CHEMICAL OXIDATION
Chemical oxidation : 


- To end products

- To intermediate products that are :

· More readily biodegradable

· More readily removable by adsorption

Primary degradation: structural change in parent compound

Acceptable degradation: Structural change, toxicity reduction

Ultimate degradation: till CO2
Unacceptable degradation: Structural change. Toxicity increase

Common oxidants: Chlorine, ozone, hydrogen peroxide, potassium permanganate

Chemical oxidation: Dependent on pH and catalyst
CHLORINE OXIDATION

Oxidation of organic compounds with chlorine usually produces chlorinated hydrocarbons.

Chlorination of secondary effluents ( used for 

color removal

Color removal for organic dyes.

Alkaline chlorination process
Used for cyanide oxidation

Avoid formation of toxic HCN !!
NaCN + Cl2 ( CNCl + NaCl

CNCl: Cyanogen chloride. Volatile, toxic, odorous

CNCl + 2 NaOH ( NaCNO + H2O + NaCl

Rxn is slow @ pH < 8.0




pH > 8.5 rxn is completed in 30 min

Cyanate CNO- is 1 / 1000 as toxic as CN- (cyanide)

Cyanate can hydolize under acidic conditions in lakes / rivers  to NH3, CO2
Further oxidation of cyanate is possible with additional Cl2 usage

2 NaCNO + 4 NaOH + 3 Cl2 ( 2 CO2 + 6NaCl + N2 + H2O

Home Work: Problem 10.1

WET AIR OXIDATION

Oxidation process is used for concentrated wastes which are toxic or biologically refractory.

Liquid phase reaction between organic matter and O2 supplied by compressed air.

Oxidant: Primarily O2 from air

Partially oxidize organics, yielding a variety of low-molecular weight organic acids (readily biodegradable)

Temp: 150 – 320oC

Pressure: 150 – 3000 lb / in2 gauge

Rxns take place flamelessly in an enclosed vessel
OXIDATION WITH HYDROGEN PEROXIDE

Commercially available as 30-50% (by weight) solutions
Reactions with H2O2 alone are slow and a catalyst is generally required. In the presence of a catalyst (Fe), hydrogen peroxide generates hydroxyl radicals (OH∙)

Hydroxyl radicals react with organics and reduced compounds.

· Organic content reduction

· Toxicity reduction

· Oxidation of sulfide

· Oxidation of cyanide

CN- + H2O2 ( OCN- + H2O (pH 10- 12)

OCN- + 2H2O ( NH+4 + CO2-3
· Alkaline peroxidation for formaldehyde removal (pH 9.5)

2CH2O + H2O2 + 2OH- ( 2HCOO- + H2 + H2O
H2O2 – Fe2+ system where Fe2+ (Fenton’s reagent) is used as a catalyst

Fe2+ + H2O2 ( Fe3+ + HO∙ + OH-
Fe3+ + H2O2 ( Fe2+ + HO2∙ + H+

TOC indicates amount of ultimate conversion

COD ( degree of oxidation

COD / TOC

Generally hydrogen peroxide alone is not used for ultimate conversion

H2O2 + uv light ( oxidation of organics (acetates, organic acids, explosives)

H2O2 (with uv light) ( 2 OH∙

Applicable to aqueous wastes of lower color, turbidity and concentration.
