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UNIT 1 1

UNIT 1

Passage A

CHEMICAL ENGINEERING

1. Definition of Chemical Engineering

* Chemical engineering is defined as “---the application of the principles of the
physical sciences, together with the principies 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 composition+:+". !VThis very vague defini-
tion is intentionally broad and indefinite as to the extent of the field. It is probably as
satisfactory a definition as any practicing chemical engineer would give. It should be not-
ed that considerable emphasis is placed on the process and process equipment. The work
of many chemical engineers would better be called process engineering.

The process may be any collection of steps involving changes in chemical composi-
tion or involving certain physical changes in material being prepared ,processed,separat-
ed,or purified. The work of many chemical engineers involves choosing the appropriate
steps in-the appropriate order to formulate a' process for accomplishing a chemical manu-
facturing 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 condi-
tions under which each step is to be carried out. '

As the process evolves and equipment must be designed,the work of the chemical
engineer merges with that of the mechanical and civil engineer. * The transfer of prima-
ry responsibility from the process engineer to the mechanicgl engineer can take place sat-
isfactorily at various stages of the design,so it is impossible to define a fixed extent to
which the responsibility should be called that of a chemical engineer or a stage at which
the mechanical engineer should take over responsibility for equipment. (1

At the time the definition quoted above was presented ,the physical sciences referred
to were primarily chemistry and some classical physics. As the understanding of mathe-
matical models of chemical processes advances, the treatment of the chemistry and
physics of the process is expressed in considerably more mathematical form. Increasi‘hg

use of thermodynamies,fluid dynamics,and mathematical techniques such as probability
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and statistics, matrix manipuiation, and complex variables is characteristic of modern
chemical engineering practice. ¥ In most processes being carried out on a large scale,
however,the chemistry has been previously worked out,and the physical changes inci-
dent to preparation and purification of the reaction mixtures demand considerably more
study than does the chemical reaction. ! Frequent application of the principles of physics
‘and of physical chemistry is required in the processing steps that produce physical
changes,such as vaporization ,condensationor érystallization. As a process evolves into
a plant and the work merges with that of mechanical designers,the science of mechanics
becomes increasingly important. The chemical engineers who specialize in equipment
must have thorough and extensive grounding in mechanics of materials.

All of an engineer's work must be quantitative ,and mathematics is therefore a fun-
damental tool of the engineer. Unfortunately ,our understanding of mathematics is large-
ly restricted to the domain of linear mathematics, and, equally. 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 ex-
pressed 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 de-
termine the most profitable operating conditions——and in accounting for the sales re-
ceipts and distribution of income to profits and costs, including replacement of the
plant——mathematical calculations are universal. [ o

The existence or contemplation of a process implies that a material is to be produced
for 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,la-
bor,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 built 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 propor-
tion. |

The human-relations aspect of engineering practice is not usually emphasized in un-
dergraduate training because of the great quantity of technical information and tech-
niques the student must learn.  * That this may be a fallacious course is implied by the
fact that failures of young engineers because of personnel problems are at least five times
as frequent as failures because of inadequate technical training. 7All engineers must re-
alize that the industry in which they are working requires team effort of all personnel.
Valuable information can be obtained from operators of limited educational background
who have observed similar processes. The person who has “lived” with an operation has
probably observed * actions and effects!™and has learned methods of detailed control

that cannot be approached by formal theory alone. The best engineering job can be done
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only with proper regard for all available facts regardless of their source. A new process
or the technical improvement of an existing one designed without due regard for the op-
erators is usually destined to failure. * The start-up of a new plént or the installation
of a technical change is likely to be much smoother and the cost of it much less if the op-
“erating personnel understand the objectives and are convinced of their soundness. "
Before attempting to describe the operations that comprise a chemical procesé,it is
necessary to introduce several basic concepts that must be understood before a descrip-

tion of the operations is meaningful. N
2. Equilibrium

There exists for all combinations of phases a condition of zero net interchange of
properties (usually mass or energy in chemical processing)called equilibrium. For all such
combinations not at equilibrium, the difference in concentration of some: property be-
tween one in the existing condition and one that would exist at the equilibrium condition
is a driving force,or a potential difference,tending to alter -the system toward the equi-
librium condition. The tendency of thermal energy to flow from a region of high concen-
tration——hot body——to a region of low concentration——rcold body——is universally
familiar. Similarly ,the tendency of electrical energy to flow from a region of high poten-
tial to one of low potential in accordance with Ohm’s law (I=E/R)is well known. The
tendency of acetic acid to flow from an acetic acid-water solution into an ether phase. in
contact with it is less widely known. The description of this equilibrium is considerably
more complicated than the statement of equality of temperatures, which describes the e-
quilibrium of epergy of molecules. Material will flow from a region of high concentration
(activity) to one of low concentration (activity), just as heat and electricity flow.from
high- to low-concentration regions in the situations mentioned above.

The expression of the equilibrium condition is familiar to all in connection with elec-
trical and thermal enerpy. The concentration of such energy is expressed directly as a
voltage potemial or a te nperature. Accordingly,two bodies at the same electrical poten-
tial yor at the same temperature,will be in equilibrium with regard to that particular kind
of energy. For the equilibrium between a liquid and its vapor,the vapor-pressure curve is
reasonably familiar. The curve expresses in pressure units the concentration of vapor
that is in equilibrium with the pure liquid when both are at a specified temperature. In
case of a liquid mixture,equilibrium must exist between the liquid phase and the vapor
phase in regard to each and every constituent present. For a binary mixture,the relation
is a relatively simple one describing the concentration or partial pressure of each con-
stituent in the vapor phase that is in equilibrium with a liquid of one particular composi-
tion at the specified temperature. Obviously, the vapor will be of different composition

when it is in equilibrium with different liquid mixtures. The expressions for equilibrium
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in multicomponent mixtures between the liquid phase and its vapor or bexween two ligu-
id phases having partial solubilities become more involved. In every case,the condition
must be satisfied that the potential for each constituent is identical in all equilibrium

phases of a particular system.

3. Driving Force

When two substances or phases not at equilibrium are brought into contact,there is
a tendency for a change to take place that will result in an approach toward the equilibri-
um condition. The difference between the existing condition and the equilibrium condi-
tion is the driving force causing this change. The difference can be expressed in terms of
concentrations of the various properties of substances. For example, if liquid water of

low energy concentration——that is,low temperature

is brought in contact with wa-

ter vapor of high energy concentration——that is, high temperature——energy will be
transferred from the vapor phase to the liquid phase until the energy concentration is the
same in both phases. In this particular case,if the amount of liquid is large in comparison
with the vapor,both phases become one by the condensation of the vapor as its energy is
transferred to the cold water. The final mixture will be an increased amount of liquid wa-'
ter at a higher temperature than initially and a decreased amounf of water. vapor. This
combination reaches equilibrium very quickly,at a temperature such that the vapor pres-
sure of the water equals the pressure of the vapor phase. * A similar line of reasoning
can be followed in the case of two electrical condensers charged to different concentra-
tions (i. e.voltage). ¥ If they are brought into electrical contact sthe electrical energy will
flow from the region of higher concentration to that of lower. Both condensers will be
charged to the same voltage when equilibrium is reached.

A less familiar type of driving force exists when a solution of acetic acid and water
is brought in contact with isopropyl ether. The three materials will usually separate into
two liquid phases,each containing some quantity of all three components. The concentra-
tion of each of the three substances in each of the two phases must be kriown to describe
the equilibrium condition. If two phases that are not in equilibrium are brought together,
a transfer analogous to that for electrical and thermal energy will occur. The result will
be a transfer of isopropyl ether into the water-acid phase and the transfer of both water
and acid into the ether phase until the potential of each constituent is identical in the two
phases. There is no convenient and simple expression for the chemical potential;hence,
the amount per unit volume,or concentration,of mass in such a phase is commonly so
designated. Mass concentration is not a rigorous definition, but the more accurate and
more complex functions of activity,fugacity,and Gibbs free energy demand more knowl-
edge of physical chemistry than is expected at this time. In the preceding example the

mass concentration of a component is different in each phase at equilibrium.
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In all cases discussed above,the potential (concentration)of an existing substance or
mixture when compared with the potential at the equilibrium condition yields a differ-
ence in potential that is a driving force,tending to change the conditions of the system
toward the equilibrium. The driving forces,or differences in the potential of energy or

matter, will tend to produce a change at a rate directly proportional to the difference

from the equilibrium potential.
4. Separations

Obviously, the separation of a solution,or other physically homogeneous mixture,
requires preferential transfer.of a constituent to a second phase that may be physically
separated from the residual mixture. lllustrations are the dehumidification of air by con-
densing or by freezing a part of the moisture,or the use of a liquid solvent that is insolu-
ble in the unextracted material. Any two phases that exhibit preferential distribution of
constituents and that can be easily separated may be involved in a separation operation.
Two solid phases may be very difficult to separate;a liquid and a gas or solid usually
may be easily separated; ¥ two liquids of approximately equal density and no interfacial

tension may resist all practicable separation means short of altering one of the

phases. [
S. Flow Patterns

In many of the operations for transferring energy or material from one phase to an-
other,it is necessary to bring two streams into contact to permit a change toward equi-
librium of energy or of material,or both. The transfer may be accomplished with both
streams flowing in the same direction(i. e.,cocurrent flow). If cocurrent flow is used,the
limit in amount of transfer that can occur is firmly set by the equilibrium conditions that
will be reached between the two streams being contacted. If, however,the two streams
being contacted are made to flow in opposite directions,transfer of material or energy in
considerably greater am unts is possible. Such a flow pattern is known as countercurrent
flow.

As an illustration,if a stream of hot mercury and a stream of cold water are allowed
to reach thermal equilibrium%the temperature attained can be predicted by a heat balance’
that recognizes the relative quantities of the streams,their initial temperatures,and their
heat capacities. If the streams flow simultaneously from the same inlet point to the same
outlet point,the equilibrium temperature is definite,and the path is as indicated in Fig. 1
a. * If the streams are made to flow in opposite directions,as by letting the mercury
flow downward through an upflowing stream of water,it is possible for the entering hot-
mercury stream to raise the temperature of the leaving cool-water stream to a tempera-

ture above that to which the mecury stream is lowered as it leaves the contacting equip-
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ment,as indicated in Fig. b.[** The counterflow principle is used in many chemical engi-
neering operations in order to permit greater transfer of a property than would be indi-

cated merely by the attainment of a single equilibrium between the leaving streams,

Hgoi.—lqn—ﬂgi. H.Oon ng,

1/ A

Height
Height

HzOm‘_:-_L Hgou Temperature H,Oi.—:—_d—’ Hgom _ Temperature

(a) ‘ N

Fig. 1 Flow and temperature in a contactor

(a) Concurrent, (b) Counter

6. Continueus and Batch Operation

In the majority of chemical processing operations,it is more economical to maintain
continuous and steady operation of equipment, with a minimum of disturbances and
shutdowns. This is not always practical in some small-scale operations, in operations
where extremely corrosive conditions force frequent repairs,and in others for various
specific reasons. Because of the greater productivity of continuously operating equipment
and the resultant lower unit cost,it is usually advantageous to operate equipment contin-
uously. This means that time is not a variable in the analysis of such a process,except
during the rather brief start-up and shutdown periods. The time rate of transfer or of re-
action is important in fixing the necessary size and capacity of equipment,but the perfor-
mance is expected to be the same today,tomorrow,or next year if the operating condi-
tions remain the same. Conditions are not constant throughout a system at any time,but
those at a particular point are constant with time.

When small quantities of material are to be processed,it is often more convenient to
charge the entire quantity of material to the equipment,process it in place,and remove
the products. This is called a batch operation. ,

An operation that is variant with time is spoken of as a transient or unsteady syate,
in contrast with that spoken of as steady state,in which conditions are invariant with
time, Quenching a steel part for heat treating and freezing ice cubes in a domestic refrig-
erator are illustrations of unsteady-state operations. In batch operations,almost the en-
tire cycle is a start-up transient and a shutdown transient. In a continuocus operation,the

time during which the start-up transient exists may be extremely small in comparison
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with the steady state operation. Analysis of transient or batch operations is usually more
complex than of steady state operation. ¥ Because of the greater simplicity and the wide
occurrence throughout chemical processing of steady-state operations,the introductory
treatment is in terms of conditions that do not vary with time. !'J Analysis of a transient
operation is different from the steady state only in the introduction of the additional

variable of time. This variable complicates the analysis but does not fundamentally
change it.

New Words and Expressions

pertain [pa'tein] vi. MR B X, EFUST# to)
intentionally [in'tenfonali] ad. HEH, R H
formulate ['foimjuleit] vz. BES GH . S
merge [ma:d3] v. &3, 48 U5 H with)
vague [veig] a. BB, AR
matrix ['meitriks] a. R, B GHRL R
manipulation [ma,nipju'leifon] . A, 4bFE
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domain [da'mein] n. GEzh. BEE) T, WE
linear [linia] a. SYER) AR MAKRN
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contemplation [, kontem'pleifon] r. T E .3
simultaneously [;simal'teiniasli] ad. Rt & A [EE I, Bt
fallacious [fa'leifas] a. B, EARER
equilibrium [ ikwi'libriam] (pl. equilibria

[iikwi'libria],equilibriums) n. Y4, B
acetic [o'siitik] a. e ;BN
acetic acid BE(ZO™B)
ether ['i:00] ». Bk, 2B
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fugacity [fju'gaesiti] n.
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homogeneous [ ,homa'd3i:nies ] a.

residual [ri'zidjusl] a.

dehumidification ['dihju,midifi'keijan] n.

Gk SRIEiR35:3: VPR g i)
BAROBRGRVEN
B (FERD

solvent ['solvent] n. 3
insoluble [in'soljubl] a. OB
unextracted [,aniks'traektid] a. R B iR 1M
prcferential [ prefo'renfal] a. el 4% (R 1B e, B
batch [beet(] a. 18k GO#Y, Ay
disturbance [dis'ta;bans] . REL . IEEL
shutdown n. CENENS:: N o))
productivity [ ,prodak'tiviti] n. NEE.EFRE
resultant [ri'zaltent] a. ERE R, BAEEN
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start-up n. HT
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physical science B AR
civil engineer T ARTREIF
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Notes

1. 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 composition--+". 7£ H “the application of the principles

+,to fieldsee«” (B e oo JRERRY Y Froeeeee ) X — 4549, “in which”3| & i) &5 N\ A1
“processes and process equipment”, ZHE ¥ ALE TRE L€ - - EE RBEHEL
FESZFEMARXRFHERAFELES & NAT S5 X3IRREE A BETAN
AR SRR RIS A X WI

2. “The transfer of primary responsibility from the process engineer to the mechani-
cal engieer can take place satisfactorily at various stages of the design,so it is impossible to
define a fized extent to which the responsibility should be called that of a chemical engi-

neer or a stage at which the mechanical engineer should take over responsibility for equip-
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ment. W] I FIE G4], B &7 “so" BN H 3 44A] . TEE AP, “a fixed extent”
5“a stage” AR E A “to define”# H 5 3Z1F , % 7 “or " 12 ; B F B “to which"5| G
SE 18 W8] BT 54, J& & 4 “at which” 5] S 89 2 18 W\ A BT 8 4#. “that of a chemical
engineer "7 that 354X, responsibility , 2% . AR ITHI B AU B, TEE FHATREN
SETENSEB IV TR FLLRAERESRESFELSARE LiXRL%T
BIme, S E N EEH R VR LIRS 2 RE& T MES.

- 3. In most processes being carried out ¢a a large sacle, however,the chemistry has
been previously worked out sand physical changes incident to preparation and purification
of the reaction mixtures demand considerably more study than does the chemical reaction.
I Ab L8R 18 ML) “++ than does the chemical reaction. ” 2 {8 ¥ 4] , Bl & iF “does "#2 8] k&
BT A RFHINE S, B and”EE ERN T2 B, AR ERBR--EHR". &
# incident LA, 5 HE to, BMA“H R EM, B TR, 24 PES B 2 F . 1T
Wi 9 physical changes, &% &30 R, REPRIARE =SB AEFRLERER
BLEXNRSYHBLENRAEPHDEEAERLERNEASEEERETLHTR
T4, .

4. In the economic study to determine the most profitable operating conditions —and
in accounting for the sales receipts and distribution of income to profits and costs,includ-
ing replacement of the plant —mathematical calculations are universal. B %3 . EWE
(2 BRI RIER G N RFFH RS URESBREES RN (UEEEHEBRO,
FTERERETE,

5. That this may be a fallacious course is implied by the fact that failures of young
engineers because of personnel problems are at least five times as frequent as failures be-
cause of inadequate technical training. “that”3| 5 1B M 4], T “this”#848 _L—4] , &2 %%
3C X R A R R, B 35 LR TRITH T A RS MR 70 5 M o i
BTEARNARET AR L E W 448,

6. actions and effects IREABPHER LR

7. 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 objec-
tives and are convinced of their soundness. /) ¥ “are convinced of their soundness” & %
“BIERSEE". 2HF NN MHEENF IR —AERYEN L, MEREAR
EEREENMNRLAEE RALABRTERRHNEL . HRLIBL.

8. A similar line of reasoning can be followed in the case of two electrical condensers
charged to different concentrations(i. e. ,voltage). &) “charged to different concentra-
tions" B XM AR . MEBREE. 2% F M THA BEH, B AR R E
Bt & S BLR LU HETE .

9. T'wo liquids of approximately equal density and no interfacial tension may resist
all practicable separation means short of altering one of the phases. 5]# “short of altering

one of the phases”# J#“unless one of the phases is altered”, &% & X . FHEELHBIR
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HREKRAHPHNBAAEE ERAT 2 BH, RIERER S —H.

10. If the streams are made to flow opposite in derections,® as by letting the mercury
’ Sflow downward through an upflowing stream of water it is possible for the entering hot-
mercury stream to raise the temperature of the leaving cool-water stream to a temperature
above that to which the mecury stream is lowered® as it leaves the contacting equipment ,©
as indicated in Fig. 1b. WHIAH "3 M RAEREFANDWENESH . ERAP=4
“as”B| RMRFE NG, OMSA] N EBE T E8ERG8  XRE 8] @A) Bt BLRE M
], “what” LA, A 4 18] “temperature” . 2251 3 - 101 5 P4 B A% 3 3 3, AOK R T I
MK ER, MEKBEAOLESKEOAMBERSI R T REEEMBTREH OLM
BEE, mE 1b FriR.

11. Because of the greater simplicity and the wide occurrence throughout chemical
processing of steady-state operations,the introductory treatment is in terms of conditions
that do not vary with time. 5P “in terms of "5 /N, BH“BE”, “HR”, A iF

BBNFAAR". BHFX B TREREAFLBEBEREAERZ . NS4 R
F AR pEE AL .

Exercises

I. A: Choose the best answer according to the text.
1. In chemical engineering .
a. chemistry should be applied only
b. physics should mainly be applied
c. mathematics is less applied
d. chemistry ,physics and mathematics should all be applied -
2. Mathematics is applied to all the following except
a. the treatment of the chemistry and physics of the process
b. energy and material calculation
c. the process evolving into a plant
d. the economic study to determine the most profitable operating conditions
3. Which of the following is NOT true?
a. The human-relations aspect of engineering practice is important in undérgraduate
training.
b. Students should learn more about human relations than technical information and
techniques at university.
c. Failures of young engineers because of human relations are,to some extent,due to
the lack of undergraduate training in this aspect.
d. Chemical engineering requires team effort of all the engineers.

4, When a solution of acetic acid and water is brought into contact with isopropyl ether?



