Lecture 12

CE260/Spring 2000

Physical chemical treatment

· Water softening = removal of certain dissolved minerals - cause scaling on pipes - excessive use of soaps

· Iron and manganese removal

· Membrane processes

· Adsorption

· Disinfection/oxidation

Water softening

· Hardness - scaling, taste, color, impurities for industrial uses

· Generally due to Ca2+, Mg2+ divalent Me2+
· Total hardness = calcium hardness + magnesium hardness

· Major cations

· Ca2+, Mg2+, Na+, and K+
· Major anions

· HCO3-, CO32-, OH-, Cl-, SO42-, and NO3-
· Because Ca2+ is predominant hardness cation hardness is expressed as CaCO3 (GMW = 100, Eq. Wt. = 50)

· Soft water < 60mg/l as CaCO3
· Moderately hard 60 - 120

· Hard 120 -180 

· Very hard >180

· Lime Soda softening 
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· Slaked lime Ca(OH)2 usually used (hydrated lime) CaO (quicklime) , NaOH (caustic soda)

· If HCO3- is insufficient then add Na2CO3 (soda ash)

· Relevant reactions
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· Need pH > 10.5 because pKa ~10.3

· Temperature will effect the rates of rxn and equilibrium Ca2+ and Mg2+ concentrations

· Ca2+ ~ 20 to 30 mg/L can be achieved 

· Mg2+ ~ 10 mg/L can be achieved

· Figure 15.2 represents a split treatment diagram for hardness removal

· The final Mg2+ concentration dictates the fraction of flow bypassed
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Use of Bar Graphs

Constituents
Conc. (mg/L)
Eq. Weight
Eq. Conc. (meq/L)

CO2
9.5
22
0.43

Ca2+
98
20
4.90

Mg2+
27
12.2
2.20

Na+
6.5
23
0.28

HCO3-
281
61
4.6

SO42-
120
48
2.5

Cl-
6.1
35.5
0.18
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· See Figure 15.3 for the bar graphs

Lime recovery by heating sludge

· If primary sedimentation precedes softening then CaCO3 and MgOH2 are the only solids:
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Chemical stabilization of water

· Should not be corrosive 

· Adjust pH, [Ca2+], and alkalinity to be CaCO3 equivalents

· Preserves a film of CaCO3(s) on pipes

· Stable if neither precipitate or dissolution of CaCO3(s) occur

· Equations used to calculate the pH required to precipitate CaCO3(s)
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· If we let pH = pHs (saturation pH of CaCO3)
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· Using p notation
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· S = salinity correction factor

· Need to apply at the current temperature of the water see Table 15.4 

· If pH < pHs could have corrosion

· If pH > pHs could have deposition

· Langelier index (1936)
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