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Electrochemical Oxidation of PAHs in Water
from Harbor Sediment Purification

REMEDIATION OF CHLORINATED AND .
RECALCITRANT COMPOUNDS Jens Mufft* & Erik G. Segaard
The Seventh International Conference | . . . .
Rl Department of Biotechnology, Chemistry and Environmental Engineering,

Esbjerg Institute of Technology, Aalborg University, Denmark

Introduction Results & Discussion li

PAHs (Polycyclic Aromatic Hydrocarbons)

= One of the main POPs (Persistent Organic Pollutants), main sources are burning Influence of electrolyte

of fossil fuels (oil and coal), wood stove heating, cigarette smoke, production 2 Naphthalene = Na,SO4 / NaNO3 (Direct oxidation)

anduse oftar | | s ool UMM M:anode; R: PAH

Highly toxic, carcinogenic and mutagenic for human beings __ . . .
: C 1. - e T | M+H,O—->M(COH)+H +e > MO+H +e

Low threshold values in drinking water: 0.005 - 0.010 pg L™ 2 Mo T . |

Chemical characteristics: Lipophilic and hence low water solubility, primarily S 010N, MO+R—>M+RO

found in soil and sediment, persistent, recalcitrant, and non-reactive N S L « NaCl (Indirect oxidation)

Problem 2l R: PAHs
Removal of sediment from harbors produce 0 60 90 10 150 180 210 240 2CI" — CI +2¢”
time / min
PAH containing process water, which needs | N .- .
5 PT¢ ’ . e elntive comtentiation durine elecuroets st o constant. Cl,+H,0 - HOCI+CI" +H"
treatment before discharge to the marine curtent density of 200 A e, Due to. very similar R
recipient a ltj}illa;lf(i)(zr of fluoranthene and pyrene, only pyrene is shown in H OC l ﬁ OC l -+ H
HOCI/OCI" +R—> RO/ROH +CIl

Objective L — _, _ | Efficiency considerations
Degradation of PAHs in saline process water by SRR e o

means of electrochemical oxidation.
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<—— Scheme of the direct electrochemical oxidation
. « . ”»
of organic compounds on “active” and o, cloy, Clo’

“nonactive” anodes. Adapted from Comninellis, cr Degradation of naphthalene versus the

- Blectrochim Acta 1994, 39,1857 amount of charge passed through the
MO MO (HOCD . solution, Q (Ath'g. °

k naphthal
Scheme of indirect chlorine-mediated ——> ) ] i [ Ik naphthalene |
electrolysis. From Bonfatti, F; Ferro, S; Lavezzo, ‘ ‘ . . ‘ ‘ — k . kmetlc rate constant N

F; Malacarne, M; bLodi, G; De Battisti, A. ] . 1 Naphthalene omaen - -
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o1/ . As the current density was decreased, current density / mA cm
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Comparison of reaction rates and current efficiencies at

~ Degradati f naphthal . but the current eff1c1ency went up. At different current densities for naphthalene in 0.14 M NaCl
a e r I a s e O S ceracation of NAapAthaiene versus tme. the low current densities, a hlgher y1eld electrolytes. Naphthalene is chosen as an example, but the

: . trend imilar for all three PAHs.
of PAH degradation was obtained per FERCE WETE STTAn ToT o THTEE TR

Th e Ceé 1 I Th e Sse tup P rocess wda te Ir spent ampere (lower cost), but the

necessary reaction time was higher
(larger reservoir dimensions).

. . w/ O
Anode (Ti/Pt_ -Ir, ) S ahnlty 1 / WA)

90 10

_ Ti/Ptgo-lHo

 l Halogenated byproduct formation
Ooe 1
) M 0 de com p oun dS | | | | | Formation of unwanted chlorinated and brominated

St Cooting wass™ | 1, , ; —o— Naphthalene ] byproducts is a risk when applying electrochemical oxidation
in- and outlet —— " : in sea water. However, the low amount of mono- and
Cathode (SS 316) | ,, I Halogenated naphthalenc byproducts | | dihalogenated naphthalene products detected during the

e | Chioroaphalene treatment where all further degraded. Byproducts of

—>— I-Bromo-naphthalene | fluoranthene and pyrene were not found.
—¥— 1,8-Dibromo-naphthalene 1 7
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Non-active anode Batch recirculation experimental setup,

Q=430 Lh*V=3L (model solution) and 10 L Naphthalene Fluoranthene Pyrene
(process water).
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= Possible routes of formation
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HOC!+ Br = CIlI” + HOBr
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0 80 100 120 HOCl+C,H,, » C,H,Cl+ H,0O
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Tes ts On S edi m en t r u n O f f Wa ter (p r o Cess Wa ter ) Removal of naphthalene and halogenated byproducts in HOB”' T C8H10 — C8H9Br T HZO

0.10 M NaCl + 0.001 M KBr (model sea water) at 25 mA ¢m

— | Electrochemical treatment approach:
e Phenantrenc = PAH removal obtained to below discharge limit
B Pyrene | (0.010 pg L)

=== Threshold value (0.010 pg L™ :
reshold value Q010 pe Ll = Energy consumption: 13.2 kWh m?3
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Initial level , ,
Treatment by EO generated chemical oxidant

Final levels (electro-chlorination): .
/\ | = Successful PAH removal obtained CO NC I usions
| = Energyconsumption:18.8 kWh m> Electrochemical purification of sediment run off water:

Runoff wat Direct EO Intermixed EO d ) d d
Ao Water treatment oxidant solution . Ne e e C i ? In e e ! !

(25 v/v%)

Electrochemical treatment of runoff water from disposal and | Fe aSib e ? Ab S Olutely

purification of harbor sediment, which is pumped ashore to
upland sites. The initial concentrations of PAHs are low, but

treatment is still required to maintain the discharge limits. " EXp enSiVe ? PrObably
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Detailed model solution studies Successful removal of PAHs was obtained by the electrochemical oxidation

technique. Cost optimization is possible, which maybe will make the
Reaction kinetics & influence of current density approach economically feasible. Halogenated byproducts are formed, but
e am— does not pose a significant risk due to subsequent degradation in the

—5—100 mA cm™ | treatment Process.
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The evolution of the relative concentrations of (©) naphthalene, () The influence of current density on the evolution in the %
fluoranthene, and (0) pyrene during electrochemical oxidation in relative concentrations during electrolysis in 0.14 M NaCl JenS MUff, Section for Chemical Engineering, Department of Biotechnology, Chemistry and Environmental Engineering, Campus
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kinetic analysis, which showed difference in reaction kinetics. S ]
(E-mail: jm@bio.aau.dk, Phone: 0045 2787 9022)




