
 

 

Pragya Jain Jaiswal1*, Dr. Praveen Kumar Meena2
 

w
w

w
.i
g

n
it

e
d

.i
n

 

73 

 

 Journal of Advances in Science and Technology 
Vol. 17, Issue No. 1, March-2020, ISSN 2230-9659 

 

Configurations of Electrochemical Reactors 
Optimized 

 

Pragya Jain Jaiswal1*, Dr. Praveen Kumar Meena2 

1
 Research Scholar, Sardar Patel University, Balaghat (M.P) 

2
 Associate Professor, Sardar Patel University, Balaghat (M.P) 

Abstract - Regarding the treatment of (waste)water, electrochemical processes have various advantages 
over other methods. They are robust, easy to operate and flex-ible in case of fluctuating wastewater 
streams. In addition, a relatively broad spectrum of organic and inorganic impurities can be removed. 
This contribution provides an overview of electrochemical reactors for water, process water, and 
wastewater treatment, which are already in technical-scale operation or subject of research. Some 
essential basics of electrochemical processes for the treatment of water are presented and examples for 
applications are given. This is followed by a description of the reactors. 
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1. INTRODUCTION 

A variety of typical electrochemical reactor designs are 
used to study the electro-oxidation of bleaching effluent 
2. This investigation used only (AR)-grade chemicals. 
The COD and BOD in the samples were determined 
strictly in accordance with the APHA using the 
Winkler's approach and DOR method, respectively 
(Clesceri et al 1998). In order to prevent chloride 
interference, the amount of NaCl in the solution should 
be less than 5 g/l (Mahesh et al 2006a). Repeated 
trials were conducted until the margin of error was 
reduced to 3% or less. RuO2 Electrochemical research 
made use of incompatible anodes and cathodes made 
of coated titanium substrates. 

2. MATERIAL AND METHODS 

2.1. Treatment carried out in batches 

Electricity for the electrodes was provided by an 
Inverter . Early batch experiments on Removal of cod 
were undertaken to establish the affecting components 
and their practical range.Sodium chloride was added to 
the effluent to boost its ionic conductivity. A distilled 
water rinse was performed on the electrode plates 
before to each run. The anode's active surface was 
exposed to 18 cm2 of the electrode's active surface in 
the cell's effluent. A magnetic stirrer was used to 
agitate the solution at 200 rpm on a regular basis to 
keep the concentration constant. We used a 
continuous current supply to power our electrodes, and 
we performed our testing under these settings. – The 
efficiency of an electrochemical reactor was studied 
using variables such as current density, , pH, and 

duration of treatment.Tracking pollutant elimination 
was done by measuring COD levels. 

 

Figure 1:  Experimental set-up of batch 
electrochemical reactor 1. Electrochemical cell, 

2. D.C. Regulated power supply, 3.Wastewater, 4. 
Anode, 5. Cathode, 6. Magnetic stirring 

controller, 7. Magnetic stirringbar 
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2.2. Batch recirculation therapy 

For the electrochemical degradation experiments, a 
schematic depiction of the filter press electrochemical 
reactor's experimental set-up is shown in Figure 3.3. 
By changing the valve, the very same set-up may be 
employed in batch recirculating, recycling, once or 
modes. 

 

Figure 2:.  Experimental set-up of filter press cell 1. 
Reservoir,2.Pump,3.Rotameter,4.Filterpresscell,5.A

node,6.Cathode 7. Digital voltmeter, 8. Digital 
ammeter, 9. D. C. Regulated Power supply, 10. 
Treated wastewater outlet, 11. Recirculation 

stream, 12. Wastewater feed 

Cathodes and anodes in the experiment were flat steel 
plate and an enlarged flat RuO2 plated on titanium 
mesh mesh. With a 10 mm gap between the plates, the 
two electrodes were parallel to each other. 168 cm2 is 
the effective anode area for the mesh anode, which 
has a 20% vacancy percentage by area (14.5 cm x 
14.5 cm). Ammeter and voltmeter were used to 
connect electrodes to a 20 A. 

In addition to 1.5 litres of wastewater and the 
necessary quantity of NaCl, the reservoir was filled with 
the electrolyte. The reactor's flow rate is regulated by 
pump and adjusting the valves' positions. A calibrated 
rotameter was used to measure the flow rate of 
wastewater into the treatment plant. Samples from the 
reservoir were taken for COD analysis at regular 
intervals since a DC power source was employed to 
provide a steady current. When the current density, 
supporting electrolyte concentration, starting pH, 
circulatory flow rate, and treatment duration were all 
modified, the electrochemical reactor's efficiency was 
examined. The voltage and COD of the cells were 
monitored in each experiment. 

2.3. Using the Recycle Mode for treatment 

 roughly depicts an experimental setup for recycling 
mode. Before being pumped into the storage tank, the 

effluent was treated using sodium chloride. Pumping 
and adjusting the valves resulted in the (Q+q) needed. 
In order to maintain the needed discharge flow rate, we 
altered the wastewater intake flow rate to match the 
reservoir's steady state level. For each experiment, a 
DC power source was used to keep the electrodes 
linked and the exit stream was sampled for COD 
analysis. To determine the electrochemical reactor's 
efficiency, the current density, supporting electrolyte 
concentration, beginning pH and flow rates of 
circulation and withdrawal were changing. 

2.4. Treatment in Once-throughMode 

Before being pumped into the storage tank, the effluent 
was treated using sodium chloride. The reactor's flow 
rate may be controlled by pumping and regulating the 
valves. " By shutting the recirculation valve, the 
recycling mode was changed to once-through. In order 
to maintain a constant reservoir capacity, it was 
essential to further open the cosmetics stream. A DC 
power supply was employed to maintain a continuous 
current at the appropriate level for the COD 
measurement. COD measurements were collected 
after each experiment had been in the reactor for 
more than 3 times its residence duration. The 
electrochemical reactor's efficiency was examined 
under a variety of operating settings, including 
altering CD, supporting EC, beginning pH, and FR. 

3. RESULTS 

For pulp bleaching effluent treatment, essential 
electrochemical reactor topologies, such as single-
pass and batch recirculation systems, are examined 
in this research. Provides an overview of the 
effluent's properties. The influence of pollutant 
removal and energy consumption on CD, supporting 
EC, ED, and FFR has been thoroughly investigated. 

3.1. Batch Reactor 

In batch electrochemical reactors, the reaction rate 
(to remove COD) may be represented in the same 
way as in traditional reactors. 

 

Inheritance of the equation above yields 

 

Aromatic and aliphatic molecules of high molecular 
weight are broken down into intermediate 
intermediates in electrochemical conversion. The 

organic is totally oxidised to  and  in non-

electrochemical combustion. By measuring the 
COD, we may keep tabs on the pace of 
decomposition of the organic contaminant. The 
oxidation of organic contaminants requires high 
potentials, and When water molecules are 
electrolyzed, oxygen is produced, which might affect 
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reaction efficiency.The following equation may be used 
to determine the electrolysis's current efficiency: 

 

 

Time of electrolysis, concentration of supporting 
electrolyte, and current density all had a significant 
impact on process success in preliminary batch trials. 
There are two ways to measure the efficiency of a 
process: reaction completion percentage and energy 
consumption per kilogramme. Current density is utilised 
to measure the rate of COD elimination, and the k L 
(cm/s) heterogeneous rate constant is used to 
determine this rate. CE and specific EC both go into 
the equation when calculating energy consumption. 
Monitoring the cell voltage and the level of COD 
removal helps to determine the real amount of energy 
used in the intended reaction . A higher rector 
performance may be achieved by using batch studies 
to determine operational parameters, the concentration 
of the supporting electrolyte, and the density of the 
current. 

 

Figure 3  

When it comes to organic matter, this graph indicates 
how long it takes for COD levels to drop as a result of 
different electrolyte concentrations and current density. 
According to the graph, as the procedure goes on, the 
rate of COD removal drops. Only a little amount of 
pollutant removal is likely to occur after 150 minutes of 
treatment. Organic material degradation in wastewater 
is also aided by the electrolyte that supports it, as seen 
in the figure. Even if salt concentrations boost the 
system's ability to remove pollutants, the change in 
performance declines monotonically. 

3.2. This is a reactor that uses batch 
recirculation. 

As of now, the flow in the reactor is axially dispersed. 
Recirculating systems do not include streams 10 and 

12. For each of the reactor's components or species, a 
dynamic material balance may be expressed as 

 

The following is an equation for the change in organic 
concentration in the reactor's differential volume: 

 

Carbon dioxide (COD) rate of change may be 
measured, where A is a cross section area 
perpendicular to the direction of flow of a reactor. 
Differences in volume flow and flow rate through to 
the reactor account for the first and 2nd RHS 
factors, respectively, in the net change in CODThe 
rate at which organic pollutants in the solution 
degrade as a result of reaction is represented by the 
last word on the right-hand side. 

An ideal back-mix system is used in the reservoir. 
The effluent reservoir's mass balance may be 
written. 

 

the Equation (4.26) can be rewritten 

 

The residence duration ( ) and the particular 

electrode area ( ) are both represented by the 

letter an in the equation above. After substituting the 
formula for C' and obtaining the starting COD, the 
mass balance equation may be solved as follows: 

 

3.3. Recycle Reactor 

In order to calculate how much reactant is in the 
reservoir, the surrounding material balance must be 
taken into account. that enters a recycling reactor 
system, as shown by streams 10 and 12. 

 

Where, An, effluent flow rate of q is VP or DFR and 
an effluent flow rate of q  R=q/Q and Q as the bulk 
rate of flow. The reactor's surrounding material 
balance, 
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Where, Effluent Q+q is the entire flow of the reactors. 
Equation 4.29 gives us the following result when we 
replace C' in the previous statement with 

 

It is possible to rewrite the above equation in the 
following way. 

 

3.4. SPFR 

The following is the formulation for the flow reactor's 
output focusing only on a single pass or one-way 
operation 

 

Hence 

 

a reactor's ability to remove pollutants and reduce 
energy consumptionas a function of current density 

(0.5 to 3 ). The pollutant removal performance 

parameters are improved as the current density is 
increased, while the energy terms are the opposite. As 
a result of increased energy consumption and 
undesired side effects, operating the cell at a higher 
CD allows for more COD removal at a faster pace. Due 
to the reactor's shorter residence duration, the COD 
removal accomplished in the reactor is lower (about 
30%). Due to the rise in CD, CE decreases from 61.4 
percent to 23.8 percent. 

 

Figure 4 

3.5. Comparison of Performance of the 
Reactors 

Comparing COD removal and capacity utilisation with 
the batch system, the batch RM was shown to be 

better in terms of COD removal and energy 
consumption. The batch recirculation system's pollutant 
removal performance was expected to significantly 
improve with an increase in FR. Current efficiency and 
power consumption numbers improved significantly 
when the circulation flow rate rose from 20 l/h to 80 l/h 
due to an increase in voltage and COD removal. 

We observed that single pass operation only completed 
the procedure to a very little amount because of the 
short dwell time. To match the recycling system's 
residence duration, either FR has to be drastically 
lowered or the reactor capacity needs to be 
significantly raised. Increased reactor capacity requires 
a larger expenditure of capital, whereas a drop in flow 
rate restricts the process by reducing TC. So it may be 
stated that the recycling system performs better than 
any of the four traditional reactor types tested. Transfer 
coefficients and treatment time may be controlled by 
varying the circulation and withdrawal flow rates. The 
system's capacity was better used with continuous 
recirculation as opposed to bath recirculation. 

4. CONCLUSION 

Electrochemistry has a broad range of applications 
in environmental management, spanning numerous 
industries. It is critical to use a well-characterized 
electrochemical reactor design and run it under 
appropriately regulated conditions in order to 
develop and execute viable electrochemical 
processes in this sector. Over the previous several 
decades, a variety of reactor designs have been 
produced, with limited room for 'new' ideas. Several 
modular cells (with a variety of electrodes, 
separators, and turbulence promoters) have been 
commercially accessible in a variety of scales during 
the past decade. A variety of performance indicators 
may be used to evaluate the efficiency of 
electrochemical reactors. It's critical in the realm of 
environmental treatment to link these figures of 
merit to the process parameters, particularly the 
reactant concentration and fractional conversion. 
Miniature electrodes and ill-defined flow conditions 
give no foundation for realistic scale-up exercises, 
thus it's crucial to conduct electrochemical 
engineering studies on a decent size. 

Water recycling that is economical in terms of both 
energy and raw materialsis required to divorce 
industrial expansion from water supply. 
Electrochemical processes, it is believed, will be 
able to contribute significantly to this difficulty since 
they may be utilised in a number of approaches 
Such as SS technology and/or DP, enabling CF 
wastewater treatment. Furthermore, the number of 
new advancements in electrochemical processes 
has lately increased significantly. Electrochemical 
reactors are designed and interconnected in a 
variety of ways, depending on the application goal 
as well as the electrode material qualities and form. 
As a result, this article presents a systematic 
analysis of individual reactors and configuration 
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options, as well as a summary of existing and future-
oriented electrochemical approaches for water 
treatment in relation to the backdrop of the treatment 
goals. 
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