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BoilerBoiler’’s Water s Water 

Water Usage in IndustryWater Usage in Industry
OverviewOverview



10 to 15% is used in Boilers10 to 15% is used in Boilers

up to 15% is used in Processes, up to 15% is used in Processes, 

Services, and other purposesServices, and other purposes

Water Usage in IndustryWater Usage in Industry

60 to 70 % of industrial water is 60 to 70 % of industrial water is 

used for cooling purposesused for cooling purposes





Water Properties FundamentalsWater Properties Fundamentals
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Water MoleculeWater Molecule Molecular Weight: 18Molecular Weight: 18
Specific Heat: 4.18 kJ/kgSpecific Heat: 4.18 kJ/kg°°C C 
Latent Heat: 2260 kJ/kgLatent Heat: 2260 kJ/kg

Strong Polar SolventStrong Polar Solvent

Involved almost in any Involved almost in any 
ReactionReaction



Water Properties FundamentalsWater Properties Fundamentals

CONCENTRATIONCONCENTRATION can be expressed in several useful ways:can be expressed in several useful ways:

Percentage Percentage –– grams of solute in 100 g of grams of solute in 100 g of 
SolutionSolution
ppm ppm ““parts per millionparts per million”” –– mg of solute in mg of solute in 
1L of Solution 1L of Solution (1L=1000g for common applications)(1L=1000g for common applications)

Molarity Molarity –– moles of solute in 1 Litre of moles of solute in 1 Litre of 
SolutionSolution



Water Properties FundamentalsWater Properties Fundamentals

CHEMICAL EQUILIBRIUMCHEMICAL EQUILIBRIUM –– condition at which, condition at which, 
many reactions taking place in Water, lead:many reactions taking place in Water, lead:

HH22COCO33 ↔↔ HH++ + HCO+ HCO33
--

•• Equilibrium Constant Equilibrium Constant ““KK”” defined by:defined by:

K = [HK = [H++]*[HCO]*[HCO33
--]/[H]/[H22COCO33]]

Shows how a reaction proceeds, the higher Shows how a reaction proceeds, the higher 
““KK””, the higher the products of reaction, the higher the products of reaction



Water Properties FundamentalsWater Properties Fundamentals

pHpH, , WATER ION PRODUCTWATER ION PRODUCT

pHpH is defined as the negative log (base 10) of  is defined as the negative log (base 10) of  
HH++ ion concentration:ion concentration:

pH = pH = --log[Hlog[H++]]
Water Ion ProductWater Ion Product HH220 = H0 = H++ + OH+ OH--

its equilibrium constants isits equilibrium constants is KKWW = 10= 10--1414

at neutral conditions [at neutral conditions [HH++] = [OH] = [OH--] ] so pH = 7so pH = 7



Water Properties FundamentalsWater Properties Fundamentals

ACIDSACIDS and and BASESBASES

ACIDACID is a substance that releases His a substance that releases H++

ions in waterions in water

BASEBASE is a substance that releases OHis a substance that releases OH--

ions in waterions in water

HCl HCl →→ HH++ + Cl+ Cl-- pH < 7pH < 7

NaOH NaOH →→ NaNa++ + OH+ OH-- pH > 7pH > 7



Water Properties FundamentalsWater Properties Fundamentals

IONSIONS –– charged particlescharged particles: : 
Cations are positive, Anions are negativeCations are positive, Anions are negative

Common Common 
Ions in waterIons in water

CaCa2+2+, Mg, Mg2+2+ responsible for responsible for 
Water HardnessWater Hardness

NaNa++, K, K++, Fe, Fe2+2+, Fe, Fe3+3+, Cl, Cl--, NO, NO33
--, , 

SOSO33
22-- and othersand others

HCOHCO33
--, CO, CO33

22--, OH, OH-- responsible responsible 
for Water Alkalinityfor Water Alkalinity



Water Properties FundamentalsWater Properties Fundamentals
ALKALINITYALKALINITY –– is the capacity of a water to is the capacity of a water to 
accept Hydrogen ions; accept Hydrogen ions; 
is a measure of its acid neutralizing capacityis a measure of its acid neutralizing capacity
(ANC).(ANC).

Alkalinity is often described as the Buffering Alkalinity is often described as the Buffering 
capacitycapacity
Ions Contributing to Alkalinity: Ions Contributing to Alkalinity: 

OHOH--, CO, CO33
22--, HCO, HCO33

--, CO, CO22



Water Properties FundamentalsWater Properties Fundamentals

HARDNESSHARDNESS -- is the sum of the metallic cations is the sum of the metallic cations 
CaCa2+2+ and Mgand Mg2+2+; ; 

These cations, react and form precipitates with These cations, react and form precipitates with 
other ions in water, to form scaleother ions in water, to form scale in boilers in boilers 
(mainly as CaCO(mainly as CaCO33 and MgCOand MgCO33))

Hardness is expressed in mg/L CaCOHardness is expressed in mg/L CaCO33



Water Properties FundamentalsWater Properties Fundamentals

CONDUCTIVITYCONDUCTIVITY –– measures the ability of an measures the ability of an 
aqueous solution to carry an electric current; aqueous solution to carry an electric current; 
the higher the number of ions, the higher the the higher the number of ions, the higher the 
conductivity.conductivity.
Conductivity is expressed in Conductivity is expressed in µµS/cmS/cm



Water Properties FundamentalsWater Properties Fundamentals
SOLIDSSOLIDS –– one of the most significant parametersone of the most significant parameters

SOLIDS are SOLIDS are 
Classified Classified 
asas:

Suspended Suspended ““SSSS””: the : the particles particles 
retained by a membrane of pore retained by a membrane of pore 
size 0.44 size 0.44 µµmm

Total Total ““TSTS””: : all the residue all the residue 
remaining after evaporation @ remaining after evaporation @ 
105105°°CC

Total Dissolved Total Dissolved ““TDSTDS””: TS : TS -- SSSS

Expressed in mg/LExpressed in mg/L



Water Properties FundamentalsWater Properties Fundamentals

SOLIDSSOLIDS –– further characteristicsfurther characteristics

SOLIDS are SOLIDS are 
Classified asClassified as:

SuspendedSuspended
Dissolved may also includeDissolved may also include
COLLOIDALCOLLOIDAL: of clay origin and : of clay origin and 
of size from 10of size from 10--33 to 1 to 1 µµm.m.

Colloidal do not dissolveColloidal do not dissolve, , 
remain as a solid phase in remain as a solid phase in 
suspensionsuspension



Water Properties FundamentalsWater Properties Fundamentals
COLOURCOLOUR –– caused by dissolved minerals, dyes or caused by dissolved minerals, dyes or 
humic acids from plantshumic acids from plants

TURBIDITYTURBIDITY –– is a measure of cloudiness, caused by is a measure of cloudiness, caused by 
suspended matter which scatters and absorbs lightsuspended matter which scatters and absorbs light

ODOUR and TASTEODOUR and TASTE –– caused by organic and some caused by organic and some 
inorganic compounds, including algae and other inorganic compounds, including algae and other 
organismsorganisms

These parameters apply mostly to Drinking WaterThese parameters apply mostly to Drinking Water



End of Part 1End of Part 1



BOILERS AGENDABOILERS AGENDA

General InformationGeneral Information
Pretreatments Pretreatments 
Oxygen RemovalOxygen Removal
Internal TreatmentsInternal Treatments
Condensate CircuitCondensate Circuit



BOILERSBOILERS –– General InformationGeneral Information

Steam UsageSteam Usage

Heating mediumHeating medium

Production of ElectricityProduction of Electricity

ProcessingProcessing



ENERGYENERGY
PRODUCTIONPRODUCTION

CONDENSATE CONDENSATE 
CIRCUITCIRCUIT

SERVICESSERVICES

DEAERATIONDEAERATION

STEAMSTEAM
GENERATORGENERATOR

RAW RAW 
WATERWATER

PRETREATMENTSPRETREATMENTS

BOILERSBOILERS –– Water Flow DiagramWater Flow Diagram
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BOILERSBOILERS –– Water PretreatmentsWater Pretreatments

IONION
EXCHANGEEXCHANGE

Sodium based Sodium based SofteningSoftening
(Eliminates Ca e Mg) (Eliminates Ca e Mg) 

DemineralizationDemineralization
(Eliminates all salts)(Eliminates all salts)

Pretreatment of  Raw Water is necessary to Pretreatment of  Raw Water is necessary to 
eliminate Dissolved Solidseliminate Dissolved Solids



BOILERSBOILERS –– Water Pretreatments 1Water Pretreatments 1

Strong Acid Cation (SAC) exchange all CationsStrong Acid Cation (SAC) exchange all Cations
Weak Acid Cation (WAC) Weak Acid Cation (WAC) ““ ions due to Hardnessions due to Hardness
Strong Basic Anion (SBA) Strong Basic Anion (SBA) ““ all Anionsall Anions
Weak Basic Anion (WBA) Weak Basic Anion (WBA) ““ weak Anionsweak Anions

ION EXCHANGEION EXCHANGE -- is BASED on some RESINSis BASED on some RESINS’’
ABILITY TO HOLD CATIONS AND ANIONS and ABILITY TO HOLD CATIONS AND ANIONS and 
EXCHANGE them WITH HEXCHANGE them WITH H+ + and  OHand  OH-- IONSIONS
RESPECTIVELY.RESPECTIVELY.



BOILERSBOILERS –– Water PretreatmentsWater Pretreatments

ION EXCHANGE RESINSION EXCHANGE RESINS

Gellular Cationic ResinsGellular Cationic Resins Macroporous Anionic Macroporous Anionic 
ResinsResins



BOILERSBOILERS –– Water PretreatmentsWater Pretreatments

ION EXCHANGE RESINS ReactionsION EXCHANGE RESINS Reactions

ANIONANION exchange reactionexchange reaction

Dissociation of HDissociation of HzzX:X:
HzX Weak        R-OH Strong 

[[--N(CHN(CH33) ) 33]]++OHOH--

HzX Strong         R-OH Weak 

((--NHNH22OH)OH)

HHZZX + RX + R--OH      (ROH      (R--))zzX + X + ZHZH22OO

CATIONCATION exchange reactionexchange reaction

Formation of HFormation of HzzX:X:
HzX Weak         R-H Weak 

((--COOH)COOH)
HzX Strong        R-H Strong 

((--SOSO33H)H)

MeMez+z+XXzz-- + R+ R--H        (RH        (R--))zzMe + HMe + HzzXX



BOILERSBOILERS –– Water PretreatmentsWater Pretreatments

Ion Exchange and COIon Exchange and CO22 Removal Removal 

MBMBWCWC SCSC WAWA SASADD

Raw WaterRaw Water

COCO22 + H+ H22O      HO      H22COCO3         3         HH++ + HCO+ HCO33
-- 2H2H++ + CO3+ CO3----

COCO22 removal moves equilibrium to the left, alcalinity is removal moves equilibrium to the left, alcalinity is 
consumedconsumed



Raw WaterRaw Water

Ca Mg   Fe  Na   Malk   pH    SO4 Cl   NO3 SiO2

150       100    7     3     220        7      20     10    10      5
37            3     220     4 - 5    20     10    10      5

220     2 - 3    20     10    10      5
25-35     2 - 3    20     10    10      5
25-35     4 - 5                               5

6,5 - 7,5

MBMBWCWC SCSC WAWA SASADD
1

2 3
4

5 6

11
22
33
44
55
66



End of Part 2End of Part 2



BOILERSBOILERS –– Water PretreatmentsWater Pretreatments

DEAERATIONDEAERATION –– is necessary is necessary to prevent to prevent 
corrosion problems due to Oxygencorrosion problems due to Oxygen in in 
FeedwaterFeedwater

Methods for Oxygen Removal are mainly:Methods for Oxygen Removal are mainly:

PhysicalPhysical –– deaerating devicedeaerating device

ChemicalChemical –– oxygen scavengingoxygen scavenging



BOILERSBOILERS –– Water PretreatmentsWater Pretreatments

Physical DeaerationPhysical Deaeration –– based on the based on the 
following principles:following principles:

SolubilitySolubility of a gas in a liquid medium is of a gas in a liquid medium is 
directly proportional to its partial pressure at directly proportional to its partial pressure at 
the liquid surfacethe liquid surface (Henry(Henry’’s Law)s Law)

Efficiency of removalEfficiency of removal increases with mixingincreases with mixing

SolubilitySolubility of a gas in a liquid medium of a gas in a liquid medium 
decreases as the temperature increasesdecreases as the temperature increases



BOILERSBOILERS –– Water PretreatmentsWater Pretreatments
Physical DeaerationPhysical Deaeration –– Steam StrippingSteam Stripping

TemperatureTemperature
Degree of water Degree of water 
drops atomisationdrops atomisation
Adequate ventingAdequate venting

OO22 < 7 ppb < 7 ppb 
→→
Chemical Removal is Chemical Removal is 
necessarynecessary

MakeUpMakeUp
WaterWater

CONDENSATECONDENSATE
RETURNRETURN

STEAMSTEAM

DEAERATORDEAERATOR

VentVent



BOILERSBOILERS –– Oxygen Scavengers ProductsOxygen Scavengers Products
InorganicsInorganics

Sodium Sulfite/BisulfiteSodium Sulfite/Bisulfite

CarbohydrazideCarbohydrazide

HydrazineHydrazine

OrganicsOrganics

HydroquinoneHydroquinone

Ascorbic and Eryithorbic acidAscorbic and Eryithorbic acid

• Max Pressure 42 Bar

• Residue Easy to Analyse

• Increases Solids Content

• Promotes Magnetite Layer

• Residue Easy to Analyse

• Does not add Solids

• Suitable for Attemperating  
Water



BOILERSBOILERS –– LayoutLayout

= Feeding Points

= Sampling Points

1
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HEAT

PROCESS

Raw Water



End of Part 3End of Part 3
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BOILERSBOILERS –– Steam Generation SystemsSteam Generation Systems

BLOWBLOW

DOWNDOWN

SteamSteam

Feed WaterFeed Water



BOILERSBOILERS –– Steam Generation SystemsSteam Generation Systems

BOILERBOILER

VV

BDBD

FWFWMUMU

CC

Global Mass BalanceGlobal Mass Balance
FW = V + BDFW = V + BD
FW = C + MUFW = C + MU
Single Species Mass BalanceSingle Species Mass Balance
XXFWFW x    FW = Xx    FW = XBDBD x  BDx  BD
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BOILERSBOILERS –– Steam Generation Systems Steam Generation Systems 

FiretubeFiretube WatertubeWatertube

Water flows outside the tubesWater flows outside the tubes

Low capacity (20 ton/h)Low capacity (20 ton/h)

Low heat exchange efficiencyLow heat exchange efficiency

Low installation costsLow installation costs

Water flows inside the tubesWater flows inside the tubes

High capacity (100 ton/h)High capacity (100 ton/h)

High heat exchange efficiencyHigh heat exchange efficiency

High installation costsHigh installation costs



BOILERSBOILERS –– Steam Generation Systems Steam Generation Systems 

Corrosion phenomenaCorrosion phenomena

Enhanced by Working ConditionsEnhanced by Working Conditions
(Temp, Press,Thermal flux)(Temp, Press,Thermal flux)

Deposition phenomenaDeposition phenomena



Maintenance CostsMaintenance Costs

Equipments spoilingEquipments spoiling

Keeping Targeted ProductionKeeping Targeted Production

Unscheduled shutdownUnscheduled shutdown

CORROSION in BOILERSCORROSION in BOILERS



Oxygen AttackOxygen Attack

TYPES of CORROSIONTYPES of CORROSION

Acid CorrosionAcid Corrosion

Caustic CorrosionCaustic Corrosion R
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8.5 pH8.5 pH 12.7 pH12.7 pH

pHpH
1   2   3   4   5   6   7   8   9   10  11  12  13  141   2   3   4   5   6   7   8   9   10  11  12  13  14

Safe rangeSafe range



Oxygen AttackOxygen Attack
TYPES of CORROSIONTYPES of CORROSION

Oxygen PittingOxygen Pitting
(self activating mechanism)(self activating mechanism)

Anode Reaction (Anode Reaction (OxidationOxidation):):

Fe Fe →→ FeFe2+2+ + 2e+ 2e--

Cathode Reaction (Cathode Reaction (ReductionReduction):):

OO22 + 2H+ 2H22O + 4eO + 4e-- →→ 4OH4OH--

FeFe2+2+ →→ FeFe3+3+ + e+ e--

Fe Fe precipitatesprecipitates as Fe(OH)as Fe(OH)3 3 and and 

2Fe(OH)2Fe(OH)22 + 1/2O+ 1/2O22 →→ FeFe22OO33••HH22OO + + 
HH22OO



Oxygen AttackOxygen Attack
TYPES of CORROSIONTYPES of CORROSION

Oxygen PittingOxygen Pitting
(self activating mechanism)(self activating mechanism)



Acid Corrosion Acid Corrosion 
TYPES of CORROSIONTYPES of CORROSION

Improper operation or control of Improper operation or control of 
demineralization anionic unit, inlet of acidic demineralization anionic unit, inlet of acidic 
hydrolysishydrolysis’’ saltssalts (e.g.):(e.g.):

MgClMgCl2  2  + 2H+ 2H22O O →→ Mg(OH)Mg(OH)22+2HCl+2HCl

Contaminated cooling waterContaminated cooling water

Feedwater at low pHFeedwater at low pH



Acid Corrosion Acid Corrosion 
TYPES of CORROSIONTYPES of CORROSION

Internal Wall Surface CorrosionInternal Wall Surface Corrosion



Caustic Corrosion Caustic Corrosion 

TYPES of CORROSIONTYPES of CORROSION

Takes place with high caustic Takes place with high caustic 
concentrationconcentration

NaOH + FeNaOH + Fe33OO44 → → 2NaFeO2NaFeO22 + Na+ Na33FeOFeO33 + H+ H22OO

Magnetite protective layer is dissolvedMagnetite protective layer is dissolved



In presence of deposits In presence of deposits 
results in:results in:

PO4
3 -

OH -

m
agnetite

Na+

PO4
3 -

PO4
3 -

PO4
3 -

OH -

OH -

OH -

OH -

Na+

Na+

Na+

Na+

Water 
inlet

Steam 
outlet Porous

deposit

Caustic Corrosion Caustic Corrosion 

Steam nucleation areasSteam nucleation areas

Slits and cracks allowing  Slits and cracks allowing  
steam to  flowsteam to  flow



Caustic Corrosion Caustic Corrosion 

TYPES of CORROSIONTYPES of CORROSION

Caustic Corrosion due to high pHCaustic Corrosion due to high pH



Maintenance CostsMaintenance Costs

Breaking down for local overheatingBreaking down for local overheating

Keeping Targeted ProductionKeeping Targeted Production

Unscheduled shutdownUnscheduled shutdown

DEPOSITION in BOILERSDEPOSITION in BOILERS

Energy CostsEnergy Costs

Lower heat exchange efficiencyLower heat exchange efficiency



DEPOSITION in BOILERSDEPOSITION in BOILERS

Clean Tubes: correct Clean Tubes: correct 
water/steam formationwater/steam formation

Deposits in Tubes: incorrect Deposits in Tubes: incorrect 
water/steam formationwater/steam formation



DEPOSITION in BOILERSDEPOSITION in BOILERS

Deposition leads to clogging of Tubes and PipesDeposition leads to clogging of Tubes and Pipes



Generated byGenerated by

FeedwaterFeedwater’’s salts contents salts content

Chemicals used for pretreatmentChemicals used for pretreatment

Corrosion byproductsCorrosion byproducts

ContaminantsContaminants

DEPOSITION in BOILERSDEPOSITION in BOILERS



DEPOSITION in BOILERSDEPOSITION in BOILERS

Suspended SolidsSuspended Solids WATERWATER Dissolved SolidsDissolved Solids

OversaturationOversaturation

NucleationNucleation
PrecipitationPrecipitation

CrystalsCrystals’’
GrowthGrowth

FoulingFouling / Scaling/ Scaling

SettlingSettling



INTERNAL TREATMENTSINTERNAL TREATMENTS
Coordinated phosphate/pH controlCoordinated phosphate/pH control

Can control corrosionCan control corrosion
Uses Phosphates to control pH and neutralizes NaOH Uses Phosphates to control pH and neutralizes NaOH 
excessexcess
Contains deposition control polymersContains deposition control polymers

Phosphate dispersantPhosphate dispersant
Precipitating treatmentPrecipitating treatment
Polymers keep sludges and metal oxides suspendedPolymers keep sludges and metal oxides suspended
Uses phosphates residues for treatmentUses phosphates residues for treatment’’s controls control

All polymerAll polymer
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CONDENSATE CIRCUITCONDENSATE CIRCUIT
CO2 +    H2O → H2CO3

H2CO3 → H+ +   HCO3
-

Fe  +  2 H+ → Fe2+ +  H2STEAMSTEAM
COCO22

FEED WATERFEED WATER
HCOHCO33

--

COCO33
==

BLOWDOWNBLOWDOWN
OHOH--

At Boiler working conditions:

2HCO3
- → CO3

= + H2O + CO2

CO3
= + H2O → 2OH- + CO2



CONDENSATE CIRCUITCONDENSATE CIRCUIT

OO22 BOOSTS CORROSIONBOOSTS CORROSION

Air InletAir Inlet
Vacuum systemsVacuum systems
Subcooled systemsSubcooled systems
Raw Water InletRaw Water Inlet
Condenser lossesCondenser losses
Poor Oxygen RemovalPoor Oxygen Removal



CONDENSATE CIRCUITCONDENSATE CIRCUIT -- TreatmentsTreatments

Neutralizing AminesNeutralizing Amines
Hydrolisys Reaction: RHydrolisys Reaction: R--NHNH22 + H+ H22O O ↔↔ RR--NHNH33

++ + OH+ OH--

Neutralization Reaction: RNeutralization Reaction: R--NHNH22 + H+ H22COCO33 ↔↔ RR--NHNH33
++ + HCO+ HCO33

--

Filming AminesFilming Amines
Create a Monomolecular layer on metal surfaceCreate a Monomolecular layer on metal surface, , avoiding avoiding 
contact with Water (hydrophilic/hydrophobic parts)contact with Water (hydrophilic/hydrophobic parts)

Oxygen Scavenging / PassivationOxygen Scavenging / Passivation
Reaction with OReaction with O22 in feedwater and condensatein feedwater and condensate
Neutralization of condensate acidityNeutralization of condensate acidity



BOILERSBOILERS –– Layout Condensate CircuitLayout Condensate Circuit

= O2 scav./Pass. Feeding PointCondensate

DeaeratorDeaeratorPretreatmentPretreatment

BoilerBoiler

2
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HeatHeat
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1 = Amine feeding Point

2
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CHIMEC selected programme consists of:CHIMEC selected programme consists of:

♦♦ CH 4263: Carbohydrazide Oxygen ScavengerCH 4263: Carbohydrazide Oxygen Scavenger

♦♦ CH 3665: Coordinated pH / Phosphate corrosion CH 3665: Coordinated pH / Phosphate corrosion 

inhibitor and  dispersantinhibitor and  dispersant

♦♦ CH 1764: Neutralising Amines Blend for CH 1764: Neutralising Amines Blend for 

Condensate CircuitsCondensate Circuits



CHIMEC Products: Health & SafetyCHIMEC Products: Health & Safety

♦♦ All the selected chemicals might be considered All the selected chemicals might be considered 
safe if handled correctly.safe if handled correctly.

♦♦ CHIMEC highly recommends to: CHIMEC highly recommends to: 
♦♦ properly store & handle the chemicals properly store & handle the chemicals 
♦♦ follow the safety practices follow the safety practices 
♦♦ wear always the most suitable personal protective wear always the most suitable personal protective 

equipment, be sure you know the basic chemical equipment, be sure you know the basic chemical 
properties of the Product (its recovery measures etc.)properties of the Product (its recovery measures etc.)

♦♦ Be Safe, Work SafeBe Safe, Work Safe
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