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B ob6nacmu xumuueckoii o6pabomku 00HOU u3 mpyoHOCHIEll, KOMOPAsA NpueieKaem
Haubonbuiee eHUMAHUE ucciledoséameneil, A8NAeMCcA pa3padomka Iphgdhexmuenpix nociedosa-
mensHocmeit pazoenenus. MHOZOKOMROHEHMHAA CMeCh MOXMCem ObIMb Pa3oeieHd HA COCMaen -
oujue ee 31eMeHmMbl NEPEe2OHKOIl 8 pAde PAITUUHBIX NOC/1e006ameabHOCHell, 00HAKO 3ampanbl,
C6A3AHHbBIE C KAMCOOU U3 IMUX nocaedosamenpHocmeil, paziuunsl. B amoit cmamuve mol npeona-
2aem KOJIu4eCmeeHHblil n00X00 0715 OnpedeieHusn udeanbHoll NOC1e006ameIbHOCHU KOJIOHH C RO-
MOUub1o 3a0auu pazoesieHus Ha 0CHoge npedenvroll ckopocmu napa (MVR) nexnrouesvlx Komno-
HEeHmM 08, NPUCYMCMEYIOWUX 8 HCUOKOH cmecu. Ombop nOMeHYUATbHBIX 603MONCHOCHEN NPOEK-
MUpPOGAHUA OCYULECMEIACMCA 6HYMPU CIPYKHYPbL, YMO N0360J1A€M PA30UmMb ROCE008amelb-
Hocmu pazdesieHusn Ha omoenvHbvle 3a0auu. O0vem padomul, HeOOX0OUMOIL 0J13 GLIYUCICH UL, 3HA-
YUmMenLHO COKPAuwiaenca nPu UCnOab306aHUU 3A0a4H020 nooxoda. MVR paccuumuieaemcsa ona
Kaxcooil 3a0auu pazoenenus neped NPUMEHEHUeM K CAMUM ROC1e008ameabHOCmAM. 3amem
MVR ucnonvzyemes 011 pancuposanus Kaxcoou nocieoosamenvrnocmu. Ilocnedosamenvnocmo
¢ Haumenvuwum MVR pazmewiaemcsn nepeoii u cuumaemcs ayuuieil nociedogamensvhocmoio. Co-
2/1ACHO NOJIYYEHHBLIM OAHHBIM ObLIU OUEHEeHbl ORMUMATbHBLE NOC/1e006AMeNbHOCHU 0151 Yenbl-
PEXKOMNOHEHMHOU cCMeCU U300ymana, H-Oymana, U30NEHMAHA U H-HEHMAHA U NAMUKOMNO-
HEeHmMHOIl cmecu nPonana, u300ymana, H-OyMana, U30NEHMAana U H-neHmana.
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In the field of chemical processing, one of the difficulties that receives the greatest attention
from researchers is the development of efficient separation sequences. A multicomponent mixture
may be separated into its constituent elements by distillation in a number of different sequences;
however, the costs associated with each of these sequences are different. In this article, we provide
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a quantitative approach for identifying the ideal column sequence by separation task based mar-
ginal vapour rate (MVR) of non-key components present in a liquid mixture. The screening of
potential design possibilities is carried out inside a framework, which makes it possible to break
down the separation sequences into individual tasks. The amount of work required for computation
is significantly reduced when using the task approach. The MVR is calculated for each separation
task before being applied to the sequences themselves; the MVR is then used to give ranks to each
sequence. The sequence with the lowest MVR is placed first and is considered to be the best se-
guence. According to the findings, the optimal sequences for the four-component mixture of i-
butane, n-butane, i-pentane, and n-pentane, and a five-component mixture of propane, i-butane,
n-butane, i-pentane, and n-pentane were evaluated.

Key words: sequence synthesis, multicomponent separation, superstructure, separation task
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INTRODUCTION

Separation techniques are responsible for a
substantial amount of the operating expenditures as
well as the overall capital investment made by chemi-
cal industries. As a result, there has been a lot of inter-
est in the development of systematic methods that can
identify the most efficient separation sequences. There
has been a significant increase in the focus placed on
the development of systematic methods for identifying
the most effective separation sequences [1-4]. As the
number of components increases, so does the number of
potential sequences [5]. Thorough evaluation of all po-
tential sequences is computationally intensive, particu-
larly for more component mixtures, and is unsuited for
the early phases of flow sheet design and development.
Short-cut strategies for evaluating process alternatives
are thus required, and they can recommend a few poten-
tial sequences for further detailed analysis [1,6-9].

In multicomponent distillation synthesis, the
separation of multicomponent mixtures is possible in a
number of distinct column sequences. Despite the fact
that all of these column sequences result in the identi-
cal products, the capital and operational expenses as-
sociated with each sequence are unique. It is possible
that a choice of separation sequence that is not ideal
may result in significant additional expenses through-
out the operation. Among the research that has been
done on column sequencing, a number of different ap-
proaches have been proposed in the literature [10-19].
All these approaches reported in the literature are cat-
egorised into three broad groups by Nishida et al.
(1981) [20]:
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(a) Heuristic techniques.

(b) Adaptive strategies.

(c) Algorithmic technigues.

The concept of the separation task was pre-
sented by Hendry and Hughes. This concept divides
the distillation superstructure into distinct separation
tasks, and these distinct separation tasks are evaluated
with the help of the ideal thermodynamically orien-
tated Underwood-Fenske-Gilliland algorithm. In their
expansion of this idea, Shah and Kokossis considered
complex distillation processes [21]. Along with the
state task network, Sargent and Gaminibandara estab-
lished the idea of a superstructure for distillation col-
umn networks [22]. Thong and Jobson (2004) [23] de-
vised a sequential technique for azeotropic mixture
synthesis.

Heuristic techniques, which have the advan-
tage of being rapid and need just a little amount of data,
have created a far more fundamental basis for an as-
sessment that is both straightforward and quick. The
fundamental drawback of these methods is that they
frequently only provide access to a single dominant
heuristic rule, which can result in significant miscalcu-
lations; alternatively, they may provide a collection of
contradictory heuristic rules that need to be evaluated
against one another in a very specific manner. As a di-
rect consequence of this, it might be difficult (though
not impossible) to use heuristic rule-based techniques
in an organized way [24-26].

By continually making small adjustments to
the configurations that have been created in the past,
adaptive approaches work toward the objective of
achieving the best possible separation arrangement. It
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includes the evolutionary criteria that will explain how
the system will develop to a sequence of configurations
that are progressively superior to the previous ones.
There are two distinct varieties of algorithmic method-
ologies, namely mathematical programming methods,
and parametric research. The primary objective of par-
ametric studies is to identify the critical aspects and
evaluate how those aspects influence the optimal sepa-
ration arrangement. These parametric assessments
have limited applications since there are many ele-
ments that impact the cost of the separation arrange-
ment. Their primary discoveries consist of a set of heu-
ristic principles that may be used to make estimates in
a rapid and simple manner [10,27-29]. The establish-
ment of the optimal separation structure may be ac-
complished via the application of mathematical pro-
gramming approaches, which use a variety of mathe-
matically based optimization procedures. The rigor of
these processes, in addition to the fact that only these
approaches can guarantee the most accurate response,
is the primary advantage of using these methods. On
the other hand, the most significant limitation of these
methods is that they can only be used to problems that
can be easily simplified [30-33].

The huge number of possible sequences in col-
umn sequencing is the key reason to be concerned. This
number grows at an exponential rate corresponding to
the quantity of product being processed. This work out-
lines a technique consisting of a series of steps for se-
lecting the best sequence of distillation columns for
separating the multicomponent mixture. In the first
step, the design options are produced with the help of
a separation superstructure. After that, feasible separa-
tion tasks are generated. At the second step of the pro-
cess, the marginal vapor rate method is used to do an
analysis of the design alternatives [26]. As contrast to
mathematical modeling or optimization methods,
shortcut techniques provide a quick evaluation of a sin-
gle separation activity without the need for extensive

(ii)
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specification of the distillation column. The current
work involves the establishment of a quantitative
method for determining the optimal distillation se-
quence from task-based calculated MVR values with-
out taking into account distillation columns with heat
integration. This method has been effectively used to
determine the optimal sequence of distillations.

METHODOLOGY

A. Distillation column sequencing and gener-
ation of separation tasks

Figure illustrates all of the possible separation
sequences into individual components that may be car-
ried out on a mixture consisting of four different com-
ponents, under the assumption that sharp splits and
simple two-product splits can be carried out. The num-
ber of subgroups, separation tasks, and alternative se-
guences associated with the distillation method for sep-
arating components of multicomponent mixtures are
outlined in Table 1. There are several possible config-
urations in which the same separation steps might oc-
cur, which would result in the same feed and product
compositions. This is seen in Fig. 1, where the first and
second sequences both begin with the same initial sep-
aration. This characteristic is used in a superstructure,
which is known as a state task network, to decrease the
complexity of multicomponent mixture separation
[34]. Every potential composition that may be obtained
in this superstructure is referred to as a state. The states
indicate the feed, and separation sequence products.

The number of sequences grows exponentially
as the number of components increases. This is a well-
known [35] phenomenon that may be characterized by
equation (1)

N, = [2(N -D)]! 1)
NI(N-1)!

where N is the number of components and Ns

is the number of sequences.

<.
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Figure. All possible configurations for the sharp separation of the four component mixture by distillation
PucyHok. Bce Bo3MOXHBIE KOHDUTYpALMHU ISl PE3KOT0 Pa3/ieieHHs] YeTHIPEXKOMIOHEHTHON CMECH ITyTeM MeperoHKH
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Table 1

The number of subgroups, separation tasks, and se-
guences related to multicomponent mixture separation
Tabnuya 1. Koau4vecTBo NOATPYIII, 32124 pa3eaecHUs

Hu HOCJ]CI[OBaTeJILHOCTeﬁ, CBAI3AHHBIX C pa3ae/JIeHueM

MHOTOKOMIIOHEHTHBIX cMecel

Number of Number of
Number of com- subgroups Number of sequences
ponents (N) (Ss) tasks (Tn) (Ns)
2 3 1 1
3 6 4 2
4 10 10 5
5 15 20 14
6 21 35 42
7 28 56 132
8 36 84 429
9 45 120 1430
10 55 165 4862

A task is described as an operation that con-
nects three separate states: the feed state, the distillate
state, and the bottom state [36-39]. The number of
tasks (Tn) can be developed automatically by separat-
ing all potential state compositions into intermediate
products or products and estimated by equation (2).
Each separation sequence can be viewed as a viable
task combination. A task combination is admissible if
it begins with the feed state and concludes with the
product states. The fundamental benefit of superstruc-
ture is that, in contrast to the exponential rise of the
number of sequences (Table 1), the number of tasks
only grows with the third power of the number of prod-
ucts [40].

- (N —1)([(\31)(N +1) ?)

B. Marginal vapour rate based on separa-
tion tasks

It is preferable to use sequencing methods that
rely on column design and, in certain circumstances,
total annual cost calculation when the implementation
of heuristics strategies for sequencing ordinary distil-
lation columns is either imprecise or results in contra-
dictory findings. There are methods that are expedient
and less rigorous than others that may provide se-
quences that are acceptable, nevertheless they aren't
necessarily the best. There are a great number of ap-
proaches, many of which are identical, that can be
found in the literature that aim to restrict the search
space [41-44]. The marginal vapor rate (MVR) ap-
proach that Modi and Westerberg (1992) developed is
superior to the other methods and may be used with-
out the need for extensive column designs and cost
estimations.

116

The marginal annualized cost (MAC) was de-
scribed by Modi and Westerberg (1992) as the cost dif-
ference between separation in the absence of nonkey
elements and separation with the nonkey constituents.
They demonstrate that the MVR, which is the equiva-
lent change in molar vapor rate moving up the column,
is an accurate approximation of the MAC. The se-
guence that has the lowest total column MVRs is the
one that is selected as the optimal sequence. Since va-
por rate is a significant factor in calculating column di-
ameter, reboiler and condenser areas, and reboiler and
condenser jobs, it is a good cost measure. This is the
reason that the excellent estimate may be attributed to
the fact that vapor rate is a good cost metric.

The equations by Underwood [45] are used to
compute the minimum reflux ratio in an appropriate
method for estimating the molar vapor rate in a simple
distillation column separating a nearly ideal system. A
material balance is used to estimate the molar vapor
rate, V, entering the condenser in a conventional distil-
lation column separating a nearly ideal system. If the
liquid being fed into the column is already saturated,
then the molar vapor rate will be almost constant at this
value of V as it travels through the column. Since the
minimal reflux ratio is unaffected by the product puri-
ties that are selected, the choice of product purities is
not an essential factor in MVR calculations. In order to
make the analysis of the material balance more
straightforward, assume that the separations were ap-
proximately ideal, with the key constituents that were
lighter than light key (LK) remaining in the top and the
key constituents that were heavier than heavy key (HK)
remaining in the residue.

The estimation of the marginal vapor rates for
each separator as well as for the overall sequence ena-
bles comparisons to be made across different distilla-
tion sequences. The marginal vapor rate for each key
split in a separation may be estimated with the use of
equation (3).

a;
MWR= >V, = — "k
z ' Z g gy (3)

nonkeyi nonkeyi i 5

Where the vapor rate, the relative volatility,
and the feed flow rate of the nonkey component i asso-
ciated with each key split in a separation network are
denoted by Vi, aix and f;, respectively. MVR is a metric
that illustrates the influence in which the presence of
other species has on the results of carrying out a split
between the key elements of the column. The sum of
these terms for every i indicates the magnitude of the
rise in MVR that can be attributed to the existence of
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these columns' nonkey elements. If there is a larger gap
between the relative volatility of nonkey elements and
the volatility of key elements, then the denominator
will be larger, and the MVVR will be lower. After cal-
culating the MVR for each column, the MVR for the
sequence is computed by adding up the MVRs for each
column in the sequence. This results in the MVR of a
sequence. With a given feed flow rate and the relative
volatilities of components, the sequence that has the
lowest overall MVR is the best option.

CASE STUDIES

For the work reported in this article, a four-
component and a five-component mixture reported in
the literature were explored for the step by step analy-
sis presented in methodology. In the first case study, a
zeotropic mixture of i-Butane, n-Butane, i-Pentane,
and n-Pentane is assumed to be separated into pure
components at 1.013 bar pressure and 1000 kmol/s to-
tal flow rate, as stated in Table 2 [7,46,47]. In the next
section, the components i-Butane, n-Butane, i-Pentane,
and n-Pentane are denoted by the letters A, B, C, and
D, respectively. There are five alternative sequences
(Figure and Table 3), each with ten distinct separation
tasks. According to the labeling in Table 3, the se-
guences are numbered one through five.

Table 2
Data of the problem specification for a four component
mixture
Taonuya 2. JlanHbIe TEXHUYECKOTO 32/ IaHUS
JIdA ‘{eTblpeXKOMHOHeHTHOﬁ cMecu
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Table 4
Data of the problem specification for a five component
mixture
Tabnuuya 4. JlanHble TEXHUYECKOTO 3aaHUSA
OJIA NATHKOMIIOHEHTHOM cMecH

Feed flow . Adjacent
S. Relative :
No. Component rate volatility relat'l\-/e
(kmol/h) volatility
1 Propane 50.0 9.70
2.00
2 i-Butane 150.0 4.85
1.33
3 | n-Butane 250.0 3.65
2.40
4 | i-Pentane 200.0 1.52
1.52
5 | n-Pentane | 350.0 1.00

As indicated in Table 4, the second case study
comprises the separation of Propane, i-Butane, n-Bu-
tane, i-Pentane, and n-Pentane into pure components
at a pressure of 1.013 bar and a total flow rate of
1000 kmol/s [7,26]. The letters A, B, C, D, and E rep-
resent propane, i-Butane, n-Butane, i-Pentane, and n-
Pentane in the next section, respectively. There are
fourteen alternative sequences (Table 8), each with
twenty distinct separation tasks. According to the la-
beling in Table 5, the sequences are numbered one
through fourteen.

Table 5

Possible sequences for sharp separation

of five component mixture
Taonuya 5. Bo3MoskHBIE TIOCJI€I0BATEIBHOCTH
JIS PE3KOro pasacjacHus NATUKOMIIOHEHTHOH CMecH

Nolcomponeny| Feed flow | Relative AI’\SIJ;[(;\e/re]t Sequence | Column1 | Column 2 [Column 3 |Column 4
PONENT rate (kmol/h) | volatility v 1 ABCD/E | ABC/D | AB/C | A/B
volatility 2 ABCD/E | ABC/ID | AIBC | BIC
1| i-Butane 126 2.0 3 ABCD/E | ABICD | A/B CID
112 4 ABCD/E | A/BCD | B/ICD | C/D
2 | n-Butane 292 18 5 ABCD/E | A/BCD | BC/D B/C
1.50 6 ABC/DE A/BC B/C D/E
3 | i-Pentane 186 1.2 7 ABC/DE AB/C A/B D/E
1.20 8 AB/CDE A/B CD/E C/D
4 | n-Pentane 396 1.0 9 AB/CDE A/B C/IDE D/E
10 A/BCDE BCD/E BC/D B/C
Table 3 11 A/BCDE BCD/E B/CD C/D
Possible sequences for sharp separation 12 A/BCDE BC/DE B/C D/E
of four component mixture 13 A/BCDE B/CDE CD/E C/D
Taonuua 3. Bo3MoKHBIE NIOCIEI0BATETLHOCTH JJIsI 14 A/BCDE B/CDE C/DE D/E

PE3KOro pasacjacHus ‘IETpreXKOMHOHeHTHOﬁ cMecn

Sequence Column 1 Column2 | Column3
1 A/BCD B/CD C/ID
2 A/BCD BC/D B/C
3 AB/CD A/B C/ID
4 ABC/D A/BC B/C
5 ABC/D AB/C A/B

ChemChemTech. 2023. V. 66. N 8

RESULTS AND DISCUSSION

Based on separation tasks, MVRs for four and
five component systems were determined in this study.
The optimal sequence, which is rated first, was discov-
ered by comparing the total MVRs of all the sequences
for a given feed composition. The remaining sequences
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are similarly sorted in ascending order based on the
values of their MVRs. The sequence with the highest
MVR value is ranked last. All of the following se-
guences are ranked in the middle.

Table 6
Key splits for the four component system
Tabnuya 6. KnioyeBple paciuenyieHust
JJIA ‘leTpreXKOMHOHeHTHOﬁ CUCTEMBbI

s. |Key Split Arithmetic

No. | (LK/HK) Avequfig/;e of | VA VB | VC | VD
1 A/B 1.9 - - [318.86|440.00
2 B/C 15 504.00 - - |792.00
3 C/D 1.1 280.00 |750.86| - -

Table 6 shows the key splits for the preceding
section's four component system. The MVR is com-
puted for each component in each key split, allowing
the marginal vapor rates for every specific column in a
sequence to be calculated. Table 7 displays the ten dis-
tinct separation tasks and the estimated MVR values
for nonkey constituents in each task. Table 8 lists all
active tasks in each sequence, as well as the total of
MVR values in the presence of non-key components
for that sequence.

Table 7
Ten distinct separation tasks and the estimated MVR
values for five component mixture
Tabnuya 7. [lecsiTh OTAEJBbHBIX 32124 pa3/ieJieHUs1 1
ouneHennnie 3HaYvennss MVR piasa narukoMnoneHTHO#M

There are four key splits in a five component
mixture as opposed to three in a four component mix-
ture, shown in Table 9. The MVR is computed for each
component in each key split, whereas Table 10 dis-
plays the twenty separate separation tasks as well as the
computed MVR values for nonkey constituents in each
task. Table 11 lists all active tasks in each sequence, as
well as the total of MV/R values in the presence of non-
key components for that sequence.

Separation task analysis was used to find the
sequence with the lowest MVR in each of the case
studies provided. The study began with finding separa-
tion stages (identical feed and end compositions) in
that separation superstructure. Once tasks have been
created, active tasks from each sequence are represented,

Table 9
Key splits for the five component system
Tabnuya 9. KnoveBble pacuienjeHus
JJIAA NATHKOMIIOHEHTHOM CHCTEMbI
Key
S. | Split
(LK/H
K)
A/B
B/C
C/D
D/E

Arithmetic
Average of
RV

7.275
4.25
2.585
1.26

VA|VB | VC | VD | VE

- - |251.72|52.82 | 55.78
88.99 - - |111.36{107.69
68.17(321.19 - - |220.82

57.46|202.65(381.80| - -

BAIWIN(F

Table 10

cmecn Twenty distinct separation tasks and the estimated
Task # Feed Top Bottom MVR MVR values for five component
1 ABCD A BCD 758.86 Tabnuya 10. IBanuath pa3inyHbIX 32124 pa3jieaeHus
2 BCD B CDh 792.00 U ONeHOYHbIe 3HaYeHnst MVR 115l IATH KOMIIOHEHTOB
3 CcD c D 0 Task # Feed Top Bottom Total
4 BCD BC D 750.86 1 ABCDE | ABCD E 641.91
S BC B c 0 2 ABCD ABC D 389.36
6 ABCD AB CD 1296.00 3 ABC AB C 88.99
7 AB A B 0 4 AB A B 0.00
8 ABCD ABC D 1030.86 5 ABC A BC 251.72
9 ABC A BC 318.86 6 BC B C 0.00
10 ABC AB C 504.00 7 ABCD AB CD 200.35
8 CD C D 0.00
Table 8 9 ABCD A BCD 304.55
All active tasks in each sequence and the total of MVR 10 BCD B CD 111.36
for four component mixture 11 BCD BC D 321.19
Taoauuya 8. Bce akTuBHBIE 3a1a4M B KaXK/10# 1mocJieno- 12 ABCDE ABC DE 610.18
BaTEJILHOCTH H 0011ee KomuecTBO MVR s yeTbipex- 13 DE D E 0.00
KOMIIOHEHTHO# cMecH 14 ABCDE AB CDE 308.04
Sequence # Active tasks Total MVR | Rank 15 CDE CD E 381.80
1 1 2 3 1550.86 5 16 CDE C DE 220.82
2 1 4 5 1509.71 3 17 ABCDE A BCDE 360.32
3 6 7 3 1296.00 1 18 BCDE BCD E 584.45
4 8 9 5 1349.71 2 19 BCDE BC DE 542.01
5 8 10 7 1534.86 4 20 BCDE B CDE 219.05
118 W3B. By30B. XuMus u xuM. TexHonorus. 2023. T. 66. Beim. 8



Table 11
All active tasks in each sequence and the total of MVR
for five component mixture
Tabauuya 11. Bce akTUBHBIE 3a1a491
B Ka)KlIOﬁ nmocjieaA0BaTeJbHOCTH " oﬁmee KOJIHUY€E€CTBO
MVR nj191 n9THKOMIIOHEHTHOH cMecH

Sequence # Active tasks Total Rank
1 1 2 3 4 | 1120.26 11
2 1 2 5 6 | 1282.99 14
3 1 7 4 8 842.26 5
4 1 9 10 8 | 1057.81 10
5 1 9 11 6 | 1267.65 13
6 12 5 6 13 | 861.90 6
7 12 3 4 13 | 699.17 3
8 14 4 15 8 689.84 2
9 14 4 16 | 13 | 528.86 1

10 17 | 18 | 11 6 | 1265.96 12
11 17 18 10 8 1056.13 9
12 17 | 19 6 13 | 902.34 7
13 17 20 15 8 961.17 8
14 17 | 20 | 16 | 13 | 800.19 4

and the overall MVR value for each sequence is deter-
mined. By comparing the total value of MVRs, all se-
quences are sorted, and the best sequence is determined
by the lowest value of MVR, which is rated first. Se-
guence three, which corresponds to the direct se-
guence, is shown to be best for the first case study. In
the second case study, however, sequence nine is re-
vealed to be the best sequence. Obviously, the best se-
guence depends on the composition of feed.

CONCLUSION

The aim of this contribution is to find the best
sequence for a distillation column network. The col-
umn sequencing approach provided here is built on
concepts from prior contributions discussed in the in-
troduction. The use of a superstructure enables the dis-
integration of sequences into independent separation
tasks, considerably reducing computing labour. Ac-
cording to the case studies described in this article, sep-
aration task development and assessment of MVR for
each task is a beneficial technique in distillation net-
work design since it allows for a fast examination of
design alternatives. In the case study with a mixture of
i-Butane, n-Butane, i-Pentane, and n-Pentane, the opti-
mal sequence was determined to be sequence-3 with
the lowest MVR. In the second case study of Propane,
i-Butane, n-Butane, i-Pentane, and n-Pentane, se-
guence-9 was shown to be the optimal sequence. The
outcomes of this approach is consistent with other
methods as well as established algorithms from the lit-
erature and it offers the designer the ability to choose a
few near-optimal sequences out of a large pool of po-
tential sequences, which may then be studied further.
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By comparing the marginal vapour rates of all the ac-
tive tasks engaged in that sequence, an ideal sequence
of distillation columns for a specific feed flow rate and
relative volatilities was obtained. The sequence with
the lowest total MVR is the ideal sequence, and it is a
measure of separation cost.

A6m0pbl 3asaensaom 06 omcymcmeuu KOH-
Gauxma unmepecos, mpebdyroweco packpolmusi 8 OaH-
HOU cmambve.
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