Design and implementation of a novel electrochemical microreactor

for treating contaminated brines

ORAL
Ph.D. Student: Y

Journal: Chemical
Engineering Journal

L. Sarinho'?, M. I. Nunes?, J. Ribeiro?, C. Marques?, and P. Carvalho*
(1) CICECO - Aveiro Institute of Materials, Department of Chemistry, University of Aveiro, 3810-193, Aveiro,

Portugal.

(2) CESAM - Centre for Environmental and Marine Studies, Department of Environment and Planning,
University of Aveiro, 3810-193, Aveiro, Portugal, l.sarinho@ua.pt

Contaminated
Codfish brine
* 2300%wt NaCl
+ 6950 mgl TOC

Treated Codfish

In electrochemical advanced oxidation process (EAOP), the
electrode material and reactor design are important factors that
influence the removal efficiency of the target pollutants. This study
investigated a continuous flow microreactor designed to efficiently

brine remove total organic carbon (TOC) through the electro-Fenton

61% TOC removal
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process. The reactor consists of one parallel flow with a working
volume of 0.02 L and one pair of iron electrodes plate, placed 6
mm apart. Given its high conductivity (322.5 mS-cm™), a real
contaminated codfish brine (=~ 30.0 % wt. NaCl) sample was used
to tested the developed treatment setup. Employing a current
density of 179 A-m, a residence time of 2 minutes, and a H,O; =
50 mM yielded a TOC removal of 61 %. The use of EAOP using a
continuous flow microreactor proved to be efficient and promising
for a future scale-up approach of microreactors in numbering up.

Introduction

Advanced Oxidation Processes (AOP) have
garnered considerable attention for controlling
recalcitrant pollution in industrial wastewaters.
Among them, electrochemical advanced oxidation
processes (EAOPs) have received special interest,
as they encompass not only effluent and waste
treatment but also the innovation of novel processes
or integrated approaches  with reduced
environmental impact [1]. In EAOPs, the oxidation of
pollutants can occur in two ways: (i) direct oxidation
and/or (ii) indirect oxidation, where the pollutants are
decomposed in the solution through oxidation
reactions with oxidants (produced in situ or externally

added) such as hydrogen peroxide (H202: 1.76 V) [2].

An example of indirect oxidation is the electro-
Fenton (EF) process, where strongly oxidizing
species are generated through electric current
and/or external addition of the Fenton reagent (H,0,)
to the solution, and Fe is provided from sacrificial iron
anodes [3]. Nevertheless, the efficiency of these
processes depends on several operating parameters
including  oxidant  concentration, electrolyte
composition, pH, agitation, electrolysis time, current
density and electrode material [4]. Challenges such
as the lack of a systematic approach to
electrochemical reactor operation/design, energy
consumption costs, requirement for high electrical
conductivity, and gradual electrode passivation have
hindered the widespread adoption of EAOPs [4-6].
In recent years, there has been considerable interest
towards continuous systems, particularly
microfluidics and microreactors, driven by their
inherent benefits including enhanced mass,

improved safety, higher yields, and a favorable
surface-to-volume ratio [7]. This work sought to
pioneer for development of an innovative
configuration for an electrochemical microreactor.
The performance of the designed microreactor was
evaluated in treating real codfish contaminated brine
(CcB), specifically targeting the reduction of aiming
total organic carbon (TOC).

Material and Methods

The microreactor was designed under the cost-
effectiveness maximization principle. Several factors
were considered during the reactor's design phase:
reducing the ohmic drop, preventing sludge buildup,
enhancing the contact area between effluent and
electrodes, and minimizing the distance between
them. With a parallelepiped geometry (working
volume of 0.02 L) the microreactor was equipped
with two iron electrodes (parallel plates), placed 6
mm apart, and crossed by a non-conductive polymer
to ensure cathode-anode isolation. The electrodes
were connected to a D.C. power supply (MLINK,
RY]I). Pursuing the concept of circular economy, the
electrodes were provided from scrap metals iron.
Prior EF process, the pH of the CcB (6950 mg/L
TOC) was adjusted to 3. Then, the oxidant (H.O,—
50mM) was added in a single step to the CcB (1 L)
under agitation. This mixture was fed into the
microreactor, and samples were collected after four
residence times for TOC quantification. The central
composite experimental design was adopted, and
the tested independent variables were: (i) current
density (47 — 953 A'‘m™) and (i) residence time (2.0
—11.0 min).



Results and Discussion

The highest recorded TOC reached 61 %, achieved under the following operating conditions: a current density
of 179 A-m2, residence time of 2 min and H,O = 50 Mm. In the work of Ma et al. [8] the efficiency of removing
TOC from a real effluent was compared between microreactor and macro-reactor, both equipment with a nickel
cathode and BDD anode. The authors identified that employing the microreactor resulted in notable
improvements in TOC removal (79%), coupled with reduced energy consumption. This improvement was
attributed to the low inter-electrode distances, which minimized ohmic drops and enhanced the mass transfer
of organic compounds to the anode. In contrast, the macro-reactor achieved a removal rate of 70%. In the
present study, the high conductivity of the codfish brine (322.5 mS-cm™) may have promoted the production
of coagulant, thereby increasing the efficiency of organic matter removal and decreasing energy consumption
by needing lower voltages (1.6 V) [9]. Consequently, lower iron concentrations were present in the reaction
medium, resulting in decreased sludge formation. Furthermore, brines do not have the issue of high resistivity,
always found in non-saline wastewater, which is a drawback for the application of EOAPS.

Conclusions

This study highlights the significance of innovative microreactor design in enhancing the performance of
EAOPs for industrial wastewater treatment. The successful reduction of total organic carbon (TOC) by up to
61 % underscores the efficiency of the microreactor in treating real codfish-contaminated brine. These findings
underscore the pivotal role of innovative reactor design in achieving sustainable and efficient EAOPs-based
wastewater treatment solutions. The next step will be scaling up the system using a numbering-up approach.
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