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METHOD FOR SEPARATING DIMETHYL CARBONATE FROM
METHANOL

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims the priorities ofinése patent applications filed
on August 28, 2017,

1. CN201710749187.9, entitled “method for contirglguseparating mixture of
dimethyl carbonate and methanol”;

2. CN201710749211.9, entitled “method for sepagatzeotrope of dimethyl
carbonate and methanol by continuous extractividldieon”;

3. CN201710749443.4, entitled “method for sepagatzeotrope of dimethyl
carbonate and methanol”;

4. CN201710749452.3, entitled “method for sepagatmixture of dimethyl
carbonate and methanol by extractive distillaticrig

5. CN201710749458.0, entitled “method for purifysignethyl carbonate”,

the entireties of which are incorporated hereimddgrence.

FIELD OF THE INVENTION

The present disclosure relates to a method forragpg dimethyl carbonate from

methanol.

BACKGROUND OF THE INVENTION

Dimethyl carbonate (DMC) is an environmentally fiddy chemical intermediate,
and is widely used in methylation, carbonylatioa;bonyl methylation, methoxylation
as well as other reactions. Thus, dimethyl carlisatalled as “new cornerstone” of
organic synthesis nowadays. Dimethyl carbonate enerplly produced by

transesterification method in industry. During protion process, dimethyl carbonate
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and methanol form azeotrope and can hardly be atgohiby common distillation
method.

In recent years, there are extractive distillatigmessure-swing distillation,
azeotropic distillation, and membrane separatiahrielogies which are used for
producing high purity dimethyl carbonate. Compandtth the latter three technologies,
the extractive distillation technology has the adages of low energy consumption,
simple production process, and wide selection dfesds, and thus becomes a
technical trend of separating azeotrope of dimethybonate and methanol for energy

conservation and consumption reduction.

Patent application CN103159586A discloses a coatiauextractive distillation
separation method of azeotrope of dimethyl carlm@atd methanol. Under normal
pressure, ethylene glycol is used as an extracadtsolvent ratio ranges from 1 to 3.
Methanol with purity of 99.56% and dimethyl carbtmwith purity of 99.86% can be
obtained. However, there is a phase-separatingpedaetween the extractant ethylene
glycol and a mixture of dimethyl carbonate and ramtil. As a result, the separation
efficiency is low, and the energy consumption iases. Patent application
CN105037162A discloses a method for separating tageo of dimethyl carbonate
and methanol with N,N-dimethyl amide, N-formylmoagtine, or a mixture of the two
with any ratio as an extractant. A ratio of a prcidat a top of an extractive distillation
column to the extractant ranges 0.5:1-10:1, arekd fatio (mass) of the extractant to
the mixture ranges 1:10-5:1. The volatile N,N-dihy¢tamide, N-formylmorpholine,
or a mixture of the two is used as the extracteich will lead to environmental
pollution. Patent application CN1367772A discloaamethod for separating dimethyl
carbonate from methanol in a distillation colummotigh extractive distillation, and
vapor side stream is taken away from the distdlatcolumn. Phenol is used as an
extractant. In the product, the purity of methaiso97%, and the purity of dimethyl
carbonate is 94%. Besides, since the melting piphenol is relatively high, it will

crystallize easily at normal temperature and tleasl to pipeline blockage problems.
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SUMMARY OF THE INVENTION

In view of the technical conditions in the priot,ahe present disclosure aims to
provide a new method for separating dimethyl caat®erfrom methanol, and the
method has the advantages of good separation ,efféghh product purity, and

environmental friendly.

The present disclosure provides a method for sepgrdimethyl carbonate from
methanol. The method comprises subjecting a rawemahtcontaining dimethyl
carbonate and methanol to extractive distillatiherein an extractant comprising a
compound having a general formula of LLHCH,CH,0),CHs, n being an integer of

2-8 is used in the extractive distillation . Prefdy, n is an integer of 2-6.

According to some preferred embodiments of the ougththe extractant
comprises diethylene glycol dimethyl ether, trié¢mg glycol dimethyl ether,
tetraethylene glycol dimethyl ether, pentaethylglyeol dimethyl ether, hexaethylene
glycol dimethyl ether, heptaethylene glycol diméthether, octaethylene glycol
dimethyl ether or a mixture thereof.

According to some preferred embodiments of the ottthe mixture contained
in extractant is a polyethylene glycol dimethyl eathPreferably the polyethylene
glycol dimethyl ether comprises triethylene glydaohethyl ether, tetraethylene glycol
dimethyl ether, pentaethylene glycol dimethyl etlaerd hexaethylene glycol dimethyl
ether, and has an average relative molecular wéhgheof ranging from 240 to 270,
preferably from 250 to 260.

According to some other preferred embodiments ef tiethod, the mixture
contained in extractant comprises or consists ethglene glycol dimethyl ether,

triethylene glycol dimethyl ether, and tetraethg@egtycol dimethyl ether.

According to some preferred embodiments of the otktlthe extractant further

comprises an ionic liquid.
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According to some preferred embodiments of the otkththe extractant is
comprised of one or more selected from a group istng of diethylene glycol
dimethyl ether, triethylene glycol dimethyl eth&traethylene glycol dimethyl ether,
and polyethylene glycol dimethyl ether, and anddimjuid.

According to some preferred embodiments of the owktithe extractant is

comprised of diethylene glycol dimethyl ether andanic liquid.

According to some preferred embodiments of the otkththe extractant is

comprised of triethylene glycol dimethyl ether ardionic liquid.

According to some preferred embodiments of the otkththe extractant is
comprised of tetraethylene glycol dimethyl ethed an ionic liquid.

According to some preferred embodiments of the owktithe extractant is

comprised of polyethylene glycol dimethyl ether @amdionic liquid.

According to some preferred embodiments of the owthn the extractant, a
content of the ionic liquid ranges from 40wt% ton8®, preferably ranges from 50wt%
to 80wt%, such as 50wt%, 60wt%, 70wt%, 80wt%.

According to some preferred embodiments of the opwtlthe ionic liquid is at
least one selected from a group consisting of imat&ionic liquids and pyridine ionic

liquids.

According to some preferred embodiments of the owktlthe ionic liquid has a
cation, wherein the cation is one or more selefrtad a group consisting of 1, 3-alkyl
substituted imidazolium cation {Rsim]" and N-alkylpyridine cation [Rpy] in which
the alkyl is selected from C1-C8 linear alkyl or-C8 branched alkyl, preferably
selected from methyl, ethyl, propyl, isopropyl, utyd, sec-butyl, tert-butyl, hexyl, and
heptyl.
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The ionic liquid which can be used in the methodtleé present disclosure
comprises but not limited to 1-hexyl-3-methylimiddmam hexafluorophosphate
([hmim][PFg]), 1-butyl-3-methylimidazolium hexafluorophosphatgbmim][PF)),
N-butylpyridinium hexafluorophosphate ([bpy][RF; 1-ethyl-3-methylimidazolium
bis[(trifluoromethyl)sulfonyllimide  ([emim][NTf2]), 1-butyl-3-methylimidazolium
bis[(trifluoromethyl)sulfonyllimide ([omim][NTf2]), 1-butylpyridinium
bis(trifluoromethylsulfonyl)imide  ([bpy][NTf2]), Ihexyl-3-methylimidazolium
tetrafluoroborate  ([hmim][BE), 1-butyl-3-methylimidazolium tetrafluoroborate
([bmim][BF,]), and n-butylpyridinium tetrafluoroborate ([bpBJF4]).

According to some preferred embodiments of the owktithe extractant is
comprised of diethylene glycol dimethyl ether, ttiidene glycol dimethyl ether,
tetraethylene glycol dimethyl ether, or a mixtufed@thylene glycol dimethyl ether,
triethylene glycol dimethyl ether, and tetraethg@eglycol dimethyl ether. Preferably,
the extractant is comprised of 10-40wt% of diethglglycol dimethyl ether, 20-60wt%
of triethylene glycol dimethyl ether, and 10-40wtSfotetraethylene glycol dimethyl
ether. In some embodiments, the extractant is cieegbrof 30wt% of diethylene
glycol dimethyl ether, 60wt% of triethylene glycdimethyl ether, and 10wt% of
tetraethylene glycol dimethyl ether.

According to some preferred embodiments of the pwtla mass ratio of the
extractant to the raw material containing dimettaylbonate and methanol ranges from

1to 12, preferably from 5 to 9, more preferabbnir6 to 8, such as 5, 6, 7, 8.

According to some preferred embodiments of the otktla molar ratio of the
extractant to the raw material containing dimetteylbonate and methanol ranges from

0.8 to 3, preferably ranges from 0.9 to 2.1, sich.a, 1.2, 1.3.

According to some preferred embodiments of the owtlin the raw material
containing dimethyl carbonate and methanol, a cdré dimethyl carbonate ranges
from 1wt% to 60wt%, preferably ranges from 20wt% S0wt%, such as 20wt%,
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25wt%, 30wt%, 35wt%, 40wt%.

According to some preferred embodiments of the opukththe extractive
distillation is carried out in an extractive dikttlon column. The extractant can be
added to the extractive distillation column fromwgper part thereof, the raw material
containing dimethyl carbonate and methanol candaedto the extractive distillation
column from a lower part thereof. A product at tbp of the extractive distillation
column is methanol, and a product at the bottoth@fextractive distillation column is
a mixture of dimethyl carbonate and the extract@mt. operation pressure of the
extractive distillation column may range from O0pa to 0.2 Mpa, preferably from
0.09 Mpa to 0.12 Mpa; a reflux ratio may range flefmto 5, preferably from 0.5 to 3;
and a theoretical plate number may range from 2B0tgoreferably from 30 to 50. A
temperature at the bottom of the extractive datoh column may range from 1%D
to 250C, preferably from 17T to 220C, such as 17¢, 18C¢C, 190C, 200C,
210°C, 220C. A temperature at the top of the extractive ligidon column may range
from 50°C to 8GC, preferably from 61T to 70C.

According to some preferred embodiments of the owthihe product at the
bottom of the extractive distillation column is féal an solvent recycling column to
obtain dimethyl carbonate at a top of the solvewlycling column after distillation,
and the extractant obtained at a bottom of theeswlvecycling column is fed back to
the extractive distillation column. An operationepsure of the solvent recycling
column may range from 1 KPa to 110 KPa, such a®4 # 5 KPa, 5 KPa to 20 KPa,
5 KPa to 105 KPa, and 20 KPa to 105 KPa; a refatio rmay range from 0.5 to 5,
preferably from 0.5 to 3; and a theoretical platenber may range from 15 to 25. A
temperature at the bottom of the solvent recyctiolymn may range from 120 to
25(°C, such as 12€, 130C, 140C, 150C, 160C, 170C, 180C, 190C, 200C,
210°C, 220C, 230C, 240C, or 2506C. A temperature at the top of the solvent
recycling column may range from %D to 106C, such as 2, 30°C, 40C, 50C,
60°C, 70°C, 80°C, or 90C.

In some embodiments, a product at a bottom of xt@aeive distillation column
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is fed to a solvent recycling flash column. Dimeétbgrbonate can be obtained at a top
of the solvent recycling flash column after flaghirand the extractant obtained at a
bottom of the solvent recycling flash column is temck to the extractive distillation

column.

According to the present disclosure, the extractiigtillation column can be a
plate column or a packed column. The plate coluamlme a bubble column, a sieve
column, and a valve column. Preferably, the sieamn is used. Packing used in the
packed column can be random packing and structoae#ing. Preferably, Oall ring

packing or metal mesh structured packing is used.

In the method for separating dimethyl carbonateomting to the present
disclosure, a specific extractant is used for etitra distillation, whereby relative
volatility of dimethyl carbonate and methanol cae bnproved, and dimethyl
carbonate of high purity can be obtained. The ntethes a high separation efficiency,
a low energy consumption, and a good technicateffenerefore, the method can be
used in industrial production for continuously sgpiag dimethyl carbonate from
methanol. Besides, the extractant used in the predesclosure has desirable
characteristics of cheap, low toxicity, stable mes, low vapor pressure, good
mutual solubility and so on, and thus has a ceiitadnstrial application potential. In
the method for separating dimethyl carbonate pexvitierein, a mixed extractant
containing ionic liquid is used. Through synergistiffect of a compound having a
general formula of CED(CH,CH,0),CHz and an ionic liquid, the mixed extractant not
only retains properties of ionic liquid of non-vbla and good thermal stability, but
also has a good separation effect on the azeotsypem, whereby continuous
operation stability of the device can be improvaa] use threshold of ionic liquids in
industry can be lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows isothermal gas-liquid equilibrium asvof a three-component
system of triethylene glycol dimethyl ether, dimgaticarbonate, and methanol. As
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shown in Fig. 1, methanol concentration represer@thanol molar fraction obtained
after concentration normalization of methanol anchedhyl carbonate apart from
triethylene glycol dimethyl ether in the three-campnt system of triethylene glycol
dimethyl ether, dimethyl carbonate, and methanolvéht ratios of triethylene glycol
dimethyl ether to the mixture of dimethyl carbonatbel methanol are respectively 0.11,
0.67, and 1 (measured by molar).

Fig. 2 is a diagram of an extractive distillatiogparation process, wherein T1
indicates an extractive distillation column, T2isates a solvent recycling column, 1
indicates a mixture of dimethyl carbonate and maha2 indicates an extractant, 3
indicates methanol, and 4 indicates dimethyl caab@mnThe extractant is added to the
extractive distillation column from an upper pafheteof, and the raw material
containing dimethyl carbonate and methanol is admethe extractive distillation
column from a lower part thereof. After extractohstillation, a product at a top of the
extractive distillation column is methanol, andraduct at a bottom of the extractive
distillation column is a mixture of dimethyl cartaie and the extractant. The product
at the bottom of the extractive distillation colunsnpumped to a solvent recycling
column to obtain dimethyl carbonate of high puatya top of the solvent recycling
column after distillation, and the extractant ob&mi at a bottom of the solvent

recycling column is fed back to the extractive itl&gton column to be reused.

Fig. 3 is a product quality diagram obtained aftentinuous 160 hours of
extractive distillation separation of azeotropealwhethyl carbonate and methanol with
a mixed solvent of polyethylene glycol dimethyl etfPEGDM) and an ionic liquid
1-hexyl-3-methylimidazolium hexafluorophosphatenfjm][PFs]) as an extractant.

Fig. 4 is a product quality diagram obtained aftentinuous 200 hours of
extractive distillation separation of azeotropeliwhethyl carbonate and methanol with
a mixed solvent of triethylene glycol dimethyl etHfeEGDM) and an ionic liquid
1-hexyl-3-methylimidazolium hexafluorophosphatenfjm][PFg]) as an extractant.

Fig. 5 is a product quality diagram obtained aftentinuous 150 hours of
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extractive distillation separation of azeotropealwhethyl carbonate and methanol with
a mixed solvent of triethylene glycol dimethyl et{fdEGDM) and an ionic liquid
1-ethyl-3-methylimidazolium bis[(trifluoromethyl)§anyllimide ([emim][NTf2]) as

an extractant.

Fig. 6 is a product quality diagram obtained aftentinuous 150 hours of
extractive distillation separation of azeotropelwhethyl carbonate and methanol with
a mixed solvent of triethylene glycol dimethyl etHeEGDM) and an ionic liquid
1-hexyl-3-methylimidazolium tetrafluoroborate ([mi{BF,]) as an extractant.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The present disclosure will be illustrated in delareinafter with reference to
specific examples, but the present disclosuretisimded to the following examples.

Example 1A

An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 40 themat plates (counted from top to
bottom). Extractant diethylene glycol dimethyl etheas added to the extractive
distillation column through 2 plate thereof with a mass flow of 500 kg/h, ancha
material (i.e., a mixture of dimethyl carbonatehmtontent of 30wt% and methanol
with content of 70wt%) was added to the extractiatillation column through 3%
plate thereof with a mass flow of 100 kg/h. A mest$o of extractant to raw material
was 5. The extractive distillation column was opeslaunder normal pressure, and
complete condensation was carried out at a topeoektractive distillation column. A
reflux ratio was 1.6. A product from the top of #eractive distillation column had a
mass flow of 70.1 kg/h, and methanol with a puoity@9.75wt% could be obtained. A
product at a bottom of the extractive distillatioolumn was pumped to a solvent
recycling column. The solvent recycling column coisgd 20 theoretical plates and
was operated under normal pressure. Complete ceatien was carried out at a top

of the solvent recycling column. A reflux ratio wasA product from the top of the
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solvent recycling column had a mass flow of 29.thkgnd dimethyl carbonate with a
purity of 99.73wt% could be obtained.

Example 2A

An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 40 themat plates (counted from top to
bottom). Extractant triethylene glycol dimethyl ethwas added to the extractive
distillation column through " plate thereof with a mass flow of 500 kg/h, ancha
material (i.e., a mixture of dimethyl carbonatehmtontent of 30wt% and methanol
with content of 70wt%) was added to the extractiigillation column through 3%
plate thereof with a mass flow of 100 kg/h. A mest$o of extractant to raw material
was 5. The extractive distillation column was opsslaunder normal pressure, and
complete condensation was carried out at a topheektractive distillation column. A
reflux ratio was 1.6. A product from the top of teractive distillation column had a
mass flow of 70 kg/h, and methanol with a purityo8t76wt% could be obtained. A
product at a bottom of the extractive distillatioalumn was pumped to a solvent
recycling column. The solvent recycling column coisgd 20 theoretical plates and
was operated under normal pressure. Complete ceatien was carried out at a top
of the solvent recycling column. A reflux ratio wasA product from the top of the
solvent recycling column had a mass flow of 30 kgihd dimethyl carbonate with a

purity of 99.83wt% could be obtained.
Example 3A

An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 40 themat plates (counted from top to
bottom). Extractant triethylene glycol dimethyl ethwas added to the extractive
distillation column through 2 plate thereof with a mass flow of 700 kg/h, ancha
material (i.e., a mixture of dimethyl carbonatehmtontent of 30wt% and methanol
with content of 70wt%) was added to the extractiatillation column through 3%

plate thereof with a mass flow of 100 kg/h. A mest$o of extractant to raw material

-10-
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was 7. The extractive distillation column was opsslaunder normal pressure, and
complete condensation was carried out at a topeektractive distillation column. A

reflux ratio was 1.3. A product from the top of teractive distillation column had a
mass flow of 70 kg/h, and methanol with a purity9®.8wt% could be obtained. A

product at a bottom of the extractive distillatioalumn was pumped to a solvent
recycling column. The solvent recycling column coisgd 20 theoretical plates and
was operated under normal pressure. Complete ceatien was carried out at a top
of the solvent recycling column. A reflux ratio wasA product from the top of the

solvent recycling column had a mass flow of 30 kgihd dimethyl carbonate with a
purity of 99.9wt% could be obtained.

Example 4A

An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 40 themat plates (counted from top to
bottom). Extractant triethylene glycol dimethyl ethwas added to the extractive
distillation column through " plate thereof with a mass flow of 800 kg/h, ancha
material (i.e., a mixture of dimethyl carbonatehmtontent of 30wt% and methanol
with content of 70wt%) was added to the extractiatillation column through 3%
plate thereof with a mass flow of 100 kg/h. A mest$o of extractant to raw material
was 8. The extractive distillation column was opeslaunder normal pressure, and
complete condensation was carried out at a topeektractive distillation column. A
reflux ratio was 1. A product from the top of theractive distillation column had a
mass flow of 70 kg/h, and methanol with a purity9®9wt% could be obtained. A
product at a bottom of the extractive distillatioolumn was pumped to a solvent
recycling column. The solvent recycling column coisgd 20 theoretical plates and
was operated under normal pressure. Complete ceatien was carried out at a top
of the solvent recycling column. A reflux ratio wasA product from the top of the
solvent recycling column had a mass flow of 30 kgihd dimethyl carbonate with a

purity of 99.92wt% could be obtained.

Example 5A

-11-
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An extractive distillation separation process asvsh in Fig. 2 was used. An
extractive distillation column comprised 50 themat plates (counted from top to
bottom). Extractant triethylene glycol dimethyl ethwas added to the extractive
distillation column through A plate thereof with a mass flow of 700 kg/h, ancha
material (i.e., a mixture of dimethyl carbonatehmtontent of 20wt% and methanol
with content of 80wt%) was added to the extractiigillation column through 4%
plate thereof with a mass flow of 100 kg/h. A mest$o of extractant to raw material
was 7. The extractive distillation column was opsslaunder normal pressure, and
complete condensation was carried out at a toheektractive distillation column. A
reflux ratio was 2. A product from the top of thdractive distillation column had a
mass flow of 80 kg/h, and methanol with a purityo8t88wt% could be obtained. A
product at a bottom of the extractive distillatioalumn was pumped to a solvent
recycling column. The solvent recycling column coisgd 18 theoretical plates and
was operated under normal pressure. Complete ceatien was carried out at a top
of the solvent recycling column. A reflux ratio was. A product from the top of the
solvent recycling column had a mass flow of 20 kgihd dimethyl carbonate with a
purity of 99.9wt% could be obtained.

Example 6A

An extractive distillation separation process asvsh in Fig. 2 was used. An
extractive distillation column comprised 40 themat plates (counted from top to
bottom). Extractant triethylene glycol dimethyl ethwas added to the extractive
distillation column through 2 plate thereof with a mass flow of 700 kg/h, ancha
material (i.e., a mixture of dimethyl carbonatehmtontent of 50wt% and methanol
with content of 50wt%) was added to the extractiatillation column through 3%
plate thereof with a mass flow of 100 kg/h. A mest$o of extractant to raw material
was 7. The extractive distillation column was opeslaunder normal pressure, and
complete condensation was carried out at a topheektractive distillation column. A
reflux ratio was 1.4. A product from the top of #eractive distillation column had a
mass flow of 50 kg/h, and methanol with a purity98t92wt% could be obtained. A

-12 -
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product at a bottom of the extractive distillatioalumn was pumped to a solvent
recycling column. The solvent recycling column coisgd 20 theoretical plates and
was operated under normal pressure. Complete ceatien was carried out at a top
of the solvent recycling column. A reflux ratio was. A product from the top of the
solvent recycling column had a mass flow of 50 kgifd dimethyl carbonate with a
purity of 99.93wt% could be obtained.

Example 7A

An extractive distillation separation process asvsh in Fig. 2 was used. An
extractive distillation column comprised 35 themat plates (counted from top to
bottom). Extractant tetraethylene glycol dimethtfiez was added to the extractive
distillation column through " plate thereof with a mass flow of 700 kg/h, ancha
material (i.e., a mixture of dimethyl carbonatehmtontent of 30wt% and methanol
with content of 70wt%) was added to the extractiiaillation column through 31
plate thereof with a mass flow of 100 kg/h. A mest$ of extractant to raw material
was 7. The extractive distillation column was opsslaunder normal pressure, and
complete condensation was carried out at a topeoektractive distillation column. A
reflux ratio was 1.4. A product from the top of #eractive distillation column had a
mass flow of 70 kg/h, and methanol with a purityo8t83wt% could be obtained. A
product at a bottom of the extractive distillatioolumn was pumped to a solvent
recycling column. The solvent recycling column coisgd 20 theoretical plates and
was operated under normal pressure. Complete ceatien was carried out at a top
of the solvent recycling column. A reflux ratio wasA product from the top of the
solvent recycling column had a mass flow of 30 kgihd dimethyl carbonate with a

purity of 99.91wt% could be obtained.

Example 8A

An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 35 themalt plates (counted from top to
bottom). An extractant which was comprised of 30wdPdiethylene glycol dimethyl

-13-
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ether, 60wt% of triethylene glycol dimethyl ethand 10wt% of tetraethylene glycol
dimethyl ether was added to the extractive digiiltacolumn through % plate thereof
with a mass flow of 700 kg/h, and a raw materia. (ia mixture of dimethyl carbonate
with content of 30wt% and methanol with content 7@fwt%) was added to the
extractive distillation column through 3plate thereof with a mass flow of 100 kg/h.
A mass ratio of extractant to raw material was fe Extractive distillation column
was operated under normal pressure, and completensation was carried out at a
top of the extractive distillation column. A refluatio was 1.4. A product from the top
of the extractive distillation column had a massiflof 70 kg/h, and methanol with a
purity of 99.85wt% could be obtained. A product aatbottom of the extractive
distillation column was pumped to a solvent reayglcolumn. The solvent recycling
column comprised 20 theoretical plates and was abperunder normal pressure.
Complete condensation was carried out at a togh@fsblvent recycling column. A
reflux ratio was 2. A product from the top of tr@vent recycling column had a mass
flow of 30 kg/h, and dimethyl carbonate with a pyof 99.92wt% could be obtained.

Example 1B

An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 33 themat plates (counted from top to
bottom). An extractant which was comprised of 30w polyethylene glycol
dimethyl ether (with an average relative moleculaight of 250) and 70wt% of
1-hexyl-3-methylimidazolium hexafluorophosphatengfjm][PFs]) was added to the
extractive distillation column througH®®late thereof with a mass flow of 5 kg/h, and
a raw material (i.e., a mixture of dimethyl carb@navith content of 30wt% and
methanol with content of 70wt%) was added to th&aetive distillation column
through 28' plate thereof with a mass flow of 1 kg/h. A maatsorof extractant to raw
material was 5. The extractive distillation columas operated under normal pressure,
and complete condensation was carried out at afttpge extractive distillation column.
A reflux ratio was 1.5. A product from the top bEetextractive distillation column had
a mass flow of 0.7 kg/h, and methanol with a pueity¥9.6wt% could be obtained. A

temperature at the top of the extractive distitlaticolumn was 6€, and a

-14-
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temperature at a bottom of the extractive distillaicolumn was 20C. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
flash column. The solvent recycling flash columnsvegerated under a pressure of 5
kPa and at a temperature of 3Z0OA product from the top of the solvent recycling
flash column had a mass flow of 0.3 kg/h, and dityletarbonate with a purity of
99.1wt% could be obtained.

Example 2B

An extractive distillation separation process asvsh in Fig. 2 was used. An
extractive distillation column comprised 33 themat plates (counted from top to
bottom). An extractant which was comprised of 30w polyethylene glycol
dimethyl ether (with an average relative moleculaight of 250) and 70wt% of
1-hexyl-3-methylimidazolium hexafluorophosphatenfjm][PFs]) was added to the
extractive distillation column througH®®late thereof with a mass flow of 7 kg/h, and
a raw material (i.e., a mixture of dimethyl carbnavith content of 30wt% and
methanol with content of 70wt%) was added to th&aetive distillation column
through 28' plate thereof with a mass flow of 1 kg/h. A maatsorof extractant to raw
material was 7. The extractive distillation columas operated under normal pressure,
and complete condensation was carried out at afttpge extractive distillation column.
A reflux ratio was 1.4. A product from the top bEetextractive distillation column had
a mass flow of 0.7 kg/h, and methanol with a punit®9.79wt% could be obtained. A
temperature at the top of the extractive distilaticolumn was 6€, and a
temperature at a bottom of the extractive distillaicolumn was 20C. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
flash column. The solvent recycling flash columrsveperated under a pressure of 5
kPa and at a temperature of 3Z0OA product from the top of the solvent recycling
flash column had a mass flow of 0.3 kg/h, and dityletarbonate with a purity of
99.5wt% could be obtained.

Example 3B

-15-
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An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 33 themalt plates (counted from top to
bottom). An extractant which was comprised of 30wt polyethylene glycol
dimethyl ether (with an average relative moleculagight of 250) and 70wt% of
1-hexyl-3-methylimidazolium hexafluorophosphatenfjm][PFs]) was added to the
extractive distillation column througH®®late thereof with a mass flow of 9 kg/h, and
a raw material (i.e., a mixture of dimethyl carb@navith content of 30wt% and
methanol with content of 70wt%) was added to th&aekive distillation column
through 28' plate thereof with a mass flow of 1 kg/h. A maatsorof extractant to raw
material was 9. The extractive distillation columas operated under normal pressure,
and complete condensation was carried out at afttpe extractive distillation column.
A reflux ratio was 1.3. A product from the top betextractive distillation column had
a mass flow of 0.7 kg/h, and methanol with a punit®9.85wt% could be obtained. A
temperature at the top of the extractive distilaticolumn was 6€, and a
temperature at a bottom of the extractive distillaicolumn was 20C. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
flash column. The solvent recycling flash columrsveperated under a pressure of 5
KPa and at a temperature of 220 A product from the top of the solvent recycling
flash column had a mass flow of 0.3 kg/h, and dityletarbonate with a purity of
99.65wt% could be obtained.

Example 4B

An extractive distillation separation process aswsh in Fig. 2 was used. An
extractive distillation column comprised 30 themat plates (counted from top to
bottom). An extractant which was comprised of 20wt polyethylene glycol
dimethyl ether (with an average relative moleculaight of 250) and 80wt% of
1-hexyl-3-methylimidazolium hexafluorophosphatentjm][PFs]) was added to the
extractive distillation column througH®®late thereof with a mass flow of 8 kg/h, and
a raw material (i.e., a mixture of dimethyl carb@navith content of 30wt% and
methanol with content of 70wt%) was added to th&aetive distillation column

through 28' plate thereof with a mass flow of 1 kg/h. A maestorof extractant to raw
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material was 8. The extractive distillation columas operated under normal pressure,
and complete condensation was carried out at afttdpe extractive distillation column.
A reflux ratio was 1. A product from the top of tbgtractive distillation column had a
mass flow of 0.7 kg/h, and methanol with a purity98.85wt% could be obtained. A
temperature at the top of the extractive distilaticolumn was 6€£, and a
temperature at a bottom of the extractive distillaicolumn was 21%C. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
flash column. The solvent recycling flash columnsvegerated under a pressure of 1
KPa and at a temperature of 185 A product from the top of the solvent recycling
flash column had a mass flow of 0.3 kg/h, and dityletarbonate with a purity of
99.67wt% could be obtained.

Example 5B

An extractive distillation separation process aewsh in Fig. 2 was used. An
extractive distillation column comprised 40 themat plates (counted from top to
bottom). An extractant which was comprised of 50wt polyethylene glycol
dimethyl ether (with an average relative moleculaight of 240) and 50wt% of
1-hexyl-3-methylimidazolium hexafluorophosphatenfjm][PFs]) was added to the
extractive distillation column througH®®late thereof with a mass flow of 8 kg/h, and
a raw material (i.e., a mixture of dimethyl carb@navith content of 30wt% and
methanol with content of 70wt%) was added to th&aetive distillation column
through 36' plate thereof with a mass flow of 1 kg/h. A maatsorof extractant to raw
material was 8. The extractive distillation columas operated under normal pressure,
and complete condensation was carried out at afttpge extractive distillation column.
A reflux ratio was 1. A product from the top of teetractive distillation column had a
mass flow of 0.7 kg/h, and methanol with a purity96.68wt% could be obtained. A
temperature at the top of the extractive distitlaticolumn was 6€, and a
temperature at a bottom of the extractive distillaicolumn was 20C. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
flash column. The solvent recycling flash columrsveperated under a pressure of 3

KPa and at a temperature of 185 A product from the top of the solvent recycling
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flash column had a mass flow of 0.3 kg/h, and dityletarbonate with a purity of
99.3wt% could be obtained.

Example 6B

An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 33 themat plates (counted from top to
bottom). An extractant which was comprised of 30w polyethylene glycol
dimethyl ether (with an average relative moleculaight of 270) and 70wt% of
1-hexyl-3-methylimidazolium hexafluorophosphatengjm][PFs]) was added to the
extractive distillation column througH®®late thereof with a mass flow of 8 kg/h, and
a raw material (i.e., a mixture of dimethyl carbnavith content of 40wt% and
methanol with content of 60wt%) was added to th&aetive distillation column
through 28' plate thereof with a mass flow of 1 kg/h. A maatsorof extractant to raw
material was 8. The extractive distillation columas operated under normal pressure,
and complete condensation was carried out at afttpe extractive distillation column.
A reflux ratio was 1.5. A product from the top bEetextractive distillation column had
a mass flow of 0.6 kg/h, and methanol with a puaity¥9.8wt% could be obtained. A
temperature at the top of the extractive distilaticolumn was 6€, and a
temperature at a bottom of the extractive distillaicolumn was 18. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
flash column. The solvent recycling flash columnsvegerated under a pressure of 1
KPa and at a temperature of 180 A product from the top of the solvent recycling
flash column had a mass flow of 0.4 kg/h, and dityletarbonate with a purity of
99.7wt% could be obtained.

Example 7B

An extractive distillation separation process aswsh in Fig. 2 was used. An
extractive distillation column comprised 50 themalt plates (counted from top to
bottom). An extractant which was comprised of 30wt polyethylene glycol

dimethyl ether (with an average relative moleculagight of 250) and 70wt% of
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1-hexyl-3-methylimidazolium hexafluorophosphatenfjm][PFs]) was added to the
extractive distillation column througH"®late thereof with a mass flow of 8 kg/h, and
a raw material (i.e., a mixture of dimethyl carb@navith content of 20wt% and
methanol with content of 80wt%) was added to th&aekive distillation column
through 4%' plate thereof with a mass flow of 1 kg/h. A maatsorof extractant to raw
material was 8. The extractive distillation columas operated under normal pressure,
and complete condensation was carried out at afttpge extractive distillation column.
A reflux ratio was 1.5. A product from the top bEetextractive distillation column had
a mass flow of 0.8 kg/h, and methanol with a puaity¥9.8wt% could be obtained. A
temperature at the top of the extractive distilaticolumn was 6€, and a
temperature at a bottom of the extractive distillaicolumn was 2. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
flash column. The solvent recycling flash columrsvegerated under a pressure of 1
KPa and at a temperature of 180 A product from the top of the solvent recycling
flash column had a mass flow of 0.4 kg/h, and dityletarbonate with a purity of
99.2wt% could be obtained.

Example 8B

An extractive distillation separation process aewsh in Fig. 2 was used. An
extractive distillation column comprised 30 themat plates (counted from top to
bottom). An extractant which was comprised of 20wt polyethylene glycol
dimethyl ether (with an average relative moleculaight of 250) and 80wt% of
1-butyl-3-methylimidazolium hexafluorophosphate niim][PFs]) was added to the
extractive distillation column througH®®late thereof with a mass flow of 8 kg/h, and
a raw material (i.e., a mixture of dimethyl carb@navith content of 30wt% and
methanol with content of 70wt%) was added to th&aetive distillation column
through 28' plate thereof with a mass flow of 1 kg/h. A maestorof extractant to raw
material was 8. The extractive distillation columas operated under normal pressure,
and complete condensation was carried out at afttdpe extractive distillation column.
A reflux ratio was 1. A product from the top of teetractive distillation column had a

mass flow of 0.7 kg/h, and methanol with a purify98.8wt% could be obtained. A
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temperature at the top of the extractive distilaticolumn was 6€£, and a
temperature at a bottom of the extractive distillaicolumn was 21%C. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
flash column. The solvent recycling flash columnsvegerated under a pressure of 1
KPa and at a temperature of 185 A product from the top of the solvent recycling
flash column had a mass flow of 0.3 kg/h, and dityletarbonate with a purity of
99.53wt% could be obtained.

Example 9B

An extractive distillation separation process aewsh in Fig. 2 was used. An
extractive distillation column comprised 30 themat plates (counted from top to
bottom). An extractant which was comprised of 20wt polyethylene glycol
dimethyl ether (with an average relative moleculaight of 250) and 80wt% of
N-butylpyridinium hexafluorophosphate ([bpy][f]FF was added to the extractive
distillation column through '3 plate thereof with a mass flow of 8 kg/h, and & ra
material (i.e., a mixture of dimethyl carbonatehmtontent of 30wt% and methanol
with content of 70wt%) was added to the extractiatillation column through 2%
plate thereof with a mass flow of 1 kg/h. A madsoraf extractant to raw material was
8. The extractive distillation column was operatedder normal pressure, and
complete condensation was carried out at a toheoektractive distillation column. A
reflux ratio was 1. A product from the top of theractive distillation column had a
mass flow of 0.7 kg/h, and methanol with a purity96.80wt% could be obtained. A
temperature at the top of the extractive distilaticolumn was 6€, and a
temperature at a bottom of the extractive distillaicolumn was 20Z. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
flash column. The solvent recycling flash columnsvegerated under a pressure of 1
KPa and at a temperature of 185 A product from the top of the solvent recycling
flash column had a mass flow of 0.3 kg/h, and dityletarbonate with a purity of
99.62wt% could be obtained.

Example 10B
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An extractive distillation separation process aswsh in Fig. 2 was used. The
reaction in Example 4B was carried out continuouahd the device was operated for
160 hours to obtain product quality as shown in. Bg As shown in Fig. 3, a
concentration of methanol was always above 99.8%,aaconcentration of dimethyl
carbonate changed around 99.7%. The device waatedestably.

Comparative Example 1B

In patent CN104761422A, 1-butyl-3-methylimidazoliwmloride was used as an
extractant for separating a mixture of dimethyl beemate and methanol. The
experiment was carried out in a same operationcdeand under a same operation
condition as Example 2B. An extractive distillatioalumn comprised 30 theoretical
plates (counted from top to bottom). 1-butyl-3-nyéithidazolium chloride was added
to the extractive distillation column througH' #late thereof with a mass flow of 8
kg/h, and a raw material (i.e., a mixture of dinyetarbonate with content of 30wt%
and methanol with content of 70wt%) was added &ekxiractive distillation column
through 268' plate thereof with a mass flow of 1 kg/h. The agtive distillation
column was operated under normal pressure, and letengondensation was carried
out at a top of the extractive distillation colunfreflux ratio was 1.3. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
flash column. The solvent recycling flash columnsvegerated under a pressure of 1
KPa and at a temperature of 185 After the device was operated for 1 hour, pipeli
blockage phenomenon occurred to circulation pigelirof ionic liquid
1-butyl-3-methylimidazolium chloride, and contingoaxtraction process was forced
to terminate. This is possibly because 1-butyl-3hylenidazolium chloride has a
melting point of 68C and has a relatively high viscosity.

Comparative Example 2B

1-hexyl-3-methylimidazolium hexafluorophosphate nfjm][PFs]) alone was

used as an extractant for separating a mixturénoétthyl carbonate and methanol. The
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experiment was carried out in a same operationcdeand under a same operation
condition as Example 4B. An extractive distillatioalumn comprised 30 theoretical
plates (counted from top to bottom). 1-hexyl-3-nyéthidazolium
hexafluorophosphate was added to the extractivélation column through 4 plate
thereof with a mass flow of 8 kg/h, and a raw matgj.e., a mixture of dimethyl
carbonate with content of 30wt% and methanol wihtent of 70wt%) was added to
the extractive distillation column through®plate thereof with a mass flow of 1 kg/h.
The extractive distillation column was operated @mdormal pressure, and complete
condensation was carried out at a top of the exmdlistillation column. A reflux
ratio was 1.3. A product at the bottom of the eotive distillation column was
pumped to a solvent recycling flash column. Theresall recycling flash column was
operated under a pressure of 1 KPa and at a tetapeia 135C. During operation
process, it was discovered that circulation pumpgroincreased; feed material in
liquid phase fluctuated; and ionic liquid had aatiefely high viscosity. As a result,
gas-liquid mass transfer efficiency in the colyndecreased. A mass concentration of
methanol was 99.5%, and a mass concentration adtdyhcarbonate was lower than
98.8%.

Example 1C

An extractive distillation separation process aewsh in Fig. 2 was used. An
extractive distillation column comprised 30 themalt plates (counted from top to
bottom). Extractant which was comprised of 30wt%tradthylene glycol dimethyl
ether and 70wt% of 1-hexyl-3-methylimidazolium hiéxarophosphate ([hmim][P§
was added to the extractive distillation columrotiyh 4" plate thereof with a mass
flow of 7 kg/h, and a raw material (i.e., a mixtwedimethyl carbonate with content
of 30wt% and methanol with content of 70wt%) wasdedl to the extractive
distillation column through 27plate thereof with a mass flow of 1 kg/h. A magstsor
of extractant to raw material was 7. The extractiaillation column was operated
under normal pressure, and complete condensatiencamaied out at a top of the
extractive distillation column. A reflux ratio wds6. A product from the top of the

extractive distillation column had a mass flow of @g/h, and methanol with a purity
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of 99.89wt% could be obtained. A temperature atttipeof the extractive distillation
column was 62C, and a temperature at a bottom of the extractisgilation column
was 188C. A product at the bottom of the extractive diation column was pumped
to a solvent recycling column. The solvent recyglaolumn comprised 18 theoretical
plates and the product at the bottom of the extradtistillation column was pumped
thereinto through '8 plate thereof. The solvent recycling column wasrated under
pressure of 10 KPa. Complete condensation wasedaaut at a top of the solvent
recycling column. A reflux ratio was 0.3. A produitom the top of the solvent
recycling column had a mass flow of 0.3 kg/h, amdedhyl carbonate with a purity of
99.6wt% could be obtained. A temperature at theotolhe solvent recycling column

was 30C, and a temperature at a bottom of the solveytheg column was 15.
Example 2C

An extractive distillation separation process aewsh in Fig. 2 was used. An
extractive distillation column comprised 35 themat plates (counted from top to
bottom). Extractant which was comprised of 20wt%tradthylene glycol dimethyl
ether and 80wt% of 1-hexyl-3-methylimidazolium higtxarophosphate ([hmim][PF6])
was added to the extractive distillation columrotilyh 4" plate thereof with a mass
flow of 6.5 kg/h, and a raw material (i.e., a mbetwf dimethyl carbonate with content
of 30wt% and methanol with content of 70wt%) wasdemtl to the extractive
distillation column through 3Dplate thereof with a mass flow of 1 kg/h. A magstior
of extractant to raw material was 6.5. The extwactistillation column was operated
under normal pressure, and complete condensatiencaaied out at a top of the
extractive distillation column. A reflux ratio wds5. A product from the top of the
extractive distillation column had a mass flow of 8@g/h, and methanol with a purity
of 99.93wt% could be obtained. A temperature atttipeof the extractive distillation
column was 62C, and a temperature at a bottom of the extractis@ilation column
was 196C. A product at the bottom of the extractive diation column was pumped
to a solvent recycling column. The solvent recyglaolumn comprised 12 theoretical
plates and the product at the bottom of the extradistillation column was pumped

thereinto through % plate thereof. The solvent recycling column waerafed under
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pressure of 5 KPa. Complete condensation was daaig at a top of the solvent
recycling column. A reflux ratio was 0.1. A produitom the top of the solvent
recycling column had a mass flow of 0.3 kg/h, amdedhyl carbonate with a purity of
99.84wt% could be obtained. A temperature at tpeofahe solvent recycling column

was 20C, and a temperature at a bottom of the solveytheg column was 13tC.
Example 3C

An extractive distillation separation process asvsh in Fig. 2 was used. An
extractive distillation column comprised 40 themat plates (counted from top to
bottom). An extractant which was comprised of 50vaPriethylene glycol dimethyl
ether and 50wt% of 1-butyl-3-methylimidazolium h#xarophosphate ([omim][PF6])
was added to the extractive distillation columrotilyh 4" plate thereof with a mass
flow of 9 kg/h, and a raw material (i.e., a mixtwedimethyl carbonate with content
of 30wt% and methanol with content of 70wt%) wasdemtl to the extractive
distillation column through 36plate thereof with a mass flow of 1 kg/h. A magtior
of extractant to raw material was 9. The extractidillation column was operated
under normal pressure, and complete condensatiencamaied out at a top of the
extractive distillation column. A reflux ratio wé& A product from the top of the
extractive distillation column had a mass flow of @g/h, and methanol with a purity
of 99.7wt% could be obtained. A temperature atttpeof the extractive distillation
column was 62C, and a temperature at a bottom of the extractisgllation column
was 176C. A product at the bottom of the extractive diatibn column was pumped
to a solvent recycling column. The solvent recyglaolumn comprised 20 theoretical
plates and the product at the bottom of the extradistillation column was pumped
thereinto through I0plate thereof. The solvent recycling column wasrafed under
pressure of 20 KPa. Complete condensation wasedaaut at a top of the solvent
recycling column. A reflux ratio was 0.1. A produitom the top of the solvent
recycling column had a mass flow of 0.3 kg/h, amdedhyl carbonate with a purity of
99.4wt% could be obtained. A temperature at theotolhe solvent recycling column
was 47C, and a temperature at a bottom of the solveytheg column was 17C.
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Example 4C

An extractive distillation separation process aswsh in Fig. 2 was used. An
extractive distillation column comprised 35 themat plates (counted from top to
bottom). An extractant which was comprised of 60vafiriethylene glycol dimethyl
ether and 40wt% of 1-hexyl-3-methylimidazolium higtxarophosphate ([hmim][PF6])
was added to the extractive distillation columrotiyh 4" plate thereof with a mass
flow of 10 kg/h, and a raw material (i.e., a mixduwf dimethyl carbonate with content
of 50wt% and methanol with content of 50wt%) wasdedl to the extractive
distillation column through 29plate thereof with a mass flow of 1 kg/h. A magstior
of extractant to raw material was 10. The extra&ctistillation column was operated
under normal pressure, and complete condensatiencamied out at a top of the
extractive distillation column. A reflux ratio wds8. A product from the top of the
extractive distillation column had a mass flow d 8@g/h, and methanol with a purity
of 99.81wt% could be obtained. A temperature atttipeof the extractive distillation
column was 62C, and a temperature at a bottom of the extradtis@ilation column
was 1606C. A product at the bottom of the extractive diatibn column was pumped
to a solvent recycling column. The solvent recyglaolumn comprised 25 theoretical
plates and the product at the bottom of the extradtistillation column was pumped
thereinto through % plate thereof. The solvent recycling column wasrated under
pressure of 5 KPa. Complete condensation was daaig at a top of the solvent
recycling column. A reflux ratio was 0.05. A produdcom the top of the solvent
recycling column had a mass flow of 0.5 kg/h, amdedhyl carbonate with a purity of
99.81wt% could be obtained. A temperature at tpeofahe solvent recycling column

was 20C, and a temperature at a bottom of the solveytheg column was 13T.
Example 5C

An extractive distillation separation process aswsh in Fig. 2 was used. An
extractive distillation column comprised 35 themalt plates (counted from top to
bottom). An extractant which was comprised of 30vaPdiethylene glycol dimethyl
ether and 70wt% of 1-hexyl-3-methylimidazolium hiéxarophosphate ([hmim][P§
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was added to the extractive distillation columrmotiyh 3° plate thereof with a mass
flow of 5.5 kg/h, and a raw material (i.e., a mbgwf dimethyl carbonate with content
of 30wt% and methanol with content of 70wt%) wasdemtl to the extractive
distillation column through 20plate thereof with a mass flow of 1 kg/h. A mastior
of extractant to raw material was 5.5. The extuwactistillation column was operated
under normal pressure, and complete condensatiencamaied out at a top of the
extractive distillation column. A reflux ratio wds5. A product from the top of the
extractive distillation column had a mass flow of @g/h, and methanol with a purity
of 99.7wt% could be obtained. A temperature atttpeof the extractive distillation
column was 62C, and a temperature at a bottom of the extractisgilation column
was 160C. A product at the bottom of the extractive diation column was pumped
to a solvent recycling column. The solvent recyglaolumn comprised 15 theoretical
plates and the product at the bottom of the extradtistillation column was pumped
thereinto through '8 plate thereof. The solvent recycling column wasrated under
pressure of 10 KPa. Complete condensation wasedaaut at a top of the solvent
recycling column. A reflux ratio was 0.3. A produitom the top of the solvent
recycling column had a mass flow of 0.3 kg/h, amdedhyl carbonate with a purity of
99.3wt% could be obtained. A temperature at theotfolhe solvent recycling column
was 30C, and a temperature at a bottom of the solveytheg column was 15.

Example 6C

An extractive distillation separation process asvsh in Fig. 2 was used. An
extractive distillation column comprised 33 themat plates (counted from top to
bottom). An extractant which was comprised of 30vaPriethylene glycol dimethyl
ether and 70wt% of N-butylpyridinium hexafluoroppbate ([bpy][PE]) was added
to the extractive distillation column througff Plate thereof with a mass flow of 7
kg/h, and a raw material (i.e., a mixture of dinyetarbonate with content of 30wt%
and methanol with content of 70wt%) was added &ekiractive distillation column
through 28" plate thereof with a mass flow of 1 kg/h. A maatsorof extractant to raw
material was 7. The extractive distillation columas operated under normal pressure,

and complete condensation was carried out at afttpge extractive distillation column.
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A reflux ratio was 1.2. A product from the top bEetextractive distillation column had
a mass flow of 0.7 kg/h, and methanol with a puaity¥9.7wt% could be obtained. A
temperature at the top of the extractive distilaticolumn was 6€, and a
temperature at a bottom of the extractive distillaicolumn was 18. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
column. The solvent recycling column comprised Hébtetical plates and the product
at the bottom of the extractive distillation columas pumped thereinto through' 3
plate thereof. The solvent recycling column wasrafsel under pressure of 10 KPa.
Complete condensation was carried out at a tofh@fsblvent recycling column. A
reflux ratio was 0.3. A product from the top of thelvent recycling column had a
mass flow of 0.3 kg/h, and dimethyl carbonate vatipurity of 99.3wt% could be
obtained. A temperature at the top of the solvenycling column was 3C, and a

temperature at a bottom of the solvent recyclingrooa was 15€C.
Example 7C

An extractive distillation separation process aswsh in Fig. 2 was used. The
reaction in Example 2C was carried out continugueshd the device was operated for
200 hours to obtain product quality as shown in. Eig As shown in Fig. 4, a
concentration of methanol was above 99.8%, and mcerdration of dimethyl

carbonate changed around 99.7%. The device waatedestably.
Comparative Example 1C

In patent CN104761422A, 1-butyl-3-methylimidazoliwmioride was used as an
extractant for separating a mixture of dimethyl bcemate and methanol. The
experiment was carried out in a same operationcdeand under a same operation
condition as Example 2C. An extractive distillatioolumn comprised 38 theoretical
plates (counted from top to bottom). 1-butyl-3-nydithidazolium chloride was added
to the extractive distillation column througi' #late thereof with a mass flow of 7
kg/h, and a raw material (i.e., a mixture of dinyéttarbonate with content of 30wt%

and methanol with content of 70wt%) was added &ekiractive distillation column
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through 34' plate thereof with a mass flow of 1 kg/h. The astive distillation
column was operated under normal pressure, and letengondensation was carried
out at a top of the extractive distillation colunfreflux ratio was 1.3. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
column. The solvent recycling column comprised Heébtetical plates and the product
at the bottom of the extractive distillation columas pumped thereinto through' 8
plate thereof. The solvent recycling column wasrateel under pressure of 0.005 MPa.
Complete condensation was carried out at a toghe@fsblvent recycling column. A
reflux ratio was 0.1. After the device was operated 1 hour, pipeline blockage
phenomenon occurred to circulation pipeline of  ¢oni liquid
1-butyl-3-methylimidazolium chloride, and contingoaxtraction process was forced
to terminate. This is possibly because 1-butyl-3hylenidazolium chloride has a

melting point of 68C and has a relatively high viscosity.
Comparative Example 2C

1-hexyl-3-methylimidazolium hexafluorophosphatenfjm][PF]) was used as an
extractant for separating a mixture of dimethyl bcemate and methanol. The
experiment was carried out in a same operationcdeand under a same operation
condition as Example 4C. An extractive distillatioolumn comprised 35 theoretical
plates (counted from top to bottom). 1-hexyl-3-nyéthidazolium
hexafluorophosphate was added to the extractivélation column through % plate
thereof with a mass flow of 6.5 kg/h, and a rawenat (i.e., a mixture of dimethyl
carbonate with content of 30wt% and methanol wihtent of 70wt%) was added to
the extractive distillation column through"glate thereof with a mass flow of 1 kg/h.
The extractive distillation column was operated emdormal pressure, and complete
condensation was carried out at a top of the exmdlistillation column. A reflux
ratio was 1.3. A product at the bottom of the eotive distillation column was
pumped to a solvent recycling column. The solveatycling column comprised 12
theoretical plates and the product at the bottonthefextractive distillation column
was pumped thereinto througH‘ Pplate thereof. The solvent recycling column was

operated under pressure of 5 KPa. Complete contiemsgas carried out at a top of
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the solvent recycling column. A reflux ratio wad.0The device was operated stably
during the first 5 hours, and methanol with massceatration of 99.8% and dimethyl
carbonate with mass concentration of 97% could Htaimed. However, during later
operation process, it was discovered that cirauagpump power increased; feed
material in liquid phase fluctuated; and ionic Idjlnad a relatively high viscosity. As
a result, gas-liquid mass transfer efficiency ire tbolumns decreased, and the
extractive distillation column was operated in astable state. Mass concentration of
methanol decreased to 99.5%, and mass concentratia@imethyl carbonate was
lower than 98.8%.

Example 1D

An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 30 themalt plates (counted from top to
bottom). An extractant which was comprised of 30vaPiriethylene glycol dimethyl
ether and 70wt% of 1-ethyl-3-methylimidazolium Kisfluoromethyl)sulfonyl]imide
([emim][NTf2]) was added to the extractive distiltm column through 9 plate
thereof with a mass flow of 8 kg/h, and a raw matgj.e., a mixture of dimethyl
carbonate with content of 30wt% and methanol wihtent of 70wt%) was added to
the extractive distillation column through®™plate thereof with a mass flow of 1 kg/h.
A mass ratio of extractant to raw material was Be Extractive distillation column
was operated under normal pressure, and completkensation was carried out at a
top of the extractive distillation column. A refluatio was 1.4. A product from the top
of the extractive distillation column had a massilof 0.7 kg/h, and methanol with a
purity of 99.8wt% could be obtained. A temperatatethe top of the extractive
distillation column was 6€, and a temperature at a bottom of the extractive
distillation column was 18€. A product at the bottom of the extractive diatibn
column was pumped to a solvent recycling columne Bblvent recycling column
comprised 16 theoretical plates and the producthat bottom of the extractive
distillation column was pumped thereinto through @late thereof. The solvent
recycling column was operated under pressure ¢€A&. Complete condensation was

carried out at a top of the solvent recycling catur reflux ratio was 0.2. A product
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from the top of the solvent recycling column haaass flow of 0.3 kg/h, and dimethyl
carbonate with a purity of 99.53wt% could be oledinA temperature at the top of the
solvent recycling column was 3D, and a temperature at a bottom of the solvent

recycling column was 15G.
Example 2D

An extractive distillation separation process aswsh in Fig. 2 was used. An
extractive distillation column comprised 30 themalt plates (counted from top to
bottom). An extractant which was comprised of 30vaPriethylene glycol dimethyl
ether and 70wt% of 1-ethyl-3-methylimidazolium Kisfluoromethyl)sulfonyl]imide
([emim][NTf2]) was added to the extractive distilm column through @ plate
thereof with a mass flow of 7 kg/h, and a raw matej.e., a mixture of dimethyl
carbonate with content of 30wt% and methanol wihtent of 70wt%) was added to
the extractive distillation column through®plate thereof with a mass flow of 1 kg/h.
A mass ratio of extractant to raw material was fie Extractive distillation column
was operated under normal pressure, and completkensation was carried out at a
top of the extractive distillation column. A refluatio was 1.4. A product from the top
of the extractive distillation column had a masslof 0.7 kg/h, and methanol with a
purity of 99.6wt% could be obtained. A temperatatethe top of the extractive
distillation column was 6€, and a temperature at a bottom of the extractive
distillation column was 18&. A product at the bottom of the extractive diatibn
column was pumped to a solvent recycling columne Eblvent recycling column
comprised 16 theoretical plates and the producthat bottom of the extractive
distillation column was pumped thereinto through @late thereof. The solvent
recycling column was operated under pressure ¢€A&. Complete condensation was
carried out at a top of the solvent recycling catur reflux ratio was 0.2. A product
from the top of the solvent recycling column haaass flow of 0.3 kg/h, and dimethyl
carbonate with a purity of 99.1wt% could be obtdin& temperature at the top of the
solvent recycling column was %D, and a temperature at a bottom of the solvent
recycling column was 158.
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Example 3D

An extractive distillation separation process aswsh in Fig. 2 was used. An
extractive distillation column comprised 30 themat plates (counted from top to
bottom). An extractant which was comprised of 30vafriethylene glycol dimethyl
ether and 70wt% of 1-ethyl-3-methylimidazolium Kisfluoromethyl)sulfonyl]imide
([emim][NTf2]) was added to the extractive distilm column through @ plate
thereof with a mass flow of 10 kg/h, and a raw maltdi.e., a mixture of dimethyl
carbonate with content of 30wt% and methanol wihtent of 70wt%) was added to
the extractive distillation column through"plate thereof with a mass flow of 1 kg/h.
A mass ratio of extractant to raw material was Tlife extractive distillation column
was operated under normal pressure, and completensation was carried out at a
top of the extractive distillation column. A refluatio was 1.23. A product from the
top of the extractive distillation column had a sdlew of 0.7 kg/h, and methanol
with a purity of 99.92wt% could be obtained. A teargture at the top of the extractive
distillation column was 6€, and a temperature at a bottom of the extractive
distillation column was 18T. A product at the bottom of the extractive diatibn
column was pumped to a solvent recycling columne Bblvent recycling column
comprised 16 theoretical plates and the producthat bottom of the extractive
distillation column was pumped thereinto through @late thereof. The solvent
recycling column was operated under pressure ¢€A&. Complete condensation was
carried out at a top of the solvent recycling catur reflux ratio was 0.2. A product
from the top of the solvent recycling column hadass flow of 0.3 kg/h, and dimethyl
carbonate with a purity of 99.68wt% could be oledinA temperature at the top of the
solvent recycling column was 3D, and a temperature at a bottom of the solvent

recycling column was 156.
Example 4D

An extractive distillation separation process asvsh in Fig. 2 was used. An
extractive distillation column comprised 35 themalt plates (counted from top to

bottom). An extractant which was comprised of 20vaPriethylene glycol dimethyl
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ether and 80wt% of 1-ethyl-3-methylimidazolium Kisfluoromethyl)sulfonyl]imide
([emim][NTf2]) was added to the extractive distilta column through 9 plate
thereof with a mass flow of 8 kg/h, and a raw matej.e., a mixture of dimethyl
carbonate with content of 30wt% and methanol wihtent of 70wt%) was added to
the extractive distillation column through"3plate thereof with a mass flow of 1 kg/h.
A mass ratio of extractant to raw material was Be Extractive distillation column
was operated under normal pressure, and completensation was carried out at a
top of the extractive distillation column. A refluatio was 1.5. A product from the top
of the extractive distillation column had a masslof 0.7 kg/h, and methanol with a
purity of 99.84wt% could be obtained. A temperatatethe top of the extractive
distillation column was 6€, and a temperature at a bottom of the extractive
distillation column was 19€. A product at the bottom of the extractive diatibn
column was pumped to a solvent recycling columne Bblvent recycling column
comprised 12 theoretical plates and the producthat bottom of the extractive
distillation column was pumped thereinto through plate thereof. The solvent
recycling column was operated under pressure oP&.KComplete condensation was
carried out at a top of the solvent recycling catur reflux ratio was 0.1. A product
from the top of the solvent recycling column hadass flow of 0.3 kg/h, and dimethyl
carbonate with a purity of 99.63wt% could be oledinA temperature at the top of the
solvent recycling column was 4D, and a temperature at a bottom of the solvent

recycling column was 13G.
Example 5D

An extractive distillation separation process aewsh in Fig. 2 was used. An
extractive distillation column comprised 40 themat plates (counted from top to
bottom). An extractant which was comprised of 30vafriethylene glycol dimethyl
ether and 70wt% of 1-butyl-3-methylimidazolium ifisfluoromethyl)sulfonyl]imide
([bmim][NTf2]) was added to the extractive distilten column through @ plate
thereof with a mass flow of 8 kg/h, and a raw matgj.e., a mixture of dimethyl
carbonate with content of 40wt% and methanol wihtent of 60wt%) was added to

the extractive distillation column through"3plate thereof with a mass flow of 1 kg/h.

-32-



10

15

20

25

30

A mass ratio of extractant to raw material was Be Extractive distillation column
was operated under normal pressure, and completkensation was carried out at a
top of the extractive distillation column. A refluatio was 3. A product from the top
of the extractive distillation column had a massilof 0.6 kg/h, and methanol with a
purity of 99.88wt% could be obtained. A temperatatethe top of the extractive
distillation column was 6€, and a temperature at a bottom of the extractive
distillation column was 1AC. A product at the bottom of the extractive diatibn
column was pumped to a solvent recycling columne Bblvent recycling column
comprised 20 theoretical plates and the producthat bottom of the extractive
distillation column was pumped thereinto througH" Iflate thereof. The solvent
recycling column was operated under pressure ¢€R&. Complete condensation was
carried out at a top of the solvent recycling catur reflux ratio was 0.1. A product
from the top of the solvent recycling column haaass flow of 0.4 kg/h, and dimethyl
carbonate with a purity of 99.82wt% could be oledinA temperature at the top of the
solvent recycling column was %47, and a temperature at a bottom of the solvent

recycling column was 17G.
Example 6D

An extractive distillation separation process aswsh in Fig. 2 was used. An
extractive distillation column comprised 35 themat plates (counted from top to
bottom). An extractant which was comprised of 40vafriethylene glycol dimethyl
ether and 60wt% of 1-ethyl-3-methylimidazolium Kisfluoromethyl)sulfonyl]imide
([emim][NTf2]) was added to the extractive distiln column through @ plate
thereof with a mass flow of 8 kg/h, and a raw matej.e., a mixture of dimethyl
carbonate with content of 50wt% and methanol wihtent of 50wt%) was added to
the extractive distillation column through"plate thereof with a mass flow of 1 kg/h.
A mass ratio of extractant to raw material was Be Extractive distillation column
was operated under normal pressure, and completensation was carried out at a
top of the extractive distillation column. A refluatio was 2. A product from the top
of the extractive distillation column had a masslof 0.5 kg/h, and methanol with a

purity of 99.8wt% could be obtained. A temperatatethe top of the extractive

-33-



10

15

20

25

30

distillation column was 6€, and a temperature at a bottom of the extractive
distillation column was 16C. A product at the bottom of the extractive diatibn
column was pumped to a solvent recycling columne Bblvent recycling column
comprised 25 theoretical plates and the producthat bottom of the extractive
distillation column was pumped thereinto througH" Jglate thereof. The solvent
recycling column was operated under pressure oP&.KComplete condensation was
carried out at a top of the solvent recycling catur reflux ratio was 0.05. A product
from the top of the solvent recycling column haaass flow of 0.5 kg/h, and dimethyl
carbonate with a purity of 99.8wt% could be obtdin& temperature at the top of the
solvent recycling column was 2D, and a temperature at a bottom of the solvent

recycling column was 13G.
Example 7D

An extractive distillation separation process aewsh in Fig. 2 was used. An
extractive distillation column comprised 35 themat plates (counted from top to
bottom). An extractant which was comprised of 30vaP@iethylene glycol dimethyl
ether and 70wt% of 1-ethyl-3-methylimidazolium Kisfluoromethyl)sulfonyl]imide
(lemim][NTf2]) was added to the extractive distiln column through "3 plate
thereof with a mass flow of 8 kg/h, and a raw matej.e., a mixture of dimethyl
carbonate with content of 30wt% and methanol wihtent of 70wt%) was added to
the extractive distillation column through"plate thereof with a mass flow of 1 kg/h.
A mass ratio of extractant to raw material was Be Extractive distillation column
was operated under normal pressure, and completensation was carried out at a
top of the extractive distillation column. A refluatio was 1.5. A product from the top
of the extractive distillation column had a masslof 0.7 kg/h, and methanol with a
purity of 99.74wt% could be obtained. A temperatatethe top of the extractive
distillation column was 6€, and a temperature at a bottom of the extractive
distillation column was 16C. A product at the bottom of the extractive diatibn
column was pumped to a solvent recycling columne Bblvent recycling column
comprised 15 theoretical plates and the producthat bottom of the extractive

distillation column was pumped thereinto through @late thereof. The solvent
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recycling column was operated under pressure ¢fA&. Complete condensation was
carried out at a top of the solvent recycling caturA reflux ratio was 0.3. A product
from the top of the solvent recycling column haaass flow of 0.3 kg/h, and dimethyl
carbonate with a purity of 99.4wt% could be obtdin& temperature at the top of the
solvent recycling column was %D, and a temperature at a bottom of the solvent
recycling column was 15Q.

Example 8D

An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 40 themat plates (counted from top to
bottom). An extractant which was comprised of 30vaPriethylene glycol dimethyl
ether and 70wt% of 1-butylpyridinium bis(trifluoratiylsulfonyl)imide ([bpy][NTf2])
was added to the extractive distillation columrotiyh 4" plate thereof with a mass
flow of 8 kg/h, and a raw material (i.e., a mixtuedimethyl carbonate with content
of 30wt% and methanol with content of 70wt%) wasdeutl to the extractive
distillation column through 3bplate thereof with a mass flow of 1 kg/h. A magstior
of extractant to raw material was 8. The extractiaillation column was operated
under normal pressure, and complete condensatiencamaied out at a top of the
extractive distillation column. A reflux ratio wds3. A product from the top of the
extractive distillation column had a mass flow of @g/h, and methanol with a purity
of 99.78wt% could be obtained. A temperature atttipeof the extractive distillation
column was 62C, and a temperature at a bottom of the extractisgilation column
was 186C. A product at the bottom of the extractive diation column was pumped
to a solvent recycling column. The solvent recyglaolumn comprised 10 theoretical
plates and the product at the bottom of the extradtistillation column was pumped
thereinto through '3 plate thereof. The solvent recycling column wasrated under
pressure of 10 KPa. Complete condensation wasedaaut at a top of the solvent
recycling column. A reflux ratio was 0.3. A produitom the top of the solvent
recycling column had a mass flow of 0.3 kg/h, amdedhyl carbonate with a purity of
99.56wt% could be obtained. A temperature at tpeofahe solvent recycling column

was 30C, and a temperature at a bottom of the solveytheg column was 15.
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Example 9D

An extractive distillation separation process aswsh in Fig. 2 was used. The
reaction in Example 2D was carried out continuoguahd the device was operated for
150 hours to obtain product quality as shown in. FHg As shown in Fig. 5, a
concentration of methanol was always above 99.8%b,aaconcentration of dimethyl

carbonate changed around 99.6%. The device waatedestably.
Comparative Example 1D

In patent CN104761422A, 1-butyl-3-methylimidazoliwmioride was used as an
extractant for separating a mixture of dimethyl bcemate and methanol. The
experiment was carried out in a same operationcdeand under a same operation
condition as Example 2D. An extractive distillatioalumn comprised 38 theoretical
plates (counted from top to bottom). 1-butyl-3-nydithidazolium chloride was added
to the extractive distillation column througif' #late thereof with a mass flow of 7
kg/h, and a raw material (i.e., a mixture of dinyéttarbonate with content of 30wt%
and methanol with content of 70wt%) was added &ekxiractive distillation column
through 34 plate thereof with a mass flow of 1 kg/h. The agtive distillation
column was operated under normal pressure, and leengondensation was carried
out at a top of the extractive distillation colunfreflux ratio was 1.3. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
column. The solvent recycling column comprised Hébtetical plates and the product
at the bottom of the extractive distillation columms pumped thereinto through' 8
plate thereof. The solvent recycling column wasrateel under pressure of 0.005 MPa.
Complete condensation was carried out at a toghe@fsblvent recycling column. A
reflux ratio was 0.1. After the device was operated 1 hour, pipeline blockage
phenomenon occurred to circulation pipeline of  ¢oni liquid
1-butyl-3-methylimidazolium chloride, and contingoaxtraction process was forced
to terminate. This is possibly because 1-butyl-3hylenidazolium chloride has a

melting point of 68C and has a relatively high viscosity.
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Comparative Example 2D

1-ethyl-3-methylimidazolium bis[(trifluoromethyl)§anyl]imide ([emim][NTf2])
was used as an extractant for separating a migfutenethyl carbonate and methanol.
The experiment was carried out in a same operagoice and under a same operation
condition as Example 2D. An extractive distillatioalumn comprised 35 theoretical
plates (counted from top to  bottom). 1-ethyl-3-nyéthidazolium
bis[(trifluoromethyl)sulfonyllimide was added to ethextractive distillation column
through 4' plate thereof with a mass flow of 6.5 kg/h, andaw material (i.e., a
mixture of dimethyl carbonate with content of 30w&td methanol with content of
70wt%) was added to the extractive distillationucoh through 3% plate thereof with
a mass flow of 1 kg/h. The extractive distillatioolumn was operated under normal
pressure, and complete condensation was carriedabwt top of the extractive
distillation column. A reflux ratio was 1.3. A prodct at the bottom of the extractive
distillation column was pumped to a solvent reayglcolumn. The solvent recycling
column comprised 12 theoretical plates and theymdt the bottom of the extractive
distillation column was pumped thereinto through plate thereof. The solvent
recycling column was operated under pressure oP&.KComplete condensation was
carried out at a top of the solvent recycling caur reflux ratio was 0.1. The device
was operated stably during the first 5 hours, arethanol with mass concentration of
99.8% and dimethyl carbonate with mass concentrabio97% could be obtained.
However, during later operation process, it wasalisred that circulation pump
power increased; feed material in liquid phasetflated; and ionic liquid had a
relatively high viscosity. As a result, gas-liquitgass transfer efficiency in the columns
decreased, and the extractive distillation colunas vwperated in an instable state.
Mass concentration of methanol decreased to 99&%, mass concentration of

dimethyl carbonate was lower than 98.8%.
Example 1E

An extractive distillation separation process aswsh in Fig. 2 was used. An
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extractive distillation column comprised 33 themalt plates (counted from top to
bottom). An extractant which was comprised of 30vafriethylene glycol dimethyl
ether and 70wt% of 1-hexyl-3-methylimidazolium &fwmoroborate ([hmim][BE)
was added to the extractive distillation columrotigh & plate thereof with a mass
flow of 7.5 kg/h, and a raw material (i.e., a mpetwf dimethyl carbonate with content
of 30wt% and methanol with content of 70wt%) wasdedl to the extractive
distillation column through 29plate thereof with a mass flow of 1 kg/h. A mastsor
of extractant to raw material was 7.5. The extvactistillation column was operated
under normal pressure, and complete condensatiencamaied out at a top of the
extractive distillation column. A reflux ratio wds2. A product from the top of the
extractive distillation column had a mass flow of @g/h, and methanol with a purity
of 99.81wt% and dimethyl carbonate with a purity019% could be obtained. A
temperature at the top of the extractive distilaticolumn was 6€, and a
temperature at a bottom of the extractive distillaicolumn was 18€. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
column. The solvent recycling column comprised Hébtetical plates and the product
at the bottom of the extractive distillation columas pumped thereinto through' 8
plate thereof. The solvent recycling column wasrafeel under pressure of 1 bar.
Complete condensation was carried out at a togh@fsblvent recycling column. A
reflux ratio was 0.3. A product from the top of teelvent recycling column had a
mass flow of 0.3 kg/h, and dimethyl carbonate vaithurity of 99.6wt% and methanol
with a purity of 0.4wt% could be obtained. A temgdere at the top of the solvent
recycling column was 8€, and a temperature at a bottom of the solvenyclieg

column was 24%.
Example 2E

An extractive distillation separation process aswsh in Fig. 2 was used. An
extractive distillation column comprised 38 themat plates (counted from top to
bottom). An extractant which was comprised of 20vafPriethylene glycol dimethyl
ether and 80wt% of 1-hexyl-3-methylimidazolium &#wmoroborate ([hmim][BH)

was added to the extractive distillation columrotiyh 4" plate thereof with a mass
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flow of 7 kg/h, and a raw material (i.e., a mixtwedimethyl carbonate with content
of 30wt% and methanol with content of 70wt%) wasdedl to the extractive
distillation column through 3%plate thereof with a mass flow of 1 kg/h. A magtior

of extractant to raw material was 7. The extractiaillation column was operated
under normal pressure, and complete condensatiencamaied out at a top of the
extractive distillation column. A reflux ratio was3. A product from the top of the
extractive distillation column had a mass flow of @g/h, and methanol with a purity
of 99.9wt% and dimethyl carbonate with a purity @12% could be obtained. A
temperature at the top of the extractive distilaticolumn was 6€, and a
temperature at a bottom of the extractive distillaicolumn was 19£. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
column. The solvent recycling column comprised Hébtetical plates and the product
at the bottom of the extractive distillation columas pumped thereinto through' 8
plate thereof. The solvent recycling column wasrafsel under pressure of 0.05 bar.
Complete condensation was carried out at a toghe@fsblvent recycling column. A
reflux ratio was 0.1. A product from the top of teelvent recycling column had a
mass flow of 0.3 kg/h, and dimethyl carbonate wathpurity of 99.77wt% and
methanol with a purity of 0.23wt% could be obtainAdemperature at the top of the
solvent recycling column was 2D, and a temperature at a bottom of the solvent

recycling column was 13G.
Example 3E

An extractive distillation separation process aswsh in Fig. 2 was used. An
extractive distillation column comprised 42 themat plates (counted from top to
bottom). An extractant which was comprised of 50vafriethylene glycol dimethyl
ether and 50wt% of 1-butyl-3-methylimidazolium &flmoroborate ([bmim][BE) was
added to the extractive distillation column throujtplate thereof with a mass flow of
7.5 kg/h, and a raw material (i.e., a mixture ohelihyl carbonate with content of 30wt%
and methanol with content of 70wt%) was added &ekxiractive distillation column
through 37" plate thereof with a mass flow of 1 kg/h. A maatsorof extractant to raw

material was 7.5. The extractive distillation colurwas operated under normal
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pressure, and complete condensation was carriedabwt top of the extractive
distillation column. A reflux ratio was 1.2. A prodt from the top of the extractive
distillation column had a mass flow of 0.7 kg/hdanethanol with a purity of 99.8wt%
and dimethyl carbonate with a purity of 0.2% colbédobtained. A temperature at the
top of the extractive distillation column was’64 and a temperature at a bottom of the
extractive distillation column was 17%0. A product at the bottom of the extractive
distillation column was pumped to a solvent reayglcolumn. The solvent recycling
column comprised 20 theoretical plates and theymrodt the bottom of the extractive
distillation column was pumped thereinto througH" Iflate thereof. The solvent
recycling column was operated under pressure ob@8Complete condensation was
carried out at a top of the solvent recycling catur reflux ratio was 0.1. A product
from the top of the solvent recycling column haaass flow of 0.3 kg/h, and dimethyl
carbonate with a purity of 99.53wt% and methanahvai purity of 0.47wt% could be
obtained. A temperature at the top of the solvenycling column was ?C, and a

temperature at a bottom of the solvent recyclirigroo was 19€C.

Example 4E

An extractive distillation separation process aevsh in Fig. 2 was used. An
extractive distillation column comprised 35 themat plates (counted from top to
bottom). An extractant which was comprised of 60vaPiriethylene glycol dimethyl
ether and 40wt% of 1-hexyl-3-methylimidazolium &#wmoroborate ([hmim][BH)
was added to the extractive distillation columrotiyh 4" plate thereof with a mass
flow of 10 kg/h, and a raw material (i.e., a mixduwf dimethyl carbonate with content
of 50wt% and methanol with content of 50wt%) wasdemtl to the extractive
distillation column through 29plate thereof with a mass flow of 1 kg/h. A magstior
of extractant to raw material was 10. The extractistillation column was operated
under normal pressure, and complete condensatiencaaied out at a top of the
extractive distillation column. A reflux ratio wds8. A product from the top of the
extractive distillation column had a mass flow d @g/h, and methanol with a purity
of 99.83wt% and dimethyl carbonate with a purity(17% could be obtained. A

temperature at the top of the extractive distitlaticolumn was 6€, and a
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temperature at a bottom of the extractive distillaicolumn was 16C. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
column. The solvent recycling column comprised I2&otetical plates and the product
at the bottom of the extractive distillation colunvas pumped thereinto through™4
plate thereof. The solvent recycling column wasrafsel under pressure of 0.1 bar.
Complete condensation was carried out at a toghe@fsblvent recycling column. A
reflux ratio was 0.05. A product from the top oétholvent recycling column had a
mass flow of 0.5 kg/h, and dimethyl carbonate wathpurity of 99.83wt% and
methanol with a purity of 0.17wt% could be obtainAdemperature at the top of the
solvent recycling column was &8, and a temperature at a bottom of the solvent

recycling column was 20G.
Example 5E

An extractive distillation separation process aewsh in Fig. 2 was used. An
extractive distillation column comprised 33 themat plates (counted from top to
bottom). An extractant which was comprised of 30vaP@iethylene glycol dimethyl
ether and 70wt% of 1-hexyl-3-methylimidazolium &#wmoroborate ([hmim][BH)
was added to the extractive distillation colummtiyh 3 plate thereof with a mass
flow of 7.5 kg/h, and a raw material (i.e., a mbetwf dimethyl carbonate with content
of 30wt% and methanol with content of 70wt%) wasdemtl to the extractive
distillation column through 29plate thereof with a mass flow of 1 kg/h. A magstior
of extractant to raw material was 7.5. The extuwactistillation column was operated
under normal pressure, and complete condensatiencaaied out at a top of the
extractive distillation column. A reflux ratio wds2. A product from the top of the
extractive distillation column had a mass flow of 8@g/h, and methanol with a purity
of 99.65wt% and dimethyl carbonate with a purity(85% could be obtained. A
temperature at the top of the extractive distilaticolumn was 6€, and a
temperature at a bottom of the extractive distillaicolumn was 16. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
column. The solvent recycling column comprised Hébtetical plates and the product

at the bottom of the extractive distillation columas pumped thereinto through' 3
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plate thereof. The solvent recycling column wasrafeel under pressure of 1 bar.
Complete condensation was carried out at a toghe@fsblvent recycling column. A
reflux ratio was 0.3. A product from the top of teelvent recycling column had a
mass flow of 0.3 kg/h, and dimethyl carbonate wathpurity of 99.18wt% and
methanol with a purity of 0.82wt% could be obtainAdemperature at the top of the
solvent recycling column was &8, and a temperature at a bottom of the solvent

recycling column was 19€.
Example 6E

An extractive distillation separation process aewsh in Fig. 2 was used. An
extractive distillation column comprised 33 themat plates (counted from top to
bottom). An extractant which was comprised of 30vafriethylene glycol dimethyl
ether and 70wt% of n-butylpyridinium tetrafluorobte ([bpy][BFR]) was added to the
extractive distillation column througH®®late thereof with a mass flow of 7.5 kg/h,
and a raw material (i.e., a mixture of dimethylbzarate with content of 30wt% and
methanol with content of 70wt%) was added to th&aetive distillation column
through 28' plate thereof with a mass flow of 1 kg/h. A maatsorof extractant to raw
material was 7.5. The extractive distillation colunwvas operated under normal
pressure, and complete condensation was carriedabwt top of the extractive
distillation column. A reflux ratio was 1.2. A prodt from the top of the extractive
distillation column had a mass flow of 0.7 kg/hgdanethanol with a purity of 99.76wt%
and dimethyl carbonate with a purity of 0.3% cobédobtained. A temperature at the
top of the extractive distillation column was’64 and a temperature at a bottom of the
extractive distillation column was 18D. A product at the bottom of the extractive
distillation column was pumped to a solvent recyglcolumn. The solvent recycling
column comprised 10 theoretical plates and theymdt the bottom of the extractive
distillation column was pumped thereinto througf late thereof. The solvent
recycling column was operated under pressure odrl ®omplete condensation was
carried out at a top of the solvent recycling catur reflux ratio was 0.3. A product
from the top of the solvent recycling column hadass flow of 0.3 kg/h, and dimethyl

carbonate with a purity of 99.44wt% and methandhvai purity of 0.56wt% could be
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obtained. A temperature at the top of the solvenycling column was 88, and a
temperature at a bottom of the solvent recyclingroa was 232C.

Example 7E

An extractive distillation separation process aswsh in Fig. 2 was used. The
reaction in Example 2E was carried out continugushd the device was operated for
150 hours to obtain product quality as shown in. g As shown in Fig. 6, a
concentration of methanol was always above 99.8%b,aaconcentration of dimethyl
carbonate changed around 99.6%. The device waatedestably.

Comparative Example 1E

In patent CN104761422A, 1-butyl-3-methylimidazoliwmloride was used as an
extractant for separating a mixture of dimethyl beemate and methanol. The
experiment was carried out in a same operationcdeand under a same operation
condition as Example 2E. An extractive distillatioolumn comprised 38 theoretical
plates (counted from top to bottom). 1-butyl-3-nyéithidazolium chloride was added
to the extractive distillation column througi' #late thereof with a mass flow of 7
kg/h, and a raw material (i.e., a mixture of dinyetarbonate with content of 30wt%
and methanol with content of 70wt%) was added &ekiractive distillation column
through 34' plate thereof with a mass flow of 1 kg/h. The agtive distillation
column was operated under normal pressure, and letengondensation was carried
out at a top of the extractive distillation colunfreflux ratio was 1.3. A product at
the bottom of the extractive distillation columnsvaumped to a solvent recycling
column. The solvent recycling column comprised Heébtetical plates and the product
at the bottom of the extractive distillation columas pumped thereinto through' 8
plate thereof. The solvent recycling column wasrateel under pressure of 0.005 MPa.
Complete condensation was carried out at a toghe@fsblvent recycling column. A
reflux ratio was 0.1. After the device was operated 1 hour, pipeline blockage
phenomenon occurred to circulation pipeline of  a@oni liquid

1-butyl-3-methylimidazolium chloride, and contingoaxtraction process was forced

-43-



10

15

20

25

30

to terminate. This is possibly because 1-butyl-3hylenidazolium chloride has a
melting point of 68C and has a relatively high viscosity.

Comparative Example 2E

1-hexyl-3-methylimidazolium tetrafluoroborate ([m{BF4]) was used as an
extractant for separating a mixture of dimethyl beemate and methanol. The
experiment was carried out in a same operationcdeand under a same operation
condition as Example 2E. An extractive distillatioolumn comprised 38 theoretical
plates (counted from top to bottom). 1-hexyl-3-nyéthidazolium tetrafluoroborate
was added to the extractive distillation columrotigh 4" plate thereof with a mass
flow of 7 kg/h, and a raw material (i.e., a mixtueedimethyl carbonate with content
of 30wt% and methanol with content of 70wt%) wasdedl to the extractive
distillation column through 3% plate thereof with a mass flow of 1 kg/h. The
extractive distillation column was operated undernmal pressure, and complete
condensation was carried out at a top of the etxradlistillation column. A reflux
ratio was 1.3. A product at the bottom of the eotive distillation column was
pumped to a solvent recycling column. The solveatycling column comprised 18
theoretical plates and the product at the bottonthefextractive distillation column
was pumped thereinto througt! ®late thereof. The solvent recycling column was
operated under pressure of 0.005 MPa. Completeetation was carried out at a top
of the solvent recycling column. A reflux ratio wad. The device was operated stably
during the first 5 hours, and methanol with massceatration of 99.8% and dimethyl
carbonate with mass concentration of 97% could Htaimed. However, during later
operation process, it was discovered that cirauagpump power increased; feed
material in liquid phase fluctuated; and ionic Idjlnad a relatively high viscosity. As
a result, gas-liquid mass transfer efficiency ire tbolumns decreased, and the
extractive distillation column was operated in astable state. Mass concentration of
methanol decreased to 99.5%, and mass concentratia@imethyl carbonate was
lower than 98.8%.

The present disclosure is illustrated in detail cmmbination with preferred
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embodiments hereinabove, but it can be understoadthe embodiments disclosed
herein can be improved or substituted without d&p@afrom the protection scope of
the present disclosure. In particular, as longh&set are no structural conflicts, the
technical features disclosed in each and every dmtamt of the present disclosure
can be combined with one another in any way, amdcthmbined features formed
thereby are within the protection scope of the gméesdisclosure. The present
disclosure does not describe the combinations e$ehfeatures in an exhaustive
manner for conciseness. The present disclosureots limited by the specific
embodiments disclosed herein, but includes all neeth solutions falling into the
protection scope of the claims.
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CLAIMS

1. A method for separating dimethyl carbonate frogthanol, comprising:

subjecting a raw material containing dimethyl cawdte and methanol to
extractive distillation, wherein an extractant coisipg at least one compound having
a general formula of C4#(CH,CH,0),CHgs, n being an integer of 2-8, is used in the

extractive distillation .

2. The method according to claim 1, wherein theagxant comprises diethylene
glycol dimethyl ether, triethylene glycol dimethsther, tetraethylene glycol dimethyl
ether, pentaethylene glycol dimethyl ether, hexdette glycol dimethyl ether,
heptaethylene glycol dimethyl ether, octaethylelyeaj dimethyl ether or a mixture
thereof.

3. The method according to claim 1 or 2, wherem eéRtractant is comprised of
diethylene glycol dimethyl ether, triethylene glyydamethyl ether, tetraethylene glycol
dimethyl ether, or a mixture of diethylene glycomdthyl ether, triethylene glycol
dimethyl ether, and tetraethylene glycol dimethylee, and preferably, the mixture is
comprised of 10-40wt% of diethylene glycol dimetleyher, 20-60wt% of triethylene
glycol dimethyl ether, and 10-40wt% of tetraeth@agiycol dimethyl ether.

4. The method according to claim 2, wherein thetunecis a polyethylene glycol
dimethyl ether, preferably the polyethylene glydwhethyl ether comprises triethylene
glycol dimethyl ether, tetraethylene glycol dimdthgther, pentaethylene glycol
dimethyl ether, and hexaethylene glycol dimethyieet and an average relative

molecular weight thereof ranges from 240 to 276fgyably from 250 to 260.

5. The method according to claim 1, 2, or 4, whertie extractant further
comprises an ionic liquid, preferably the ionicuiig is at least one selected from

imidazole ionic liquid and pyridine ionic liquid.

6. The method according to claim 5, wherein anibthe ionic liquid comprises
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one or more selected from a group consisting of aftearophosphates,
tetrafluoroborates, and bistrifluoromethanesulfades; and/or, cation of the ionic
liquid comprises one or more selected from a gmusisting of 1, 3-alkyl substituted
imidazolium cation [RRsim]* and N-alkylpyridine cation [Rpy] in which the alkyl is
selected from C1-C8 linear alkyl or C1-C8 brancla#id/l, preferably selected from
methyl, ethyl, propyl, isopropyl, n-butyl, sec-bltiert-butyl, hexyl, and heptyl.

7. The method according to claim 5 or 6, wherem itnic liquid comprises one
or more selected from a group consisting of 1-h@giethylimidazolium
hexafluorophosphate ([hmim][EJ, 1-butyl-3-methylimidazolium
hexafluorophosphate  ([omim][Ely, = N-butylpyridinium  hexafluorophosphate
([bpyl[PFe)), 1-ethyl-3-methylimidazolium bis[(trifluoromethgulfonyl]imide
([emim][NTf2]), 1-butyl-3-methylimidazolium bis[(fluoromethyl)sulfonyl]imide
([bmim][NTf2]), 1-butylpyridinium bis(trifluorometilsulfonyl)imide ([bpy][NTf2]),
1-hexyl-3-methylimidazolium tetrafluoroborate ([hm{BF4]),
1-butyl-3-methylimidazolium tetrafluoroborate ([bmi{BF4]), and n-butylpyridinium
tetrafluoroborate ([bpy][BH).

8. The method according to any one of claims 5, twherein in the extractant, a
content of the ionic liquid ranges from 40wt% ton8®, preferably ranges from 50wt%
to 80wt%.

9. The method according to any one of claims 1, tel&rein a mass ratio of the
extractant to the raw material ranges from 1 topt2ferably ranges from 5 to 9, and

more preserably ranges from 6 to 8 .

10. The method according to any one of claims ®,twherein a molar ratio of
the extractant to the raw material ranges fromt6.8, preferably ranges from 0.9 to
2.1.

11. The method according to any one of claims 1@p wherein in the raw

material, a content of dimethyl carbonate rangesnfilwt% to 60wt%, preferably
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ranges from 20wt% to 50wt%.

12. The method according to any one of claims 1%pwherein the extractive
distillation proceeds in the extractive distillatioolumn, the extractant is added to the
extractive distillation column from an upper pdréteof, the raw material is added to
the extractive distillation column from a lower p#uereof, a product at a top of the
extractive distillation column is methanol, andraduct at a bottom of the extractive

distillation column is a mixture of dimethyl carkaie and the extractant.

13. The method according to claim 12, wherein ttuglpct at the bottom of the
extractive distillation column is fed to a solveetycling column to obtain dimethyl
carbonate at a top of the solvent recycling colwafiar distillation, and the extractant
obtained at a bottom of the solvent recycling caluis fed back to the extractive

distillation column.

14. The method according to claim 13, wherein asrafon pressure of the
extractive distillation column ranges from 0.05 MpaD.2 Mpa, preferably from 0.09
Mpa to 0.12 Mpa; a reflux ratio ranges from 0.55topreferably from 0.5 to 3; a
theoretical plate number ranges from 20 to 50,gpadfly from 30 to 50; a temperature
at the bottom of the extractive distillation columanges from 16T to 250C,
preferably from 178 to 220C; and a temperature at the top of the extractive
distillation column ranges from 80 to 80C, preferably from 6{C to 70C.

15. The method according to any one of claims 124powherein an operation
pressure of the solvent recycling column ranges fitoKPa to 110 KPa, such as 1 KPa
to 5 KPa, 5 KPa to 20 KPa, 5 KPa to 105 KPa, an&Rf to 105 KPa; a reflux ratio
ranges from 0.5 to 5, preferably from 0.5 to 3heotretical plate number ranges from
15 to 25; a temperature at the bottom of the solveoycling column ranges from
120°C to 250C; and a temperature at the top of the solventctizy column ranges
from 20°C to 106C.
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