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Fe2+ + H2O2 → Fe3+ + •OH + HO-

 Constant addition of Fe2+

 Constant addition of H2O2

 Generation of Fe-complexes

 Fe-sludge formation
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Scarce reactor designs suitable for industrial scale
Continuous treatment of high volumes ( Fe release)
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Diez, Sanromán, Pazos (2017) Environ Sci Pollut Res (2017) 24:1137–1151

Graphite
+PTFE

PESTICIDES
Sequential fluidized reactor 

New electrodes Graphite-PTFE

UV LED radiation
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Diez, Sanromán, Pazos (2017) Environ Sci Pollut Res (2017) 24:1137–1151
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Huge amount of 
effluents is generated

Request to design processes that 
permit their remediation in 

continuous mode

H2O2

Fe

HETEROGENEOUS
CATALYST



How to avoid Fe release due to the flow 
system?
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Iglesias, Rosales, Pazos, Sanromán  Environ Sci Pollut Res (2013) 20:2252–2261
Iglesias, Fernández de Dios, Pazos, Sanromán  Environ Sci Pollut Res Int (2013) 20:5983‐93
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• Fast removal in heterogeneous
• Two stage process ads‐degradation
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No adsorption after the process

Initial Final

Iglesias, Fernández de Dios, Pazos, Sanromán  Environ Sci Pollut Res Int (2013) 20:5983‐93
Iglesias, Rosales, Pazos, Sanromán  Environ Sci Pollut Res (2013) 20:2252–2261
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Reactor design equation

Kinetic model: First order
Hydrodynamic model: Stirred flow reactor

Applicability of these catalysts to 
operate in continuous mode
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The principle of Electro‐Remediation relies upon the 
application of a low‐intensity  direct current through the soil 

between a couple of inert electrodes
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Inorganic cations: heavy metals

Inorganic anions: sulphate, 
nitrates…

VALIDATED

Low solubility

Strongly attached to soil

POOR RESULTS ORGANICS

Electrokinetic remediation

IN SITU degradation by Fenton reagent
SOLUTION
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• 0.1 M Na2SO4
• pH 3
• 10 % H2O2

Experimental conditions

Electrodes Graphite bars

Electrochemical Field 30 V

Time 3 days

Fe contaminated clay 3000 ppm

Electrokinetic-Fenton

FLUXING SOLUTION

Popescu, Rosales, …, Pazos, Lazar, Sanromán  Process Saf Environ Protec (2017) 108:99‐107
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• Transportation of the H2O2
through the soil

• In situ degradation of pollutant
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Electro Kinetic cells (EK)

Electrokinetic-Fenton

Popescu, Rosales, …, Pazos, Lazar, Sanromán  Process Saf Environ Protec (2017) 108:99‐107



Cathodic chamber

• 0.1 M Na2SO4
• pH 3
• 10 % H2O2

¿ citric acid ?

Experimental conditions

Electrodes Graphite bars

Electrochemical Field 30 V

Time 27 days

Fe naturally 33594 ppm• Pyrimetanil
• Phenanthrene
• Anthracene
• Fluoranthene
• Benzo[a] anthracene
• Pyrene

Electrokinetic-Fenton

Bocos, Fernández, Pazos, Sanromán  Chemosphere (2015) 125:168‐174

FLUXING SOLUTION



Pollutant 

PY PH AN FL PYRE BZ[A]

D
eg

ra
da

tio
n 

(%
)

0

20

40

60

80

100

Treatment without complexing agent
Treatment with citric acid 

Electrokinetic-Fenton

Bocos, Fernández, Pazos, Sanromán  Chemosphere (2015) 125:168‐174

50%

80%



GI (%)

0 20 40 60 80 100

Polluted Soil

Decontaminated Soil enhanced by pH control at 5
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Decontaminated Soil 

• Phytotoxicity assays with
Lolium perenne

Electrokinetic-Fenton

Bocos, Fernández, Pazos, Sanromán  Chemosphere (2015) 125:168‐174
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The electrokinetic phenomenon can be used to produce in situ 
Fenton reaction
The presence of complexing agents enhances the treatment

Electro-Fenton in soils

The optimization of operational conditions and reactor design are 
necessary
Heterogeneous catalyst useful for the treatment of continuous flow

Electro-Fenton in aquatic environment
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