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of rectification 
Method for improvement of tliermodynamic conditions in the reclifica­
tfrm of multicomponent mixtures. 

fntroduct!on 

THE efficiency of the rectification process can be 
improved In two ways. One Is modlf!cation of the 
design of the distilling installation to intensify Its 

This article first published in Magyar Kemikusok Lap;a, Vol. 
::~. No. 3, pp 123- t 3 1 ( l 973). 

operation, This improves the operating distill~tion 
conditions. The other possibility is the improvement 
of the industrial process, on the basis of other con­
siderations. In this manner, the thermodynamic cor­
ditlons of the process may be improved. 

There are numerous publications dealing with im­
provement of the distillation process. Usually these 
have been investigations included in attempts to 
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fniproYe the effici£:ncy of th .stillotion process~ 
They include the rr<ul!iple problems of the cross­
sectional design of the distilling column, hydrodv­
namic dimensioning, plate efficiency, modelling, 
etc. There are comprehensive texts available on the 
subject in Hungarian, for example, (7, 25). 

The present series of papers is concerned with 
improvement of thermodynamic conditions In the 
redification of multicomponen: mixtures. In this 
field, the pertinent !lterature is much poorer, and the 
first dorrestic publications have appeared only re­
ccntlv (26, 31). Deficiencies and unfounded concepts 
with respect to the fundamental proble!l'S of the sub­
ject still exlst and they lead, from ttme to time, to 
incorrect conclusions. Thus, for example, Hopkins 
in 1!)66 rigidly rejected the justification for circu­
lation reflux, which had proven itself out for decades 
in the t<lchnology of the petroleum industry, An ex­
ample of the other extreme is the use of so-called 
"blind plot es" 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 flexibility. The Inflexible In­
fluence and the unfavorable effect on the quality 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 a uniform 
theory and, in the btisis 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
sideration of capital investment, capacltv, product 
qnalitv, and flexibility. 

Theoretical foundation, Definition of problem. 

The separation of components by dlstll!atlon, 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 
dist!llation, heat flows from the bottom to the top 
of the column from a higher to a lower temperature 
level. Maximum work is obtained by the use of the 
Carnot cycle. The "useful work" or energy of a 
heat flux Q (9) is: 

(l) 

It can be seen that, with the devaluation of heat, a 
loss of energv occurs, which In this case, in addition 
to other thermodynamic losses, covers the work of 
separation. The theoretically necessary devaluation 
of energy in the isothermal-isobaric separation in 
separating n products (or.e top, one bottom, n-2 side 
products) is: 

•= -RT0(a l: x.,.lnx.,.+b 1: x;,lnx .. + ... . . 
+ n l: x,. In x,. - F 1: xu.Jn :n,f . 

' ' 
(2) 

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-transfer processes, and by the hydrodynam le 
resistance. In accordance with the theory of Irre­
versible processes, rectification may formally be 
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
sibility. Therefore, rectification, based on the theory 
of associated thermodynamic processes, may be con­
ceived as a process In which a flow of heat Is gen­
erated in the column under the effect of a temper­
ature gradient (Impressed driving force), to be 
Joined by component flows, so that over an uncharged 
systeli', the overall component flows are zero (30, 
20, 28). 

In accordance with the theory of Irreversible pro-· 
cesses, the driving force associated with an Iso­
thermal-Isobaric component flow ls: 

( 
G, ) 1 1 ( aa, ) LIT =TLIG1=T ~ Llx., 

where the partial' derivative of G1 Is a function of Xi 
and must thus be calculated at an average concen­
tration of Xi• Since 

the driving force is 

t1( ~ ) =~ (&x,).,. 

With consideration of the Nernst equation for the 
component flow: 

J1=D, ei Ax, •. 

The production of entropy In accordance -It.th the 
Onsager theorem (driving force times flow} (2) Is: 

~ ( LIG1) ~ (LI~)!. tfJ,=,:;,.; J, T = t::.., D1q1R~. 131 
i I • 

The loss of energy in accordance with the Gouy-
Stodola equation: 1 

.de=T0 (8-S0)=T,IJ8. (4J 

Using the equation relating the steady-state change In 
the entropy with the entropy source density if>s 

•For nonideal mixtures Ln ;-i Xi should be written for In "I· 
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118= ff <f!,dt<IV. (5) 

It is eYident that the loss of energy decreases with 
decrer.ising differences in concentrAtion, and is re­
rluced to zero only in the case of an infinitely small 
difference in concentration (for example, for an in­
finitelv large value of the diffusion coefficient, the 
value of 6xi is not finite and <l>s = 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 :m economic standpoint. 

Studv 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" 
(mb:ing) which takes place with very high driving 
forces. Direct flow units occupy an intermediate 
position with respect lo thermodynamic losses be­
tween the two extremes. On the plates the inefficient 
use of driving forces {remixing), in industrial tn­
stalbtions, thus increases the number of separating 
units. This statement is supported by other articles, 
analyzing the degrees of efficiency and remixing, 
for example (7). 

Urtiform adjustment of the value of the driving 
forces is important, riot only within a single separa­
tion element (plate), but over the entire height of the 
column. In conventional, so-called adiabatic columns, 
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 
drivini: forces are generated; this leads to an In­
crease in the overall energy cost of the separation. 
It can he seen from the above considerations that,)n 
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 

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 hyrlraulic 
resistance encountered in the column incre:J ses the 
temperature difference to be maintained, thus in­
creasing the energy requirements. In the distillation 
of mixtures to be 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 ,o:,LlTm 
it follows that 

From these, the density of the entropy source is 

<P,=A·«·(Ll:J:. (6) 

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 t.T 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 causerl 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); 

*In rectification, in a thermodynamic sense a spontaneous 
process and an associated forced process taken place. The 
desired entropy-producing process (component sep3ration) 
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 ratio 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 
pr0cesses represents an incentive for researchers 
to seek novel, more economical, technologies through 
detailed analysis. 

External losses in heat exchangers, for example, 
can be reduced by the application of heat pumps ( 12, 
1.5). The method, however, Is economical only in the 
separation of mixtures with boiling points which are 
close together. Further decreases In external 
thermodvnamic losses are obtainable In connection 
with the design and fabrication of insulation, heat­
exch3nger systems, compressors, pumps and other 
ancillary installations. The present paper Is con­
cerned only with internal thermodynamic 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 Its characteristics. 

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: 

(7) 

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 have positive values or may 
he equal to zero, depending on the sharpness of the 
separation. In addition to Equations (7) and (8), in 
reversible distillation the phase equilibrium relatlon­
s'iip must be valid at all points of the column cross 
sections for all of the components (14): 

K,=Jf!.= __ a_,_· -, i=l,2, .. . ,p (9) 
Xi Jt 

I; IX.Xi 

i-1 

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 
compon'ent from the stripping section (w 1 = 0), since 

Fig. 1. Nomenclature used in 
the description of a reversible 
distillation model. 

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), (B) are valid). The complete 
removal of the remaining components from the top or 
bottom products requires high reflux or bolling 
values, since 

~< Y•-• < ... <!!. 
Xp X,,-1 X1 (10) 

It may be seen that, for example, assignment of the 
following values 

Y• L or Y•-• V' x.=v· x,_,=r 
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). 

n 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 remo.ved com- . 
pletely from the overhead product and 0,'i, lightest 
from the bottoms product; other compofients are 
divided between the overhead and bottoms 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,iore cpmponents 
are to be completely separated, that·,s, 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 

L' 
q=---r 

the following relationships may be written for the 
rectification zone (32): 
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'.X.lFJ°IF 
:,=qri,·+ (1-q)--,--. 

l: '.L;J; 
i-l 

(11) 

(I 2) 

(13) 

Fr0m Equations III), (12) and (13), the mass flows 
may be determined for the point of Input: 

• 
q( l: Cl<,'XiF)+(1-q)21p 

Lp = F ~ · --' -_. 
1
--------­

'.X.1 p - xpF 

p 

q( ~ '.LiFXiF) + (1-q)'.LIF 
1 i= l 

Yr= F ----•-· 
:X.JF-'ZpF p 

~ Cl.iF1'iF 

i= I 

(I.J) 

( 15) 

\\'riting F(luatinn (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: 

q( ± '.Liiif•)+(1-q)x 1,,-

L'p = F _ __:!_1__!__~' I= I --------
:XtF - XpF P 

~ 'X.if•.T1F 

t -=-1 

q( £ '.L;.Ti) + (I - q)CtpF 

VF=F--~--- i=_' _______ _ 
:.CTF-'.X.pF • l: cr.iJ,'IiF 

j-,,.t 

( 16) 

( 17) 

It is evident from the equations that in revi!rsible 
rectification the maximum matertal 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 = VYI-LXi and w1 = L'x1-V'Yi, the dis­
tribution of the components by product may be ob­
tained using Equations (71, (14), (15) and (8), (16), 
(17): 

( 18) 

(19) 

i = I 

It is evident that in multicomponent reversible 
distillation each component is distributed between the 
overhead and bottoms 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, hut 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: 

" " di l: :r,= l: K,(f,+D)-L 1, (20) 
1 .. 1 , .. , 

for the stripping section: 

~ ~ l/'i 
~ 1/j = L..,; ------
i ~ l. ,-1 _l - (l"'+B)- V' 

K; 

(21) 

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): 

K,(T, + D)-L= 0, [,= ··P!-i;. (22) 

The vapor flow in the stripping section is de­
termined at all levels by the disappearance of the 
lightest component (w 1 ~ 0): 

~-(V'+fl)-V'=O, (23) 
I 

I"'=_!!__. 
K 1 -l 

At the intermediate levels of the column the values 
of the material flows expressed by Equations (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). 

Liquid and vapor flows attain their minimum 
values at the ends of the column; however, if Equa­
tions (7), (8), (91 are applied at the points of com­
plete depletion of the key components, then 

Jim ~=---~.!'__. __ 7 0, 
x,,--o V ,, 

~ ctiXi 
(24) 
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' 
~(X'j.l"i 

V' i=I 
Jim -=----"0 

r.1-0 L' ~I . 

I 
(25) 

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 
introducerl at various sections of the column. 

It is evident from the mathematical description 
of a thermodynamically reversible column that, In 
the rectification of multicomponent mixtures, the 
material flows in the column (and also the concen­
tration of the components) must be varied contln­
uousl.v along the column from point to point (Figure 
21. 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 

Input 

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)). 

steps (which provide Infinitely small values of the 
driving force). It is evident therefore that, with 
"adiabatic distillation" (heat transfer takes place 
at the ends of the column only), a thermodynamically 
reversible dlst!llatlon cannot be approximated. 

In the case of products with more than one com­
ponent, equilibrium reflux and bolling material flows 
cannot be obtained with a single condensation or 
evaporation of the vapor or liquid leaving the column 
(the liquid or vapor obtained In this maimer 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 equl­
l!briu·m reflux atid bolling-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 Irreversibility. 

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 oJ _heat at 
all intermediate points of the concentratlfg 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 lie freed of one 
component only). This means that only the heaviest 
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 auxiliary dis­

tillation; 
-in the column, an infinitely small pressure drop 

must be established across an infinite plate. 
On the basis of the above, an industrial process 

involving re\'ersible 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 fundamental 
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 
incre~sed number: 

• 
l ~ ?P-1 

2 ,:_, -
2 

Although it is not possible to carry out In practice 
the re\'ersible rectification process described above 
-due to the fact that the necessary conditions cannot 

be satisfied-a knowledge of it is indispensable, since 
it opens up the \Vay to improvements to thermody­
namic conditions of distillation installations. As 
emphasized hy B. F. Oodge 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 multicomponent 
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: 

(26) 

Similarly-', for the stripping section, the vapor flow: 

V'=-1-(1-~)n. K;-1 :r; (27) 

The form of the Clausius-Clapevron equation, 
neglecting the liquid volume is: 

dp ;_p 
dT RT'' <28l 

From Raoult's law, the complete pressure differ­
entials is: 

dP " dx; " dp; dT= ,:_, p;dT+ ,:_, :r;dT=O. (29) 

F~om Equations (28) and (29), with consideration of 
reaction 

K -~ and "dx;=IJ ,- p ~ 

(30) 

the Carnot relationship yields, at the transition of 
Q = V, T 1 - T 2, if T 1 "'T 2 "'T: 

de= ).V,otal~ dT. 
• 

(31) 

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

"("'° ) d, = JW To ,:_, -;;- - I d:r;, (32) 

; 

de'=IWTo )' (1-~)d:r,. 
t...,; x, 

i 

(33) 

Integration of the equations yields the Van't Hoff 
expression for the energy requirements of m:1chines, 
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Identification numbers 
of equalions obtained 
for 3 mul!icomponenl 
rever~ible rectification 

model 

(i) 

('I) 

( 14) 

( 15) 

(Ii) 

Table 1 

Relationships in the reversible rectification of binary mixtures 

Corresponding equation! for the binary reversible rectification model 

Vy- J,.r= f'z; V(l -y)- /,(I -r) =0 

/,'x-V'y=O; /,'(1-.r)-l"(l-!f)=F(I-:) 

= ,,=----
. l+(«- l)r 

•=qr+(l-q) ""' 
I+(«- l)x 

• I 
l.=F--·­

«-l X 

l'=F-•-· l+(«-1).r 
tr:-1 X 

V' = F _I_-_•. _1_+_(_«_-_1 )_x 
cr-1 1-r 

/ [ xn (I-x»)] [ XB 1-xs]} <= -RT.,l!J -"Dln--+(1-rD)ln--- +B xsln--+(1-ry)ln---
XF (I-x,.) xp l-rp 

Table 2 

Differences between models of bimiry and multicomponent reversible rectification 

Designation 

S.:panlion of components by 
rever,ible rectification 

Equilibrium retlu'{ 

Equilibrium boiling 

Rectification used in industri:i.l practice 

Binary mixture 

Pouible to the ful1est extent 

C:an be produced by 
!ing!e condensation 

With single evaporation 

Potentially reversible in all cases 

Multicomponent mixture 

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

Cannot be produced by siqle condensation. but 1 
. with auxiliary distillation only ! 

Cannot be produced by single enporation, but 
wtth auxiliary dittilbtion only 

Not reversible even potentiallr, because ,epantion 
sharpness is mainly "of second order" 

known from thermodyna~1ics (4, 10, 30). (As Is 
known, a Van't Hoff machine requires the minimum 

theoretical energy for a change of state of the chem­
ical components). 

(34) 
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I' p p 

e = -R7'o ,1S = -R7'o{D I; x;n In r,,, + fl I; x,n In rm-FI; T,F In X;r}-
i=I i ..,, i=I 

(15) 

Since the "work of scpar;ition·· obt::iined from the 
mathematical description of the distillation column 
under discussion is in agreement with the sum of the 
isothermal compression work through specific mem­
branes (30, 33), it follows that, with the use of the 
scheme presented in Figure 3, the work of separ::i­
tion, in principle, can be made to approach the 
thermod_\·namic~J 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 I. 

It is evident from the table thct relationships re­
hl.ting to binary mixtures have structures simqar 
to those describing multicomponent operations. 
Table 2 presents various characteristics, derived 
logically from a discussion of reversible binary and 
multicomponent rectification. 

As is 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 ( !, 3, 5, J 6, 29). This statement is not valid 
for a large part of the techniques employed in modern 
processes in the chemical industry, the petroleum 
inOustry isotope separation, etc, since in these fields, 
almost \vithout exception, multicomponent mixtures 
:lre separated ~nc-J the sharpness of the separation is 
gcn~rallv of "second order." Such stntements are 
based on investigntions 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. 

Nomenclature 

a, b, .•. , n 
A 

B 
D 
di 

e 

F 

n1a ss flow rate of products; 
surface area; 
m:l ss flow rate of hottom s product; 
mass flow rate of overhead product; 
amount of i-th component in over­
head product (D • xrn); 
energy (useful work); 
nm ss flow rate of input; 

G free enthalpy; 

IQ heat flux; 
Ji component flmv; 

Ki equ ilibriurn ratio; 
L, L' liquid flow rate in column, in con-

centrating or stripping section; 
p compression; 
p vapor pressure; 
R gas constant; 

Q heat flux; 
q thermal state of input (LF/F); 
T absolute temperature; 

To ambient temperature; 
t time; 

V volume; 
V, V' vapor flow rate in the column, con-

centrating or stripping section; 

wi amount of i-th component in the 
bottoms product (B • xrn); 

7:i mole fraction of i-th component in 
input; 

'<1 average mole fraction (concentra-
tion); 

(ili<jlm logarithmic mole fraction (concen-
tration), average difference; 

Xi mole fraction of I-th component in 
liquid; 

Yi mole fraction of i-th component In 
vapor phase; 

0/ heat-transfer coefficient or relative 
volativity (according to context); 

" heat of evaporation: 
p density of component transported; 

4>s entropy source density; 

Subscripts and superscripts 

-B 
-D 
-F 

F 

boiling; 
condenser; 
feed plate; 
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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J. Machej POLAND 

Filtration study -- practical 

application of test data 
A calculating procedltre for determining the sirrface area reqllirements 
for batch and continuollS filters. 

F TL TnATION 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 knoivhow is still 
inadequate. In fact, in most applications, it falls 
short of the users needs. Furthermore, literature 
d:1ta is frequently inconsistent. The problem is com-

This article first published in lnzynieria i Aparatura Chemi­
c:na. No. 2, pp. I 0-15 ( I 973). The author is associated with 
the institute of Inorganic Chemistry. Gliwice. 

pounded by the vast variety of commercial slurries 
encountered. The latter point adds to the complexity 
of process optimization. 

The essential concepts In filtration ate: the slurry 
and the filter. In the simplest terms, tfe filter Is a 
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 fhe 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 
conditions of precipitate preparation, time, mixing 
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