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Objectives. The paper is a comparative analysis of methyl acetate + methanol + acetic acid +
acetic anhydride industrial mixture separation flowsheets based on the use of special distillation
methods (extractive distillation and pressure-swing distillation). The results obtained illustrate
the variability of the structure of the technological separation flowsheet.

Methods. Mathematical modeling using the software package Aspen Plus V. 10.0 was chosen
as the research method. The simulation was based on the local composition equation NRTL
and the Hayden—O’Connell equation of state. The relative uncertainties of phase equilibrium
description do not exceed 3%.

Results. The vapor-liquid diagram of the quaternary mixture of methyl acetate + methanol +
acetic acid + acetic anhydride was studied using thermodynamic topological analysis. It was
shown that the system contains one binary azeotrope and is characterized by one distillation
region. Although the structure is not complex, there is a possibility of using several methods
for mixture separation: pressure-swing distillation, and extractive distillation with different
entrainers. Twelve flowsheets with different structure were proposed, and 29 variants of
separation were compared.

Conclusions. It was shown that the most perspective structure for the separation of a methyl
acetate + methanol + acetic acid + acetic anhydride mixture is a combination of distributed
sequence separation and extractive distillation.

Keywords: azeotrope, extractive distillation, pressure-swing distillation, separation flowsheet.

For citation: Frolkova A.V., Shashkova Yu.l., Frolkova A.K., Mayevskiy M.A. Comparison of alternative methods for
methyl acetate + methanol + acetic acid + acetic anhydride mixture separation. Tonkie Khim. Tekhnol. = Fine Chem. Technol.
2019;14(5):51-60 (in Russ.). https://doi.org/10.32362/2410-6593-2019-14-5-51-60

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2019;14(5):51-60
51



Comparison of alternative methods for methyl acetate + methanol + acetic acid + acetic anhydride ...

CpaBHeHHe aJIbTEPHATHUBHBIX METOI0B pa3je/ieHUsi CMeCU MeTHJIaleTar —
METAHOJI — YKCYCHAsl KHCJIOTA — YKCYCHBIN aHTHAPU]L
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Ienu. Llenvio pabomel siensiemesi CpasgHUMENbHbLI AHAIU3 MEXHOI02UUECKUX CXeM pa3oeneHust
NPOMBIUNEHHOU cMecu Memuaayemam — MemaHol — YKCYCHAst KUCI0MA — YKCYCHbLU aH2uopuo,
OCHOBAHHbBIX HA UCNONB308AHUU CNeYUATbHBbIX Memo008 pa3desieHus: SKCMpPaKmueHast peKmu-
urayus u eapvuposaHue oasaerus. IlonyueHHsble pe3ysibmamol UIIOCMPUPYOM 8apUAMUB-
HOCMb CMpYKmMypbl MEexXHOJ02UUECKOT cxembl pa30eneHUs..

Memooul. B kauecmee memooa ucciedo8aHust 8blOPaHo MAMeMamuuecKoe MoOeaupo8aHue 8
npozpammHom Komnaexce Aspen Plus V. 10.0. ModenupogaHue OCHO8bLBANOCL HA YpPASHEHUU
snokaneHozo cocmasea NRTL u ypasHeHuu cocmosiHus Xetioena—O'KoxHenna. OmHocumenbHble
owubKuU onucaHus pasoeozo pagHogecust He npesvluiatom 3%.

Pesynomamet. C nomowbo mepmoOuHAMUKO-MONOSI02UUECKO20 AHANIU3A USYUEeHA OUapamma
NnaposKUOKOCMHO20 PABHOBECUSL UEMBIPEXKOMNOHEHMHOU Cucmembl Memuiayemam — MemaHol
— YKCYCHAsL KUCI0ma — YKCYcHbulil aHeudpud. IloxazaHo, umo cucmema cooeprkum o0uH 6uHap-
Hblll azeompon u xapakmepusyemcst 00HOU obaacmuio oucmunnayuu. Hecmomps Ha mo, umo
cmpyKkmypa He 518/151emcst CI02KHOU, cyujecmayem 803MOIHOCMb UCNOIb308AHUSL HECKOJIbKUX
Memooo8 pa30esfeHUsl CMeCU: peKmuuKrayusl ¢ 8apbupo8aHuem O0aeleHUs, IKCMPAKMUSHAs
pexmuguKayus ¢ pasaudHblMu pasoeasouumu azenmamu. IIpeonoxeHo 12 mexHosozuueckux
cxXem pasauuHol cmpykmypsl U NposedeH CpasHUMENbHbLI aHaius 29 sapuaHmo8 paszoeneHusl.
Baxnrouernue. [lokazaHo, umo Haubosee appeKmueHbiM Ok pa3oeneHuUst CMecu MemuJi-
auemam — MemaHosl — YKCYCHAsL KUCIOMA — YKCYCHBLU aH2UOpUo si8Aslemest couemarue npome-
IKYMOUHO20 PEIRUMA paA30eNeHUSs. CMECU U IKCMPAKMUBHOU peKmupuKayul.

Knroueesle cnoea: memusiayemam, aseompon, sKkcmparxKmusHast pexmucpu;cau,uﬂ, eapvuposaHue

odaeneHust, cxema pa3oeneHusl.

Jna yumupoeanusa: Frolkova A.V., Shashkova Yu.l., Frolkova A.K., Mayevskiy M.A. Comparison of alternative methods
for methyl acetate + methanol + acetic acid + acetic anhydride mixture separation. Tonkue xumuueckue mexHoLOSUU.
2019;14(5):51-60 https://doi.org/10.32362/2410-6593-2019-14-5-51-60

Introduction

Distillation is the most widely used method for
the separation of liquid mixtures. The possibility of
separation depends on the presence of azeotropes
(minimum-boiling, maximum-boiling, homogeneous
and heterogeneous). The existence of azeotropes might
limit recovery or even make separation unfeasible,
unless a special distillation method (for example,
pressure-swing distillation [1], extractive distillation [2,
3], heteroazeotropic [4] distillation, or a combination
of different methods [5—9]) is applied. Each method
has its advantages and disadvantages. For example,
pressure-swing distillation does not require the addition
of a new component (solvent or entrainer), which could
contaminate the product. However, this method is limited
to systems, in which pressure has a significant effect
on the azeotrope’s composition. Extractive distillation
is a process, in which an entrainer (a new component)
favorably changes the relative volatility of azeotrope-
forming components.

If the multicomponent azeotropic mixture has to be
separated, a set of flowsheets with different structures
may be proposed for this purpose [10]. Each flowsheet
will be characterized by its sequence of components
separation (direct, indirect, or distributed sequence), and
also by the use of special methods. The pressure choice
in distillation columns in the pressure-swing distillation
complex will affect the change of the azeotrope’s
composition and hence the amount of recycle flows. The
same azeotropic mixture can be separated by extractive
distillation with different solvents: heavy [11-14], light
[15], or mixed [16] entrainers. Thus, each flowsheet will
be characterized by its energy consumption. It is not
always possible to say in advance what flowsheet design
is optimal.

This study illustrates the variability of separation
flowsheets using the example of industrial mixture
forming in the production of methyl acetate via acetic
anhydride esterification with methanol [17]. The
comparison of 29 separation variants revealed the optimal
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structure of the flowsheet. Mathematical modeling
(Aspen simulation) and thermodynamical topological
analysis [10] were used in this work.

Mathematical modeling and thermodynamic
topological analysis of phase diagram

The object of this study is a quaternary mixture
containing methyl acetate (MA), methanol (M), acetic acid
(AA) and acetic anhydride (AAh). The composition (x)
and amount (F) of the mixture coming from the synthesis
stage were taken from [17]: x,,, = 0.391, x,, = 0.157,
x,, = 0178, x,,. = 0274 mol. frac; F' = 775 kmol/h. All

binary constituents are well studied. There is the
information about vapor-liquid equilibrium (VLE)
and azeotropic data at different pressures [13,
18-20]. This information is sufficient to verify the
adequacy of mathematical modeling. The presence
of associating compounds in the mixture determined
the choice of the property model. The non-random
two-liquid (NRTL) thermodynamic model [21] and
the Hayden—O’Connell equation of state [22] were
applied to calculate VLE. The parameters were taken
from the NIST database. The relative uncertainties of
VLE and description of azeotropic characteristics are
given in Table 1.

Table 1. Relative uncertainties of VLE in binary constituents and description of azeotropic (Az) characteristics
in a methyl acetate (MA) + methanol (M) + acetic acid (AA) + acetic anhydride (AAh) system

Vapor—liquid equilibrium

Constituent MA-+M MA+AA MA-+AAQ M+AA M+AAh AA+AAR
fory,, % 1.33 1.10 1.60 3.46 0.29 2.97
for 7, % 0.05 0.95 0.49 0.49 0.29

Methyl acetate + methanol azeotrope
Pressure, kPa 26.3 53.7 80.0 140.8 395.2 787.3
for x,,,**, % 1.98 1.39 2.58 2.49 3.54
for 74, % 1.58 0.59 0.34 0.56 2.35 2.67

The vapor-liquid equilibrium diagram is characte-
rized by a rather simple structure (Fig. 1): the system
contains one binary azeotrope MA+M, which is an
unstable node, and all distillation lines are directed to AAh
(maximum boiling point — stable node).

AA

Fig. 1. VLE diagram of a methyl acetate (MA) + methanol (M)
+ acetic acid (AA) + acetic anhydride (AAh) system.

Other points are of a saddle type. The composition
tetrahedron contains one distillation region. In this way,
it is possible to realize separation of the mixture via
direct (distillate flow will contain a mixture of MA+M
of azeotropic composition), indirect (bottom flow will
contain AAh), or distributed (MA+M at the top of the
column and AA+AAh at the bottom) sequence.

The change in pressure has a significant effect on
the methyl acetate + methanol azeotrope’s composition
(Fig. 2). So, itis possible to use pressure swing distillation
to separate this mixture.

Additionally, extractive distillation can be used for
the separation of an azeotropic binary mixture. Ethylene
glycol (EG) and dimethyl sulfoxide (DMSO) [23] were
recommended as selective solvents. The study of methyl
acetate + methanol’s relative volatility in the presence of
these entrainers showed that it is more profitable to carry
out the process of extractive distillation at a pressure of
50.7 kPa (an increase in the volatility by 2 and 1.5 times
for EG and DMSO are observed respectively) [6].

It is possible to separate MA from the quaternary
MA+M+AA+AAh, ternary MA+M+AA, or binary
MA+M mixture. Table 2 shows the effect of the
entrainer concentration on MA+M’s relative volatility
at a pressure of 50.7 kPa.

The data obtained show (Table 2) that the relative
volatility increases with the increase of entrainer
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Fig. 2. VLE diagram of methyl acetate + methanol
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binary system at different pressures.

concentration. The coefficients in the case of extractive
distillation of the binary mixture are higher, and in the
case of the ternary and quaternary system they are lower
due to the mixture’s dilution.

Design of separation flowsheet

The design of separation flowsheets was based on
the use of direct (separation of methyl acetate + methanol
azeotrope as a distillate product), indirect (separation of
acetic anhydride as a bottom product), and distributed
(distillate flow containing methyl acetate + methanol,
bottom flow containing acetic acid + acetic anhydride)
sequence and different special methods: extractive
distillation (ED) with EG (or DMSO) or pressure-
swing distillation (PSD) (26.34-787.30 kPa). Twelve
flowsheets with different structures were designed to
separate the quaternary mixture (Figs 3-5).

Taking into account the different ranges of pressure
(26.34-101.32; 53.70-101.32; 101.32-395.17; 101.32—
787.30 kPa) and extractive agents (EG and DMSO)
29 cases were considered. Material balances were
calculated, and the column working conditions were
determined using simulation in AspenPlus (Table 3).

Table 2. Effect of entrainer concentration on the relative volatility of methyl acetate + methanol mixture components at 50.7 kPa

. . Entrainer concentration, mole frac.
Initial mixture
0.2 | 0.6 0.8
Ethylene glycol
MA+M+AA+AAh 1.50 1.82 2.38 3.38
MA+M+AA 1.82 2.45 3.42 4.46
MA+M 1.84 293 4.56 6.48
Dimethyl sulfoxide
MA+M+AA+AAh 1.64 2.18 2.86 3.31
MA+M+AA 1.70 2.39 3.22 3.46
MA+M 1.72 2.60 3.60 4.27
Table 3. Column working conditions and energy consumption
b= O = g = PR g
B3 ¢ 58 &§2 = B E3x & ¥y £8 & B
S5 2§ 3z & 3 o3E 0 fE 32 23
o< 2 O o 2 o (ORw? E ) 5 o
Figure 3 (a)
1 23.34 28 10 3 36.1 1 53.70 29 10 1.5 49.5
2 101.32 30 16 3.5 47.0 2 101.32 30 16 3.5 80.1
3 101.32 27 10 2 3.9 3 101.32 27 10 3.9
4 101.32 50 26 5 54 4 101.32 50 26 5.4
1 101.32 30 15 3 41.6 1 101.32 30 16 3.5 34.0
2 395.17 30 20 5 54.6 2 787.30 30 20 24.3
3 101.32 27 10 2 3.9 3 101.32 27 10 2 39
4 101.32 50 26 5 5.4 4 101.32 50 26 5 5.4
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Table 3. Continued

g T < Qé @ g‘)?ﬁ =t = g = ) "é 0 %é\b ® =
Se £ Eg © o 8g =~ EZ g & o
Figure 3 (b)
1 23.34 28 10 3 36.1 1 53.70 29 10 1.5 49.5
2 101.32 30 16 3.5 47.0 2 101.32 30 16 35 80.9
3 101.32 33 18 3.5 10.3 3 101.32 33 18 3.5 10.3
4 101.32 15 6 1.5 3.1 4 101.32 15 6 1.5 3.1
1 101.32 30 15 3 41.6 1 101.32 30 16 3.5 34.0
2 395.17 30 20 5 54.6 2 787.30 30 20 4 243
3 101.32 33 18 3.5 10.3 3 101.32 33 18 3.5 10.3
4 101.32 15 6 1,5 3.1 4 101.32 15 6 1.5 3.1
Figure 3 (c), EA=EG Figure 3 (d), EA=EG
1 50.66 30 14(4) 4 7.4 1 50.66 30 14(4) 4 7.4
2 101.32 24 12 1 13.7 2 101.32 24 12 1 13.7
3 101.32 30 6 3 5.1 3 101.32 33 18 3.5 10.3
4 101.32 50 26 5 5.4 4 101.32 15 6 1.5 3.1
Figure 4 (a), EA=EG Figure 4 (a), EA=DMSO
1 101.32 49 27 4.5 18.0 1 101.32 49 27 4.5 18.0
2 50.66 29 20(4) 2.5 43 2 50.66 28 20(4) 2 53
3 101.32 14 8 0.5 4.7 3 30.40 12 6 1.5 3.9
4 101.32 15 6 2.4 4 101.32 15 6 3 2.4
5 101.32 50 26 5.4 5 101.32 50 26 5.4
Figure 4 (b), EA=EG Figure 4 (b), EA=DMSO
1 101.32 49 27 4.5 18.0 1 101.32 49 27 4.5 18.0
2 50.66 29 20(4) 2.5 4.3 2 50.66 28 20(4) 2 53
3 101.32 14 8 0.5 4.7 3 30.40 12 6 1.5 3.9
4 101.32 38 20 4.5 8.8 4 101.32 38 20 4.5 8.8
5 101.32 19 10 1.5 1.4 5 101.32 19 10 1.5 1.4
Figure 4 (c)
1 101.32 30 15 3 20.7 1 101.32 30 15 3 20.7
2 101.32 14 5 0.5 5.4 2 101.32 14 5 0.5 5.4
3 23.34 28 20 41.4 3 101.32 30 16 3 452
4 101.32 30 15 37 4 395.17 30 17 4 39.5
Figure 4 (c) Figure 4 (d)
1 101.32 30 15 3 20.7 1 101.32 30 17 3 20.7
2 101.32 14 5 0.5 5.4 2 101.32 40 24 3.5 42.8
3 101.32 29 22 3 28.7 3 23.34 29 20 2 41.8
4 787.30 30 20 4 243 4 101.32 18 10 0,5 4.0
Figure 4 (d)
1 101.32 30 17 3 20.7 1 101.32 30 17 3 20.7
2 101.32 34 20 3.5 67.3 2 395.17 30 15 3.5 39.7
3 53.70 28 15 2 47.8 3 101.32 29 16 5 41.8
4 101.32 18 10 0.5 4.0 4 101.32 18 10 0.5 4.0
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Table 3. Continued

g 5 8 = ~ = @ L
SIETE Z 5 g &% o S8 zs g =% O
Figure 4 (d) Figure 5 (a), EA=EG
1 101.32 30 17 3 20.7 1 101.32 30 15 3 20.7
2 787.30 30 15 2.5 23.9 2 101.32 14 5 0.5 5.4
3 101.32 36 24 4 21.7 3 50.66 25 16(4) 2.5 5.6
4 101.32 18 10 0.5 4.0 4 101.32 15 9 0.5 4.8
Figure 5 (a), EA=DMSO Figure 5 (b), EA=EG
1 101.32 30 15 3 20.7 1 101.32 30 15 3 20.7
2 101.32 14 5 0.5 5.4 2 50.66 29 17(4) 2.5 6.4
3 50.66 35 22(4) 2.5 6.1 3 101.32 17 7 0.5 5.0
4 30.40 15 4 2 4.7 4 101.32 29 10 4.5 53
Figure 5 (c)
1 101.32 23 10 1 8.6 1 101.32 23 10 1 5.6
2 101.32 49 26 5 5.4 2 101.32 49 26 5 54
3 23.34 28 20 3 41.4 3 101.32 30 16 3 41.2
4 101.32 30 15 5 37 4 395.17 30 17 4 38.5
Figure 5 (c) Figure 5 (d), EA=EG
1 101.32 23 10 1 8.6 1 101.32 23 10 1 8.2
2 101.32 49 26 5 5.4 2 101.32 49 26 5 54
3 101.32 29 22 3 28.7 3 50.66 25 16(4) 2.5 5.8
4 787.30 30 20 4 243 4 101.32 15 9 0.5 5.1
Figure 5 (d), EA=DMSO
1 101.32 23 10 1 8.2
2 101.32 49 26 5 5.4
3 50.66 35 22(4) 2.5 8.2
4 30.40 15 4 2 4.6
AZ(P7)

(c) (d)
Fig. 3. Flowsheets for methyl acetate (MA) + methanol (M) + acetic acid (AA) + acetic anhydride (AAh)

Solvent

Solvent
—

F

MA

quaternary mixture separation:
(a), (b) — Direct sequence in K/ + PSD; (c), (d) — ED.

K4

AA
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(c) (d)

Fig. 4. Separation flowsheets for methyl acetate (MA) + methanol (M) + acetic acid (AA) + acetic anhydride (AAh)
quaternary mixture separation:
(a), (b) — Direct sequence in K/ + ED; (c), (d) — Indirect sequence in K7 + PSD.

MA M AA
g
F ki K2 K4
AAah Taa
(a)
AZ‘P:-}
Az (Py) M
\r} K3 Ed K4
AAh M MA
(c) (d)

Fig. 5. Separation flowsheets for methyl acetate (MA) + methanol (M) + acetic acid (AA) + acetic anhydride (AAh)
quaternary mixture separation:
(a), (b) — Indirect sequence in K/ + ED; (c) — Distributed sequence in K/ + PSD;
(d) — Distributed sequence in K/ + ED.

The comparison of the amount of recycle flow and presented in Fig. 6 (for pressure-swing distillation) and
energy consumption is given in Table 4 and in histograms in Fig. 7 (for extractive distillation).
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Table 4. Comparison of energy consumption

Figure Method of separation lflﬁzs(s]‘;f:; mﬁlg lgéc. Recyl‘;f;/‘?l"“m’ 1\%&7
26.34-101.32 0.0872 863.2 92.5
3 ) Pressure-swing distillation 53.70-101.32 0.0453 1941.9 139.6
(K1-K2) + Direct dist. (K3) 101.32-395.17 0.1130 899.9 105.6
101.32-787.30 0.1766 575.8 67.6
26.34-101.32 0.0872 863.2 96.5
3 b) Pressure-swing distillation 53.70-101.32 0.0453 1941.9 144.2
(K1-K2) + Indirect dist. (K3) 101.32-395.17 0.1130 899.9 109.6
101.32-787.30 0.1766 575.8 71.7
3(c) ED (KI-K2) + Direct dist. (K3) 50.66-101.32 (EG) - 775.0 31.6
3(d) ED (K/-K2) + Indirect dist. (K3) 50.66-101.32 (EG) - 775.0 345
) Direct dict. + ED (K2-K3) + 50.66-101.32 (EG) - 543.8 349
Direct dist. 50.66-30.40 (DMSO) - 543.8 35.1
4(b) Dir§ct dic't. +ED (K2-K3) + 50.66-101.32 (EG) - 543.8 37.3
Indirect dist. 50.66-30.40 (DMSO) - 543.8 37.5
_ _ _ 26.34-101.32 0.0872 863.2 104.5
4(c) ilri‘gt‘irl‘fgig:lsz'lgf’]?j)sure'swmg 101.32-395.17 0.1130 899.9 111.0
101.32-787.30 0.1766 575.8 79.1
101.32-26.34 0.0872 927.1 109.3
4@ Indirect dist. + Pressure-swing 101.32-53.70 0.0453 1784.6 139.8
distillation (K2—K4) 395.17-101.32 0.1130 593.7 107.2
787.30-101.32 0.1766 336.1 70.3
. . 50.66-101.32 (EG) - 637.1 36.5
5(a) Indirect dist. + ED (K3-K4)

50.66-30.40 (DMSO) - 637.1 36.9
5 (b) Indirect dist. + ED (K2—K3—K4) 50.66-101.32 (EG) - 562.7 37.4
o _ 26.34-101.32 0.0872 863.2 92.4
5(¢) ]d)i‘:tg‘li‘iitr‘l((%ig“sm‘swmg 10132-395.17 0.1130 899.9 90.7
101.32-787.30 0.1766 575.8 67.0
o 50.66-101.32 (EG) - 637.1 24.5

5(d) Distr. dist. (K1) + ED (K3-K4)
50.66-30.40 (DMSO) - 637.1 26.3

m101.32-787.3

Q, Mw
160
140
120
100

80

60

40

20

026.34-101.32

m101.32-395.17

153.70-101.32

sEG  =DMSO

Fig. 6. Histogram showing the comparison of energy
consumption in flowsheets based on the pressure-swing
distillation.

Fig. 7. Histogram showing the comparison of energy
consumption in flowsheets based on the extractive
distillation.
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Conclusions

The amount of recycle flow depends on the mixture
composition (feed to the pressure-swing distillation complex)
and on the difference between azeotropic composition at
chosen pressures. The results of Tables 3 and 4 show that the
smaller this difference, the greater the amount of the recycle
and hence energy consumption (for example, flowsheet in
Fig. 3(a): Q101,327395,17 - Q101,3277x7.30)' It should be noted
that an increase (decrease) in the value of the azeotrope
composition changed by k times will result in a change
in the value of the recycle and energy consumption by
k £ 15% times.

Direct distillation is preferable in comparison with
indirect distillation (for example, Q. > Qy;, 5 €NCIZY
saving varies from 13 to 31%).

The use of extractive distillation allows energy
consumption to be reduced by 47-63% in comparison

References:

1. Liang S., Cao Y., Liu X., Li X., Zhao Y., Wang
Y., Wang Y. Insight into pressure-swing distillation from
azeotropic phenomenon to dynamic control. Chem. Eng.
Res. Des. 2017;117:318-335. http://dx.doi.org/10.1016/].
cherd.2016.10.040

2. Gerbaud V., Rodriguez-donis I., Hegely L., Lang
L., Denes F., Xingiang Y. Review of extractive distillation.
Process design, operation, optimization and control. Chem.
Eng. Research & Design. 2019;141:229-271. http://dx.doi.
org/10.1016/j.cherd.2018.09.020

3. Shen W., Benyounes H., Gerbaud V. Extractive
distillation: Recent advances in operation strategies. Rev.
Chem. Eng. 2014;31(1):13-26. http://dx.doi.org/ 10.1515/
revee-2014-0031

4. Frolkova A.V.,, Merkulyeva A.D., Gaganov
I.S Synthesis of flowsheets for separation of multiphase
mixtures: State of the art. Tonkie khim. tekhnol. = Fine
Chemical  Technologie).  2018;13(3):5-22.  https://doi.
org/10.32362/24106593-2018-13-3-5-22

5. Abdallaha H., El-Gendia A., El-Zanatia E.,
Matsuurab T. Pervaporation of methanol from methylacetate
mixture using polyamide-6 membrane. Desalination and
water treatment. 2013;51(40-42):7807-7814. https://doi.org/1
0.1080/19443994.2013.775077

6. Frolkova A.K., Shashkova Y.., Frolkova A.V.
Separation of methylacetate + methanol + acetic acid +
acetic anhydride using distillation methods. 45" International
Conference of the Slovak Society of Chemical Engineering.
Tatranske. Maltiare, 2018; pp. 97-100.

7. Liu H.X., Wang N., Zhao C., Ji S., Li J.R. Membrane
materials in the pervaporation separation of aromatic/aliphatic
hydrocarbon mixtures — A review. Chin. J. Chem. Eng.
2017;26(1):1-16. http://dx.doi.org/10.1016/j.cjche.2017.03.006

8. Lux S., Winkler T., Siebenhofer M. Synthesis
and isolation of methyl acetate through heterogeneous
catalysis with liquid—liquid extraction. /nd. Eng. Chem. Res.
2010;49(21):10274-10278. http://dx.doi.org/10.1021/ie1005433

9. Samarov A., Smirnov M., Toikka A., Prikhodko I.
Study of deep eutectic solvent on the base choline chloride as
entrainer for the separation alcohol-ester systems. J. Chem.
Eng. Data. 2018;63(6):1877-1884. http://dx.doi.org/10.1021/
acs.jced.7b00912

with pressure-swing distillation. Energy savings are
achieved by increasing the relative volatility of the
azeotrope-forming components (methyl acetate and
methanol) by adding a solvent. Both extractive agents
(EG and DMSO) give similar results, but the use of
DMSO is limited to some flowsheets (except for cases
presented in Fig. 3 (¢), (d), and Fig. 5 (b)).

The most energy effective flowsheet is based on
the combination of distributed sequence separation and
extractive distillation (Fig. 5 (d)): there is a decrease in
energy consumption by 1.3-5 times in comparison with
other flowsheets.

Acknowledgments
The work was carried out with support from the
Russian Science Foundation (grant No. 16-19-10632).

The authors declare no conflict of interest.

10. Serafimov L.A. Thermodynamic and topological
analysis of liquid—vapor phase equilibrium diagrams and problems
of rectification of multicomponent mixtures. In: Mathematical
Methods in Contemporary Chemistry. S.I. Kuchanov (Ed.)
Amsterdam: Gordon and Breach Publ., 1996; pp. 557-605.

11. Benyounes H., Shen W.F., Gerbaud V. Entropy flow
and energy efficiency analysis of extractive distillation with
a heavy entrainer. Ind. Eng. Chem. Res. 2014;53:4778-4791.
http://dx.doi.org/10.1021/ie402872n

12. Graczova E., Dobcsanyi D., Steltenpohl P. Separation
of methyl acetate—methanol azeotropic mixture using 1-ethyl-3-
methylimidazolium trifluoromethanesulfonate. Chem. Eng. Trans.
2017;61:1183-1188. http://dx.doi.org/10.3303/CET1761195

13. Zhang Z., Hu A., Zhang T. Separation of methyl
acetate + methanol azeotropic mixture using ionic liquids as
entrainers. Fluid Phase Equilib. 2015;401:1-8. https://doi.
org/10.1016/j.fluid.2015.04.018

14. Zhuchkov V., Frolkova A., Rum'yantsev P. Ionic
liquids as separating agents in extractive rectification. Chem.
Eng. Research & Design. 2015;99:215-219. http://dx.doi.
org/10.1016/j.cherd.2015.06.004

15. Shen W., Benyounes H., Dong L., Wei S., Li J.
Conceptual design of non-ideal mixtures separation with light
entrainers. Braz. J. Chem. Eng. 2016;33:1041-1053. http://
dx.doi.org/10.1590/0104-6632.20160334520140169

16. Sazonova A., Raeva V., Frolkova A. Design of
extractive distillation process with mixed entrainer. Chem.
Papers. 2016;70(5):594-601. http://dx.doi.org/10.1515/
chempap-2015-0247

17. Cardona C. Razrabotka reaktsionno-rektifikatsionnykh
protsessov polucheniya alkilatsetatov eterifikatsiyey uksusnogo
angidrida [Development of reactive distillation processes
for the production of alkyl acetates by esterification of acetic
anhydride]: Cand. of Sci. (Engineering) thesis. Moscow, 2001.
221 p. (in Russ.).

18. Fu H., Ying Y., Jiang. W. Vapor-liquid equilibria
of formic acid—acetic acid—methyl acetate ternary system.
J. Zhejiang Daxue Xuebao. 1987;21:52-57.

19. Sawistowski H., Pilavakis P.A. Vapor-liquid
equilibrium with association in both phases. Multicomponent
systems containing acetic acid. J. Chem. Eng. Data.
1982;27:64-71. http://dx.doi.org/10.1021/;e00027a021

Toukue xumudeckue TexHosoruu = Fine Chemical Technologies. 2019;14(5):51-60

59



Comparison of alternative methods for methyl acetate + methanol + acetic acid + acetic anhydride ...

20. Ogorodnikov S.K., Lesteva T.M., Kogan V.B. 22. Hayden J.G., O’Connell J.P. A generalized method for
Azeotropnye smesi [Azeotropic mixtures]. Leningrad: predicting second virial coefficients. Ind. Eng. Chem. Process Des.
Khimiya Publ., 1971. 848 p. (in Russ.). Dev. 1975;14(3):209-216. https://doi.org/10.1021/i260055a003

21. Renon H., Prausnitz J.M. Local compositions in 23. Berg L., Yeh An-I. The separation of methyl acetate
thermodynamic excess functions for liquid mixtures. AIChE J. from methanol by extractive distillation. Chem. Eng. Commun.
1968;14(1):135-144. https://doi.org/10.1002/aic.690140124 1984;30:113-117.https://doi.org/10.1080/00986448408911119

About the authors:

Anastasiya V. Frolkova, Cand of Sci. (Engineering), Associate Professor, Chair of Chemistry and Technology of
Basic Organic Synthesis, M.V. Lomonosov Institute of Fine Chemical Technologies, MIREA — Russian Technological University
(86, Vernadskogo pr., Moscow 119571, Russia). E-mail: frolkova nastya@mail.ru. ORCID 0000-0001-5675-5777, ResearcherID
N-4517-2014

Yuliya I. Shashkova, Manager, Company CHIMMED (9, bild. 3, Kashirskoe shosse, Moscow 115230, Russia). E-mail:
juliashashkova82@gmail.com

Alla K. Frolkova, Dr. of Sci. (Engineering), Professor, Head of the Chair of Chemistry and Technology of Basic Organic
Synthesis, M.V. Lomonosov Institute of Fine Chemical Technologies, MIREA — Russian Technological University (86, Vernadskogo
pr., Moscow 119571, Russia). E-mail: frolkova@gmail.com. ORCID 0000-0002-9763-4717, ResearcherID G-7001-2018

Mark A. Maevskiy, Postgraduate Student, Chair of Chemistry and Technology of Basic Organic Synthesis, M.V.
Lomonosov Institute of Fine Chemical Technologies, MIREA — Russian Technological University (86, Vernadskogo pr., Moscow
119571, Russia). E-mail: markhirurg@]list.ru.

06 aemopax:

Pponroea AHacmacust BanepuesHa, KaHauIaT TEXHUUECKUX HAyK, TOLEHT KaeApbl XUMHUU U TEXHOJIIOTHU OCHOBHOTO
OpPraHUYEeCcKoro cuHTe3a MHCTUTYTa TOHKUX XUMHUUecKuX TexHonoruid M. M.B. JlomonocoBa ®T'BOY BO «MUPDA — Poccuii-
ckuil TexHonorndyeckuii ynusepcuter» (Poccus, 119571, Mocksa, np. Bepnanckoro, a. 86). E-mail: frolkova nastya@mail.ru.
ORCID 0000-0001-5675-5777, ResearcherID N-4517-2014

IITIawroea FOnus HzopeeHna, menemxep, T «XUMME» (Poccus, 115230, Mocksa, Kamupckoe mocce, 1oM 9,
xop1t. 3). E-mail: juliashashkova82@gmail.com

Pponrxoea Arna KoHCmMaHMUHOBHA, TOKTOP TEXHUYECKUX HayK, Ipodeccop, 3aBenyromuil kahenpoil XuMun u
TEXHOJIOI'MH OCHOBHOT'O OPraHUYECKOro CHHTE3a MIHCTUTYTa TOHKMX XUMUYeCKHUX TexHonoruit um. M.B. Jlomonocosa ®I'6OY BO
«MUPDA — Poccuiickuii TexHonmorndeckuit yausepcuret» (Poccust, 119571, Mocksa, nip. Beprajckoro, 1. 86). E-mail: frolkova@
gmail.com. ORCID 0000-0002-9763-4717, ResearcherID G-7001-2018

Maeeckuii Mapx AnexcanHOpoeuu, aciupanT KadeIphl XMMHH M TEXHOJIOTUHM OCHOBHOTO OPraHHYECKOTO CHHTE3a
HHucTuTyTa ToHKHX XuMuYecknx TexHomoruit uMm. M.B. JlomonocoBa ®I'bOY BO «MUPDA — Poccuiickuii TEXHOTOTHYECKHMA
yauBepcute» (Poccus, 119571, Mocksa, nip. Beprasckoro, 1. 86). E-mail: markhirurg@]list.ru

Submitted: August 25, 2019; Reviewed: September 27, 2019, Accepted: October 15, 2019.

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2019;14(5):51-60
60



