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Electro Catalysts Development for
Application in Wastewater Treatment
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1. Introduction

The effective treatment of effluents represents a serious problem, especially for the
chemical industry. Over the last twenty-five years, huge efforts have been made to
limit at the source this type of pollution, by improving processes, recycling
products and controlling the treatment of wastes at the production stage. However,
considering the large amounts of industrial effluents to be treated, for example to
retrieve certain solvents, there are inevitably residues requiring a final
transformation, which is often delicate. Traditional destruction methods, for their
part, pose problems of corrosion and, more seriously, of emissions, if the
treatment conditions are not perfectly controlled.

From the industry point of view, this problem must be examined as a whole since
there are no universal or simple methods in this area. The wide variety of
industrial discharges means that a diversification of techniques must be sought,
adapting the treatment to each situation, as much as possible. In spite of the

efforts made to develop clean processes, the increasingly severe environmental



laws should encourage the research for better-performing treatments, making it
possible to obtain environmentally compatible effluents.26 Actually, the processes
for the treatment of wastewater may be divided into three main categories:
primary, secondary and tertiary. Tertiary treatment, also known as advanced
wastewater treatment, includes acid/base neutralization, precipitation, reduction

and oxidation processes.

Electrochemical technologies for wastewater treatment

Electrochemical technologies have gained importance in the world during the past
two decades. There are different companies supplying facilities for metal
recoveries, the treatment of drinking water as well as process waters resulting
from tannery, electroplating, dairy, textile processing, oil and oil-in-water
emulsion, etc. At present, electrochemical technologies have reached such a state
that they are not only comparable with other technologies in terms of cost, but
sometimes they are more efficient and compact. The development, design and
application of electrochemical technologies in water and wastewater treatment has
been focused on particularly in some technologies such as electrodeposition,

electrocoagulation, electrofloculation and electrooxidation.

Direct and indirect electrochemical oxidation

Electrochemical oxidation mechanism
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Electrochemical oxidation of pollutants can occur directly at anodes through the
generation of physically adsorbed “‘active oxygen’’ (adsorbed hydroxyl radicals) or
chemisorbed “active oxygen’’ (oxygen in the oxide lattice, MOy . 1). This process is
usually called “‘anodic oxidation’”” or ‘‘direct oxidation”” and the course for the
anodic oxidation was described by Comninellis; the complete destruction of the

organic substrate or its selective conversion into oxidation products is



schematically represented in Fig. When a toxic, non-biocompatible pollutant is
treated, the electrochemical conversion transforms the organic substrate into a
variety of metabolites: often, biocompatible organics are generated, and biological
treatment is still required after the electrochemical oxidation. In contrast,
electrochemical degradation yields water and CO;, no further purification being
necessary. Nevertheless, the feasibility of this process depends on three
parameters: (1) the generation of chemically or physically adsorbed hydroxyl
radicals, (2) the nature of the anodic material and (3) the process competition with
the oxygen evolution reaction.

A mechanism for the electrochemical oxidation of organics, based on intermediates
of oxygen evolution reaction in aqueous media, was formerly proposed by Johnson.
The process involves anodic oxygen transfer from H;O to organics via hydroxyl
radicals formed by water electrolysis.

The electrochemical oxidation of some organics in aqueous media may take place
without any loss in electrode activity, except at high potentials, and with
concomitant evolution of oxygen. Furthermore, it has been described that the
nature of the electrode material strongly influences both the selectivity and the
efficiency of the process. To interpret these observations, a comprehensive model
for the anodic oxidation of organics in acidic medium, including the competition
with the oxygen evolution reaction, has been proposed. More recent results,
obtained at conductive diamond electrodes (which are characterized by a very high
oxygen overpotential), fit the model predictions quite well. Based on these results,
Comninellis explained the differences considering two limiting cases, i.e. the

so-called “active’” and ‘‘non-active’’ anodes.

Recent advances in wastewater treatment include electrochemical systems where
reactive chlorine is often the primary oxidant for pollutant abatement. Successful
implementation of the electrochemical water treatment systems depend on the effi
cacy of a chlorine evolving anode operating in dilute aqueous solutions. We
developed new heterojunction mixed metal oxides anodes, which allow for
enhanced reactive chlorine generation in dilute aqueous solution in terms of
current (energy) efficiency, for primary usage in advanced wastewater treatment.
The outer surface of the heterojunction anodes is functionalized with BixTil —xOz
layers which provide elevated electro-stationary concentration of adsorbed
hydroxyl radical, while the underlying Ir0.7Ta0.30y layer serves both as Ohmic
contact and electron shuttle. This study demonstrates that the surficial binary
metal oxides layers, prepared through traditional thermal decomposition of aqueous
Ti and Bi complex solutions, not only shift the heterogeneous Kkinetics and
selectivity but also reduce the loss of iridium under long term operation.



2. Experiment

Nickel(II') nitrate hexahydrate, 99% for analysis — 0.1M
I1X3 FTO glass (reaction region, 1X2)

Chronopotentiometry

Cathodic current : -10mA/cms, . -20mA

- Eletro deposition time : 5min

Working electrode

Counter electrode
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- Substrate : Titanium foil

- Working electorode — cathodic current :

: -bmA, -1mA, -50uA (continuously) —

3minute
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NiOx 200= 3min
NiOx 200% Smin Q

NiOx 200% 10min

MNiCx 300= 3min
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. Ni(OH)2 & NiOx on FTO glass worked in LSV, but are combusted.

+ No annealing
Ni{OH)2

<|> vs. Ewe

« bare FTO_CO1.mpr - Ni(OH)2 FTO_CO1.mpr
» NiOx 200% 3min FTO_CO1.mpr - NiQx 200= 10min FTO_CO1.mpr
» NiCx 200= Smin FTO_CO1.mpr - NiOx 300= 3min FTO_CO1.mpr #

10 11

B
i

81 P
| g

41

0
(] 0.2 04 0.6

Ewe/V vs. SCE



-Annealing Temperature Optimizationg 3}7] ¢J8 Titanium foil2 400°C, 500°C,
600°C& annealing A|7]1 & LSVE &lojd or&uct

— Partially oxidation
E—

ihﬂ

400°C

-
sooc

600°C

<|> vs. Ewe
« bare Ti Foil.mpr < TiOx 500% _CO1.mpr » TiOx 6005 _CO1.mpr #

<l=/mA

g% ]
L

15
Ewe/V vs. SCE

. 400°C 7} 7P AA&sSE Z1S 2 4 ololact,

AR

- T2}A Tig electro depositiond T ojv A wo] XM=rt 7H&F £ A HK] Loty 7] ¢s) 7t

=
ste ARE 29 st A9 siEdsyo



-50pA, Thour
-100pA, Thour
-1mA, Thour
-10mA, Thour

FTO
Ti Foil

Ewe vs. time
 =ImA Thour_ CO1l.mpr - =100us Thour_CO1.mpr -+ =10m& 1Thour_CO01.mpr #
=0.5
=1
-1.5

Ewe/V
':*

-2.5

311

=351
0 2,000
time/s

electro depositiong AR Y 30 annealing 25 400°CZ2 Z|A g6t 7] <o, o]
L5 2 annealing2 AlASFYL}



-0]& LSV(Linear Sweep Voltammety) B2 o|&35A] &lojH or&uct

<l= vs. Ewe

= =1mé Ti Foil_CO1.mpr = -50uf Ti Fuil_cﬂl.mp;l * =100uA Ti Foil_CO1.mpr
= =10mA Ti Foil_CO1.mpr - bare Ti Foil_CO1.mpr

100 1
801|

604

=l=/mA

401

201

0.5 1 15
Ewe/V vs. SCE

o

™ KOH, 0~1.5V

- 12]1 electrodeposition time optimization(-100uA, Cathodic current)



30 min

60 min

90 min

<|> vs. Ewe
= LSV ED 60min -100u&_CO01.mpr - LSV ED 90min -100wA_CO01.mpr = LSY ED 30min -100us_CO01.mpr #

250

200 -

150

<|=/mA

100 -

() - p——— = : !
a 0.5 1 1.5
Ewe/V vs. SCE

3. Conclusion
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