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Unait 1.

(1)Chemical Engineering

Chemical engineering is defined as “--the application of
the principles of the physical sciences, together with the
principles of economics and human relations, to fields that
pertain directly to processes and process equipment in which
matter is treated to effect a change in state, energy
content, or compostion*+”.This very vague definition is in-
tentiona''y broad and indefinite us w0 ine extent of the field It
is probably as satisfactory a definition as any practicing
chemical engineer would give.It should be noted that consid-
erable emphasis is placed on the process and process equip-
ment.The work of many chemical engineers would better be
called process engineering.

The process may be any collection of steps involving
changes in chemical composition or involving certain physi-
cal changes in material being prepared, processed, sepa-
rated, or purified.® The work of many chemical engineers
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involves choosing the appropriate steps in the appropriate
order to formulate a process for accomplishing a chemical
manufacturing  operation, a  separation, or a
purification. Since each of the steps constituting a process is
subject to variations, the process engineer must also specify
the exact conditions under which each step is to be carried
out.?

As the process evolves and equipment must be
desigend, the work of the chemical engineer merges with
that of the mechanical and civil engineer. The transfer of
primary responsibility from the process engineer to the —me-
chanical engineer can take place satisfactorily at various
stages of the design, so it is impossible to define a fixed ex-
tent to which the responsibility should be called that of a
chemical enginéer or a stage at which the mechanical engi-
neer should take over responsibility for equipment.

L At the time the definition quoted above was presented,
ﬂ"}ei)hysical sciences referred to were primarily chemistry
and “some classical physics. As the understanding of
mathematical models of chemical processes advances, the
treatment of the chemisity and physics of the process is ex-
pressed in considerably more mathematical form.Increasing
use of thermodynamics, fluid dynamics, and mathematical
techniques such as probability and statistics, matrix manip- '
uwlation, and complex variables is characteristic of modern
chemical engineering practice. In most proceéses being car-
—_n —




ried out on a large scale, however, the chemistry has been
previously worked out, and the physical changes incident to
preparation and purification of the reaction mixtures de-
mand considerably more study than does the chemical reac-
tion.Frequent application of the principles of physics and of
physcial chemistry is required in the processing steps that
produce physical changes, such as vaporization, condensa-
tion, or crystallization.As a process evolves into a plant and
the work merges with that of mechanical designers, the sci-
ence of mechanics becomes increasingly important. The
chemical engineer who specialize in equipment must have
thorough and extensive grounding in mechanics of materials.

All of an engineer’s work must be qhantitative; and
mathematics is therefore a fundamental tool of the engineer.
Unfortunately, our understanding of mathematics is largely
restricted to the domain of linear mathematics, and, equal-
ly unfortunately, chemical molecules seldom behave in
accordance with linear mathematical rules.Energy and mate-
rial balance calculations, which are fundamental to any
process study, can usually be expressed with confidence and
precision in terms of linear mathematics, as long as we omit
atomic and nuclear processes from our considerations.In the
economic study to determine the most profitable operating
conditions—and in accounting for the sales receipts and dis-
tributiqn of income to profits and costs, including
replacement of the plant—mathematical calculations are uni-

: —3—



versal.
The existence or contemplation of a process implies that
a material is to be producedifor which customers will pay.It
must ‘be delivered in a quantity, of a quality, and at a price
which are acceptable to the customer. Simultaneously, it
must pay for materials, labor, and equipment used in the
manufacture and return a profit over and above all
costs. Many materials produced by the chemical industry are
planned and plants bulit before the real market potential has
been developed.For a completely new product, some esti-
mate of the size of the market must be made, and the plant
should be scaled in proportion. '
.The ‘human-—relations aspect of engineering practice is
nm usually emphasized in undergraduate training because of
the great quantity of technical information and techniques
thamd&t must learn.That this may be a fallacious course is
lﬂgﬁ"dlby the fact that failures of young engineers because
. of personnel problems are at least five times as‘ frequent as
fatlures because of inadequate technical training. All engi-
-Agers.must realize that the industry in which they are work-
‘ "nig:_irenuires team effort of all personnel. Valuable informa-
tion:can be obtained from operators of limited educational
mkgtaund who have observed similar processes.The person

who has “lived” with an operation has probably observed ac-

tmns«and effects and has learned methods of detailed control

that cannot be approached by formal theory alone.®The best
—_— 4 —_—




engineering job can be done only with proper regard for all

available facts regardless of their source. A new process or

the technical improvement of an existing one designed with-

out due regard for the operators is usually destined to

failure. The start—up of a new plant or the installation of a

technical change is likely to be much smoother and the cost

of it much less if the operating personnel understand the ob-

jectives and are convinced of their soundness.
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(2) Unit Operations

* Chemical processes may consist of widely varying se-
quences of steps, the principles of which are indepdent of
the material being operated upon and of other characterstics
of the particular system. ®In the design of a process, each
step to be used can be studied individually if the step are rec-
ognized.Some of the steps are chemical reactions, whereas
others are physical changes. The versatility of chemical engi-
neering originates in training to the practice of breaking up a
complex process into individual physical steps, called unit
operations, and into the chemical reactions.® The unit—op-
erations concept in chemical engineering is based on the phi-
1osophyfthat the widely varying sequences of steps can be re-
duced to simple operations or reactions, which are identical

— 6 —
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in fundamentals regardless of the material being
processed. This principle, which became obvious to the pio-
neers during the development of chemical industry, was
first clearly presented by A.D.Little in 1915:

“Any chemical process, on whatever scale conducted,
may be resolved into a coordinated series of what may be
termed ‘unit actions, ’as pulverizing, mixing, heating,
roasting, absorbing, condensing, lixiviating, precipi-
tating, crystallizing, filtering, dissolving, electrolyzing
and so on. The number of these basic unit operations is not
very large and relatively few of them are involved in any par-
ticular process. The complexity of chemical engineering re-
sults from the variety of conditions as to temperature, pres-
sure, etc., under which the unit actions must be carried
out in different processes and from the limitations as to ma-
terials of construction and design of apparatus imposed by
the physical and chemical character of the reacting sub-
stances.®”

The original listing of the unit operations quoted above
names twelve actions, not all of which are considered unit
operations. Additional ones have been designated since
then, at a modest rale over the years but recently at an ac-
celerating rate. Fluid flow, heat transfer,  distillation,
humidification, gas absorption, sedimentation,
calssification, agitation, and centrifugation have long been
recognized.In recent years increasing understanding of new

._7..._.



techniques—and adaptation of old but seldom used
separative techniques—has led to a continually increasing
number of separations, processing operations, or stepsin a
manufacture that could be used without si'gniﬁc.ant altera-
tion in a variety of processes.This is the basis of a terminole-
gy of ‘unit operations, * which now offers us a list of tech-
niques, all of which cannot be covered in a reasonable text.

Very frequently chemical changes occur in a material be-
ing distilled or heated.In such cases the physical operation is
the primary concern, and if a chemical change occurs
simultaneously, it is commonly héndled by a modification
of fhe physical properties of the material. When chemical rate
and equilibria are known, these may be mathematically
modeled into the unit operation calculations.

The typical chemical‘manufacturing operation involves
a féw. chemical steps that are probably straightforward and
-well ﬁn’derstopd. Extensive equipment and operations are
" usuglly needed for refining or further preparing the often
complex mixture for use as an-end product.The result is that
the wt;rk of the typical process engineer is much more
conerned with physical changes than with chemical
reactions. The importance of the chemical reactions must not
be-:d.%rlvopked because of the economic importance of small
improvements in percentage yield from chemical reactions.In
many cases a relative]& small percentage improvement in
yield' may economically justify considerably more extensive
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