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All of the applications that are used in industrial processes require solutions that have a Revised: 17 May 2024 

particular chemical strength of the fluids or chemicals that are being under consideration Accepted: 4 June 2024 

for analysis. When a full-strength solution is combined with water in the proportions that Available online: 30 June 2024 

are  needed,  it  is  possible  to  produce  the  particular  concentrations  that  are  wanted.  The regulation  of  the  concentration  of  hydrogen  peroxide  which  produced  in  an  electrolysis 

  

  

process has been investigated over the course of this article. An examination of the impact 

 Keywords: 

that various controllers, such as P, PI, PID, and fuzzy logic controllers, have on the process fuzzy  logic  (FL),  PID  control,  chemical model is presented in this work with the help of MATLAB/SIMULINK as a simulation concentration, fuzzy model, ECR 

program. Using fuzzy logic controllers showed that the rising time dropped to 0.3 seconds and the settling time to 0.4 seconds, with no overshoot or undershoot. 



 

1. INTRODUCTION 

neural network gas model to different methods for determining product  concentration  while  implementing  multiple-input Electrochemical reactors (ECR) are essential in a variety of multiple-output  control  using  proportional-integral  control industrial  and  environmental  processes,  serving  a  crucial techniques  in  a  reverse  flow  catalytic  cracking  reactor. 

function in applications such as energy conversion in fuel cells Contemporary  industrial  process  control  systems  include and effluent treatment in wastewater management systems [1]. 

model  predictive  control  (MPC)  techniques  with  traditional These systems are difficult due to their multifarious character, control approaches [13]. Model Predictive Control (MPC) is a which  includes  sophisticated  electrochemical  processes  and potent  technique  for  multivariable  control  that  considers dynamic interactions among various factors [2]. The complex process restrictions and nonlinearities [14]. 

nature  of  these  reactors  represents  a  significant  obstacle  in Although the utilization of MPC in electrochemical reactors modelling and controlling strategies [3, 4]. 

is limited, it is widely used in several research areas including Using  the  development  of  improved  catalysts  using chemical  reactors,  battery  management,  and  driverless  cars. 

methods  such  as  multidisciplinary  diversification,  transition Richalet  [15]  thoroughly  examined  the  use  of  Model metal  doping,  and  single-atom  catalyst  doping,  researchers Predictive  Control  (MPC)  in  a  crude  oil  distillation  plant have focused on enhancing the electrical energy produced in within the petroleum industry. Chavan et al. [16] studied the electrochemical reactors [5-7]. We began developing electrical design of Model Predictive Control (MPC) for a multivariable improvements  because  there  was  a  need  for  more  efficient distillation  column.  Simulations  in  MATLAB  utilizing  the process control systems for electrochemical reactions, which Wood  and  Berry  Model  showed  superior  performance include many interactions and other electrochemical processes. 

compared to control based on Proportional-Integral (PI). An Enhancing the coordination between the method and reactor advanced  battery  management  system  was  created  with  the cascade  is  crucial  for  a  newly  upgraded  electrochemical assistance  of  MPC.  This  system  utilizes  electrochemical process.  Implementing  a  control  system  to  oversee  the processes to create energy over an extended period, employing electrochemical reactor units is also essential [8-10]. Çıtmacı an  electrochemical  reactor  to  produce  products  through et al. [11] proposed implementing a feedback control system electrical  reactions.  Model  predictive  control  (MPC)  was utilizing  appropriate  integral  (PI)  controllers  and  a  hybrid introduced  by  Pozzi  et  al.  [17]  to  utilize  electrochemical SVR-based state estimation model to address this issue. This models  to  address  charge  imbalance  in  lithium-ion  cells  in quick  scenario  introduces  a  proportional  integral  (PI) series; it succeeded in effectively regulating electrochemical controller for the first time, facilitating the implementation of systems. 

single input single output (SISO) control in a closed Rotating It has been demonstrated that Fuzzy Logic Control (FLC) is Cylindrical Electrode (RCE). Concluding this study, Çıtmacı an excellent method for controlling systems that are complex, et  al.  [12]  employed  an  RNN  model  to  improve  the ambiguous, non-linear, or susceptible to change over time [18]. 

performance  of  the  SVR  model.  Connecting  the  recurrent A mathematical model of the control system is not necessary 147

for  the  implementation  of  FLC,  which  may  be  done  with overshoots. By incorporating a PID controller into the system, relative ease [19]. The use of fuzzy logic has emerged as one the issue of sudden fluctuations can be resolved. However, the of  the  most  successful  methods  for  the  development  of output  still  exhibits  instability.  Ultimately,  a  fuzzy  logic sophisticated  control  systems.  There  is  not  much  of  a controller is used to achieve the desired outcome. 

complicated explanation for this. Fuzzy logic functions very well when it comes to managing applications since it is able to 

 

imitate  human  decision-making  processes  and  generate 2. METHOLOGY 

accurate responses based on particular or approximate facts. In the  field  of  engineering  design  techniques,  it  solves  a 2.1 Materials 

fundamental  requirement  that  is  not  provided  by  purely mathematical approaches (like linear control design) or solely The  (85%  KOH)  purchased  from  Sigma-Aldrich,  and  the logic-based approaches (like expert systems) in system design. 

electrolyte  solution  for  each experiment  was  prepared using More specifically, it answers a need that is not covered by any deionized water of the utmost grade. 

of these approaches [20, 21]. The purpose of this study is to investigate  the  dynamics  of  the  electrochemical  reactor,  the 2.2 The electrochemical flow reactor model development of a  mathematical  model, the  derivation of the transfer function, the utilization of conventional controllers to When  mass  transport  limits  the  electrochemical  reaction, regulate  the  substance  concentration,  and  the  comparison  of Eqs.  (1)  and  (2)  explain  the  hydrodynamic  model  of  the the  performance  of  these  controllers  with  fuzzy  logic electrochemical flow reactor in a laminar domain. 

approaches.  This  study's  primary  topics  are  reducing  the amount of time needed for induction, obtaining the intended 𝑑𝑢

value more quickly, and limiting overshoot. 

𝜌

+ 𝑢𝜌(𝑢. 𝛻)𝑢 = 𝛻. 

(1) 

𝑑𝑡

It is more likely that there will be a difference between the set  point  that  was  anticipated  and  the  actual  output  when  a 

𝛻. (𝜌𝑢) = 0 

(2) 

proportional  controller  is  used.  New  equilibrium  values  are achieved  between  the  process  input  (the  controller's  output) The  boundary conditions that  are  numerically represented and the process output before the error approaches zero, which by Eqs. (3) to (6) can be used to solve Eq. (1) and (2). Here, is  the  reason  why  this  thing  takes  place.  Now  we  need  to Eq. (3) depicts a typical inflow rate at the entrance [27], Eq. 

compensate such that the controller's output is proportionate to (4)  the  standard  stress  is  the  same  as  the  pressure  at  the the  integral  of  the  error.  The  proportional  integral  control discharge [27], The beginning condition is represented by Eq. 

describes this. The output of the controller will keep changing (6), while the wall contour condition is represented by Eq. (5). 

so long as the controller receives an error signal. Consequently, the  error  signal  is  zeroed  out  by  the  integral  of  error.  The 𝑢 = −𝑛 

(3) 

present rate of change, or derivative of the mistake, has to be accounted for by adding one additional term. The term for this 

[−𝑃𝐼 + 𝜇(𝛻𝑢 + (𝛻𝑢)𝑇]ñ = 

(4) 

type of control is proportionate integral derivative. When the controller is aware of the inaccuracy, it may foresee its future 𝑢 = 0 

trajectory and make adjustments accordingly. 

(5) 

A  universal  approximation  is  a  fuzzy  system.  It  is  not necessary  to  have  a  specific  model  in  order  to  use  a  fuzzy 𝑃

controlled systems model. These examples come from the fact 𝑖𝑛𝑖𝑡 = 𝑃 + 𝑃ℎ𝑦𝑑𝑟𝑜  

(6) 



that a fuzzy system, which is made up of an action and its result When the rate of electrochemical reactions is constrained by as antecedents and consequents, is the same as both a linear mass  transport,  the  mass  balance  given  by  Eqs.  (7)  and  (8) algebra and an abstract algebra. Groups, fields, and rings are illustrates how the concentration in a single step of the reactor all part of abstract algebraic models and systems [22-24]. 

decreases along its length in a laminar regime. 

Vector spaces, state vectors, and transition matrices are all part  of  the  linear  algebraic  system  paradigm.  One  major advantage of fuzzy system theory is that it may approximate 𝑁𝐻𝑃 = 𝛻. (−𝐷𝑖𝛻𝐶𝐻𝑃) + 𝑢. 𝛻𝐶𝐻𝑃 

(7) 

system  behavior  in  cases  where  analytical  or  numerical functions  are  not  available.  In  complex  systems,  when 



𝜕𝐶

analytical formulations are lacking, fuzzy systems show great 𝐻𝑃 + 𝑁𝐻𝑃 = 𝑟𝐻𝑃 

(8) 

promise  for  understanding  these  systems.  New,  untested 

𝜕𝑡

systems,  as  well  as  those  involving  human  situations  (e.g., biological or medical systems), might be considered complex. 

By  taking  the  boundary  conditions  into  account,  we  may 7 

A  theory  underlying  approximation  reasoning—a  kind  of solve Eqs. (7) and (8). Reactants are introduced to the reactor imperfect reasoning—is the end aim of fuzzy logic [25, 26]. 

at a rate equal to the flow rate at which they cross plane z = 0 

The objective of this study was to analyze and compare the via combined flow and diffusion, as described by Eqs. (9) and outcomes of fuzzy and PID control in the ECR process related (10) [28]. There is no flow at the reactor's exit, and the starting to  a  dynamic  system.  The  study  aimed  to  explore  the situation is represented by Eq. (11). 

effectiveness of dynamic  PID- and fuzzy-controlled systems in  producing  hydrogen  peroxide  H

𝑛 . 𝑁𝐻𝑃 = 𝑛 . (𝑢) 

(9) 

2O2  by  manipulating  the 

concentration of the electrolyte solution potassium hydroxide (KOH).  However,  when  operating  conventionally,  the 

−𝑛 . 𝐷𝑖𝛻𝐶𝐻𝑃 = 0 

(10) 

discussed  system  encounters  instances  of  undershoots  and 𝐶0,𝑐 = 𝛻𝐶𝐻𝑃,0 

(11) 



148

[image: Image 5]

[image: Image 6]

2.3 Experimental set up 

mathematical  model  of  the  electrochemical  degradation  of Hydrogen  Peroxide  was  solved  by  implementing  partial The experimental set up was designed to produce H2O2 in differential Eqs. (1), (2), and (7) and coupling them with Eq. 

KOH  electrolyte  solution,  as  shown  in  Figure  1.  The (11) in MATLAB® 2017a software. Also the transfer function experimental settings include an electrochemical reactor ECR, was calculated using MATLAB® 2017a software as follows: a direct current (DC) system, a three-necked flask, a pump, a water  bath,  oxygen  and  liquid  flow  meters,  and  an  oxygen 𝑝(𝑠)

𝑘𝑣𝑠 + 𝐵𝑣

𝑘𝑐

container.  A  direct  current  (DC)  power  supply  supplied  the 𝐺(𝑠) =  

= [

∗

] 

(12) 

[𝑉(𝑠), 𝐶(𝑠)]

𝜏2𝑣𝑠2 + 𝛿𝑣𝑠 + 1 𝜏𝑐𝑠 + 1

necessary  voltages  for  the  operation  of  the  ECR.  Unreacted oxygen  flowed  down  from  the  reactor's  base  into  the where: 

accumulation flask while the electrolyte at the output created P(s) is the Laplace transform of the production rate. 

H2O2.  The  H2O2  concentration  was  raised  by  continuously V(s) and C(s) are the Laplace transforms of the voltage and recycling the electrolyte while bubbling unreacted oxygen into concentration inputs. 

the  solution  and  exhausting  it.  The  solution  was  kept  at  a (𝑘𝑣) and (𝑘𝑐) are primary gain factors for the voltage and constant temperature of 5℃ by submerging the container in a concentration inputs. 

water bath. The concentration of H2O2 produced by applying (𝐵𝑣) represents a secondary gain related to the voltage input, 0.5V, a liquid flow rate of 1.5 ml min−1 (u = 0.12 m s−1, Re = 

introducing a zero into the system. 

1200), and a pH of 7.1, using 0.5 L of synthetic solution. Under (𝜏𝑣), (𝛿𝑣), and (𝜏𝑐) are time constants associated with the these  circumstances,  deterioration  occurs  by  indirect voltage and concentration inputs. 

electrochemical oxidation caused by hydroxyl radicals on the anode surface. The electrochemical action is restricted by the transfer of H2O2 from the bulk to the electrode surface. The electrochemical flow reactor uses two stainless steel plates as an  anode  and  MnO2  nanoparticles  as  a  cathode.  It  runs  in continuous  recirculation  mode.  The  procedure  lasted  40 

minutes  and  was  powered  by  a  DC  power  supply.  Samples were obtained every 5 minutes from the storage tank. 





 

Figure 1.  Process diagram 



2.4 Inputs and outputs 

  

1.  Inputs: Voltage (V) and Concentration of the electrolyte (C). 

2.   Output: Concentration of the product (P). 





 

2.5 Assumptions 

Figure 2 Schematic representation of the numerical solution 

 

for the suggested mathematical model 1.  Non-linear effects are significant, but the system can be linearized around a specific operating point. 

Introducing the experimental values and with Matlab help 2.  Interaction  between  voltage  and  concentration  is we found the constants as follows:  

considerable. 



3.  With  regard  to  concentration,  the  system  exhibits  first-𝑝(𝑠)

0.5𝑠 + 0.1

1.2

order dynamics, while with regard to current; it exhibits 𝐺(𝑠) =  

= [

∗

] 

(13) 

[𝑉(𝑠), 𝐶(𝑠)]

4𝑠2 + 0.05𝑠 + 1 3𝑠 + 1

second-order dynamics. 





The  process  has  an  inverse  reaction  with  delay  time  and 2.6 Numerical solution 

overshoot, which may be observed in this case. The usage of P, PI, and PID controllers to solve this difficulty and get the Figure 2 shows Schematic representation of the numerical required response. The controller parameters are computed for solution  for  the  suggested  mathematical  model.  The  whole this  purpose.  When  it  comes  to  the  PID  controller,  the 149
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optimum  parameters  are  the  proportional  gain  (KP),  the integral gain (KI), and the differential gain (KD). First, locate and  solve  the  process's  characteristic  equation.  The  Ziegler-Nichlos  tuning  technique  was  used  to  determine  the parameters of the controllers. These parameters' values are: 𝐾𝑝 = 2, 𝐾𝐼 = 0.5, 𝐾𝐷 = 0.1 



We  can  get  the  step  input  response  by  feeding  these numbers into the Simulink PID controller. While there is no overshoot in the output, there is a little inverted response, and the settling and rising times are slightly longer. No, that's not the answer we were hoping for. The next step is to employ the fuzzy logic controller for improved control. A multiplexer is necessary for feeding input signals into a fuzzy logic controller. 

The controller gets two distinct inputs: error, which represents the  disparity  between  the  set  point  and  the  output,  and 

 

feedback, which corresponds to the output itself. Subsequently, Figure 4.  Response of un controlled ECR 

construct  the  input  and  output  membership  functions  by utilizing  triangle  memberships.  Using  the  fuzzy  rule  base editor,  we  can  remove  inverted  response,  overshoot, undershoot,  rising  time,  and  settling  time  by  creating  fuzzy rules. Our reaction reduces the rising time and settling time to a minimal amount, and there is no undershoot or overshoot. 

The  most  challenging  aspect  of  fuzzy  control  is  to  get  a complete and correct control rule set. Linguistic variables are variables  whose  values  are  words  not  numbers  and  the numeration is done approximately membership function. The first  step  of  the  process  is  called  fuzzification.  To  perform 

 

fuzzy logic reasoning, which is a set of IF–THEN rules that obviously  a  human-like  reasoning  must  be  stated.  Another Figure 5.  Simulink block diagram of proportional controller approach  is  to  fuzzily  identify  using  fuzzy  identification algorithms [29]. 





3. SIMULATION AND RESULT 



In this part, we present the results of the four times the same experiment was repeated. These four experiments were about the dynamic case where no external changes were made to the setup and the control cases where the voltage and electrolyte concentration  were  used  as  the  manipulated variables  in  the use of PID and fuzzy control to achieve the desired amount of the  hydrogen  peroxide  concentration.  In  the  first  part,  the dynamic behaviour of the system was observed to determine the  uncontrolled  behaviour  of  the  system  and  the electrochemical  process was carried out without any control action. Figure 3 illustrates the transfer function that depicts the 

 

open process without any controller, and Figure 4 shows the output of this process, as we can see that there is a delay time Figure 6.  Response of ECR with proportional controller up to 3 sec, and the desired value could not be achieved. 





 



 

Figure 7.  Simulink block diagram of ECR with PI controller Figure 3.  Simulink block diagram of un controlled ECR 
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The  final  part  was  using  Fuzzy  rule  as  in  Figure  11  to shorten the settling time; Figure 12 shows that the rising time dropped to 0.3 seconds and the settling time to 0.4 seconds, with no overshoot or undershoot. The usage of fuzzy rules in the  modeling  and  controlling  electrochemical  reactors  has several limitations. Firstly, it may cause the system to become more  complicated,  thus  making  the  interpretation  and maintenance  more  difficult  when  the  number  of  rules  is increased. The tuning of fuzzy rules is a matter of expertise and  time-consuming  experimentation  that  often  leads  to inferior performance. Besides, fuzzy logic may not always be accurate  enough  to  be  used  for  the  precise  control  in  the dynamic and nonlinear electrochemical systems. The problem of being overfitted to a particular dataset can happen which in turn results in the poor generalization and performance on the newly unseen data. The explanation of some decisions that are taken is not so clear, especially when there are a lot of rules. 



The  transition  of  fuzzy  rule-based  systems  from  small  or Figure 8.  Response of ECR with PI controller simple  reactor  systems  to  larger  or  more  complex  reactor systems  may  encounter  some  computational  problems.  The Second  part  illustrated  the  effect  of  proportional  and  PI integration of fuzzy logic control with the present system may controllers on our process. Figures 5, 6, 7, and 8 represent the demand some major modifications, and the adjustment to the proportional  and  PI  controller,  respectively,  with  k changing situations can be tough. Besides, fuzzy logic may not p  and  kI 

equal to 100; the response shows no significant improvement be as efficient as the advanced control techniques like model despite a faster response time. 

predictive control, especially in the situations that are highly In the next part a PID controller was used as in Figure 9. 

dynamic.  Lastly,  the  verification  and  the  validation  of  the Controller  settings  are  fine-tuned  using  the  Zeigler  and correctness  and  the  performance  of  the  fuzzy  rule-based Nichols approach. The rising time, tr = 2 sec., settling time, ts control systems are not easy to do because of their extremely 

= 4 sec., and overshoot and undershoot were 0%, as shown in complicated and non-deterministic nature. 

Figure 10, where k

Table  1  illustrates  the  main  differences  between  the p, kI, and kD are 2, 0.5, and 0.1, respectively. 



dynamic process response and the controller strategies used. 





 



Figure 9.  Simulink block diagram of ECR with PID 

 

controller 

Figure 11.  Simulink block diagram of ECR with fuzzy controller 





 



Figure 10.  Response of ECR with PID controller 

 

Figure 12.  Response of ECR with fuzzy controller 151

Table 1. Comparison between control strategies 

 

 

Complexity  Response  Overshoot/Undershoot  Rising Time  Settling Time Open process 

Simple 

Slow 

high 

3 sec. 

5 sec. 

PID controller 

Simple 

Fast 

non 

2 sec. 

4 sec. 

Fuzzy rule 

Complex 

Very Fast 

non 

0.3 sec. 

0.4 sec. 





4. CONCLUSIONS 

Ringe,  S.,  Oh,  J.  (2023).  Trace-level  cobalt  dopants 

 

enhance CO2 electroreduction and ethylene formation on The  study objective  was to evaluate  the  application of an copper.  ACS  Energy  Letters,  8(8):  3356-3364. 

ECR system to produce H2O2 in KOH solution of electrolyte https://doi.org/10.1021/acsenergylett.3c00418 

in  order  to  compare  the  dynamic  using  PID  and  fuzzy 

[7]  Cao, Y.C., Chen, S.Y., Bo, S.W., Fan, W.J., Li, J.N., Jia, controller during constant concentration of hydrogen peroxide. 

C.M.,  Zhou,  Z.,  Liu,  Q.H.,  Zheng,  L.R.,  Zhang,  F.X. 

The experiments were conducted under 0. 5V, a liquid flow (2023).  Single  atom  Bi  decorated  copper  alloy  enables rate of 1.5 ml min−1 (u = 0. 12 m s−1, Re = 1200), with a pH at C−C coupling for electrocatalytic reduction of CO2 into 7.1, using 0.5 L of artificial liquid. The limits were controlled C2+ products. Angewandte Chemie International Edition, with  both  PID  and  fuzzy  methods  respectively  and  fuzzy 62(30): 

e202303048. 

control  followed  the  set  point  better  than  PID  control.  A https://doi.org/10.1002/anie.202303048 

precise control over the concentration of H2O2 was achieved. 

[8]  Zheng, T.T., Zhang, M.L., Wu, L.H., Guo, S.Y., Liu, X.J., Depending  on  the  complex  model  of  our  electrochemical Zhao, J.K., Xue, W.Q., Li, J.W., Liu, C.X., Li, X., Jiang, reactor we found that without control, the process produces an Q., Bao, J., Zeng, J., Yu, T., Xia, C. (2022). Upcycling inverted  reaction,  overshoot,  and  significant  delay  time. 

CO2  into  energy-rich  long-chain  compounds  via However,  after  implementing  PID  control,  the  process's electrochemical  and  metabolic  engineering.  Nature inverse  response,  overshoot,  and  delay  time  issues  were Catalysis,  5:  388-396.  https://doi.org/10.1038/s41929-significantly mitigated; however, the system began to exhibit 022-00775-6 

instability with regard to its rising and settling times. A fuzzy 

[9]  Ozden, A., Wang, Y.H., Li, F.W., Luo, M.C., Sisler, J., logic  controller  was  employed  to  rectify  this  fluctuation  in Thevenon, A., Rosas-Hernández, A., Burdyny, T., Lum, rising and settling times.  These  lag periods and the  graphed Y., Yadegari, H., Agapie, T., Peters, J.C., Sargent, E.H., inverted response can be eliminated with the aid of the fuzzy Sinton, D. (2021). Cascade CO2 electroreduction enables control technique. There is a noticeable decrease in both the efficient  carbonate-free  production  of  ethylene.  Joule, rise and settling times. Finally, we propose the utilization of 5(3): 

706-719. 

the  CFD  (Computational  Fluid  Dynamics)  programs  and https://doi.org/10.1016/j.joule.2021.01.007 

others of this kind to simulate and construct the model with 

[10]  Fan,  L.,  Zhao,  Y.L.,  Chen,  L.,  Chen,  J.Y.,  Chen,  J.M., more details and more equations by trying to understand the Yang, H.Z., Xiao, Y.K., Zhang, T.Y., Chen, J.Y., Wang, electrolysis process. 

L. (2023). Selective production of ethylene glycol at high rate via cascade catalysis. Nature Catalysis, 6: 585-595. 



https://doi.org/10.1038/s41929-023-00977-6 
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All of the applications that are used in industrial processes require solutions that have a
particular chemical strength of the fluids or chemicals that are being under consideration
for analysis. When a full-strength solution is combined with water in the proportions that
are needed, it is possible to produce the particular concentrations that are wanted. The
regulation of the concentration of hydrogen peroxide which produced in an clectrolysis
process has been investigated over the course of this article. An examination of the impact
that various controllers, such as P, PL, PID, and fuzzy logic controllers, have on the process
model is presented in this work with the help of MATLAB/SIMULINK as a simulation
program. Using fuzzy logic controllers showed that the rising time dropped to 0.3 seconds

and the settling time to 0.4 seconds, with no overshoot or undershoot.

1. INTRODUCTION

Electrochemical reactors (ECR) are essential in a variety of
industrial and environmental processes, serving a crucial
function in applications such as energy conversion in fuel cells
and effluent treatment in wastewater management systems [1].
These systems are difficult due to their multifarious character,
which includes sophisticated electrochemical processes and
dynamic interactions among various factors [2]. The complex
nature of these reactors represents a significant obstacle in
modelling and controlling strategies [3, 4].

Using the development of improved catalysts using
methods such as multidisciplinary diversification, transition
metal doping, and single-atom catalyst doping, researchers
have focused on enhancing the electrical energy produced in
electrochemical reactors [5-7]. We began developing electrical
improvements because there was a need for more efficient
process control systems for electrochemical reactions, which
include many interactions and other electrochemical processes.
Enhancing the coordination between the method and reactor
cascade is crucial for a newly upgraded electrochemical
process. Implementing a control system to oversee the
electrochemical reactor units is also essential [8-10]. Citmact
et al. [11] proposed implementing a feedback control system
utilizing appropriate integral (PI) controllers and a hybrid
SVR-based state estimation model to address this issue. This
quick scenario introduces a proportional integral (PI)
controller for the first time, facilitating the implementation of
single input single output (SISO) control in a closed Rotating
Cylindrical Electrode (RCE). Concluding this study, Citmact
et al. [12] employed an RNN model to improve the
performance of the SVR model. Connecting the recurrent

147

neural network gas model to different methods for determining
product concentration while implementing multiple-input
multiple-output control using proportional-integral control
techniques in a reverse flow catalytic cracking reactor.
Contemporary industrial process control systems include
model predictive control (MPC) techniques with traditional
control approaches [13]. Model Predictive Control (MPC) is a
potent technique for multivariable control that considers
process restrictions and nonlinearities [14].

Although the utilization of MPC in electrochemical reactors
is limited, it is widely used in several research areas including
chemical reactors, battery management, and driverless cars.
Richalet [15] thoroughly examined the use of Model
Predictive Control (MPC) in a crude oil distillation plant
within the petroleum industry. Chavan et al. [16] studied the
design of Model Predictive Control (MPC) for a multivariable
distillation column. Simulations in MATLAB utilizing the
Wood and Berry Model showed superior performance
compared to control based on Proportional-Integral (PI). An
advanced battery management system was created with the
assistance of MPC. This system utilizes electrochemical
processes to create energy over an extended period, employing
an electrochemical reactor to produce products through
electrical reactions. Model predictive control (MPC) was
introduced by Pozzi et al. [17] to utilize electrochemical
models to address charge imbalance in lithium-ion cells in
series; it succeeded in effectively regulating electrochemical
systems.

It has been demonstrated that Fuzzy Logic Control (FLC) is
an excellent method for controlling systems that are complex,
ambiguous, non-linear, or susceptible to change over time [18].
A mathematical model of the control system is not necessary
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