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WATER CONTAMINATION
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Water Contaminants 

1- Organics

2- Inorganics

https://www.waterwise.com/think-before-you-drink/



REMOVAL OF ORGANICS
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1- Physical Processes
Filtration, Air Stripping, Adsorption

2- Biological Processes
Activated Sludge Process

3- Chemical Processes
Advanced Oxidation Processes (AOPs)  



ADVANCED OXIDATION PROCESSES

Advanced Oxidation Processes

(AOPs): Chemical processes in

which organic pollutants are abated

by Hydroxyl Radicals (OH•).
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RESEARCH OBJECTIVES
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MATERIALS AND METHODS

❑Materials

❑Methods
• Catalyst Preparation
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• Fenton Like Oxidation 

Fenton-like reactions were performed by means of Omni Reaction Station with

continuous stirring and reflux, on 100 ml of samples investigating several variables:

pH (3-8), temperature (25-90 ºC),

catalyst dose (0.1-2 g/l), H2O2 dose (10-40 ml/l)

time (30-150 min)



MATERIALS AND METHODS

❑ Catalyst characterization

❑ Catalytic activity
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Indirect determination

of organic matter

Mineralization

Degradation



Catalysts: Cu(5%)/ZrO2; Fe(5%)/ZrO2; Cu(5%)-Sr(10%)/ZrO2; Fe(5%)-Sr(10%)/ZrO2
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CATALYSTS CHARACTERIZATION 
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Simultaneous presence of tetragonal  

() and monoclinic () ZrO2.

No evidence for any copper or iron

phase was found suggesting that Fe or

Cu are homogeneously dispersed on the

surface.
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Peaks at 250-350 and 550 ºC could be

correlated to the existence of free

Fe2O3 on the zirconia surface

Peak at 190 ºC: reduction of

crystalline CuO.

Peaks at 110 and 140 ºC: reduction in

two steps of highly dispersed Cu2+ to

Cu0.

CATALYSTS CHARACTERIZATION 



PHASE-I: SELECTION OF ACTIVE CATALYSTS 

• Fenton like oxidation was performed using aqueous solutions of model pollutant

ibuprofen (10 mg/l).

• ZrFe, ZrCu and ZrSrCu showed ~50% IBP mineralization (TOC analysis).

• These catalysts showed ~100% IBP degradation (HPLC-MS analysis).

• However, ZrSrCu produced toxic metabolites (HPLC-MS analysis).
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ZrCu showed stable activities after three recycles while ZrFe showed stable

activates until two recycles while in 3rd recycle the activity is diminished sharply.
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PHASE-I: SELECTION OF ACTIVE CATALYSTS 
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PHASE-I: SELECTION OF ACTIVE CATALYSTS 

ZrCu is a very active catalyst.



PHASE-II:TREATMENT OF LEACHATE 
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❑ Process optimization

Heterogeneous Fenton like process is

optimized using IBP solutions at

following conditions:

• pH- 5.5,

• catalyst dose (0.2 g/l) ,

• H2O2 dose (30 ml/l),

• temperature (70 ºC)

• 150 minutes.

❑ Treatment of landfill leachate

“Landfill leachate is a complex liquid

waste produced when rainwater runs

through the landfill site and is a very

toxic and recalcitrant waste”.

Landfill leachate is treated by applying

optimal conditions of Fenton like

process.

• TOC Reduction: 62%

• COD Reduction: 70%

http://www.oocities.org/green_juris/landfil.html
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Two step oxidation is carried out to

assess the catalyst ability to further

increase the organic abatement.

PHASE-II:TREATMENT OF LEACHATE

The process also removed 63% of

adsorbable organic halogens (AOX).
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PHASE-II: TREATMENT OF LEACHATE

The UV-Vis and H1 NMR analysis indicates that specific organic compounds

especially aromatic compounds have been eliminated after Fenton like

oxidation.

Qualitative monitoring of organic abatement 
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Toxicity Analysis

Bioassays – Direct toxicity measure 

PHASE-II: TREATMENT OF LEACHATE



❑ Monometallic catalysts (5-10%Cu (or Fe)/ZrO2)

• Cu/Zr catalysts afford maximum activty at pH 5 while Fe/Zr catalysts yield better

activities at pH-3.

• The optimal loading of Cu and Fe over zirconia is 7.5%.

• The optimal reaction dose for Cu based catalysts is 200 mg/L while for Fe based

catalyst 400 mg/L.

• The catalytic performance of Fe catalysts is slightly higher than that of Cu

catalysts.

PHASE-III: ENHANCEMENT OF ACTIVITIES



19

PHASE-III: ENHANCEMENT OF ACTIVITIES
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PHASE-III: ENHANCEMENT OF ACTIVITIES

❑ Iron based catalysts form stable complexes with degradation products

❑ Copper based catalysts form temporary complexes with degradation 

products.
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❑ Bimetallic catalysts (2.5Cu5Fe, 2.5Cu2.5Fe, 5Cu2.5Fe and 5Cu5Fe )/ZrO2.

• 2.5Cu5Fe and 5Cu5Fe afford maximum activty at pH-4 while 2.5Cu2.5Fe,

5Cu2.5Fe yield better activities at pH-3.

• Catalytic activities of all catalysts at optimal conditions are almost the same

(~80%).

PHASE-III: ENHANCEMENT OF ACTIVITIES
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PHASE-III: ENHANCEMENT OF ACTIVITIES
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PHASE-III: ENHANCEMENT OF ACTIVITIES

Cu : Fe determines the extent of bimetallic and monometallic activity 

of the catalyst composites 
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PHASE-IV: IRON SLAG CATALYST

We used a waste for the treatment of

liquid waste (circular economy).

Iron slag is the waste material of steel

industry and is mainly composed of Iron

and carbon with trace amounts of other

metals / metal oxides.

• Iron slag is grinded to obtain seven

different particle sizes.

• The Fenton like process is optimized

using ibuprofen solutions at pH-3,

catalyst dose - 1g/l, H2O2 dose – 40

ml/l, particle size – 100 micron and

temperature – 70 ºC.



25

PHASE-IV: IRON SLAG CATALYST
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CONCLUSIONS
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FUTURE PERSPECTIVES

1. Increment of the surface area of the Cu-supported catalysts using high

surface area supports.

2. Preparation of bimetallic catalysts by putting together copper and other

suitable heavy metals which do not form stable complexes with organics.

3. Scaling up the heterogeneous Fenton like process.

4. Employment of other available solid waste materials as heterogenous

catalysts.

5. Application of innovative techniques for the preparation of highly active and

stable catalytic materials for Fenton like process.
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