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Method for improvement of theymodynamic conditions in the reclifica-

tion of multicomponent mixtures.
Introduction
THE efficiency of the rectification process can be

improved in {wo ways. One is modification of the
design of the distilling installation to intensify its

This article first published in Magyar Kémikusok Lapja, Vol.
28, No. 3, pp. 123-131 (1973).
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operation, Thig improves the operating distillation
conditions. The other possibility is the improvement
of the industrial process, on the basis of other con~
siderations. In this manner, the thermodynamic con-
ditions of the process may be improved,

There are numerous publications dealing with im-~
provement of the distillation process. Usnally these
have been investigations included in attempts to
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improve the efficiency of th  .stillation process.
They include the multiple problems of the cross-
sectional design of the distilling eolumn, hydrody-
namic dimensioning, plate efficiency, modelling,
ete, There are comprehensive texts available on the
subject in Hungarian, for example, {7, 25).

The present series of papers is concerned with
tmprovement of thermodynamie conditions in the
rectification of multicomponent mixtures, In this
field, the pertinent {{terature is much poorer, and the
first domrestic publications have appeared only re-
cently (26, 31). Deficiencies and unfounded concepts
with respect to the fundamental problems of the sub-
ject still exist and they lead, from time to time, to
incorrect conclusions, Thus, for example, Hopking
in 1966 rigidly rejected the justification for circu-
tation reflux, which had proven itself out for decades
in the technology of the petroleum industry, An ex-
ample of the other exireme is the use of so-called
“hlind plates® with side discharge (17). The philos-
ophy of its design considers merely the energy as~
pects of the process and neglects the requirements
of product quality and flexibilitv., The Inflexible in-
fluence and the unfavorahle effect on the guality of
the blind-plate discharge process Is by now obvious
(23, 26).

The purpose of our present discussion is the com-
hination of the thermodynamic concepts of multi-
component rectification systems into g uniform
theory and, in the basis of the theory, the presenta-
tion of proposals to minimize the degree of irrevers-
ibility occurring in industrial distillation Instal~
lations, keeping in mind the economic aspect {to
attain a minimum production of entropy), with con-
siderntion of capital investment, capacity, product
guality, and flexibility.

Theoretical foundation, Definition of problem,

The separation of components by distillation, in
thermodynamic terminology, requires the expenditure
of work, The work performed in distillation columns
is at the expense of the evolution of heat. In adiabatic
distillation, heat flows from the hottom to the top
of the column from a higher to a lower temperature
level, Maximum work is obtained by the use of the
Carnot cyele. The *‘useful work’’ or energy of a
heat flux Q (9) is:

»:Q(! ~—7%."~~]. m

It can he seen that, with the devaluation of heat, a
Inss of energy occurs, which in this case, in addition
to other thermodynamic losses, covers the work of
geparation. The theoretically necessary devaluation
of energy in the isothermal-isobaric separation in
separating n products {one top, one boitom, n-2 side
products) is:
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The difference between the ““useful work’” determined
from Equation {1) and the ‘‘recovered work,’’ cal-
culated by Equation (2), is the internal thermody~
namic rectification loss, The Internal thermodynamic
losses of the column are caused by finite driving
forces occurring in the complex, interrelated, mass-
and heat-tranafer processes, and by the hydrodynamic
resistance. In sccordance with the theory of irre-
versible processes, rectification may formally he
considered a first-order steady-state system, in
which, during evaporation and condensation, com-
bined heat and mass transfer take place at a finite
rate, resulting in finite driving forces and irrever-
stbility. Therefore, rectification, based on the theory
of agsociated thermodynamle processes, may be con-
celved as 8 process in which a flow of heat ls gen~
erated in the column under the effect of 2 temper-
ature gradient (impressed driving force}, to be
joined by component flows, so that over an uncharged
systerm, the overall component flows are zero {30,
20, 28).

In accordance with ths theory of irreversible pro—
cesses, the driving force associated with an iso-
thermal-Isobaric component flow is:

a; 1 170G
A[ﬂi,-)z_i,- 80i=5 (3_2‘] 4,
where the partial derfvative of Gj {8 a function of x;
and must thus be calculated at an average concen~
tration of %j. Since

8¢ _RT
Bxg T ’
the driving force is
G; R
i | e (A2 i)
A[ - ) = (drim
With consideration of the Nernst equation for the
component flow:
Jy=D; gi Az; .

The production of entropy in accordance ’ith the
Onsager thaorem (driving force times flow} (2) is:

4 {(dzi
Dy = 2 Jl(—-—T ]:: 2 Deg{R—-—E‘ . 3
13
The loss of energy in accordance with the Gouy~
Stodola equatfon: 4
Ae=T, (§—8g)=TA8. (4}

Using the equation relating the steady-state change in
the entropy with the entropy source density #s

*For nonideal mixtures Ln 7 x; should be written for in x;.
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(5)

AS = ff ®,dedv.

1t is evident that the loss of energy decreases with

decreasing differences in concentration, and is re~
duced to zero only in the case of an infinitely small
difference in concentration (for example, for an in~
finitely large value of the diffusion coefficient, the

value of Ax; is not finite and &g = 0).

In the course of designing unit processes, however,
it must be borne in mind that the dimensions of the
installation increase with declining driving forces
as do investment costs. The task of the designer is
thus to find the optimum value of the driving forces
from an economic standpoint.

Study of the thermodynamic losses generated by the
driving forces of separation units shows that the
lowest losses correspond to the most uniform dis-
tribution of driving forces (countercurrent) and that
the highest losses occur in complete-mixing elements
(16). In the case of countercurrent units, nearly all
of the entropy produced is applied to mass transfer
(with the exception of finite driving forces and hy-
draulic resistance); in complete-mixing elements,
on the other hand, nearly the entire entropy yield is
needed to cover the undesirable ‘‘dilution process”
(mixing) which takes place with very high driving
forces. Direct flow units occupy an intermediate
position with respect to thermodynamic losses be-
tween the two extremes, On the plates the inefficient
use of driving foreces (remixing), in industrial in-
stallations, thus increases the number of separating
units, This statement is supported by other articles,
analyzing the degrees of efficiency and remixing,
for example (7).

Uniform adjustment of the value of the driving
forces is important, ot only within a single separa-
tion element (plate), but over the entire height of the
column. In conventional, so-called adiabatic cofumns,
the distribution of the driving forces over the height
of the column in the separation of multicomponent
mixtures is extraordinarily uniform, at both ends
of the column and in the vicinity of the inlet {(in the
irreversible mixing of material flows), and large
driving forces are generated; this leads to an in-
crease in the overall energy cost of the separation.
It can be seen from the above considerations that, in
the rectification process, part of the thermodynamic
irreversibility occurring as a result of the concen~
tration difference regarded as a driving force, the
so-~called useful part, which is applied to mass trans-
fer, must be optimized with the counteracting para-
meter of investment costs; the harmful part, on the
other hand, which occurs in the vicinity of the mater-
ial flow inlet and at the ends of the column during
mixing, must be minimized by improving the tech-
nical design.

Hydrodynamic resistance, which forms part of the

20 January 1974

{Vol. 14, No. 1}

internal thermodynamic losses, is a result of the
entropy-producing process of frictional dissipation,
in which work performed serves to compensate the
energy related to internal friction, The hydraulic
resistance encountered in the column increases the
temperature difference to be maintained, thus in-
creasing the energy requirements. In the distillation
of mixtures to he separated, the hydraulic resistance
generally brings about a reduction in relative vola-
tility, thus further raising energy needs. Hydraulic
resistance must therefore also be minimized (de-
sign improvements).

In addition to the so-called internal losses taking
place inside the column, external thermodynamic
losses also occur in distillation installations. The
most important among these is the production of
entropy as a result of the finite temperature differ-
ential existing in reflux boilers and condensers (heat
exchangers), Since the flow of heat and the associated
driving force are related by (30):

Jo=A-2-ATn
it follows that
4 1y AT 4Tw
(r)-rr ="
From these, the density of the entropy source is
2
Gp=A-a- [—AT-,T—]

It can be seen from Equations (4), (5), {6) that the
loss of energy can be reduced in the case of small
temperature differences, but that it can be reduced
to zero only for infinitely small AT values {for ex-
ample, infinitely large heat-transfer surface areas
or infinitely large heat-transfer coefficients). It is
evident that in the design of heat-transfer installa-
tions, an economic optimum must again be sought
through the simultaneous consideration of investment
costs and the loss of energy.

In addition to the loss of energy caused by the finite
temperature difference existing in heat exchangers,
compressor and pump losses, thermal losses to the
environment, hydraulic losses, etc., are unavoidable
in heat exchangers. As a demonstration, we present
certain examples of the thermodynamic efficiency of
distillation plants:*

Separation of liquid air: 18% (11);
atmospheric and vacuum distillation in the petroleum
industry: 12% (16);

(6}

m

*In rectification, in a thermodynamic sense a spontaneous
process and an associated forced process taken place. The
desired entropy-producing process (component separation)
is made possible by an entropy-producing transfer of heat.
The separating operation becomes more favorable from an
energy point of view with decreasing overall entropy produc-
tion. Thermodynamic efficiency is the ratioc of the reversible
work of separation to the energy put into the system.
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Separation of pyrolysis gas: 5% {11);
isotope separation: 0,01—0.001% (13).

The low thermodynamic efficiency of rectification
processes represents an incentive for researchers
to seek novel, more economical, technologies through
detailed analysis.

External losses in heat exchangers, for example,
can he reduced by the application of heat pumps (12,
15). The method, however, is economical only in the
separation of mixtures with boiling points which are
close together. Further decreases in external
thermodynamic losses are obtainable In connection
with the design and fabrication of insulatfon, heat-
exchanger systems, compressors, pumps and other
ancillary installations, The present paper is con-
cerned only with internal thermodynamie losses in
rectification and specifically only with the analysis
and possible reduction of losses due to excessively
large driving forces, reduction of the hydraulic re-
sistance being associated with improvement of the
kinetic conditions of the distillation process (design
modifications),

Thermodynamic reversibility, mathematical de-
scription of a multicomponent distillation column
and {ts characteristies,

In order to carry out a detailed analysis of in-
dustrial distillation installations, an ideal installation
must first be examined, that is, model column for
reversible multicomponent distillation,

Using the notation of Figure 1, the material balance
equations for any cross section of the column are (8):
For concentrating sections:

Vyi—Lxy=d;n0, i=12...p )

For stripping sections:
(8)

The equations express the fact that the mole frac-
tion of the components leaving with the overhead and
bottoms products may bave positive values or may
be equal to zero, depending on the sharpness of the
separation, In addition to Equations (7) and (8), in
reversible distillation the phase equilibrium relation-
ship must be valid at all points of the column cross
sections for all of the components (14):

Lzi—Viyi=uxx0,i=12...p

- i - 23
Ki=¥%_ i

xi 7

3 nen

=1

, i=12,...,p (9)

At any cross section of the column, the maximum
reflux value is determined by the complete ‘‘de-
pletion’ of the least volatile component from the con~
centrating section (dp = 0), and maximum evapora-
tion by the complete depletion of the most volatile
component from the stripping section (w, = 0), since
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Fig. 1. Nomenclature used in
the description of a reversible

F V’ !
Yip = I'

distillation model. iif
+ 4 l_l '
vy 13 L%
]
!
85 (w)

the material-balance equation and the equilibrium
relationship cannot be valid simultaneously for
multiple components. (For the rest of the components
the inequalities of (7), (8) are valid). The complete
removal of the remaining components from the top or
bottom products requires high reflux or boiling
values, since

Yr _Yr-1 -4}

x,<:c,_1<“'<=:_l (10
It may be seen that, for example, assignment of the
following values

£=£ or Y1 _ .V_

T2 | 2 Zp.1 L
for all of the heavier components requires more
evaporation and condensation than necessary in the
vicinity of the inlet, so that the distillation is not re~
versible. (The driving forces between the coexisting
vapor and liquid are greater).

It follows that, in the thermodynamically rever-
sible distillation of multicomponent mixtures (in
contrast to the direct separation of binary mixtures),
the sharpness of the separation is greatly limited;
only the heaviest component can be removed com~ -
pletely from the overhead product and fhi lightest
from the bottoms product; other comp‘ ents are
divided between the overhead and hottoms products.
The scientific literature defines separations of this
type or one with reduced sharpness, that is, which
is potentially reversible, as first class and sharper
separations as second class (6). If n%ore cpmponents
are to be completely separated, that 1s, a more com-
plete separation, irreversibility is unavoidable (6).
Relating Equation (7) to the first and p-th component,
and assuming a degree of condensation equal to

Lr
F
the following relationships may be written for the
rectification zone (32):
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r!]lp*LIlF:F:l- (1n
Vypp~-Lagp- 1 (12)

Z\FT
:1:q1'|y+(l—q)f;lg£—. (s
3w
iml
From Equations (11), {12) and (13}, the mass flows
may be determined for the point of input:

q( Zp: az.'pch]+ (1 —qlair

~
A e L — .
AP — ApF L4

E AIFIiF

i=1

P
q( Z zirrar)+(1Aq)xm
Fp=F 1 ) i=1 e

XIF — XpF »
S‘ AiFTip
i=1

Writing Fquation (8) in a similar manner for the first
and the p-th component and using Equation (13), the
material flows for the stripping section at the point
of input are obtained:
P
q( Z z.-r.'r) {1 =@ zpr
2F i=1

Ly=F . , (16

AP — ApF

P
Z ALFTiF

b4
X zi-fi]+(l—q)1pp
Vo F— i (17

¥»
E AiFTiF

il

It is evident from the equations that in revérsible
rectification the maximum material flows in the
column are inversely proportional to the difference
in volatility of the key components. (In reversible
rectification the lightest and the heaviest components
are considered as the key components).

Since di = Vyj—Lxj and wi = L’x{—V’yj, the dis~
tribution of the components by product may be ob-
tained using Equations (7, (14), (15) and (8), (16),
(1M

4
q 2 airxir+ (1 - Q)x1p
Ii)‘“apf].;""
21 P — ApF

(18)

di= Frip [

14
E CFTiF
i1
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q 2 ziptir H{l—q@)x1p

—_ i=1
wi= 1":n'r[’lI £ 1”] - (19
A1F — Apk n

s
L XiFTip

i=1

1t is evident that in multicomponent reversible
distillation each component is distributed between the
overhead and bottomsg products in proportion to its
deviation from the volatility of the heaviest or lightest
component and to the difference in the relative vola-
tility of the key components. Equations (18) and (19)
also indicate that the distribution of the components
in the overhead and bottoms products is a function not
only of the composition of the input, but also of its
thermal state (q).

Since in reversible rectification the material bal-
ance and equilibrium relationships must hold, the
following is obtained:
for the concentrating section:

P r
di
2 = §f,(l,+ﬁ)—lﬁl’ (20)

i=1

for the stripping section:

» » .
Xw=2 o=l

i=1 x:lT;-(r'+B)—V'

In the reversible model, the liquid flow in the con-
centrating section is determined at all levels by the
disappearance of the heaviest component (dp = 0):

DK,
‘= 17K, (22)

The vapor flow in the stripping section is de-
termined at all Ievels by the disappearance of the
lightest component (w, = 0):

KL+ DY—L=0,

1 . .
7:—(V + 8-V =0, (23)
1
. B

:7:_-—1‘ .

At the intermediate levels of the column the values
of the material flows expressed by Fquations (22)
and (23) decrease gradually toward the extremeties
of the column, since the K values are functions of
temperature and pressure and thus vary along the
height of the column. (In this respect, pressure
changes in the column may in general be neglected).

Ligquid and vapor flows attaln their minimum
values at the ends of the column; however, if Fqua-
tions (7), (8), (9) are applied at the points of com-
plete depletion of the key components, then

L 2p

Iim —=-—"—#0,
50 V » (24)

E axy
=1
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lim L,—:—a"“l # 0. (25)
70 L % .

In reversible columns therefore, the material flows
at the ends of the column cannot be equal to zero,
with complete separation of the key components by
section; thus, at both ends of the column a finite
amount of reflux or boiling is necessary. It may be
shown that in a separation less sharp than this (all
the components are divided between the bottoms and
overhead products), at the ends of the column the
value of the material flows become equal to zero,
that is, reflux or boiling is not necessary (19).

Since, in the preceding relationships, the material
flows are represented as functions of the relative
volatility and the equilibrium, which, in turn, are
functions of temperature and pressure, the para-
meters of distillation columns can be determined for
arbitrary pressures and temperatures. The profile
of the vapor and liquid flows in the column is not
affected by a variation of the heat of evaporation, it
affects merely the amount of heat and cold energy
introduced at various sections of the column.

It is evident from the mathematical description
of a thermodynamically reversible column tbat, in
the rectification of multicomponent mixtures, the
material flows in the column (and also the concen~
tration of the components) must be varied contin~
uously along the column from point to point (Figure
2), This can be effected only by the addition of in~
finitely small amounts of heat at all intermediate
points of the concentrating section and the removal
of heat in infinitely small amounts from all inter-
mediate points of ths stripping section, even in the
case of a column with an infinite number of separating

K = Condenser
R = Boiler

Cross section

Fig. 2. Material flow distribution in a reversible distillation
column {The column is infinitely high with a infinite number
of condensers (K} and boilers (R}).
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driving force). It is evident therefore that, with
‘‘adiabatic distillation’’ (heat transfer takes place

at the ends of the column only), a thermodynamieally
reversible distillation cannot be approximated.

In the case of products with more than one com-
ponent, equilibrium reflux and bofling material flows
cannot be obtained with a single condensation or
evaporation of the vapor or liquid leaving the column

steps (which provide infinitely small values of the »

_{the liquid or vapor obtained In this manner is not

in equilibrium with the vapor and liquid flows leaving
at the ends of the column).

This statement with respect to the distillation of
multicomponent mixtures, in addition to the sharp-
ness limitation of the separation, represents the
other highly important deviation from the rectifica-
tion of binary mixtures, and indicates that the equi-
librium reflux and boiling-material flows in rever-
sible rectification must be attained in some other
way, for example, by recycling from the next column
or by auxiliary rectification.

In the distillation processes generally used in in-
dustrial practice, the generation of harmfully ex-
cessive driving forces, and thus the irreversibility
of the rectification process, is mainly due to two
causes: .

—Irreversibility at the input (second order separa-
tion cannot be reversible even potentially; also, con-
tinuous variation of the material flows over the height
of the column is not assured);

Irreversibility at the ends of the column (reflux
and recycled vapors are not in equilibrium with the
output products).

It is the task of the designer to minimize both
sources of {rreversibility.

Based on the above considerations, the characteris~
tics of a reversible rectification model may be sum-
marized as follows:

—provision of an infinite number of degrees of
separation;

—removal of infinitely small amounts qf heat at
all intermediate points of the concentratifg section
and the addition of infinitely small amounts of heat
at all intermediate points of the stripping section,
thus establishing phase equilibria along the entire
length of the column;

—in any given section only one component can be
completely separated (the product can Me freed of one
component only). This means that only the heaviesat
component can be completely removed from the over-
head product and only the lightest from the bottoms
product;

—at the points of the depletion of the key com~
ponents, the values of the reflux and vapor flows
cannot be equal to zero and their equilibrium com-
position cannot be attained by a single condensation
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Fig. 3. Flow diagram of the reversible distillation of a four
component mixture {infinite column dimensions).

or evaporation, except hy the use of auxillary dis-
tillation;

—in the column, an infinitelv small pressure drop
must be established across an infinite plate.

On the basis of the above, an industrial process
involving reversible rectification for a four-com-
ponent mixture is illustrated in Figure 3. It is shown
that it is convenient to take the reflux and boiling
material flows from the next column at an equilibrium
compositicn; in such a case, the amount of energy
transferred is less (Columns 1, 2) than if established
in the column (by increasing the dimensions) (Col-
umn 3), although the work of separation is the same
in both cases (19).

In the flow diagram, the two-section columns are
so connected that all the products are obtained at a
single point; this reduces the total amount of energy
to be fed in and also the number of columns. Grun-
berg (8), who was the first to outline the fundamerital
limits of the reversible distillation of multicom-
ponent mixtures, did not consider the possibility of
combining the columns and thus obtained, instead of
the necessary (p—1) number of columns, a greatly
increased number:

1 P
— on-1
2 Z -
2
Although it is not possible to carry out in practice

the reversible rectification process described ahove
—due to the fact that the necessary conditions cannot
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be satisfied—a knowledge of it ig indispensable, since
it opens up the way to improvements to thermody -
namic conditions of distillation installations. As
emphasized by B. F. Dodge in his classic thermo-
dynamic work (4): ‘‘The reversible process repre-
sents the highest possible efficiency which we must
strive to approach, but which can never be completely
attained. Without such an absolute standard of com-
parison the efforts of an engineer charged with im-
proving the efficiency of the process would repre-
sent merely empty, aimless searching in the dark.”

The work of separation of reversible muiticomponent
rectification (energy needs).

Using the notation of Figure 1, the application of
component and mass-balance equations to the rec-
tification section and rearranging, the vapor flow (24)

is:
. 1 Tip
V=g [ - 1]1).

(26)

Similarly, for the stripping section, the vapor flow:

1 Tik
/e 1 — B.
i’ Ki—1 ( x5 ) (7
The form of the Clausius-Clapeyron equation,
neglecting the liquid volume is:
dp AP
a1 "R 8
From Raoult’s law, the complete pressure differ-
entials is:

dpP dz; dp;
ar = & Peart & T = (20)
i i
From Equations (28) and (29), with consideration of
reaction

1\';:% and Z dri=0

d’I’:L‘Z‘: !

(Ki—1)dxi. (30)
i
the Carnot relationship yields, at the transition of
Q=V, Ty —= Ty if Ty ® T, =T:

. T
(Icz)-‘/lD!NTﬁ:\ dT. (3D

At all cross sections of the column, using min-
imum reflux and vapor mass flow values, the differ-
ential change in energy is:

de=RDTo 3 (2 -1} dx (32)
- i

de=RBTo > (1~ il

B
xi

] dz:. (33)

i

Integration of the equations vields the Van't Hoff
expression for the energy requirements of machines,
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Table 1

Relationships in the reversible rectification of binary mixtures

Identification numbers
of equations obtained
for a multicomponent . .
reversible rectification Corresponding equations for the binary reversible rectification model
model
{7) Vy~-Le=¥Fz; V(I-p)-L{1-r)=0
) L'z-Vy=0;, L{(1-2)-V{l-y)=F(l-z)
1) ym—
1+ (o~ 1)z
3 z=qr+ (1 - =
7=+ (l-q) 1+(a-1)r
(14) L=F———
a—-1 =z
(15) Vv F_f__.m
a-—1 E
(15) LeFiTi®
-1 1-z
n V'=FL:‘_LM
a—1 -z
0e zp 1- -
{35 e= —-RT.,{I)[.:DIn +{1-zp) ln(—x—n)]+B[z3|n L +(1—-zp)In 1-=5 }
zF (I—zp) zp t-zp

Table 2

Differences between models of bimary and multicomponent reversible rectification

Designation Binary mixture Multicomponent mixture

Separation of components by
reversible rectification

Only the heaviest component can be separated
completely from the overhead product and
only the lightest from the bottoms product

Possible to the fullest extent

Can be produced by
single condensation

Equilibrium reflux Cannot be produced by single condensation, but

. with auxiliary distillation only

Equilibrium bodling Cannot be produced by single evaporation, but

with auxiliary distillation only

With single evaporation

Rectification used in industrial practice Potentially reversible in all cases Not ible even p

, because
sharpness is mainly “of second ordes™

known from thermod_vnar;lics (4, 10, 30). (As is

theoretical energy for a change of state of the chem-
known, a Van't Hoff machine requires the minimum

ical components).

e=-RTo{D 3 fzm[—”;ii—l](msz f'.’[l——%'—]dza} (34)
] IiF B
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e=—~RToAS= —RTu{I) 2 Zinlnrip+ B 2 rietnrig— F Z 1.p1nx.-p}, (35)
i3 i1 i=1
Since the “work of separation’” obtained from the G ... free enthalpy;
mathematical description of the distillation column Ig .. heat flux;
under discussion is in agreement with the sum of the Ji ... component flow;

isothermal compression work through specific mem-
branes (30, 331, it follows that, with the use of the
scheme presented in Figure 3, the work of separa-
tion, in principle, can be made to approach the
thermodyvnamical minimum as closely as desired.

Comparison of a two-component and a multicom-
ponent reversible rectification model.

Summing up the discussion of reversible rectifica-
tion, let us review the principal relationships derived
for the particular case of rectification in the separa-
tion of binary mixtures. The results are summarized
in Table 1.

It is evident from the table that relationships re-~
lating to binary mixtures have structures similar
to those describing multicomponent operations.

Tahle 2 presents various characteristics, derived
logically from a discussion of reversible binary and
multicomponent rectification,

As ig evident from Table 2, the opinions to be found
in the literature, in accordance with which rectifica-
tion is, in general, potentially reversible, are in-
correct (1, 3, 5, 16, 29), This statement is not valid
for a large part of the techniques employed in modern
processes in the chemical industry, the petroleum
industry isotope separation, etc, since in these fields,
almost without exception, multicomponent mixtures
are separated and the sharpness of the separation is
generally of “*second order.’’ Such statements are
based on investigations of binary mixtures. In many
cases, the attainment of the low separation sharp-
nesses required by nearly reversible distillation
would increase capital costs disproportionally and is
thus not economic,

The purpose of the investigation the power re-
quirements of industrial chemical process is thus
primarily to find installations and flow diagrams
which will prevent the generation of harmfully ex-
cessive driving forces in the column, with relatively
small increases in capital costs.

Nomenciature

a, b, ..., n mass flow rate of products;
A surface area;
B mass flow rate of bottoms product;
D mass flow rate of overhead product;
di amount of i-th component in over-

head product (D * xijp);

e energy (useful work);

F .... mass flow rate of input;
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Ki .... equilibrium ratio;

. liquid flow rate in column, in con-
centrating or stripping section;

P compression;

p . vapor pressure;

R .... gas constant;

Q .... heat flux;

q

T

.. thermal state of input (LY/F);
. absolute temperature;

9 . ambient temperature;

t ... time;

V .... volume;

v, Vv’ . vapor flow rate in the column, con-
centrating or stripping section;
wj . amount of i~th component in the
bottoms product (B - X{B);
Z{ .... mole fraction of i-th component in
input;
X{ .... average mole fraction (concentra-
tion);
(Ax{'m . logarithmic mole fraction (concen-

tration), average difference;
X{ .... mole fraction of i-th component in
liquid;
. mole fraction of i-th component in
vapor phase;
« ... heat-transfer coefficient or relative
volativity (according to context);
A ... heat of evaporation;
o ... density of component transported;
¢5 ... entropy source density;

Subscripts and superscripts

—B .... boiling;

.. condenser;

—F .... feed plate;

-F . input material flow;

—{ .... i-th component of mixture;
~—' .... refers to stripping section

The equations are written in dimensionless form,
their dimensional homogeneity must be obtained by
substitution,
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POLAND

Filtration study -- practical
application of test data

A calculating procedure for deteymining the surface area requivemenis

for batch and continuous filters.

FILTRATION operations rank among the oldest opera-
tions specific to the chemical industry. Most often,
slurry separation is a purely physical phenomenon.
Even so, it is a frequent bottleneck in a continuous
processing scheme. Therefore, prudent filtration
equipment selection and its proper utilization permit
operating cost reduction and product quality improve-
ments. Through numerous studies, relationships use-
ful in solving practical problems have been developed.
Nonetheless, the present filtration knowhow is still
inadequate. In fact, in most applications, it falls

short of the users needs. Furthermore, literature
data is frequently inconsistent. The problem is com-

This article first published in Inzynieria i Aparatura Chemi-
czna, No. 2, pp. 10-15 (1973). The author is associated with
the Institute of Inorganic Chemistry, Gliwice.
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pounded by the vast variety of commercial slurries
encountered. The latter point adds to the complexity
of process optimfzation.

The essential concepts in filtration a}é: the slurry
and the filter. In the simplest terms, tBe filter {sa
porous membrane which, under conditions of im-
posed differential pressure, separates the slurry into
a filtrate and a filter cake.

The parameters characterizing the slurry are:
solid phase concentration and particle size, temper-
ature, viscosity, and density. All of the above are
governed by fixed process considerations. The equip-
ment designer is forced to accept these conditions
and to select equipment which in no way affects the
chemical parameters of the overall process. At the
same time, the method of slurry preparation, the
condftions of precipitate preparation, time, mixing
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