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Electrochemical engineering is the branch of chemical engineering
dealing with the technological applications of electrochemical
phenomena, such as electrosynthesis of chemicals, electrowinning
and refining of metals, flow batteries and fuel cells, surface
modification by electrodeposition, electrochemical separations and
corrosion.

According to the IUPAC, the term electrochemical engineering is
reserved for electricity-intensive processes for industrial or energy
storage applications and should not be confused with applied
electrochemistry, which comprises small batteries, amperometric
sensors, microfluidic devices, microelectrodes, solid-state devices,
voltammetry at disc electrodes, etc.

More than 6% of the electricity is consumed by large-scale
electrochemical operations in the US.
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An electrochemical cell is a device that either generates electrical
energy from chemical reactions in a so called galvanic or voltaic cell,
or induces chemical reactions (electrolysis) by applying external
electrical energy in an electrolytic cell.

Both galvanic and electrolytic cells can be thought of as having two
half-cells: consisting of separate oxidation and reduction reactions.

When one or more electrochemical cells are connected in parallel or
series they make a battery. Primary battery consists of single-use
galvanic cells. Rechargeable batteries are built from secondary cells
that use reversible reactions and can operate as galvanic cells (while
providing energy) or electrolytic cells (while charging).

Electrochemistry

in an electric battery or fuel cell, it is called an electrochemical
reaction. In electrochemical reactions, unlike in other chemical
reactions, electrons

Electrochemistry is the branch of physical chemistry concerned with
the relationship between electrical potential difference and
identifiable chemical change. These reactions involve electrons
moving via an electronically conducting phase (typically an external
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electric circuit, but not necessarily, as in electroless plating) between
electrodes separated by an ionically conducting and electronically
insulating electrolyte (or ionic species in a solution).

When a chemical reaction is driven by an electrical potential
difference, as in electrolysis, or if a potential difference results from a
chemical reaction as in an electric battery or fuel cell, it is called an
electrochemical reaction. In electrochemical reactions, unlike in other
chemical reactions, electrons are not transferred directly...

Electrochemical regeneration

the use of an electric current in an electrochemical cell restoring the
carbon&#039;s adsorptive capacity. Electrochemical regeneration
represents an alternative

The electrochemical regeneration of activated carbon based
adsorbents involves the removal of molecules adsorbed onto the
surface of the adsorbent with the use of an electric current in an
electrochemical cell restoring the carbon's adsorptive capacity.
Electrochemical regeneration represents an alternative to thermal
regeneration commonly used in waste water treatment applications.
Common adsorbents include powdered activated carbon (PAC),
granular activated carbon (GAC) and activated carbon fibre.

List of engineering branches

not be grouped with these major engineering branches. Biomedical
engineering is the application of engineering principles and design
concepts to medicine

Engineering is the discipline and profession that applies scientific
theories, mathematical methods, and empirical evidence to design,
create, and analyze technological solutions, balancing technical
requirements with concerns or constraints on safety, human factors,
physical limits, regulations, practicality, and cost, and often at an
industrial scale. In the contemporary era, engineering is generally
considered to consist of the major primary branches of biomedical
engineering, chemical engineering, civil engineering, electrical
engineering, materials engineering and mechanical engineering.
There are numerous other engineering sub-disciplines and
interdisciplinary subjects that may or may not be grouped with these
major engineering branches.

Corrosion engineering

his book Principles of corrosion engineering and corrosion control,
states that &quot;Corrosion engineering is the application of the
principles evolved from

Corrosion engineering is an engineering specialty that applies
scientific, technical, engineering skills, and knowledge of natural laws
and physical resources to design and implement materials, structures,
devices, systems, and procedures to manage corrosion.

From a holistic perspective, corrosion is the phenomenon of metals
returning to the state they are found in nature. The driving force that
causes metals to corrode is a consequence of their temporary
existence in metallic form. To produce metals starting from naturally
occurring minerals and ores, it is necessary to provide a certain
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amount of energy, e.g. Iron ore in a blast furnace. It is therefore
thermodynamically inevitable that these metals when exposed to
various environments would revert to their state found in nature.
Corrosion...

Galvanic cell

scientists Luigi Galvani and Alessandro Volta, respectively, is an
electrochemical cell in which an electric current is generated from
spontaneous oxidation–reduction

A galvanic cell or voltaic cell, named after the scientists Luigi Galvani
and Alessandro Volta, respectively, is an electrochemical cell in which
an electric current is generated from spontaneous
oxidation–reduction reactions. An example of a galvanic cell consists
of two different metals, each immersed in separate beakers
containing their respective metal ions in solution that are connected
by a salt bridge or separated by a porous membrane.

Volta was the inventor of the voltaic pile, the first electrical battery.
Common usage of the word battery has evolved to include a single
Galvanic cell, but the first batteries had many Galvanic cells.

Voltammetry

(amperes). Electrochemical cells are used in voltammetric
experiments to drive the redox reaction of the analyte. Like other
electrochemical cells, two

Voltammetry is a category of electroanalytical methods used in
analytical chemistry and various industrial processes. In voltammetry,
information about an analyte is obtained by measuring the current as
the potential is varied. The analytical data for a voltammetric
experiment comes in the form of a voltammogram, which plots the
current produced by the analyte versus the potential of the working
electrode.

Molecular engineering

are conversant across disciplines. A rational engineering methodology
that is based on molecular principles is in contrast to the widespread
trial-and-error

Molecular engineering is an emerging field of study concerned with
the design and testing of molecular properties, behavior and
interactions in order to assemble better materials, systems, and
processes for specific functions. This approach, in which observable
properties of a macroscopic system are influenced by direct alteration
of a molecular structure, falls into the broader category of “bottom-
up” design. This field is utmost relevant to Cheminformatics, when
related to the research in the Computational Sciences.

Molecular engineering is highly interdisciplinary by nature,
encompassing aspects of chemical engineering, materials science,
bioengineering, electrical engineering, physics, mechanical
engineering, and chemistry. There is also considerable overlap with
nanotechnology, in that...

Direct Air Electrowinning
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preferred because the resulting carbonate solution can be used
directly as the electrolyte in the subsequent electrochemical
conversion step, avoiding the energy-intensive

Direct Air Electrowinning (DAE) is an emerging class of technology
that integrates direct air capture (DAC) of carbon dioxide (CO₂) with
an electrochemical conversion process, such as electrowinning or CO₂
electrolysis. The core concept is to capture CO₂ directly from the
atmosphere, and then, without intermediate purification or
concentration steps, use renewable electricity to convert the captured
CO₂ into valuable chemicals or fuels. This approach is a form of
carbon capture and utilization (CCU) aimed at creating a circular
carbon economy by transforming an atmospheric greenhouse gas into
a feedstock for industrial processes.

The process usually has two main stages:

Capture: CO₂ is absorbed from the ambient air, often using an
alkaline solution (like potassium hydroxide) to form a carbonate...
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