Tertiary Treatment

Chemical Treatment

Introduction

· A number of constituents of water and wastewater do not respond to the conventional or secondary treatment processes, and alternative forms of treatment must be used for their removal.

· Soluble organic matter inorganic matter can often be removed by precipitation or ion-exchange techniques.

· Soluble non-biodegradable organic substances may frequently be removable by adsorption.

Chemical Precipitation

Removal of certain soluble inorganic materials can be achieved by the addition of suitable reagents to convert the soluble impurities into insoluble precipitates which can then be flocculated and removed by sedimentation.

Removal of Hexavalent Chromium

· Chemical precipitation may be used in industrial wastewater treatment, e.g., hexavalent chromium from metal-finishing industry.

· By the addition of ferrous sulphate and lime the chromium is reduced to the trivalent form which can be precipitated as a hydroxide.

Cr6+ + 3 Fe2+ 
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 Fe(OH)3
· For efficient treatment it is essential to add the correct dose of reagents.

· For chromium reduction the theoretical requirement can be calculated from the chemical reaction above , but at this level the reaction proceeds very slowly and in practice it is necessary to add 5-6 atom of ferrous iron for each atom of hexavalent chromium.

· A characteristic of chemical precipitation processes is the production of relatively large volumes of sludge.

Softening of Hard Water

· Hard water, i.e., water containing calcium and magnesium in significant amounts, often require softening to improve their suitability for washing and heating purposes.

· For potable supplies water with up to 75 mg/L hardness (as CaCO3) is usually considered as soft, but some of surface water and many groundwater may have harness level of several hundred mg/L.

· Hardness is normally expressed in terms of calcium carbonate, e.g., X mg/L of ion or radical can be converted to Y mg/L as CaCO3 as follows.

mg/L ion or radical as CaCO3 = X 
[image: image4.wmf]radical

or

ion

wt

equiv

CaCO

wt

equiv

-

-

.

.

.

.

3


· Example: Convert the following ions and radicals into mg/L as CaCO3: Ca++ = 40 mg/L, Mg++ = 24 mg/L,        Na+ = 9.2 mg/L, HCO3- = 183 mg/L, SO4= = 57.5 mg/L, and Cl- =  7 mg/L. Equivalent weight: CaCO3 = 50 mg/L, Ca++ = 20.04 mg/L, Mg++ = 12.16 mg/L, Na+ = 23 mg/L, HCO3- = 61 mg/L, SO4= = 48 mg/L, Cl- = 35.5 mg/L.

Table 1: Composition of a Water in Terms of CaCO3
	Anions
	mg/L CaCO3
	Cations
	mg/L CaCO3

	Ca++
	99.0
	HCO3-
	150.0

	Mg++
	98.5
	SO4=
	58.0

	Na+
	20.0
	Cl-
	9.5

	total
	217.5
	total
	217.5
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· Precipitation softening is based on the conversion of soluble compounds into insoluble ones, which will then precipitated and permit removal by flocculation and sedimentation.

· The method of precipitation softening depends on the hardness present:

1. Lime softening for calcium hardness of the carbonate form.

2. Lime soda softening for all forms of calcium hardness.

3. Excess-lime softening for magnesium carbonate hardness.

4. Excess-lime soda softening for all forms of magnesium hardness.

Lime softening

· The addition of lime equivalent to the amount of bicarbonate present will form insoluble calcium carbonate.

Ca(HCO3)2 + Ca(OH)2 
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 2 CaCO3 + 2 H2O

· The solubility of CaCO3 at normal temperatures is about 20 mg/L and because of the limited contact time available in a normal plant a residual of about 40 mg/L CaCO3 usually results.

· The softened water is thus saturated with CaCO3 and deposition of scale would be likely in the distribution system. This may be prevented by carbonation, which produces soluble Ca(HCO3)2.

CaCO3 + CO2 + H2O 
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 Ca(HCO3)2
· Figure 2 shows the step in lime-softening

Lime-soda softening

· By adding soda ash (Na2CO3) non-carbonate hardness is converted to CaCO3 which will then precipitate.

CaSO4 + Na2CO3 
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 Na2SO4
· As much soda ash is added as there is non-carbonate hardness associated with calcium (see Figure 3).

Excess-lime softening

· The above methods are not effective for the removal of magnesium because magnesium carbonate is soluble.

Mg(HCO3)2 + Ca(OH)2 
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 CaCO3 + MgCO3 + 2 H2O
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At about pH = 11,

MgCO3 + Ca(OH)2 
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 Mg(OH)2 + CaCO3
· The practical solubility of Mg(OH)2 is about 10 mg/L.

· For excess-lime softening it is necessary to add:

Ca(OH)2 
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 HCO3-
+ Ca (OH)2 
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 Mg++
+ 50 mg/L excess Ca(OH)2 to rise pH = 11

· The high pH level produces good disinfections as a by product and thus chlorination may be unnecessary after such softening.

· Carbonation is  necessary to remove the excess lime and reduce the pH after treatment.

Excess-lime soda softening

· This involves the use of lime and soda ash and is a complicated process.

Remarks

· All forms of precipitation softening produce considerable volumes of sludge.

· Lime recovery is possible by calcining CaCO3 sludge and slaking with water.

CaCO3 + heat 
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 CaO + CO2
CaO + H2O 
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 Ca(OH)2
· In this way more lime than is required in the plant is produced and the surplus may be sold, while the sludge-disposal problem having been solved at the same time.

Ion Exchanger

· Certain natural materials, notably zeolites which are complex sodium alumino-silicate, have the property of exchanging one ion in their structure for another ion in solution.

· Synthetic ion-exchange materials have been developed to provide higher capacities than the natural compounds.

· Ion exchange treatment has the advantage that no sludge is produced, but when the ion-exchange capacity has been exhausted the material must be regenerated, which gives rise to a concentrated waste stream of the original contaminant.

· The commonest use of ion-exchange is for water softening or demineralization in the case of high purity of water is essential.

· When used for water softening, natural zeolit will exchange their sodium ions for the calcium and magnesium ions in the water, thus giving complete removal of hardness.
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 EMBED Equation.3  [image: image17.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

+

+

+

Mg

Ca

X + 2 Na+
· The finished water is thus high in sodium, which is not likely to be troublesome unless the water was originally very hard.

· When all sodium ions in the structure have been exchanged, no further removal of hardness occurs. Regeneration can be achieved using salt solution to provide a high concentration of sodium ions to reverse the exchange reaction, and the hardness being released as concentrated chloride stream.
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 Na2X + 
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· A natural sodium cycle zeolit will have an exchange capacity of about 200 gram equivalents/m3 with regenerant requirement of about 5 equivalent/equivalent exchanged.

· Hydrogen cycle cation exchangers produced from natural or synthetic carbonaceous compounds are also available. They exchange all cations for hydrogen so that the product stream is acidic.
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regeneration is by acid treatment,
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  H2Z + 
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· Typical performance characteristics for a hydrogen cycle exchanger are 1000 gram equivalents/m3 exchange capacity and regenerant requirement of about 3 equivalents/equivalent exchanged.

· A strong anion exchanger ROH, where R represents the organic structure will remove all anions:


[image: image27.wmf]ï

ï

ï

þ

ï

ï

ï

ý

ü

ï

ï

ï

î

ï

ï

ï

í

ì

3

2

3

2

4

2

3

CO

H

SiO

H

HCl

SO

H

HNO

 + ROH  
[image: image28.wmf]®

  R
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a strong base is necessary for regeneration,

R
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  ROH + Na
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· Typical anion-exchanger performance would be 800 gram equivalent/m3 exchange capacity and 6 equivalent/ equivalent exchanged regenerant capacity.
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