in 
the system water. It can be estimated by dividing the conductivity of 
the system water by the conductivity of the makeup, or by dividing 
the chloride of the system water by the chloride of the makeup.



Cycles of Concentration



Cycles of Concentration



CONCENTRATION OF DISSOLVED SOLIDS



Impact of Blowdown to fight Scale













PH,Alkalinity,Scale,Corrosion



CO2 Vs. pH Vs. Alkalinity







Main Processes Related to Water in Boilers

The following three processes must be understood by boiler engineers 
in proper detail,
along with the steam purity requirements of the downstream 
equipment and process:

1. Deaeration
2. Water and steam conditioning
3. Carryover



Boiler Water Conditioning

The purpose of Water conditioning is to:

1. Prevent scale formation 

2. Remove traces of dissolved Oxygen

3. Corrosion Control



Deaeration and Oxygen Scavenging

• Deaeration is the removal of dissolved gases, notably 
oxygen, from water. 

• Dissolved gases cause many corrosion problems. Pitting 
caused by O2 (localized corrosion leading to pits) is 
particularly dangerous because the pits can lead to failure 
of parts under pressure



Deaeration and Oxygen Scavenging

• Deaeration can be achieved by either mechanical separation or 
chemical reaction. The
practice in the industry is to adopt the following two consecutive 
steps:

1. Mechanical separation in hot condition, which is 
very effective, reliable, and cheap
2. Chemical reaction, which is called scavenging, to 
remove the traces.



Deaeration Principles

1. Water droplets are reduced in size so that the trapped gas has to 
travel smaller distance to reach the periphery.

2. Increase water Temperature lead to  Surface tension and viscosity 
are lowered to make it easier for the gas to escape



Deaerator



Carbon Dioxide Vs. Temperature



Oxygen Solubility Vs. Temperature



Oxygen Scavenging

• Removal of last traces of oxygen is done by chemical scavengers such as 
sodium sulfite(Na2SO3) or hydrazine (N2H4).

Sodium Sulfite (Na2SO3)

For boilers operating at pressures <70 bar, catalyzed Na2SO3 is the most 
common O2 scavenger due to its following features:
1. Low cost
2. Ease of handling
3. Nonscaling properties



Oxygen Scavenging

• Hydrazine (N2H4)

For boilers operating at pressures >70 bar, hydrazine is preferred to 
sulfite as:
1. Hydrazine adds no solids to the boiler water.
2. Na2SO3 can decompose at higher pressures to form H2S and SO2 
that can cause corrosion of return condensate system.



Deaerator



Carryover

• Carryover is the entrainment of minute water particles along with steam 
during steam separation, carrying solid, liquid, and gaseous impurities of 
water, thereby reducing the purity of the steam. Carryover arises from 
increasing:

1. Concentration of dissolved and suspended solids in 
drum water

2.  Steam–water disengagement speed/Steam Drum 
Pressure

The solids, thus carried over, then deposit as thin scales In the super heater 
(SH) tubes, leading to failure due to overheating and On the turbine 
blades, leading to a loss of output



Carryover



Carryover



Volatile Carryover

• Volatility is indicated by a substance's vapor pressure. It is a tendency 
of a substance to vaporize

• Volatility is indication of a component to be released without external 
driving force

• Volatility is Related to steam pressure

• Volatility increase with the increase in pressure



Silica Carryover



Thank you
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