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Abstract: In this paper, the application and optimization of capacitive deionization technology in seawater desalination is
studied. First, the limitations of the traditional desalination technology are reviewed, and the advantages of capacitive
deionization technology are introduced. Then, the basic principles of capacitive deionization technology, including electric field
effect and processes such as ion migration and charge adsorption, are introduced in detail. In terms of key components, the
capacitor (electrolytic cell), electrolyte solution, power supply and control system are highlighted. Then, the optimization
methods of capacitor deionization technology are discussed, including the selection and improvement of electrode materials, the
optimization of electrolyte solution and the optimization of operating parameters. Finally, the optimization results and effects are
analyzed, including improved removal rate and desalination effect, improved energy efficiency, increased water flux and water
production capacity, extended maintenance intervals and improved stability, and improved cost effectiveness. This study has
important implications for the application and optimization of capacitive deionization technology in seawater desalination.
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1. Introduction

With the increasing problem of global water shortage,
seawater desalination technology has become one of the
important ways to solve the shortage of freshwater resources.
Traditional desalination technologies such as distillation and
reverse osmosis suffer from high energy consumption and
expensive costs, so more efficient, economical and
sustainable solutions need to be sought. In this context,
capacitive deionization technology has attracted much
attention as an emerging desalination method.

The purpose of this paper is to explore the application and
optimization study of capacitive deionization technology in
seawater desalination. First, we will review the limitations of
traditional desalination technology and introduce the
advantages of capacitive deionization technology. Then, we
will introduce the basic principles of capacitive deionization
technology in detail, including the electric field effect and
processes such as ion migration and charge adsorption. Also,
we will focus on the key components such as capacitors,
electrolyte solution, power supply and control system.

After understanding the principles and components of
capacitive deionization technology, we will delve into the
optimization methods of capacitive deionization technology.
Among them, the selection and improvement of electrode
materials is one of the key points of optimization, and we will
discuss the advantages and disadvantages of different
materials as well as improvement methods. In addition,
optimization of the composition and properties of the
electrolyte solution, as well as the adjustment of the operating
parameters, are key measures to improve the performance of
the capacitive deionization technique.

Finally, we will analyze the results and effects of
optimization studies, including improved removal and
desalination, reduced energy consumption, increased water
flux and water production capacity, extended maintenance
intervals and improved stability, and improved cost
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effectiveness. The results of these analyses will provide
important references for further improvements in the design
and operation of capacitive deionization technology.

Through the research in this paper, we expect to provide a
comprehensive theoretical basis and practical guidance for
the application and optimization of capacitive deionization
technology in seawater desalination. As a seawater
desalination technology with great potential, capacitive
deionization technology is expected to make an important
contribution to solving the problem of freshwater scarcity and
achieving sustainable water resource utilization and
conservation.

Second, the advantages and limitations of capacitive
deionization technology

1.1. Advantages

Capacitive deionization technology is a new type of
seawater desalination technology, which uses capacitive
effect to remove charged ions from water, thus realizing the
desalination of seawater. Compared with traditional
desalination technologies such as distillation and reverse
osmosis, capacitive deionization technology usually has
lower energy consumption. It does not require high
temperature or high pressure treatment processes, thus saving
energy costs. Capacitive deionization technology has high
deionization efficiency and can effectively remove salts and
impurities from seawater. It produces high quality fresh water
and can be flexibly adjusted and controlled as needed.
Compared to some other desalination technologies, capacitive
deionization technology has relatively simple equipment and
systems and high operational stability. It is highly adaptable
to changes in water quality and can be applied to the
desalination needs of different water sources. Capacitive
deionization technology can achieve miniaturization and
modularization of equipment, and has the potential to be used
in distributed desalination systems to meet small-scale
desalination needs in some regions or scenarios.



1.2. Limitations

Although capacitive deionization technology has low
energy consumption, its initial equipment and system
construction costs are high. High-performance electrode
materials, membrane materials and electrolyte solution use all
require high investment costs. The current capacitive
deionization technology treats relatively small volumes of
water and is suitable for small or medium-scale desalination
needs. For large scale desalination plants or high flow rate
needs, further technological improvements and expansions
are currently required. The membrane materials used in
capacitive deionization technology can be affected by
contamination, resulting in degradation of membrane
performance and requiring periodic maintenance and
cleaning. This can increase operating costs and maintenance
difficulties. The wastewater generated in capacitive
deionization  technology  typically  contains  high
concentrations of salts and contaminants that require proper
treatment and disposal to avoid negative environmental
impacts. Despite some limitations of capacitive deionization
technology, its advantages and potential make it a new
technology of interest in the field of seawater desalination.
Through further research and technological improvements,
capacitive deionization technology is expected to achieve a
more efficient and economical desalination process in the
future.

2. Principle of Capacitive Deionization
Technology

2.1. Basic principle

Capacitive deionization technology is based on the
principle of capacitive effect to realize the process of
desalination of seawater. It uses the charge separation and
adsorption effect under the action of electric field to remove
charged ions from water and thus desalinate seawater.

In capacitive deionization technology, a pair of electrodes
(usually positive and negative) are used, which are connected
by an electrolyte solution (e.g., salt water). When a voltage is
applied to the electrodes, an electric field is formed between
them, creating a positive and negative charge distribution.
This electric field triggers a capacitive effect, which causes
migration and adsorption of charged ions in the electric field.

Under the action of the electric field, charged ions are
subjected to electric field forces and migrate in the direction
of the corresponding electrode. Positive ions (e.g., sodium
ions) migrate toward the negative electrode, while negative

ions (e.g., chloride ions) migrate toward the positive electrode.

This migration of ions enables the removal and separation of
ions. In addition to ion migration, capacitive deionization
technology also utilizes the effect of charge adsorption. On
the electrode surface, there are ion adsorption layers with
opposite charges that are attracted to each other on the
electrode surface to form electrostatic adsorption. This charge
adsorption further facilitates the removal of ions. Through
electric field-driven ion migration and charge adsorption,
capacitor deionization technology effectively removes
charged ions from water, including salts and other impurities.
The desalinated water is collected from the capacitor, where
the salt concentration is significantly reduced, resulting in
high quality fresh water.

The basic principle of capacitor deionization technology is
the removal and separation of ions through the electric field
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effect and charge separation. With the continuous
development and optimization of the technology, capacitive
deionization technology is expected to become a highly
efficient and low-energy desalination method, providing a
viable solution to the problem of freshwater shortage.

2.2. Key components

Capacitive deionization technology involves several key
components that work together to achieve the desalination
process of seawater. The capacitor is the most basic
component of capacitive deionization technology. It usually
consists of two electrodes (positive and negative), which are
connected by an electrolyte solution. The electrodes can be
made of different materials, such as carbon, metal or
conductive polymer materials. The electrolyte solution is the
medium in the capacitive deionization technique, which acts
as a connection between the electrodes and as a medium for
ion transport. Usually, the electrolyte solution is an aqueous
solution with salts, similar to seawater. It contains charged
ions (e.g. sodium ions, chloride ions, etc.) as well as other
dissolved impurities. The power supply is used to provide the
voltage or current required by the capacitor to produce the
electric field effect. Depending on the specific application and
system design, the power supply can be either a DC power
supply or an AC power supply. The control system is used to
monitor and control the operating process of the capacitor
deionization technology. It monitors parameters such as
capacitor voltage, current and ion concentration and adjusts
the output of the power supply as needed. The control system
allows for automated operation and optimization through a
feedback mechanism. Additional equipment includes a filter,
pretreatment unit and post-treatment unit. The filter passer is
used to remove suspended particles and large impurities from
the water, the pretreatment unit is used to treat organic and
colloidal particles in the water, and the post-treatment unit is
used to treat the generated wastewater and concentrated brine.

These key components work together to enable the
operation of capacitive deionization technology and the
desalination process. Their selection, design and coordination
have a significant impact on the performance and
effectiveness of capacitive deionization technology. As
technology evolves, continuous improvement and
optimization of these components can further improve the
efficiency and feasibility of capacitive deionization
technology.

2.3. Operation Process

The operational process of capacitive deionization involves
a series of steps that involve the synergy of the capacitor and
other key components. Before starting the capacitive
deionization process, some preparatory work is required. This
includes preparing the capacitor, installing the positive and
negative electrodes into the capacitor, and filling the
electrolyte solution to form the electrolyte medium. Also,
ensure that the power supply and control system are working
properly. Through the control system, the appropriate voltage
or current is applied to the positive and negative electrodes of
the capacitor to create an electric field. The strength and
direction of the electric field are adjusted according to the
design and operational requirements. Under the action of the
electric field, charged ions migrate and adsorb in the capacitor.
Positive ions migrate toward the negative electrode and
negative ions migrate toward the positive electrode. At the
same time, an ion adsorption layer with opposite charges is



formed on the electrode surface, creating a charge adsorption
effect. Through ion migration and charge adsorption, charged
ions are removed from the water, thus desalinating the
seawater. The desalinated water is collected from the
capacitor, usually through an outlet pipe or other collection
device. Throughout operation, key parameters are monitored
and controlled by a control system. This may include
parameters such as capacitor voltage, current and ion
concentration. Based on real-time monitoring results, the
power supply output and other operating parameters can be
adjusted to achieve optimal deionization. After completing
the capacitor deionization process, the resulting wastewater
and concentrated brine need to be treated. Wastewater
treatment can be done in an appropriate way to avoid negative
impact on the environment. In addition, regular maintenance
and cleaning of the capacitors and other components are
important steps in maintaining the operational stability and
efficiency of the technology.

3. The Optimization of Capacitor
Deionization Technology Research

3.1. Performance evaluation index of capacitor
deionization technology

In order to optimize capacitive deionization technology and
improve its desalination effect, its performance needs to be
evaluated and indicators developed. Removal rate is an
important indicator to assess the ability of capacitive
deionization technology to remove salts and impurities from
seawater. It indicates the percentage of ions that are removed
during the treatment process. A higher removal rate means
more effective deionization. Salt transmission rate is the
percentage of salt that is not removed during the capacitive
deionization process. A lower salt transmission rate indicates
more effective removal, i.e., less salt passing through the
capacitor into the fresh water. Water flux is the flow of water
per unit time through the capacitor deionizer. A higher water
flux indicates higher desalination efficiency and water
production capacity. Energy consumption efficiency is an
indicator to assess the efficiency of energy use of capacitor
deionization technology. It indicates the energy consumption
required to produce a unit volume of fresh water. Higher
energy consumption efficiency means lower energy
consumption and higher energy use efficiency. Maintenance
intervals indicate the maintenance and cleaning intervals
required for capacitor deionization equipment and systems.
Longer maintenance intervals mean less maintenance work
and downtime, resulting in increased equipment availability
and stability. Cost-effectiveness is a metric for assessing the
economics of capacitive deionization technology. It considers
a combination of equipment and operating costs, including
initial investment, operation and maintenance costs, and
desalinated water output. Higher cost-effectiveness means
that a more cost-effective desalination process is achieved
while meeting freshwater demand. These metrics can be used
as a reference for optimization studies to improve the design
and operating parameters of capacitive deionization

technology to improve desalination efficiency and economics.

In specific studies, other applicable evaluation metrics can be
determined based on actual conditions and application needs.
3.2. Optimization methods of capacitive
deionization technology
1 electrode material selection and improvement
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Electrodes are a key component in capacitive deionization
technology and are directly involved in the process of ion
migration and charge adsorption. Therefore, the selection and
improvement of electrode materials are essential to improve
the performance and effectiveness of capacitive deionization
technology. The selection of suitable electrode materials is
crucial for capacitive deionization technology. Commonly
used electrode materials include carbon materials (e.g.,
activated carbon, carbon nanotubes), metallic materials (e.g.,
platinum, titanium, stainless steel), and conductive polymer
materials. The choice of materials should take into account
their conductivity, stability, corrosion resistance and cost.
Modification of the electrode surface can improve its surface
activity and ion adsorption capacity. For example, chemical
modification, electrochemical oxidation or deposition of
active layers can be used to increase the functional groups on
the electrode surface and improve its efficiency of ion
adsorption and migration. The preparation of nanostructured
electrodes can increase their surface area and activity and
improve the efficiency of ion adsorption and migration.
Electrodes with nanoscale characteristics can be prepared by
nanomaterial preparation methods, such as sol-gel, thermal
decomposition or electrochemical deposition. The
preparation of electrodes with porous structures can increase
their pore volume and surface area, providing more ion
adsorption and migration sites. Commonly used methods
include template method, sol-gel method and electrochemical
etching method. The performance of capacitive deionization
techniques can be optimized by modulating the structure of
the electrode, such as pore size, distribution and morphology.
For example, by controlling the pore size and distribution, the
selective adsorption and migration ability of the electrode for
ions of different sizes can be regulated. Combining different
materials together to form composite electrodes can take
advantage of the advantages of various materials to improve
the effectiveness of capacitive deionization techniques. For
example, compounding carbon materials with metal materials
can combine high electrical conductivity and high adsorption
capacity.

2 Optimization of electrolyte solution

The electrolyte solution plays an important role in
capacitive deionization technology by connecting the
electrodes and providing the medium for ion transport.
Optimizing the composition and properties of the electrolyte
solution can improve the effectiveness of capacitive
deionization technology. Electrolyte solutions typically
contain salt to provide charged ions. The selection of the
appropriate salt is critical for capacitive deionization
techniques. Salt selection should take into account factors
such as its ionization capacity, solubility and cost. Commonly
used salts include sodium chloride, sodium sulfate, calcium
nitrate, etc. The addition of some enhancers to the electrolyte
solution can improve the effectiveness of capacitive
deionization techniques. Enhancers can increase the ion
migration rate, increase ion adsorption capacity or improve
the stability of the capacitor. Commonly used enhancers
include surfactants, polymer additives and complex additives.
Modulating the concentration of the electrolyte solution can
affect the effectiveness of ion migration and adsorption. By
increasing or decreasing the concentration of salt in the
solution, the ion migration rate and adsorption can be
regulated, thus improving the desalination effect. By
adjusting the pH of the electrolyte solution, the charge state
and solubility of ions can be affected, which in turn affects the



effectiveness of the capacitive deionization technique.
Adjusting the pH can change the electromigration behavior of
ions and the charge characteristics of the electrode surface.
For capacitive deionization systems operating for a long time,
the salt concentration in the electrolyte solution will gradually
increase, affecting the desalination effect. In optimization,
appropriate methods can be adopted to regenerate the
electrolyte solution, such as dilution of electrolyte, membrane
filtration or ion exchange resin treatment.

3 Optimization of operating parameters

In addition to the optimization of electrode materials and
electrolyte solution, optimization of operating parameters of
capacitive deionization technology is also the key to improve
the desalination effect and performance. The voltage and
current density applied in capacitive deionization technology
have an important impact on the desalination effect.
Optimizing the voltage and current density can improve the
desalination effect by increasing the ion migration rate and
ion adsorption efficiency. Different ion and electrolyte
solutions may require different operating parameters. The
desalination time is the processing time of the capacitive
deionization process. By optimizing the desalination time, the
desalination effect and treatment efficiency can be balanced.
Too short a desalination time may result in incomplete
removal of salts and impurities, while too long a desalination
time can increase energy consumption and treatment costs.
Temperature is one of the operating parameters that affects
capacitive deionization technology. Variations in temperature
affect the solubility of the electrolyte, the ion migration rate
and the reaction kinetics at the electrode surface. By
optimizing the temperature, the effectiveness and energy
consumption of capacitive deionization technology can be
adjusted. In capacitive deionization technology, stirring and
circulation promote uniform distribution and ion transport of
the electrolyte solution. By optimizing the stirring speed and
circulation flow rate, the ion migration and adsorption
efficiency can be improved, thus increasing the desalination
effect. Control system parameters such as feedback control
and automated regulation also have an impact on the
performance of capacitive deionization technology. By
optimizing the control system parameters, more accurate
voltage and current control can be achieved to improve the
stability and response of the system.

The optimization of the above operating parameters can
improve the desalination effectiveness and performance of
capacitive deionization technology. The optimization method
should be adapted to the specific application and system
requirements, while energy consumption, cost and operability
need to be considered. Optimization of operating parameters
can help improve the efficiency, economy and feasibility of
capacitive deionization technology.

3.3. Optimization results and effect analysis

Optimizing the electrode materials, electrolyte solution and
operating parameters of capacitive deionization technology
can bring a series of optimization results and effects. By
optimizing the selection and improvement of electrode
materials, the removal rate of capacitive deionization
technology can be improved, i.e., the salt and impurities in
seawater can be removed more efficiently. Optimizing the
composition and properties of the electrolyte solution can
improve ion migration and adsorption, further enhancing the
desalination effect. The energy consumption of capacitive
deionization technology can be reduced by optimizing the
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electrode materials, electrolyte solution and operating
parameters. For example, selecting electrode materials with
better conductivity, regulating the concentration and pH of the
electrolyte solution, and optimizing the voltage and current
density can improve energy utilization efficiency and reduce
energy costs. By optimizing the nanostructure or porous
structure of electrode materials, the water flux, i.c., the
amount of water produced per unit time, can be increased by
capacitive deionization techniques. Optimization of operating
parameters such as stirring and circulation can promote
uniform distribution of the electrolyte solution and increase
the ion transport rate, thus increasing the water production
capacity. The maintenance intervals of capacitive
deionization technology can be extended by optimizing the
surface modification or structural modulation of electrode
materials. Suitable electrolyte solution composition and
stable operating parameters can also help improve system
stability, reduce the frequency of maintenance and cleaning,
and increase equipment availability and stability.

The analysis of optimization results and effects requires a
comprehensive evaluation of different aspects of indicators
and parameters, taking into account the actual application
needs and objectives. At the same time, the comparative
analysis of experimental and measured data from laboratory
studies and practical applications is an important basis for
assessing the optimization effect. Through continuous
optimization research and practical verification, the
capacitive deionization technology can be further improved
and its performance and application breadth can be enhanced.

4. Conclusion

Capacitive deionization technology is a promising
desalination method to achieve salt and impurity removal
from seawater through the electric field effect and the
principles of ion migration and charge adsorption. In
optimization studies, the key components include electrode
materials, electrolyte solutions and operating parameters.
Optimizing the selection and improvement of electrode
materials can improve ion migration and adsorption, and the
application of surface modification, nanostructures or porous
structures can increase the active sites and surface area to
improve the removal rate and desalination effect.
Optimization of the composition and properties of the
electrolyte solution, such as the selection of suitable salts,
addition of enhancers, and regulation of solution
concentration and pH, can improve the efficiency of ion
migration and adsorption. In addition, optimization of
operating parameters, such as voltage and current density,
desalination time, temperature, agitation and circulation, can
regulate the desalination effect, energy efficiency and water
flux to improve the stability and economy of the technology.

The optimization study of capacitive deionization
technology can achieve the following results: improved
removal rate and desalination effect, reduced energy
consumption, increased water flux and water production
capacity, longer maintenance intervals and improved stability,
and improved cost effectiveness. These optimization results
are of great importance to solve the problem of freshwater
shortage. However, further experimental validation and
engineering design are needed to realize the practical
application of the technologies. Future research can be
devoted to optimizing the capacitive deionization technology
under different environmental conditions to further improve
the desalination effect and economy and provide a more



feasible and sustainable solution for seawater desalination.
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