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Wastewater Composed of Mixtures of 
Phenol - Formaldehyde

Manufacture of phenolic resins.

Polycondensation
products of phenols and p p

aldehydes (mainly 
formaldehyde)

Schenectady Crios S.A., Rio Claro – SP.
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Cell and EquipmentCell and Equipment

Electrochemical systemElectrochemical system.

1. Working Electrode
2. Counter Electrode
3. N2 Enter
4. N2 Vent
5. Reference Electrode

Titanium plate
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Cell and EquipmentCell and Equipment

Electrochemical systemElectrochemical system.

1. Working Electrode
2. Counter Electrode
3. N2 Enter
4. N2 Vent
5. Reference Electrode

DSA®
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DSA®

Ti/ Ru0,3Ti0,7O2



Cell and EquipmentCell and Equipment

Electrochemical cell used in the oxidation/degradationElectrochemical cell used in the oxidation/degradation

Potentiostat / galvanostat –
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Autolab, model SPGSTAT30



ExperimentalExperimental

Mixture of 
Phenol -

Formaldehyde

[Phenol] = 4 25 x 10-4 mol dm-3

Cyclic
Voltammetry and

[Phenol] = 4,25 x 10-4 mol dm-3

[Formaldehyde] = 6 70 x 10-2 mol dm-3 Voltammetry and
Galvanostatic
Electrolyses

[Formaldehyde] = 6,70 x 10-2 mol dm-3

Total Organic
Carbon (TOC)

High 
Performance 

Liquid 
CromatographyCromatography
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Aromatic
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Aliphatic
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Characterization of DSA®Characterization of DSA®
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Characterization of DSA®Characterization of DSA®

 

Mixture of phenol and formaldehyde.
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Characterization of DSA®Characterization of DSA®

New electrode
EDX

Ru - 25%
Ti  - 75%

Electrode after conditioning
EDX

Ru - 33%
Ti 67%Ti  - 67%

Electrode after electrolyses
(t = 34 h; j (med) = 40 mA cm-2)

EDX
Ru - 24%
Ti  - 76%
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(t  34 h; j (med)  40 mA cm ) 



Effect of Current DensityEffect of Current Density
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Effect of Current DensityEffect of Current Density

j (mA cm-2) E (V) k phenol ( s-1) k formald ( s-1)j (mA cm-2) Ecell (V) k phenol ( s-1) k formald. ( s-1)

10 4,62 1,67x10-4 8,90x10-5

20 7,01 3,13x10-4 8,56x10-5

40 10,85 5,50x10-4 1,84x10-4

50 15 56 6 89x10-4 1 65x10-450 15,56 6,89x10 1,65x10
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Mechanism of Electrochemical Oxidation
of Formaldehyde

ActiveActive

NonNon -- activeactive
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Mechanism of Electrochemical Oxidation
of Phenol
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Effect of pH (40 mA cm-2)Effect of pH (40 mA cm 2)

pH E (V) k phenol (s‐1) k formald ( s‐1)pH Ecell (V) k  phenol (s 1) k  formald.   ( s 1)

3 11,15 4,85x10‐4 9,30x10‐5

5 10,85 5,50x10‐4 1,84x10‐4

7 10,37 2,72x10‐4 8,27x10‐5

9 11,40 3,78x10‐4 2,63x10‐49 11,40 3,78x10 2,63x10

12 12,75 3,26x10‐4 9,30x10‐5
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ConclusionsConclusions

The present study demonstrates that the electrochemical process

can be used to degrade wastewater containing phenol andcan be used to degrade wastewater containing phenol and

formaldehyde .

Best current density: 40 mA cm-2; 
72% TOC Removed

Best pH: 5; 
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Future studiesFuture studies

Increase scale (volume) of treatment 
process.
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