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Abstract

Objectives. The work set out to evaluate the energy efficiency of using schemes including columns with side sections and side draws
in the extractive distillation of tetrahydrofuran—ethyl acetate—water mixture with dimethyl sulfoxide as an entrainer.

Methods. The main research method consisted of a computational experiment with the Aspen Plus v. 12 software package. The local
composition UNIQUAC equation model was used for describing vapor—liquid equilibrium. Parametric optimization of initial scheme
and schemes, including columns with side sections and side draws, was carried out according to the criterion of energy consumptions
in distillation columns reboilers.

Results. Two variants of schemes including partially thermally coupled distillation columns and two variants of schemes including columns
with side draws were synthesized on the basis of the conventional scheme of double extractive distillation consisting of two-withdrawal
columns using the graph method. The optimal operating parameters of the conventional scheme and all schemes obtained on its basis were
determined. The schemes, including columns with side draw, were modeled in two variants, namely, in the vapor phase with side draw, and
in the liquid phase. The energy efficiency of the proposed schemes was evaluated in comparison with the conventional scheme.

Conclusions. The phase state of the side draw is shown to have little effect on the total energy consumption in column reboilers, the
amount of liquid-phase side draw being 1.4-5.2 times greater than that of vapor-phase draw. Among the schemes including complex
columns with a side section, the maximum reduction of energy consumption by 5.9% in relation to the scheme of two-withdrawal
columns is provided by the scheme according to which the thermal coupling between the second extractive column and the regeneration
column of the entrainer is realized. Thermal coupling of extractive columns provides a significantly lower energy saving (1.36%).
Among the schemes including complex columns with side draw, the greatest energy efficiency (5.9%) is characterized by the scheme
in which the draw in the vapor phase is taken from the second extractive column to the regeneration column.
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AHHOTaUuS

]_Ie.Jm. HpOBeCTI/I OLICHKY 3HepreTquCK0171 3(1)(1)6KTI/IBHOCTI/I MPUMEHCHUS CXEM, BKIIOHYAOMIUX KOJIOHHBI C OOKOBBIMHU CCKUHWAMHA U OT-
60paM1/1, B IIponecce 3KCTpaKTHBHOﬁ peKTI/I(I)I/IKaHI/II/I cMEeCcH TeTpal"I/IZ[pO(l)ypaH—Z)TI/II[aL[eTaT—BOZ[a C Z[I/IMCTI/IJ'ICyJ'IL(I)OKCI/I}IOM B Ka4CCTBC
pasacisonIero arcHTa.

MeTtoabl. OCHOBHBIM METOJIOM HCCIIEIOBAHHUS SBIISLICS BEIMHUCIUTEIBHBIH SKCTIEPUMEHT, PeaTn3yeMbli ¢ IPUMEHSHNEM IIPOTPAMMHOTO
xomrnrekca Aspen Plus v. 12. s MofemMpoBaHusI MapOKUIKOCTHOTO PaBHOBECHS OBLIO MCIIOIBb30BAHO YPaBHEHHE JIOKAIBHBIX COCTa-
BoB UNIQUAC. ITapameTprdeckasi ONTUMH3AINS BCEX PACCMOTPEHHBIX B pabOTe CXeM SKCTPAKTHBHOH PEKTHU(HUKAINH BHITOIHSIIACH
10 KPUTEPUIO CYMMapHBIX YHEPreTHIECKUX 3aTPaT B KUIATHIBHUKAX KOJIOHH.

Pesyabrarsl. C npuMeHeHHeM MeToa rpa)oB Ha OCHOBE 0a30BOI CXEMbI JBYXCTYIEHYATONH SKCTPAKTUBHOM PEKTH(HHUKALUH, COCTOS-
1Iei U3 ABYXOTOOPHBIX KOJOHH, CHHTE3HPOBAHO J[BA BAPHAHTA CXEM, BKIIIOYAIOIIMX KOMIUICKCHI C YACTUYHO CBSI3aHHBIMHU TEIJIOBBIMU
1 MaTepHAJIbHBIMU IOTOKAMH, U J[Ba BAPHAHTA CXEM, BKIIIOYAIOIUX KOJIOHHBI C GOKOBBIM 0TOOpOM. OnpesiesieHbl ONTHMAlIbHBIC pabouune
rapameTpbl 0a30BOH CXEMBI, @ TAK/KE BCEX IMOJIYYCHHBIX HA € 0CHOBE cxeM. CXeMbl, BKIIIOYAIOILIHUE KOJIOHHBI ¢ OOKOBBIMHE OTOOpaMH,
CMOZICIMPOBAHBI B JIByX BapHaHTaX, @ UMECHHO: ¢ 0TOOpPOM GOKOBOTO MMOTOKA B ITAPOBOIL U B xMAKOH (azax. IIpoBesieHa OlieHKa SHepro-
3¢ PEKTUBHOCTH MPEATIOKEHHBIX CXEM 10 CPaBHEHHUIO C 0a30BOH CXEMOH.

BoiBoabl. BorssieHo, uto dasoBoe cocrosiHre G0KOBOro 0TOOpa Majo BIHMSET HA CyMMAapHbIE SHEpro3arparsl B KUMSATHIBHHKAX KO-
JIOHH, TIPH 3TOM KOJMYECTBO KUAKO(pa3Horo 60koBoro noroka B 1.4-5.2 pasa Gombiie, yeM mapodazHOro. YCTaHOBICHO, YTO CPEIU
CXeM, BKJIIOYAIOIIUX CIIOXKHbIE KOJIOHHBI ¢ OOKOBOW CEKIMEH, MAKCHMAJILHOE CHI)KEHHE 3Hepro3arpar Ha 5.9% OTHOCHTEIBHO CXEMBI
13 IByXOTOOPHBIX KOJIOHH 00eCIeurBaeT CXeMa, B KOTOPOi pean3yercs TepMUUuecKast CBA3b MEX/y BTOPOH 3KCTPAKTUBHOH KOJIOHHOM
1 KOJIOHHOW pereHepaliy pas/eNsioulero arenra. TepMUYecKoe CBA3bIBAHWE HKCTPAKTUBHBIX KOJOHH JA€T CYLIECTBEHHO MEHBIIYIO
sKoHOMHIO SHeprozarpar (1.36%). Cpeau cxeM, BKITIOYAIOIIUX CII0KHbBIE KOJIOHHBI ¢ OOKOBBIM 0TOOpOM, HanboubiIeil sHeprosddexTus-
HOCTBIO (5.9%) XapakTepusyeTcs cxeMa, B KOTOPO OCYIIECTBIACTCS OTOOP MOTOKA B TapOBOit (pase U3 BTOPOH SKCTPAKTUBHOM KOJIOHHBI
B KOJIOHHY PereHeparum.

Kniouesble cnosa MocTtynuna: 16.10.2024
9KCTPAKTUBHAsS peKTU(UKanus, OOKOBbIE 0TOOPHI, OOKOBBIE CEKIHH, TETPAruApodypaH, HAopa6oTaHa: 19.12.2024
9THJIALIETAT, BOJA, SHEPTrocOepekeHIe NpunsTa B neyats: 21.02.2025
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INTRODUCTION

Tetrahydrofuran (THF) and ethyl acetate (EAc) are
widely used as solvents in the pharmaceutical industry.
As a result of the technological process used to obtain
these solvents, some pollutants get into wastewater [1].
Separation of THF-EAc—water mixture into pure
components is difficult due to the presence of two binary
azeotropes THF—water and EAc—water [2]. This mixture
can be used to separated using extractive distillation (ED),
which is the most widely used method for separating
azeotropic mixtures and mixtures of components
having relative volatility close to unity. However, like
conventional distillation, ED has low thermodynamic
efficiency, leading to high thermal energy consumption
for its realization. This set of circumstances determines
the relevance of searching for ways to improve the
energy efficiency of the process [3-5].

One of the approaches to reduce energy consumption
involves the transfer of heat removed from the
strengthening section of the column to the distillation
section of the same or another column, which is realized
in schemes using heat pumps [6—8] and nonadiabatic
distillation [9—11]. The same concept forms the basis for
schemes using internal heat integration [11, 12] referred
to as a heat integrated distillation column (HIDiC)
system. However, despite their high energy efficiency,
heat pump schemes are significant disadvantaged by the
need to use expensive hot compressors.

Another approach is based on approximating the
distillation process to a hypothetical thermodynamically
reversible process using complexes with partially coupled
heat and material flows, which are realized in practice in
the form of complex columns with side sections [3, 13].
Another promising approach for reducing energy
consumption involves the use of schemes including
columns with side draws [14, 15]. The above-described
methods can also be used in combination.

The authors [16] propose the use of complex columns
with side draws to improve the energy efficiency of the
scheme of two-stage ED of THF—EA c—water mixture with
dimethyl sulfoxide (DMSO) as an entrainer (Fig. 1). Three
schemes with side draws were considered: (1) a scheme
with a side draw of the flow from the first extractive
column (EC1) to the second; (2) with a side draw from
the second extractive column (EC2) to the regeneration
column (RC); (3) a scheme combining both previous
options. In addition to this, a combination of schemes with
side extraction and heat pump was studied. However, it
should be noted that the authors considered all schemes
with side flow draw exclusively in the liquid phase. Despite
the block diagram of the optimization algorithm given
in [16], it remains unclear according to what principle
the transformation of the basic scheme into schemes with

side draws was carried out, as well as on what basis the
selection of initial conditions (number of the side draw
plate and its number) in the optimization was made. The
authors [16] also failed to take into account that DMSO
begins to decompose at temperatures above 150°C [17]
when selecting the working pressure in the columns. The
top pressure of the DMSO RC was chosen to be 50 kPa at
a temperature in the reboilers of 169°C. Thus, the results
obtained by the authors of [16] require clarification and
correction. Another interesting task consists in studying the
energy efficiency of schemes with side flow draws in the
vapor phase and comparing them with complexes having
partially thermally coupled distillation columns (PTCDC).

Thus, the aim of the present study is to evaluate the
energy efficiency of schemes including columns with
side sections and columns with side flow draws in both
vapor and liquid phases.

CALCULATIONS
Methods

Mathematical modeling and computational experiment
wereused as the main research method. Inaccordance with
the recommendations of the authors [16], the UNIQUAC
(UNIversal QUAsiChemical) equation was chosen as a
model for describing the vapor—liquid equilibrium in
the THF-EAc—water-DMSO system. For all binary
components except for the THF—EAc pair, we used the
equation parameters from the Aspen Properties v. 12.1
database integrated into the software package, while
the parameters for the THF-EAc system were taken
from the supplementary materials of the published
work [16]. An analysis of the quality of description
of experimental data on phase equilibrium [18-22]
by UNIQUAC, NRTL (Non-Random Two Liquid)
and UNIFAC (UNIQUAC Functional-group Activity
Coefficients) models showed that the vapor phase
composition and boiling point (or pressure in the case of
isothermal data) of binary systems is described with the
lowest error using the UNIQUAC model with the above
parameters. The average relative errors in the description
of vapor phase composition and boiling point (pressure
in the case of isothermal data) do not exceed 3.0% and
0.5%, respectively.

The initial (basic) scheme of two-stage ED of
THF-EAc—water mixture with DMSO as the entrainer is
presented in Fig. 1 (Scheme A).

Calculations were carried out for 5900 kg/h of the
initial mixture of the following composition: THEF,
40.33 wt %; EAc, 49.28 wt %; water, 10.38 wt %. The feed
flow was supplied at a temperature of 40°C and a pressure
of 50 kPa. The concentrations of product flows were kept
constant and equal for THF, 98.8 wt %; EAc, 99.5 wt %;
water, 99.6 wt %; regenerated DMSO, 99.99 wt % [16].
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Fig. 1. Scheme of two-stage ED (Scheme A). EC1 and EC2 are
extractive columns; RC is the entrainer regeneration column.
Hereinafter: A is tetrahydrofuran, B is ethyl acetate, C is water,
E is dimethyl sulfoxide

The pressure in the columns was chosen such that the
temperature in the column bottoms did not exceed
150°C, since it is at this temperature that the
decomposition of DMSO begins [17]. Thus, the pressure
in columns EC1 and EC2 was set equal to 50 kPa, in
RC—25 kPa. The optimized parameters were the number
of theoretical plates in columns (N, ), temperature (7})
and flow rate (F;) of entrainer, position of feed plates (NVy,)
and entrainer (Vp) in columns. The total heat duty in the
column reboilers was used as an optimization criterion
(z Orep)- The constraint on optimization consisted in
the need to keep constant the concentrations of
components in the product flow of the columns.

At the first stage, the influence of entrainer flow
rate on the reflux ratio R in columns EC1 and EC2 at

Table 1. Optimal operating parameters of Scheme A

a fixed entrainer feed temperature (7};) equal to 50°C was
investigated. Based on the obtained dependence, the DMSO
flow rate in EC1 equal to 4500 kg/h and in EC2 equal to
1150 kg/h was taken as an initial approximation. Then, the
total number of plates (N,,;) in the columns was determined
at a fixed flow rate and entrainer temperature. After
selecting N, ., the effect of 7;; on the energy consumption
in the ED column bottoms was investigated at a fixed total
number of plates in the columns. This influence was found
to be practically absent. Based on the top temperatures of
columns EC1 and EC2, T}, = 50°C was chosen. At the next
stage, the boundaries of variation of entrainer flow rates in
each EC were determined (i.e., the values of the optimum
and minimum flow rates). The final stage of optimization
consisted in selecting the optimal amount of entrainer for the
entire scheme. The optimization procedure was as follows:
1) setting values of N and Ny, for EC1 and determining
optimal values of entrainer flow rate for the entire
scheme for all sets of N and N, for EC2;
2) setting new values of N, and Ny, for EC1 and repeating
step 1;
3) repeating steps 1-2 until reaching the minimum value
of Z Qreb'
Optimal operating parameters of Scheme A are given
in Table 1.

Synthesis of schemes including columns
with side sections and side draws

The transformation of the graph of the basic two-stage
ED scheme (Scheme A) into schemes including columns
with side sections and side draws is shown in Fig. 2.

Column Nootal Ny N Ty, °C Fg, kg/h R O,epy KW ZQreb’ kW
ECI 46 10 16 50 6614 6.40 2417
EC2 19 5 14 50 988 0.30 656 3831
RC 13 - 5 - - 0.75 758
Scheme Bl Scheme B2 Scheme CIL, C1V Scheme C2L, C2V
Scheme A
| . pr
ABZg BC CE

Fig. 2. Transformation of the base scheme graph: (a) graph of Scheme A, (b) graph of Scheme B1, (¢) graph of Scheme B2,
(d) graphs of Schemes C1L and C1V, (e) graphs of Schemes C2L and C2V (letter L means side draw in the liquid phase,
and letter V—in the vapor phase)
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The initial scheme (Fig. 1) is transformed into a
graph (Fig. 2a). In this graph, edges denote vapor and
liquid flows within and between columns. The vertices
are the cross sections bounding the column sections. By
combining two vertices adjacent along the oriented edges
CE and BCE, the graph can be simplified to the graphs
shown in Figs. 2b and 2c¢, which depict schemes having
partially coupled heat and material flows. Performing the
simplification operation on the graphs (Figs. 2b and 2c)
along the undirected edges of the side vapor (SV)
extraction phase results in graphs (Figs. 2d and 2e¢) that
display schemes involving complex columns with side
extraction in both vapor (C1V and C2V) and liquid (C1L
and C2L) phases. The side draws are located downstream
of the extractive section in the respective columns. Thus,
four different variants of schemes including complex
columns were synthesized from the basic Scheme A
(Fig. 3):

e Scheme BI1, in which columns EC2 and RC are
combined in a complex with PTCDC;

e Scheme B2, in which columns EC1 and EC2 are
combined in a complex with PTCDC;

E
A B
Ag *g &
Ss
_ABC_[gc1 MC
FV
FL
T ] T
(a)
E
/J\ E{ A /J\ ﬁ B /J\ g C
ABC ki EC2 RC

L[]

T | Y. T,

©

e Schemes CIL and C1V are obtained on the basis
of Scheme BI, in them side flow draw in vapor
phase (C1V) or in liquid phase (C1L) is organized
from EC2 to RC;

e Schemes C2L and C2V are obtained on the basis of
Scheme B2, in them from column EC1 to column
EC2 the side flow draw in steam phase (C2V) or in
liquid phase (C2L) is organized.

At the next stage, the optimal operating parameters
of the synthesized variants of schemes were determined.
Initial data and product flow quality was set the same as
for Scheme A. Total heat duty in the column reboilers
was used as an optimization criterion as follows.

Optimization of schemes including
complexes with PTCDC

At transition to complexes with PTCDC, the pressure
in the integrated apparatuses should be equalized. In
Scheme B1, the pressure in column EC1 and the basic
Scheme A is 50 kPa; in the main column of the PTCDC
complex and side section, the pressure was set equal

E
ABC
(b)
E
S B
N B
_ABC gy EC2 RC

QL

&

(d)

Fig. 3. Schemes involving columns with side sections and side draws: (a) Scheme B1, (b) Scheme B2, (¢) Scheme C1L/C1V,
(d) Scheme C2L/C2V. EC1 and EC2 are extractive columns; RC is the entrainer regeneration column; MC is the main column
of the complex with partially thermally coupled distillation columns; SS is a side section; SC is a side column
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to 25 kPa. In Scheme B2, the pressure in the main column
and side section was set equal to 50 kPa; in the RC, as well
as in the RC of the basic Scheme A, the corresponding
pressure was 25 kPa. The optimized parameters were the
amount of steam flow extraction into the side section (£7y,)
and the side draw plate location (Ngp,). Other parameters
such as temperature (7}), entrainer flow rate (Ff),
position of feed plates (V) in the columns, and entrainer
inlet plates (V) were fixed according to their optimum

values determined for Scheme A.

Since there were no changes in the mode of
operation of columns EC1 (for Scheme B1) and CR (for
Scheme B2), these parameters were not reoptimized.

Optimization of complexes with PTCDC was carried
out according to the following algorithm:

1) setting the Ngp;

2) setting the Fy;

3) calculating the value of heat duty in the reboilers of
the main column Q e >

4) returning to step 2, setting a new £y, value, controlling
the distillate quality of the side section (or side
column) by changing the distillate flow rate FSS
(Fp SC), until QMC reaches the minimum value;

5) returning to step 1, setting a new Ngp, value. Repeatmg
steps 1-4 until the minimum value of Qreb i
reached.

The optimization results of Schemes B1 and B2 are
shown in Table 2.

Optimization of schemes including
columns with side draw

Scheme C1 group. Since Schemes CIL and C1V are
obtained by transforming the graph of Scheme Bl and

Table 2. Optimal operating parameters of Schemes B1 and B2

differ only in the aggregate state of the side extraction
flow, the procedure of their optimization is identical.
Because the composition of the feed flow of this column
in Schemes C1L and C1V differs from the composition
in the basic Scheme A, the number of plates in the RC
was selected at the first stage. The selection was based on
an analysis of the dependence Qr%g on the number of
plates.

Additional optimized variables comprised the amount
of side liquid extraction flow FL (Scheme C1L) or steam
extraction Fy, (Scheme C1V) from EC2 to the RC, as
well as the location of the side extraction plate (Ngp,) and
the feed plate in the RC (V).

Other parameters, such as the number of plates in
ECl and EC2, entrainer temperature and flow rate,
position of feed and extracting agent feed plates in EC1
and EC2, were set the same as in Scheme Bl. The
optimization criterion (target function) was the minimum
of the total duty on the reboilers of columns EC2 (QEcz)
and CR (Qr]zg). The optimization procedure was as
follows:

1) setting the Ngp;

2) setting the amount of side flow F (or FY));

3) determining the optimum feed plate inRC Ng RC,

4) repeating steps 2-3 until the minimum Value of

ZQreb r%():z + Qr%g is reached;

5) returning to step 1;
6) repeating steps 1-5 before reaching the minimum
value of ZQreb'

The optimization results of Schemes C1L and C1V
are shown in Table 3.

Scheme C2 group. Since Schemes C2L and C2V are
obtained by transforming the graph of Scheme B2 and
differ only in the aggregate state of the side flow draw,

Column New | N | Mg Ngp Fg, kg/h Fy, kg/h R O KW | D 0, kW

Scheme B1

ECI 46 10 16 - - 6.40 2417

Main column 27 5 14 19 972 0.25 1187 3604

Side section 5 - — - - 0.25 -
Scheme B2

Main column 51 10 16 48 3423 6.16 3021

Side column 14 5 - - - 0.36 - 3779

RC 13 - 5 - - 0.75 758
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Table 3. Optimal operating parameters of Schemes C1L and C1V
Column Now | Ng | Np Ngp Fg, kg/h F, (Fy).kgh | R O KW | D 0., kW
Scheme C1L
EC1 46 10 16 - 6614 - 6.40 2417
EC2 27 5 14 19 988 4650 0.25 564 3663
RC 11 - 4 - - - 0.40 682
Scheme C1V
ECI 46 10 16 - 6614 - 6.40 2417
EC2 27 5 14 19 988 899 0.25 1139 3604
RC 13 - 6 - - - 0.26 48

the procedure of their optimization is identical. Because
the composition of its feed differs from the composition
in Scheme A, the number of plates in EC2 was selected
at the first stage. The selection of the number of plates
was performed at fixed entrainer flow rates in EC1 and
EC2, as well as the position of the side extraction plate
and its number. Further optimized variables were the
amount of side liquid extraction flow /| (Scheme C2L)
or steam extraction Fy, (Scheme C2V) from ECI to
EC2, the position of the side extraction plate (Ngp,). As
calculations have shown, the composition of the RC
feed flow in Schemes C2L and C2V in comparison with
Scheme A practically did not change; for this reason,
optimization of parameters of this column was not
carried out.

Table 4. Optimal operating parameters of Schemes C2L and C2V

1)
2)
3)

4)
5)
6)
7)

8)
9)

The further optimization procedure was as follows:
setting the Ny, in EC1;

setting the amount of side flow | (or Fy));

variating Ng, and Np in EC2 until reaching the
minimum value of erigz;

specifying the position of Ny in the RC;

calculating z O, for the entire scheme;

returning to step 2;

repeating steps 2—6 until reaching the minimum value
of Z Qreb;

returning to step 1;

repeating steps 1-8 until reaching the minimum value
of Z Qreb'

The optimization results of Schemes C2L and C2V

are shown in Table 4.

Column New | Ng | Mg Ngp Fy kg/h F, (Fy).kgh | R O KW | D 0r kW

Scheme C2L

EC1 51 10 16 48 6614 4250 6.20 2549

EC2 15 4 12 - 988 - 0.36 491 3800

RC 13 - 5 - - - 0.77 760
Scheme C2V

EC1 51 10 16 47 6614 3008 7.62 3357

EC2 16 4 10 - 988 - 0.29 73 4192

RC 13 - 5 - - - 0.78 762
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RESULTS AND DISCUSSION

Six different variants of the schemes of ED of
THF-EAc—water mixture, including columns with side
sections and side draws, were considered in the course
of the conducted studies. Comparison of the proposed
scheme variants with the prototype scheme (Scheme A)
by the criterion of total energy consumption is presented
in Table 5. Reduction of energy consumption AQ,, was
calculated by the formula:

AQp = (ZQ&) —ZQieb)/ZQr’Zb *x100%, (1

where ZQf:b is the total energy consumption in the
column reboilers of Scheme A, ZQﬁeb is the total
energy consumption in the reboilers of columns of the
scheme including a complex with PTCDC or a column
with side extraction.

Among the schemes including complexes with
PTCDC, it can be seen that the maximum reduction of
energy consumption by 5.9% relative to the prototype
Scheme A is provided by Scheme BI1, in which the
complex with PTCDC is obtained by thermal bonding of
columns EC2 and RC of Scheme A. Thermal bonding of
columns EC1 and EC2 in Scheme B2 gives significantly
lower energy savings (1.36%). The different energy
efficiency of Schemes B1 and B2 is explained by different
reflux ratios in columns RC and EC2 of Scheme A,
which are prototypes of the side section (side column)
in Schemes B1 and B2, respectively: RRC = 0.75 and
REC2 = 0.3, Thus, the obtained results are consistent
with the criterion for evaluating the energy efficiency of
the application of complexes with PTCDC in the ED.!
It should also be noted that the reflux ratio in the side
section of Scheme B1 is three times lower than the reflux
ratio in the RC of Scheme A. This can be explained by
the fact that the concentration of water in the steam flow
entering the side section is 9 times higher than in the
feed flow of the RC of Scheme A. The reflux ratio in the
side column of Scheme B2 has a slightly higher value as
compared to the reflux ratio in EC2 of Scheme A. This
is explained by the fact that about three times more THF

falls in the side section than in the bottom flow of EC1;
thus, to obtain EAc of a given quality in the distillate of
the side column, a slightly higher reflux ratio is required.

Scheme C1V is characterized by the same energy
efficiency as Scheme B1.

In Scheme C1V, the reduction of total energy
consumption occurs mainly due to a significant reduction
in the duty on the reboilers of the RC (by 94%, compared
to the RC of Scheme A). This is due to several reasons.
First, the amount of RC feed flow in Scheme CI1V
is less than in Scheme A due to most of the DMSO in
Scheme C1V being released in the column bottom with
side extraction. Secondly, the water concentration in the
RC feed flow in Scheme C1V is about 70 wt %, while in
Scheme A it is 8 wt %. Thirdly, the Scheme C1V RC feed
is supplied in the vapor phase, while the Scheme A RC
feed is supplied in the liquid phase.

The energy efficiency of Scheme C1L is less than that
of Scheme C1V. This is due to the amount of liquid side
draw being 5.2 times greater than that of vapor side draw,
while the concentration of DMSO in the liquid-phase
side flow is already 86 wt % (instead of 30 wt % for the
Scheme C1V). Thus, the RC feed flow in Scheme C1L
is substantially greater than in Scheme C1V. In addition,
the feed to the RC of Scheme CIL is supplied in the
liquid phase, so there is no additional source of steam in
this column.

The insignificant total reduction of energy
consumption (0.81%) in Scheme C2L can be explained
by the small reduction in energy consumption in the EC2
reboilers due to the heat contributed by the entrance
into it of the withdrawal flow from ECI1, which also
leads to an increase in the concentration of DMSO in
the column. However, energy costs increase by about
the same amount in the reboilers of EC1 due to the side
extraction flow carrying a certain amount of heat with
it, which reduces the concentration of DMSO. Thus, the
total positive energy effect is absent in this case due to
a redistribution of duty on the reboilers of columns EC1
and EC2.

In Scheme C2P, total energy consumption increases by
9.4% as compared to the basic Scheme A. This significant

Table 5. Comparison of total energy consumption of the considered schemes

Parameter Scheme A Scheme B1 Scheme B2 | Scheme CIL | Scheme C1V | Scheme C2L | Scheme C2V
ZQreb’ kW 3831 3604 3779 3663 3604 3800 4192
AQ, o %0 - 5.9 1.36 4.4 5.9 0.8 -9.4

1
549 p. (in Russ.).]
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increase in energy consumption is explained by the flow
of side extraction in the vapor phase reflux ratio R = 6.40
(as in EC1 of Schemes A and C1V) containing such a
quantity of THF that prevents the extraction of EAc of
a given quality in EC2. Thus, in order to maintain the
required concentration of EAc in EC2, it is necessary to
increase the reflux ratio (up to 7.62) in EC1, which leads
to a significant increase in the duty on its reboilers. In
addition, the steam flow of the side extraction carries a
significant amount of heat, which requires replenishing.

CONCLUSIONS

Thus, it can be concluded that the organization of
side draw from one EC to another in two-stage ED
THF-EAc—water mixture schemes does not lead to a
reduction of total energy consumption. Conversely, the
organization of side draw from EC to CR can reduce
the total energy consumption in the column reboilers
by 4.4% at side draw in the liquid phase and by 5.9%
at draw in the vapor phase. It should be noted that
Scheme B1, which includes a complex with PTCDC
obtained by thermal bonding of EC and RC, as well as
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Scheme C1V, in which draw in the vapor phase from
EC to RC is carried out, are characterized by the same
energy efficiency (5.9%). The final choice of the variant
for practical implementation can be made after modeling
the dynamic behavior of these schemes.
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Extractive distillation of tetrahydrofuran—ethyl acetate—water mixture Danila G. Rudakov,
in schemes including columns with side sections and side draws etal.
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