WATER TREATMENT





purification for domestic use

for specialized industrial applications

treatment of wastewater to make it acceptable for release or reuse





MUNICIPAL WATER TREATMENT



aerator (contact with air. removes: H2S, CO2, CH4, CH3SH, etc., FeII---> FeIII (s))

�

CaO, Ca(OH)2 		Hardness



Coagulants

�

CO2 to pH



Cl2, filtering





INDUSTRIAL TREATMENT



IMPORTANT FACTORS:



water requirement

quantity & quality of sources

sequential use of water

water recycle

discharge standard





EXTERNAL TREATMENT:



aeration

filtration

clarification





INTERNAL TREATMENT



reaction of dissolved O2 with hydrazine or sulfite

addition of chelating agents

addition of precipitants

treatment with dispersants

addition of inhibitors

adjustment of pH

disinfection





SEWAGE TREATMENT



SEWAGE:

oxygen demanding materials, sediments, grease, oil, scum, pathogenic bacteria, viruses, salts, algal nutrients, pesticides, refractory organics, heavy metals





DESCRIPTION OF SEWAGE:

turbidity

suspended solids (ppm)

total dissolved solids (ppm)

acidity

dissolved oxygen





1. PRIMARY WASTE TREATMENT



removal of insoluble matter, grit, grease & scum



screening

grit removal

primary sedimentation



grease:===> oils, waxes, fatty acids, insoluble soaps





2. SECONDARY WASTE TREATMENT

(biological process)

* reduction of BOD/oxidation



trickling filters

rotating biological reactors

activated sludge process



conversion of organic material to biomass



N---> NH4+ or NO3-

P ---> ortophosphate, H2PO4-, HOP42-





























Removal of BOD



��synthesis, incorporation of organic matter into cell mass

�oxidation of organic matter ===> CO2



solid biomass (waste sludge)



1% solid



drying

vacuum filtration

centrifugation









anaerobic bacteria



�* 2{CH2O} ---> CH4 + CO2





			???





SLUDGE DISPOSAL ???



fertilizer





3. TERTIARY WASTE TREATMENT



removal of pathogenic organisms & toxic substances



goal ===> reuse of waste water



�						residual BOD

suspended solids,

�dissolved organic compounds			toxic

�dissolved inorganic materials



					heavy metals



PHYSICAL-CHEMICAL TREATMENT



removal of scum and solid objects

clarification

filtration

activated carbon adsorption

disinfection



advantages:

less expensive

require less land

more effective to toxic substances





disadvantages:

require operator control

consume energy





INDUSTRIAL WASTE WATER TREATMENT



hazard of biotreatment sludges (heavy metals)

sorption of toxic substances by activated carbons



reactions employ in treatment of industrial wastewater:



acid-base neutralization

precipitation

oxidation/reduction





REMOVAL OF SOLIDS



settling

filtration

microstraining(removal of small particles)

coagulation

removal of colloidal solids



alum: aluminum sulfate Al2(SO4)3  18 H2O in water



�Al(H2O)63+ + 3HCO3- ---> AL(OH)3(s) + 3 CO2 + 6 H2O



					gelatinous hydroxide











(H2O)4Al			Al(H2O)4 4+







						polymeric hydroxides





iron sulfate ===> ferric hydroxide

			4< pH < 11



Fe2(SO4)3



FeSO4  7 H2O ===> oxidized to FeIII ===> gelatinous precipitate of 										Fe(OH)3





COAGULATION-FILTRATION



addition of coagulants ==> formation of large particles

filtration

medium: sand, anthracite coal







REMOVAL OF CALCIUM   (Mg)



bicarbonates sulfates ===> water hardness



formation of mineral deposit:



Ca2+ + 2HCO3- ---> CaCO3(s) + CO2(g) + H2O



clogging pipes, reduction of heat efficiency







ÒSoftening waterÓ



lime , Ca(OH)2



soda ash, Na2CO3



Ca2+ ===> CaCO3



Mg2+ ===> Mg(OH)2

Ca2+ + 2HCO3- + Ca(OH)2 ---> 2CaCO3(s) + 2H2O





�addition of Na2CO3   pH



Ca2+ + 2Cl- + 2 Na+ + CO32- ---> CaCO3 + 2Cl- + 2 Na+





precipitation of Mg(OH)2 : pH >7



so Na2CO3 is added



CO32- + H2O ---> HCO3- + OH-



Mg2+ + 2 OH- ---> Mg(OH)2(s)





recycling of lime:



CaCO3  850oC ---> CaO + CO2(g)



CaO + H2O ---> Ca(OH)2





ENCOUNTERED PROBLEMS



1. supersaturation



CaCO3 & Mg(OH)2 remain in solution



2. highly basic pH due to Na2CO3 ( ~11)



solution==> recarbonating, CO2





CaCO3(s) + CO2 + H2O ---> Ca2+ + 2HCO3-



Mg(OH)2 + 2CO2 ---> Mg2+ + 2HCO3



OH- + CO2 --->HCO3-		pH 7.5-8.5

water with [Ca2+ ] close to CaCO3 saturation ==> chemically stabilized



[Ca2+ ] << saturation CaCO3 ===> aggressive water



*****************************************





5Ca2+ + 3 PO43- + OH- ---> Ca5OH(PO4)3(s)





SOIL ===natural medium for water purification



adsorption of nutrients by plants

action of bacteria

biodegradation









							H2O



						Phosphate enzyme

















			water reuse

��



unplanned							planned





CATION EXCHANGERS (R)-H



H-(R) + Na+ + Cl- ---> Na-R + H+ + Cl-



ANION EXCHANGERS,  (R)-OH



OH-(R) + H+ + Cl- ---> Cl-(R) + H2O





zeolites (silicalites)



glauconite: K2(MgFe)2Al6(Si4O10)3(OH)12



resin based cation exchangers:



SO3-H+



CO2H



N+(CH3)3OH-





removal of alkalinity, HCO3-



2R-CO2H + Ca2+ + 2HCO3- --->(R-CO2-)2Ca2+ + 2H2O + 2CO2





CHELATION (sequestration)



Ca2+ + Y4- ---> CaY2-



��Ca2+  & precipitation of CaCO3



agents: polyphosphate salts, EDTA, NTA



IRON & MANGANESE





Fe2+ ~ 10 mg/L, Mn2+ ~ 2 mg/L



oxidation ===> insoluble compounds

pH >>7

chlorine, potassium permanganate





Mn2+ + CO32- ---> MnCO3



Fe2+ + CO32- ---> FeCO3







HEAVY METALS



1. lime treatment:



Cd2+ + Ca(OH)2 ---> Cd(OH)2 + Ca2+



Cd2+ + S2- ---> CdS



2. electrodeposition

	reduction of metal ions

3. ion exchange

4. solvent extraction

5. cementation



Cu2+ + Fe ---> Fe2+ + Cu



6. activated carbon adsorption

7. biological treatment





DISSOLVED ORGANICS



water disinfaction==> disinfaction by-products, chlorinated organics, aldehydes, carboxylic acids, oxaacids (!)

humic substances

etherextractable materials (!!!)

carbohydrates

proteins

detergents

tannins

lignins





Removal - adsorption on activated carbon



organic precursor

��



��carbonization (600oC)





activation



physical

CO2+ C ---> CO

H2O + C ---> H2 + CO



chemical ===> KOH, NaOH, H3PO4





S> 1000-2000 m2/g

Vp ~ 1-2 cc/g





�				activated carbon

���

GAC		powder			pallets		fibers





adsorption on synthetic polymers 

Amerlite XAD-4





DISSOLVED INORGANICS



effluent from secondary waste treatment:



300-400 mg/L



Phosphorus



removal of PO43- ===> reduction in algae



[PO43- ]< 0.05 mg/L



municipal water : 25 mg/L

ortophospahte, polyphosphate, insoluble phosphate



1. activated sludge: 20%

���

pH , dissolved oxygen   	==> 80-90%





5Ca2+ + 3HPO42- + H2O ---> Ca5OH(PO4)3 + 4H+





2. Precipitation





5Ca(OH)2 + 3HPO42-  ---> Ca5OH(PO4)3 + 3H2O + 6OH-



3. Adsorption on alumina===> 99%





NITROGEN



pH> 11.5 (Ca(OH)2) ===> stripping of NH3 from water by air



nitrification (aerobic)



NH4+ + 2O2 ------> NO3- + 2H+ + H2O



NO3- + 5CH3OH + 6H+ ---> 3N2 + 5CO2 + 13H2O

�

denitrification

conversion: 95%





��					SLUDGE



organic sludge						inorganic sludge

from activated sludge



anaerobic digestion ===> stabilized humus

				gravity  thickening (95%)



landspreading

ocean dumping

incineration





ALUM SLUDGE



Al3+ + 3OH- ---> Ag(OH)3



Fe(OH)3



lead, chromium, nickel, zinc





PATHOGENS



indicators, fecal and total coliform

pathogenic bacteria

viruses

parasites





sources



aerobic digestion

air drying

anaerobic digestion

composting

heating

lime stabilization





WATER DISINFECTION



Cl2



Cl2 + H2O ----> H+ + Cl- + HOCl













 HOCl - hypochlorous acid





HOCl === H+ + OCl-				K=2.7 x 10-8





Ca(OCl)2 -calcium hypochlorite



HOCl, OCl- ===> free available chlorine







�NH4+ + HOCl ---> NH2Cl 			+ H2O + H+



NH2Cl + HOCl ----> NHCl2		+H2O



NHCl2 + HOCl ---> NCl3 			+H2O



				combined available chlorine





��when Cl/N is high enough some HClO & OCl- remain unreacted





				break point





�NH3-N 		~ 20 mg/L



pH 			5-8			-----> 	denitrification



Cl/NH3 		8/1





NH4+ + HOCl ----> NH2Cl + H2O + H+



2NH2Cl + HOCl ---> N2 + 3H+ + 3Cl- + H2O





ClO2 - chlorine dioxide



ClO2 + 4H+ + 5e === Cl- + 2H2O



										pH<7

ClO2 + e === ClO2-





pH=7 ==> ClO2





production:



2NaClO2(s) + Cl2 === 2ClO2 + 2 NaCl





OZONE



better disinfectant than Cl2



fast decomposition

CHEM 1611



CHEM:1611
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