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Environmental Chemical Engineering Lab.1. Chemical Oxidation

Objective of Chemical Oxidation

To detoxify waste by adding an oxidizing agent to chemically transform waste components

For example

• An organic molecule can be converted to carbon dioxide and water

• To an intermediate product that may be less toxic than original 

To be capable of  destroying a wide range of organic molecules

• Chlorinated VOC

• Mercaptans

• Phenols

• Cyanide (inorganics) 



Environmental Chemical Engineering Lab.1. Chemical Oxidation

Advantages of Chemical Oxidation

Incineration

• To produce air pollution

• High cost 

Bioremediation

• Limitation of high toxicity pollutant

• To require long remediation time

• Possibility of generation of byproduct

Physical treatment

• Air stripping

• Carbon Adsorption

• Thermal Methods



Environmental Chemical Engineering Lab.1. Chemical Oxidation

Kinds of Chemical Oxidation

Advanced Oxidation Processes(AOPs)
Fenton reaction
• Classic Fenton reaction

Fenton-like process
• Modified Fenton reaction

Photoassited Fenton reaction
• H2O2/Fe2+ or Fe3+/UV
• H2O2/Fe3+-oxalate/UV
• Mn2+/oxalic acid/Ozone

Photocatalysis
• TiO2/hv/O2

• O3/H2O2

• O3/UV
• H2O2/UV

Potassium permanganate

R. Andreozzi et al./Catalysis Today 53 (1999) 51-59



Environmental Chemical Engineering Lab.1. Chemical Oxidation

Classic Fenton reaction  (AOPs)

Discovered by H.J.H Fenton (1894)

Fenton’s reagent
• Fe2+(ferrous ion)
• H2O2(hydrogen peroxide)

Production of •OH by Fenton reaction

Attractive oxidative system
• Iron is very abundant and non toxic element
• Hydrogen peroxide is easy to handle and environmentally safe

Optimum pH : 2~4

Fe2+ + H2O2 → Fe3+ + .OH + OH- (1)

RH + .OH → .R + H2O (2)

Fe3+ + H2O2 → Fe2+ + .OH2 + H+ (3)

H2O2 + .OH → .OH2 + H2O (4)

Fe3+ + .OH2 → Fe2+ + O2 + H+ (5)



Environmental Chemical Engineering Lab.1. Chemical Oxidation

Modified Fenton reaction  (Fenton-like Process ; AOPs)

To overcome the limitation of Classic Fenton reaction

• Precipitation of iron ion at neutral pH

Iron catalysts chelated with organic ligands(chelating agents)

• To maintain iron stability at neutral pH

• Appropriate process for in-situ application

• Organic ligands (chelating agents)

 Ethylenediaminetetraacetic acid (EDTA)

 Nitrilotriacetic acid (NTA)

 Sodium oxalate



Environmental Chemical Engineering Lab.1. Chemical Oxidation
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Environmental Chemical Engineering Lab.1. Chemical Oxidation

Modified Fenton reaction  (Fenton-like Process ; AOPs)

Pignatello/J. Agric. Food Chem 1992, 40, 322-327



Environmental Chemical Engineering Lab.1. Chemical Oxidation

Modified Fenton reaction  (Fenton-like Process ; AOPs)

Producing reductant such as

• Superoxide radical anion(O2
.-)

• Hydroperoxide anion(HO2
-)

Desorption

Degradation of chlorinated compounds using dechloronation

H2O2  + OH. HO2
. + H2O (1)

HO2 
. H+ + O2

.- (2)

HO2
. + O2

.- HO2
- + O2 (3)



Environmental Chemical Engineering Lab.1. Chemical Oxidation

Fenton-like reaction (AOPs)

Natural surface soil contain 5% of iron minerals

• Such as goethite, magnetite and hematite

• It could be used instead of ferrous and ferric ions.

The advantage of decreasing iron sludge

Reducing the treatment cost

A possible mechanism for mineral-catalyzed Fenton-Like reaction 

S + H2O2 S+ + .OH + -OH (1)

S : mineral surface
S+: oxidized region on the mineral



Environmental Chemical Engineering Lab.1. Chemical Oxidation

Fenton-like reaction (AOPs)

Fig. Breakdown of mixture of diesel and kerosene at 
different species and amount of iron minerals with 

0.5g contaminant/kg soil and 15% H2O2

Table. Generation of soluble iron from magnetite and 
goethite system treated with 15% H2O2 after 5days

Sung-ho Kong/Chemosphere 1998, 37(8) 1473-1482



Environmental Chemical Engineering Lab.1. Chemical Oxidation

Photo-assisted Fenton reaction (AOPs)

Applying ultraviolet (UV) light

Increase reduction of ferric ion to ferrous ion

Fe3+ + H2O + hv            Fe2+ + .OH + H+

Furthermore, producing two hydroxyl radicals initiated by UV

H2O2 + hv            2.OH

Fenton reaction is strongly accelerated by irradiation with UV-VIS light



Environmental Chemical Engineering Lab.1. Chemical Oxidation

Potassium permanganate (KMnO4)

In the in-situ oxidative degradation of chlorinated ethenes with a metal-oxo reagent

Attractive method due to the rapid degradation of chlorinated ethenes

The nonreactive nature of the reagent with carbonate and bicarbonate

Low cost

Disadvantage of this method : Color problem

Y. Eugene Yan and Franklin W. Schwartz/Environ. Sci. Technol. 34 (2000) 2535-2541

I : Cyclic complex
CA : Various carboxylic acids
γ and ή : stoichiometric coefficient



Environmental Chemical Engineering Lab.1. Chemical Oxidation



Environmental Chemical Engineering Lab.2. Soil washing/flushing

Difference of Soil Washing/Flushing

In- situ or ex-situ ?

Soil WashingSoil Flushing



Environmental Chemical Engineering Lab.2. Soil washing/flushing

Introduction of Soil Washing

A treatment technology for removing contaminants from excavated soil

Accomplished by contacting soil with a wash solution, separating the soil

Soil washing Process



Environmental Chemical Engineering Lab.2. Soil washing/flushing

Introduction of Soil Flushing

The extraction of contaminants from in situ soil with water or other suitable aqueous solutions.

Accomplished by passing the extraction fluid through in-place soils 

using an injection and recovery process. 

Soil Flushing Process



Environmental Chemical Engineering Lab.2. Soil washing/flushing

Target contaminants

Refractory compounds

• TPH

• Chlorinated compounds

• MTBE

• Etc..

Heavy metals

• Cd

• Cu

• Pb

• Etc..

Washing solution

Water

Surfactant

Water

Acidic solution

Chelating agent solution



Environmental Chemical Engineering Lab.2. Soil washing/flushing

Project : Ministry of Environment

Objective of project

• Degradation of heavy metal contaminated soil using organic/inorganic mixed solution

• Development of recirculation system for removing heavy metal for effluent

• Development of Soil Washing system



Environmental Chemical Engineering Lab.2. Soil washing/flushing

Project : Ministry of Environment

Soil washing system



Environmental Chemical Engineering Lab.2. Soil washing/flushing

Project : Ministry of Environment

Separator

Separator and conveyer



Environmental Chemical Engineering Lab.2. Soil washing/flushing

Project : Ministry of Environment

Washing reactor

Mixing reactor

1st Washing reactor

2nd Washing reactor



Environmental Chemical Engineering Lab.2. Soil Vapor Extraction (SVE)

Soil vapor extraction (SVE), soil venting or vacuum extraction

In situ remedial technology

Reducing concentrations of volatile constituents in petroleum products

adsorbed to soils in the unsaturated (vadose) zone

In this technology, a vacuum is applied to the soil matrix to create a negative

pressure gradient that causes movement of vapors toward extraction wells.

Volatile constituents (VOC or SVOC) are readily removed from the subsurface

through the extraction wells.



Environmental Chemical Engineering Lab.2. Soil Vapor Extraction (SVE)
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Environmental Chemical Engineering Lab.2. Soil Vapor Extraction (SVE)



Environmental Chemical Engineering Lab.3. Bioventing

Bioventing is an in-situ remediation technology

Indigenous microorganisms to biodegrade organic constituents adsorbed to soils

in the unsaturated zone.

The activity of the indigenous bacteria is enhanced by inducing air (or oxygen)

flow into the unsaturated zone (using extraction or injection wells) and, if necessary,

by adding nutrients.

All aerobically biodegradable constituents can be treated by bioventing.



Environmental Chemical Engineering Lab.3. Bioventing
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Environmental Chemical Engineering Lab.3. Bioventing



Environmental Chemical Engineering Lab.4. Biopile

Biopiles, also known as biocells, bioheaps, biomounds, and compost piles

Used to reduce concentrations of petroleum constituents in excavated soils

through the use of biodegradation.

This technology involves heaping contaminated soils into piles (or “cells”) and

stimulating aerobic microbial activity within the soils through the aeration and/or

addition of minerals, nutrients, and moisture.

The enhanced microbial activity results in degradation of adsorbed petroleum-

product constituents through microbial respiration.

Biopiles are similar to landfarms.



Environmental Chemical Engineering Lab.4. Biopile
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Environmental Chemical Engineering Lab.4. Biopile



Environmental Chemical Engineering Lab.5. Landfarming

Landfarming, also known as land treatment or land application

An above-ground remediation technology for soils

Reducing concentrations of petroleum constituents through biodegradation

This technology usually involves spreading excavated contaminated soils in a

thin layer on the ground surface and stimulating aerobic microbial activity within the

soils through aeration and/or the addition of minerals, nutrients, and moisture.



Environmental Chemical Engineering Lab.5. Landfarming
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Environmental Chemical Engineering Lab.

Thank you !!!
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