REDUCTION, TREATMENT & DISPOSAL OF HAZARDOUS WASTE



SOLUTIONS:



do not produce it

produce only minimum quantity

recycle it

treat it in a way that makes it nonhazardous

dispose it in a safe manner

monitor the disposal





Waste reduction:

 cutting down quantities of wastes from their sources

source reduction

waste separation & concentration

resource recovery

waste recycling

modifications of the manufacture process





RECYCLING



direct recycle as raw material to the generator

transfer as a raw material to another process

utilization for pollution control or waste treatment

recovery of energy



Examples of recycle materials:



ferrous metals

glass

paper

plastic

rubber

waste oil

distillation

vacuum distillation

treatment with solvents

treatment with m sulfuric acid

treatment with clays

vacuum distillation



PHYSICAL METHODS OF WASTE TREATMENT



primary

secondary

polishing





phase separation

filtration

sedimentation (decanting)

centrifugation

dissolved air flotation

emulsion breaking



phase transition

distillation

evaporation

drying

stripping

physical precipitation



phase transfer

solvent extraction

leaching

supercritical fluids extraction

sorption



molecular separation

hyperfiltration

ultrafiltration

permeation

reverse osmosis

elctrodialysis





CHEMICAL TREATMENT



depends on:

chemical properties

reactivity

flammability/combustibility

corrosivity

compatibility with other wastes



1. Acid-base neutralization



H+  + OH- ---> H2O



2. Chemical precipitation



insoluble hydroxides, salts



Cd2+ + HS- ---> CdS + H+



Cr3+ + 3OH- ---> Cr(OH)3



3. oxidation/reduction



4Fe2+ + O2 + 10 H2O ---> 4Fe(OH) 3 + 8 H+



2SO2 + O2 + 2H2O ---> 2H2SO4



4. Electrolysis



C: Cu2+ + 2e ---> Cu



A: H2O ---> 0.5 O2 + 2e + 2H+



5. Hydrolysis













6. Chemical extraction



PbCO3 + H+ ----> Pb2+ + HCO3-



FeS + HY3- ---> FeY2- + HS-



7. Ion exchange



2H+ -  R + Cd2+ ---> Cd-(R) 2 + 2 H+



8. Photolytic reaction



+ hu

chain reactions (intermediate HO¥)





THERMAL TREATMENT METHODS



1. incineration



C + O2 ------->  (900oC) ------> CO2 + heat



4H + O2 ----> 2H2O + heat



self-efficient

with supplemental fuel

hazardous waste fuel





INCINERATION SYSTEMS



1. Waste preparation

filtration

settling

blending



2. combustion chambers







3. Air pollution control system

gas cooling

heat recovery

quenching

particulate matter removal

acid gas removal

treatment of by-product solids





COMBUSTION CONDITIONS:



sufficient free oxygen

turbulence

T > 900oC

sufficient time



Effectiveness of incineration:



destruction removal efficiency (DRE)



� EMBED Equation.2  ���



Win - mass flow rate of POHC

Wout - input and output





WET AIR OXIDATION



2Na+ + 2 CN- + O2 + 4H2O ---> 2Na+ + 2HCO3- + 2NH3



air, T: 175 -327 oC; P: 300-3,000 psi





UV enhanced wet oxidation:



2H2O + {CH2O} + hu ---> CO2 + 3 H2O





BIODEGRADATION OF WASTES



conversion to simple organic molecules



detoxification ===> conversion of toxic species to less toxic



bioremediation ===> destroying of hazardous wastes





biodegradability depends on:

solubility in water

vapor pressure

molar mass

molecular structure

functional groups



biorefractory (recalcitrant) substances ==> resist biodegradation



biodegradability can increase by:

changes in T

pH

stirring

oxygen level

material load



BACTERIAL TREATMENT



aerobic

anaerobic

reductive halogenation



	hydrogenolysis















	vicinal reduction

LAND TREATMENT



mixing of wastes with soils



detoxification

biodegradation

chemical decomposition

physical & chemical fixation



COMPOSTING

biodegradation of solids in a medium other than soil



Parameters to control:

microorganisms

oxygen supply

moisture content

pH

temperature





PREPARATION OF WASTES FOR DISPOSAL



1. IMMOBILIZATION

reduction in surface area of wastes to minimize leaching



2. STABILIZATION

conversion to a physically & chemically more stable material



3. SOLIDIFICATION

chemical reaction of the waste with the solidification agent



a) sorption to the solid matrix

���(carbon, clays, fly ash)





mechanical				physical			chemical

retention				sorption			reaction







b) use of thermoplastics & organic polymers

mixing of wastes with hot thermoplastic liquids & solidification in the cooled thermoplastic matrix



c) vitrification

imbedding wastes in a glass material



d)solidification with cement

use of portland cement



e) encapsulation



4. Chemical fixation

process of binding of a hazardous waste substance in a less mobile, less toxic form by chemical reaction that alters the waste chemically





ULTIMATE DISPOSAL OF WASTES



disposal above ground

landfill

problems with leachate

surface impoundment of liquids

deep-well disposal of liquids



LEACHATE & GAS EMISSIONS



leachate collection systems

leachate treatment

activate sludge

sorption

chemical processes

physical separation



Gas emission



toxic

odorous

combustible

explosive

CaC2 + 2 H2O ---> C2H2 + Ca(OH) 2



SO42- + 2{CH2O} + 2 H+ ---> H2S + 2CO2 + 2 H2O



IN-SITU TREATMENT



immobilization

H2S, Na2S treatment

oxidation

chelation



vapor extraction

pumping air

activated carbon adsorption



solidification

injection of sodium silicate,

calcium chloride === >calcium silicate



detoxification

enzymatic oxidation

		reduction

		hydrolysis

chemical oxidation



permeable bed treatment

limestone bed



thermal processes

steam injection

electrical heating



soil washing & flushing

extraction with water, acids, bases
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