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+Dangers:
% Highly toxic,
% highly oxygen demanding,

% Carcinogenic, mutagenic, and can cause a severe health hazard to human
beings. 4
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Biological
methods

Phenolic compounds are generally

+ Main reagent : the electron T Non-biodegradable

+ Complete oxidation (Mineralization): possible

of organi cts: possible

Physical
methods

-
C pollutgnts infhipdegradable proe

treatment processes

Chemical
methods

® cost, secondary waste ...

Electrochemical
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Degradation of organic compounds(R)

First Step: H,0 — OH+H' +e”

0
Second Step: R — Biodegradable compounds + CO,

Anode material
Choice of the anode material: high oxygen overpotential

Competing Reactietstvoltage foﬂdiffeL?"E ?ﬁ%dﬁ @%eﬂeiglsz o

1 A m-2 in sulric acid

OH+ OH% H,0,

Pt ¥ou, d>nv, BDD
+ —
1}202 — 0, H2H" + 2e

Anode
material

Overpotential

0,27 0,50 0,67 1,27
(V)
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Electrochemical
methods

@Low current efficiency for the treatment of dilute solutions

(__/® " Mass transfer limitations mmm) Not economically viable

-

Coupling of electrochemical processes with
a pre-concentration step is needed

How?

electochemical oxigation coupling
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/Commercial activated carbon oyigin: wood
Particles size: 0.4 mm

,‘“ :f}?;;x ‘ Specific area: 980 m?/g
Lol »‘5 PHogc= 8,9
\_ = i

Red wood sawdust

Origin : Coniferous trees
(by-product of furniture industry)
Specific area: 0.4 m?/g
Particles size: 0.5-1.12 mm
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Model compound

OH
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Experimental setups

. Batch adsorption \ K

mn adsorption

ool

bath

ixture (solution+adsorbent)
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SanaiEs

SR

magnetic stirrer
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Conditions:
s*Anode: bordn
s*Cathode: c
s*Electrolyte;

L
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{ Analytical techniques }

ale
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High Performance Liquid mmmmlp-  Phenol and its oxidation
Chromatography (HPLC) intermediates

{ Characterization of adsorbents }
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Automated gas sorption system  mmmml)- BET surface

- Electrochemical behavior of the
activated carbon paste
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Cyclic voltammetry
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General approach

I

Adsorption Desorption Electrolysis

4 Study of the pollut
desorption without
polarization

. . Electro-oxidation of
4+ Kinetics study

pollutants

+ adsorption isotherms + Study of the pollutar+- . 4

desorption under pola

Electrochemical
] regeneration of adsorbent
+Saturation of adsorbents

/
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Desorption studies

Quantify the long term desorption without polarization.

+ Siluktipld abesptipdion

Desorption kinetic of phenol

= 9 ﬁ S\ adsorbed
- J :

Desorption equilibrium

25 36 40
[/ (min)
' i

Stirring Stirring vusage ur desorbed
pollutant

A In the case ofIaWH\!me:gdhﬂf&ﬁﬂ?éd‘!rﬁégbeﬁﬂéd%Pﬁﬂ)e simple desorption volume

Inthe case of activated  The process was repeated 4 times

13
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Electrochemical degradation of phenol
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- Desorption equilibrium

Desorption kinetic of the

3 pollutant
Desorption of the g 0 .
llutant g 30 Electrochemical
pollutan g ‘
g 10 degradation
a
0 . oy ® .
10 20 20 Electrolysis conditions:

Time(min) s*Anode: BDD
s Cathode: cylindrical mesh of platinum
“*Electrolyte: Na,SO, (0,1M) of desired
pH 14
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Adsorption kinetics of phenol onto activated carbon and

sawdust
120 .
Activated carbon 05 Sawdust
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The phenol adsorption follows a pseudo-second order kinetic
for both adsorbents
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0

/ 15




P

l//A l/lA l/ [
Introduction Materials and Experimental Results and Conclusion
Setups methods Discussion

Adsorption isotherms of phenol at 30°C
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Adsorption isotherms of phenol at 30°C

Langmuir constants

Adsorbent A, (Mg/8) K, (L/mg) q,./S
(mg/m?)

Sawdust 8,2 0,003
S=0.4 m?/g

/4?3\
Activated carbon 333,3 0,02 0,3
S= 980 m?/g

q,, of the activated carbon is the highest * Activated carbon has the highest specific
surface

’

’ The sawdust is capable to adsorb a higher phenol weight per surface unit

17
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Phenol desorption

Desorption kinetics of phenol

Activated carbon

Sawdust
40 .
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The phenol retained by the activated carbon comes in two states: strongly
adsorbed (chemisorption)and weakly adsorbed (physisorption)
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Phenol desorption

Multiple desorption

Phenol desorption during multiple desorption steps

[e)]
o
)

S so
%‘ 20 mu)» The % of the desorbed phenol does not exceed
S 30 60%
8
2 % A part of the phenol adsorption is rather
a . . .
chemical and irreversible
O - I
1 2 3 4 5

Desorption step

Re-adsorption of phenol on activated carbon obtained after multiple desorption

Regeneration efficiency : E = 73%
Changes in the properties of activated carbon

f AHELEAVIRElWIMD O DA yHORIINE deserption
dsorption capacity of the fP5SR% ctivated carbon

=) E ohtginpd (

than expected (60%)niti

Fragmentation of the activated carbon particles
by stirring
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Electrochemical degradation of phenol
Oxydation of phenol on BDD anode at i=0.215 A/cm?

40 ~

5380

35
35

X 30

X 30

25

'1ents of degradat%n 0f phenol was carried out in two
ysstlmpfs q§§Q|yQLng theng ﬁﬁi“")ff@éaevmm the presence of the
ac s‘?a” hént ijn°d°e“r'°f‘,g“”é2[§“““ fj:;‘fj;gbtlcé ditions,

O without SaWdas\R/ith sawdust

%888

4

zoquinone](mg/L)

X

“‘%?“%“
><
%ss‘s

° ®
0 - 8. 9% o o6+ ¢ 0 - —Q o e o
0 10000 200 200 300 30000 400 0 20 2040 6 80 60100 80 100
ElecHlebsislyaiset{meér(min)

Electrolysistinodysisitime (min)

*Thatmtadtﬁsﬁmcawmaidhemwisadﬁexeuén itheherpseswecefafdénrbesbybent

g A part of the initially adsorbed phenol was desorbed during electrolysis
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Electrochemical degradation of phenol

Modeling of phenol degradation in the presence of sawdust

30
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Adsorption/electrochemical regeneration cycles

Regeneration efficiency ( Re) *(1) Initial adsorption + (2) Electrochemical degradation + (3) Re-adsorption
Adsorption/Regeneration Cycles * Repetition: (2) Electrochemical degradation + (3) Re-adsorption

X sawdust A Activated carbon

EQAGO
?140 X
2120 N X y Electrolysis conditions: i=0.215 A/cm?
Elgg : electrolysis time=5 hours
o
= 60 A
& 40
c
S 20 -
D
D: 0 T T T T 1
0 1 2 3 4 5

Regeneration/Adsorption cycles

» FHenal)Aastidusé daapbon couple
<  Repeneration efficency> 3906 % after four cycles

Schudush asmgrelaasilyodgahpratadibe etseffifcied bifahe pregtesiiheniMdide activated
régeeration

Efeptrssih nsleitne pohanesizetiont o bthi pltecsal d ish b ohndizing dfsth b ysitiveltedhical
carpooygcties 22
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Electrochemical behavior study of activated carbon by cyclic
voltammetry

Oxidation of phenol solution on a virgin activated carbon paste

CV of phenol in Na,SO, (0.5M)

50|

= ststan

(A L

E (MV/ESM)

<~ The oxidation pic of phenol disappears completely from the second cycle

g Electro-polymerization of phenol on the surface of activated carbon
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Electrochemical behavior study of activated carbon by cyclic
voltammetry

4 N

Hypothesis confirmed: the electropolymerization of the strongly
adsorbed phenol can explain the deterioration in performance of
activated carbon by the obstruction of its pores during the
electrolysis.

\

The Search of other nonconductive adsorbents

A

Sawdust
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+ Adsorption study:

% Both adsorbents (activated carbon and sawdust) follow a
Langmuir adsorption isotherm.

% The maximum adsorption capacity of the activated carbon is 18
times greater than the one obtained with sawdust.

# Desorption study:
% An important part of phenol retained on the activated carbon is

rather irreversible.

% An important part of phenol retained on the sawdust is rather
weakly adsorbed.
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4 Electrochemical regeneration study:

% The regeneration efficiency of the activated carbon is only 59%
after 1 cycle of adsorption and regeneration:

s Low reversibility of the adsorption.

% Electropolymerization of the phenol on the surface of the
activated carbon during anodic electrolysis

% The regeneration efficiency of sawdust is more than 100% at the
end of the fourth adsorption-regeneration cycle:

% Sawdust is easily regenerated because of its surface properties.

% Electrochemical treatment seems to activate sawdust by
changing its physiochemical properties.
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Understanding the mechanism of sawdust activation.

The application of this method on other types of organic
pollutants.

Studying the competition of several organic compounds which
may be present in a real effluent on their abilities to be
adsorbed, desorbed and oxidized.

Development of a reactor (adsorption+regeneration):
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