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“If a piece of zinc and a piece of copper be
brought in contact with each other, they will form a
weak electrical combination, of which the zinc will
be positive, the copper negative. This may be learned
by the use of a delicate condensing electrometer, or
by pouring zinc filings through holes in a plate of
copper upon a common electrometer; but the power
of the combination may be most distinctly exhibited
in the experiments, called Galvanic experiments, by
connecting the two metals, which must be in contact
with each other, with a nerve and muscle in the limb
of an animal recently deprived of life, a frog for in-
stance; at the moment the contact is completed, or
the circuit made, one metal touching the muscle, the
other the nerve, violent contractions of the limb will
be occasioned.”

—Humphrey Davy, 1812, in
Elements of Chemical Philosophy,
London: J. Johnson and Company.

HE AMERICAN INSTITUTE of Chemical

Engineers was founded in 1908 in response to
the growing industrial interest in electrochemical
processes such as chlorine, caustic, carborundum
and electroplating of copper and nickel. Electro-
chemical engineering is therefore no stranger to
the main stream of chemical engineering and is
taught presently in many leading American uni-
versities.

The primary objective of an electrochemical
engineer as well as of every chemical engineer is
to bring chemical processes to practical realiza-
tion and to operate them under optimal and eco-
nomical conditions. Electrochemical engineering
serves electrochemistry in the same way that ChE
interacts with chemistry.

Electrochemistry is the science which studies
the direct conversion between electricity and
chemical reactions. It is the oldest branch of phys-
ical chemistry and can be traced back to the
eighteenth century. There is even evidence of the
use of primitive batteries in antiquity. Ancient
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iron-copper batteries were found in Iraq and evi-
dence of copper electroplating was found in Egypt.
Modern electrochemistry emerged from the pio-
neering discoveries of Volta, Galvani, Davy and
Faraday in the early nineteenth century.
Electrochemical engineering is a relatively
young field, which emerged in the beginning of
the twentieth century, and progressed rapidly in
the last thirty years with the expansion of the
electrochemical industry. Electrochemistry played
an important part in the scientific and technolog-
ical revolution of the twentieth century. Thomas
Edison can best be described as an electrochemical
engineer. His original laboratory, presently pre-
served in Greenfield Village near Detroit, is a
classical example of an electrochemical laboratory.
Today the electrochemical industry consumes
nearly 10% of the total electrical power generated
in the United States. Many of the things taken for
granted in the pleasures and necessities of modern
living depend on electrochemistry. Few people are
aware of its role and importance. The most rec-
ognizable example is the battery. In the form of
dry cells, storage batteries and fuel cells electro-
chemistry provides the power for many devices.
From the tiny batteries of calculators, radio tran-
sistors and implanted heart pacemakers to the
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large fuel cells of the Gemini and Apollo space
flights, electrochemical energy conversion is the
only known way to convert and store electrical
energy directly.

Synthesis of essential chemicals can only be
accomplished by electrolysis. Most of the im-
portant metals are produced, or the impure form
refined, exclusively by electrolysis. All the alum-
inum, magnesium and nickel and a large portion
of the copper and zinc are produced or purified in
hundreds of thousands of tons per year by electro-
chemical processes. The aluminum production
processes alone consume a staggering 72 billion
KWhr annually. Chlorine, which is an extremely
important raw material in the plastic industry, is
produced electrochemically in the amount of sev-
eral thousand tons per day. Any improvement in
the current efficiency and overpotential of these
processes is of utmost importance. Plating, electro-
chemical machining of hard metals and desalina-
tion of sea water are all examples of electrochem-
ical processes which are conducted on remarkably
large scales throughout the world.

All of these processes have one principle in
common. They all depend on a chemical process
taking place at an electrically conducting surface
while simultaneously giving up or taking on one
or more electrons. Energy for the reaction comes
from pumping electrons into the reaction zone.

The emergence of electrochemical engineering
as an independent field is quite similar to that of
ChE. Both fields introduced the concept of trans-
port phenomena, especially mass transport, and
quantitative approaches. The importance of con-
vective diffusion in electrochemical systems is due
to their heterogeneous nature. Nernst introduced
in 1904 the concept of the film model which is no
more than a simplified stagnant diffusion bound-
ary layer. However, the importance of mass trans-
fer in electrochemical systems was fully recog-
nized from the original works of Benjamin Levich,
Carl Wagner and Charles Kasper in the 1940’s;
this was later developed into a recognized aca-
demic program by Charles Tobias and John
Newman.

Today electrochemical engineering is an inte-
gral part of ChE and is taught in many ChE
programs in major American universities among
them: U.C. Berkeley, U.C. Davis, U.C.L.A., Illi-
nois, Case Western Reserve, Illinois Institute of
Technology, Northwestern, Connecticut, Oregon
State, Michigan, Wisconsin and Wayne State.

Electrochemical engineering is not limited to
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the subject of transport phenomena. The main
stream of research includes energy conversion
and storage (batteries and fuel cells) ; scaling up;
current distribution, porous electrodes, organic
electrochemistry, photo-electrochemistry and the
utilization of solar energy, non-aqueous electro-
lytic solution and molten salts, electromachining

The heart of the course

is dedicated to the various over-
potentials and evaluating of cell potential
scaling up and design consideration

of electrochemical reactors.

and environmental aspects among others. The
central problems of electrochemical engineering
are to increase the productivity of electrochemical
reactors and to improve their energy efficiency.

Electrochemical systems are very complex and
their principles depend upon the understanding of
thermodynamics, kinetics, transport phenomena,
electricity and surface phenomena. Though we
have not yet arrived at a point where all can be
left to the computer, perhaps the electrochemical
industry is now emerging from an era of em-
piricism and becoming more quantiative.

COURSE DESCRIPTION

AT WAYNE STATE University a three hour

credit course in electrochemical engineering
is offered annually during the Winter quarter.
The course has been taught since 1973 and was
attended by approximately sixty students, both
graduate and seniors. The course is open to en-
gineers and chemists from the local Detroit in-
dustry and is scheduled every other year during
the evening hours to enable part-time students
and professionals to attend classes. The electro-
chemical engineering course is followed by a cor-
rosion course in the Spring quarter.

The course does not follow a particular text-
book, but rather a set of notes and homework
problems. A list of recommended books is given
in the reference section. The homework problems
are assigned weekly and the final grade is deter-
mined by two exams and a term paper. The stu-
dents usually select the subject of the termpaper
from a list of topics. The course outline is pre-
sented in Table 1 and a list of termpapers from
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TABLE 1. Electrochemical Engineering
Course Outline

1. Introduction to Electrochemical Engineering
a. The Scope and Importance of Electrochemistry
b. The five “E”: Electrochemistry, Engineering, En-
ergy, Environment and Economics.
c. Examples from the Electrochemical Industry
2. Faraday’s Laws
3. The Electrolytic Solution
a. Conduction in Aqueous Solution—Debye-Huckel
Theory
b. The Concept of Electrical Potential
c. Conduction in Nonaqueous Solutions and Fused
Salts
d. Primary Current Distribution in Various Geo-
metrical Cells
4. Thermodynamics of Galvanic Cells
a. The Electromotive Force
b. Standard Potentials and the Nernst Equation
c. Application of Electrochemical Cells: Measure-
ments of Gibbs Free Energy, Entropy, Enthalpy,
Activity Coefficients, Standard Potentials and Sign
Convention
d. Reference Electrodes
5. Electrochemical Kinetics
a. The Electrical Double Layer
b. The Theory of Rate Processes Applied to Electro-
chemistry
c. The Tafel Equation
d. Charge Transfer Overpotential
6. Mass Transfer in Electrochemical Systems
a. Diffusion Contro!led Electrochemical Reaction
b. The Importance of Convection and the Concept of
Limiting current
c. Mass Transfer Overpotential or Concentration
Polarization
d. Secondary Current Distribution
e. The Rotating Disk Electrode
7. Synthesis of the Principles and Applications
a. Evaluation of Cell Potential and Overpotential
b. The Combined Effect of Standard Potential,
Ohmic Resistance, Charge Transfer and Mass
Transfer Overpotentials
c. Industrial Examples: Batteries, Chlor-Alkali In-
dustry, Aluminum Production, Copper Refining,
Plating, Electrowinning, Corrosion
d. Modeling and Optimization of Electrochemical
Systems
e. Electrochemical Machining-Design Problem
f. The Chlor-Alkali Industry-Economical and En-
vironmental Evaluation, New Process Design
8. Students Presentation of Term Papers.
See Table II for examples

the last several years is presented in Table 2. The
course is not intended to cover the physical chem-
istry of electrolytic solutions or the principles of
electrochemistry, however many ChE students
have not studied enough electrochemistry in their
physical chemistry sequence. Consequently the
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first three weeks are devoted to the survey of
Faraday’s laws, ionization and electrolytic solu-
tions, the standard potential and the Nernst
equation. This is done in order to bring all the
students to the same level.

The heart of the course is dedicated to the
various over-potentials and evaluation of cell po-
tential, scaling up and design consideration of
electrochemical reactors.

The convenience of using electrochemical tech-
niques in mass transfer measurements is em-
phasized: the rate (current) and the driving force
(potential) can be easily controlled and measured.
However the complications due to electrical migra-
tion and non-uniform current distribution are
brought to the class attention. The concept of mass
transfer limiting current iy, is introduced and the
ChE students are reacquainted with this electro-
chemical term which is directly related to the
familiar Sherwood number

Sh = i’ / n'F-D-C,

where F is the Faraday’s constant, n the number
of electrons transferred in the electrochemical re-
action, D is the diffusion coefficient, L. the char-
acteristic length, and C, is the bulk concentration.
Measuring the limiting current is therefore an
easy way of establishing mass transfer correla-
tions.

TABLE II. Examples of Term Papers

1. Developmental Batteries For Electric Vehicles
2. Bioelectrochemistry of Membranes and Nerves
3. Ion Selective Electrodes
4. Decorative Electrodeposition: Copper, Nickel, Chrome
Plating
5. Feasibility of Making Cl, and NaOH at Very High
Current Densities
6. Signal Transmissions in the Nerves
7. Energy Efficiency in Aluminum Production
8. Rotating Disk and Ring-Disk Electrodes
9. Pitting Corrosion—Electrochemical Aspects
10. Fuel Cells
11. Intermolecular Potentials and the Kinetics of Ionic
Solutions
12. Cathodic and Anodic Protections.
13. Electrochemical and Photochemical Responses in the
Eye
14. Low Pressure, Low Temperature Hydrogen—Oxygen
Fuel Cells
15. The Chlor-Alkali Industry
16. The Use of Dimensionless Groups in Electrochemical
Engineering
17. Electrochemical Machining
18. The Hydrogen Economy: Water Electrolysis and Fuel
Cells.
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The last section of the course is devoted to ap-
plications, especially energy storage and conver-
sion and various important electrochemical proc-
esses, e.g. the chlor-alkali industry, aluminum
production and the proposed hydrogen economy.
Special topics of interest include bioelectrochem-
istry, membranes, electrodialysis, electrochemical
machining, porous electrodes and high energy
batteries.

An interesting class project is the technical
comparison and economical evaluation of the vari-
ous processes for chlorine-caustic production: the
mercury, diaphragm and the newly developed
membrane cells. The environmental impacts of the
three processes are discussed at length. A new
high current chlorine production process which
involves high; flow velocities is proposed as an
exercise and the students are asked to design the
process and to compare it to existing processes.

The novel technique of electrochemical machin-
ing is brought as an example of achieving very
high rates which were unheard of only 15 years
ago. In this technique the negative replica of the
cathode is reproduced in the anode piece by high
rate anodic dissolution. High current densities in
the order of 100 A/cm? can be achieved by circu-
lating the electrolyte at high velocities (10 m/s)
through a very small gap (0.1-0.5mm). This is
an excellent example of incorporating ChE and
electrochemistry principles. The students are
asked to design an electrochemical machining sys-
tem using well known heat, mass and momentum
transfer correlations, and to evaluate the power
consumption.

CONCLUDING REMARKS
NDUSTRIAL ELECTROCHEMICAL processes
will no doubt increase in relative importance to
other chemical processes in the future. Increasing
electrical energy generation relative to petroleum
production will favor electrochemical processes
and will need new electrochemical storage and
conversion methods. Many known electrochemical
reactions will be re-examined and improved. New
membranes and new electrodes will be developed,
and electro-organic chemistry as well as metal
production by electrowinning will be expanded.
It is anticipated that careful application of elec-
trochemistry to biological problems will provide
new solutions and new techniques. It is predicted
that biological membrane research will expand.
Direct application of electrochemistry to thera-
peutic situations will increase in the medical pro-
fession.

FALL 1977

The role of the electrochemical engineer of the
future will be to bridge the gap between the sci-
entific discoveries and the yet unkown economic
reality of the future. The present trend in electro-
chemical engineering of better quantitative under-
standing, better cell design, scale up and optimiza-
tion insure that we are ready to fulfill the promis-
ing future of electrochemistry. O
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book reviews

INTRODUCTION TO MATERIALS SCIENCE
(SI EDITION)

by B. R. Schlenker

John Wiley & Sons Australiana Pty, 1974.

364 pages.

Reviewed by C. E. Birchenall, U. of Delaware

In the foreword to this book, Professor Hugh
Muir cites the need for all sorts of people to
develop a better feeling for material properties
and their efficient utilization as justification for
introducing materials science into high school
curricula. The author chose the contents to match
the New South Wales syllabus for one of the four
parts of an industrial arts curriculum. The result
is a descriptive survey of the wide variety of
materials employed in engineering, with fitting
emphasis on structure-properties relationships and

Continued on page 175.
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