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Water Chemistry
• Source of Water
• A) Surface Waters

– Rain WaterRain Water
– River Water

L k W– Lake Water
– Sea Water

• B)  Underground Waters
S i W t– Spring Water

– Well Water
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MAJOR IMPURITIES OF WATER

Ionic and dissolvedIonic and dissolved
Nonionic and undissolved Gaseous

Cationic                  Anionic

Calcium Bicarbonate Turbidity, silt, mud, dirt and Carbon dioxide             
Magnesium Carbonate other suspended matter Hydrogen sulfideni

tyMagnesium            Carbonate other suspended matter Hydrogen sulfide
Sodium Hydroxide Color* Ammonia
Potassium Sulfate           Organic matter* Methane

A
lk

al
in

Ammonium            Chloride Colloidal silica Oxygen
Iron Nitrate Microorganisms, plankton Chlorine
Manganese             Phosphate Bacteriag p

Silica Oil
Organic Matter*         Corrosion products (condensate)
Color*Color*
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I t t P ti i tImportant Properties in water 
chemistrychemistry

• Natural Water may contain• Natural Water may contain
• 1) Conductivity 2) Turbidity
• 3) Colour 4) pH
• 5) Alkalinity 6) Solids) y )
• 7) Hardness
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Conductivity

• Amasser of water ability to conduct electricity ItAmasser of water ability to conduct electricity. It 
indicates the  amount of  dissolved  minerals  and 
gases in water.gases in water. 

• Conductivity measured in micro mhos/cm or MicroConductivity measured in micro mhos/cm or Micro 
Siemns/cm3
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Solids

• The term solids refers to the matter that remains asThe term solids refers to the matter that remains as 
residue upon evaporation.

• Total solids include both DISSOLVED SOLIDS
and SUSPENDED SOLIDS.
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Colour

• Colour in water may be due to the presence• Colour in water may be due to the presence 
of live particles  in suspension or due to 

t i i l tt i l ticertain mineral matter in solution.
• The true colour can be estimated by visual y

comparison with platinum cobalt standard 
colour solutioncolour solution.

• Colour is measured with an instrument 
know as Tintometer 
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pH

• pH a measure of hydrogen ion activity is• pH a measure of hydrogen ion activity is 
used to express the intensity of acidic or 
alkaline condition of a solution.

• The ph scale runs from 0 to 14 with 0• The ph scale runs from 0 to 14 with 0 
representing maximum acidity and 14 
maximum basicity

• 0 7 14• 0 7 14
– Acidity pH Basicity
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Alkalinity

• Alkalinity of water is due to the presence of• Alkalinity of water is due to the presence of 
carbonate bicarbonate and hydroxide ions 
and it is the most important characteristic of 
a water when determining the scale forminga water when determining the scale forming 
tendency.
– Alkalinity---Phenolphthalein Alkalinity
-Total Alkalinity(Methy1 Orange)-Total Alkalinity(Methy1 Orange)
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Acidity

• Acidity is a measure of the effects of• Acidity is a measure of the effects of 
combination of compounds and conditions 
in water. It is the power of water to 
neutralize hydroxyl ions and is express inneutralize hydroxyl ions and is express in 
terms of calcium carbonate.

• Acidity Free Mineral Acidity
• CO2 Acidityy
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Hardness of Water

• Hardness in Water is that characteristic whichHardness in Water is that characteristic  which 
prevents the ‘lathering of of soap’  thus water which 
does not produce lather with soap solution readily,does not produce lather with soap solution readily, 
but forms a white curd is called hard water.

• Type of HardnessType of Hardness
– Temporary or Carbonate  Hardness
– Permanent Hardness or not carbonate HardnessPermanent Hardness or not carbonate Hardness.
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Temporary Hardness
– Temporary Hardness is caused by the presence of dissolved 

bi b t f l i i d th h t l dbicarbonate of calcium, magnesium and other heavy metals and 
the carbonate of ion. It is mostly destroyed by more boiling of 
water, when bicarbonates are decomposed yielding insoluble 
carbonatescarbonates.

» Ca(HCO3)2 Heat CaCO3  + H2O   + CO2   Calcium 
bicarbonate Calcium Carbonate

Mg(HCO3)2   Heat        MgCo2  + H2O  +  CO2      
Magnesium Bicarbonate Magnesium Carbonate

– The Calcium/Magnesium Carbonates thus formed being almostThe Calcium/Magnesium Carbonates thus formed, being almost 
insoluble, are deposited as a  scale at the bottom of vessel, while 
carbon dioxide escapes out.
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Permanent Hardness

• Non Carbonate Hardness is due to the preronce ofNon Carbonate  Hardness is due to the preronce of 
chlorides, sulfates of calcium, Magnesium, iron and 
other heavy metalsother heavy metals
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Units of Hardness

– Most Common unit of HardnessMost Common unit of Hardness
• Parts per million(ppm)

– 1ppm=1 part of CaCo3 eqt  Hardness in 106 part of waterpp p q p
• Milligrams per liter (mg1litre)

– 1mg=1mg of CaCo3 eqt Hardness in liter
– 1mg liter=1ppm

• Clare's Degree(Cl)
– 1 Clarke= 1graira of CaCo3 eqt Hardness per gallon of water

• Degrees French(Fr)
1 F 1 t f C C 3 t 105 t f t– 1 Fr.=1part of CaCo3 eqt per 105 parts of water
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Scale Formation Process
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Approximate relationship of carbon dioxide,
alkalinity and pH
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Chemical Water Analysis

• Laboratory tests on water determine concentration ofLaboratory tests on water, determine concentration of 
particular ions in solution test results are normally 
expressed as weight of actual exist in milligrams per literexpressed as weight of actual exist in milligrams per liter 
of water, or calcium carbonate equivalent concept.

• Water must be electrically neutral the sum of the cationsWater must be electrically neutral, the sum of the cations 
should equal the sum of the anions.

• Ions concentration as CaCo3=100 X Actual element(Mg/L)Ions concentration as CaCo3 100 X Actual element(Mg/L)
» Equivalent Weight
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Example
C i /l A C C ( / )• Constituent Mg/lt. As CaCo3(Mg/L)

• Calcium 112.8 282
• Magnesium 20.64 86
• Sodium 29 9 65• Sodium 29.9 65
• Total Catons 433
• Bicarbonate 429.44 352
• Carbonate 0 0• Carbonate 0 0
• Hydroxyl 0 0
• Sulfate 51.84 54
• Chloride 17.75 25Chloride 17.75 25
• Nitrate 1.24 1
• Fluoride 0.38 1
• Total Anious 433Total Anious 433
• M Alkalinity 352
• P Alkalinity 0
• CO2 35
• pH 73
• Silica(as Sio2) 31
• Iron(as Fc) 6.9
• Manganese (asMn) 1.4
• Turbidity --
• TDS 488

C l 2
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Carbonate Calcium Equivalent of CommonCarbonate Calcium Equivalent of Common 
Substances

• Formula Molecular   Equivalent    Substance         CaCO3
Weight Weight to CaCO3       to Substance

• Positive ions
Aluminum Al3+ 27.0 9.0 5.56 0.18

• Ammonium NH4+ 18.0 18.0 2.78 0.36
• Barium Ba2+ 137.4 68.7 0.73 1.37
• Calcium Ca2+ 40.1 20.0 2.50 0.40
• Copper Cu2+ 63.6 31.8 1.57                    0.64
• H drogen H+ 1 0 1 0 50 0 0 02• Hydrogen H+ 1.0 1.0 50.0 0.02
• Ferric iron Fe3+ 55.8 18.6 2.96 0.37
• Ferrous iron Fe2+ 55.8 27.9 1.79 0.56
• Magnesium Mg2+ 24 3 12 2 4 10 0 24Magnesium Mg2+ 24.3 12.2                    4.10 0.24
• Mangnese Mn2+ 54.9 27.5 1.82 0.55
• Potassium K+ 39.1 39.1 1.28 0.78
• Sodium Na+ 23.0 23.0 2.18                     0.46
• Strontium Sr2+ 87.6 43.8 1.14 0.88
• Zinc Zn2+ 65.4 32.7 1.53 0.65
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Carbonate Calcium Equivalent of Common 
S b tSubstances

Formula Molecular   Equivalent    Substance         CaCO3q
Weight Weight to CaCO3       to Substance

– Negative ions
Bi b t HCO3 61 0 61 0 0 82 1 22• Bicarbonate HCO3- 61.0 61.0 0.82 1.22

• Carbonate CO3- 60.0 30.0 1.67 0.60
• Chloride Cl- 35.5 35.5 1.41 0.71
• Chromate CrO4- 116.0 58.0 0.86 1.16
• Fluroide F- 19.0 19.0 2.63 0.38
• Iodide I 126 9 126 9 0 39 2 54• Iodide I- 126.9 126.9 0.39 2.54
• Hydroxyl OH- 17.0 17.0 2.94 0.34
• Nitrate NO3 62.0 62.0 0.81 1.24
• Phosphate(tribasec)PO4- 95.0 31.7 1.58 0.63
• Phosphate(dibasec)HPO4 96.0 48.0 1.04 0.96
• Phosphate(monobasic)H2PO4- 97.0 97.0 0.52 1.94p ( )
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Impurities and Methods of Correction

• Nature Corrections

• Turbidity Coagulation – Decantation -Filtration
• Organic matter Coagulation – Decantation – Filtration –Chlorination.
• Micro – Organisms bacteria Chlorination – Ozonization – Filtration on  sterlized 

candies.
• PH Treatment by acid or alkali.
• Hardness Softening by ion exchangers. Internal treatment  in 

boiler.
• Alkalinity Softening with lime. Treatment with acid  

Derbonisation by ion exchangersDerbonisation by ion exchangers.
• Carbonic Acid Aeration – Degassing – Naturalization by alkalies –

Protection or neutralization by amines.
• Oxygen Thermal degassing sodium sulfate or HydrazineOxygen Thermal degassing, sodium sulfate or Hydrazine
• Sulfate, Chlorides Total demineralization.
• Silica Precipitation of magnesium salts by  heating, filtration 

through anthracite Filters. Absorption by ion g p y
exchangers.

• Iron Aeration and filtration and filtration. Coagulation and 
filtration. Softening with lime.

• Manganese Aeration and filtration. Coagulation and filtration.
• Oil Coagulation and filtration. Filtration  on 

disatomicearths or active coal.
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