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HAVI NG DI FFERENT POLARI TI ES The present invention relates to the

separ at i owoaB/oor2gani ¢ |iquids. More 5 specifically it relparasor/os9a9 process
for separating organic |iquids based upon their polarity utilizing a | ow
polarity or non-polar nmenbrane. Background O The Invention It is well
known to separate m xtures of |iquids by various techniques 10 including
adsorption or distillation. These conventi onal processes, however,

general ly have_high capital costs. For exanple, separating |iquids by
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as, punps, collection vessels, ~vacuum génerating equi pnment, etc.
Distillation operations also generally have 15 high operating costs
associated wth heating, cooling and material transfer. _Additionally, the
speci fic properti eshopresentnygnidon wlatesia thepsepaptiemelresnis liawds-r Mete equi prent
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or nore 20 towers) or by the addition of other materials to the separation
system Adsorption systens al so encounter conparable problens to those

associ at ed W']tBQc]gl g%hldfafﬂeqﬂien'ﬁgﬂs, it would be advantageous to be able to
separate m xtT T ich are difficult or expensive to
separate by distilltad wellkaswatsppiateanixdyss efikuidsHy vhfieusitehdfudgenbr ane

technol ogy to separate mxtures which are difficult to separate by
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mechani sm Methods 30 have been proposed which utilize nmenbranes to
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mxtures thr O{lj&rﬁm%eée\r/lgl%gﬁéi %&ﬁﬂma%’t?&?.r Distillation operations also generally have

15 high operating costs associated with heating, cooling and material transfer.

Additionally, the specific properties of the materials being separated may
warrant equipment or processing beyond that required for simple distillation to
complete the separation. For example, when the mixture to be separated forms an
azeotrope, the separation may require a series of steps (e.g., use of two or more

20 towers) or by the addition of other materials to the separation system.

Adsorption systems also encounter comparable problems to those
associated with distillation.

Thus, it would be advantageous to be able to separate mixtures of materials
which are difficult or expensive to separate by distillation or adsorption systems.

25 The use of membrane technology to separate mixtures which are difficult
to separate by distillation or adsorption are known in the art and include the use of
porous and non-porous membranes. Non-porous membranes are used to separate
mixtures of miscible liquids by exploiting the differences in the rate of transport
through the membrane by means of a solution and diffusion mechanism. Methods

30 have been proposed which utilize membranes to separate mixtures of organic

substances or water/organic substance mixtures through pervaporation, vapor



WO 03/ 002237 PCT/ US02/13979 2 perneation or perstraction. Although each of
t hese techniques rely upon a solution and diffusion nechanismfor

t ranspor twohsouh7 t he menbrane, the operating paranet er s PETAISOR13989
different. In the case of pervaporation,othe liquid to be subjected to
separation is fed 5 on one side of a nenbrane, while the pressure is
decreased or a carrier gas is passed on the other side of the nenbrane to
perneate the material to be separated in the formof a gas through the

menbr ane. Vapor : t .ffe Nt V, r.of lxture is fed on
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Perstraction differs from pervaporation in that the material to be

separated i s pRerHEERARRHeS@ghddileeliffenedl ane as a liquid and the carrier

streamis also a }iguid. anpl es.. of t ho e ovi such nbrane
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al . describes a nethod for concentrating a charge solution containing a
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rate than the oxygena thus concentrating the "oxygenate. The present
i nvent ors havasuadgpidct edly di scovered that a liquid of reduced polarity

relative to a mxtyre oo bl Auh3ss OAMD8 e Sa HOGuRaL AL L 58 heP e
separation of organic substance/water mixtures using a polymeric membrane

15 having active anionic groups, separation of ethanol/water mixtures using a
cellulose acetate membrane or a polyvinyl alcohol membrane, separation of
organic substance/water mixtures or organic substance mixtures using a poly
acrylonitrile copolymer membrane and separation of organic substance mixtures
using a cross-linked polyvinyl alcohol membrane.

20 U.S. Patent No. 4,798,674 to Pasternak et al. describes a method for
concentrating a charge solution containing a C;-Cs alcohol and an organic
oxygenate selected from organic ethers, aldehydes, ketones and esters through
pervaporation using a membrane of cross-linked polyvinyl alcohol and a high
molecular weight ion exchange resin in membrane form. The alcohol permeates

25 the membrane at a higher rate than the oxygenate, thus concentrating the
oxygenate.

The present inventors have unexpectedly discovered that a liquid of
reduced polarity relative to a mixture of liquids having varying polarity can be
selectively separated from the mixture using a low polarity or non-polar, non-

30 porous membrane.



selectively separated fromthe m xture using a |low polarity or non-polar,

non- 30 porous nenbrane. WO 03/002237 PCT/US02/ 13979 3 Summary O The

| nvent i orwOhe/om2esent i nvention is a nethod for separati n@CatuSoza®yy one

| ower polarity fluid froma m xture of f3l uids having varying polarity. A
met hod for separating at |east one |ower "polarity fluid froma m xture of
5 fluids having varying polarity, conprising contacting at |east one | ow

polarity or non-polar polyneric nmenbrane with the m xture conpri sing

fluids of varying polarity under conditions such that the at |east one
| ower pol arité‘ﬂﬂ%@&l&&l’ﬁm perneates through the menbrane, wherein
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fluids of varying polarity, e.g., dinethyl carbonate, ethylene glycol, and
met hanol , andPOlgEveder eomditiopaeichibatihe atleast onalopenpelrdyluid salediyely
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different flux rates and different selectivities relative to the
passing a solvent fluid over the side of the membrane opposite to the side which is

contacted with the mixture under conditions such that the lower polarity fluid is

15 carried away from the membrane. The mixture typically comprises fluids of
varying polarity, e.g., dimethyl carbonate, ethylene glycol, and methanol, and
wherein the lower polarity fluid comprises dimethyl carbonate. It is also desirable
to use the method of the present invention when hydrogen is the lower polarity
fluid.

20 The present invention also includes the use of such a membrane integral to
a chemical reactor, wherein the mixture comprising the fluid of varying polarity is
formed via the reaction of ethylene carbonate and methanol.

Optionally, two or more low polarity or non-polar polymeric membranes
are contacted by the mixture in series, wherein the permeated liquid from one

25 membrane contacts the next adjacent membrane and so forth. The membranes
preferably have different flux rates and different selectivities relative to the
selectively permeable fluid or fluids which contact each respective membrane.
The membrane may further comprise a porous support layer and typically is a
composite membrane comprising a plurality of polymeric layers.

30 The present invention also includes a process for producing a dialkyl

carbonate which comprises the following steps: (a) reacting an alkanol with an



selectively perneable fluid or fluids which contact each respective
menbrane. The nenbrane nmay further conprise a porous support |ayer and

t ypi cal | ywo3m0228pnposi t e nenbrane conprising a pluralityPefi/ysot/yavesic

| ayers. 30 The present invention also ingludes a process for producing a
di al kyl carbonate which conprises the follow ng steps: (a) reacting an

al kanol with an WO 03/002237 PCT/ US02/ 13979 4 al kyl ene carbonate, thereby
form ng a product m xture conprising the dialkyl carbonate, the al kanol,

t he al kyl ene rbonate and, optionally, al kyl ene glycol; _and (b)
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i s of rel atiebmelappsentroltizsse skillad ircthapegon txanihati@ast the fidlostihglor f | ui d of
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le,
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polarity, because at |least one fluid 4 in the mxture of four fluids is of
a higher polarity than each of fluids 1 through 3. The present invention

I's a method gL, §EPAEAHRGN &S PlE Ol AbIRMSits

15 As used herein and in the claims, the term “lower polarity” when referring

to a fluid (e.g., liquid and/or gas) means that the fluid with lower polarity is of
relatively lower polarity as compared to at least one other fluid of higher polarity
in a mixture of fluids. For example, assume a fluid mixture contained fluid 1,
fluid 2, fluid 3, and fluid 4 and that each successively listed fluid was of higher
20 polarity than the preceding listed fluids (i.e., as to polarity: fluid 1 < fluid 2 < fluid
3 <fluid 4). Then each of fluids 1 through 3 could qualify as a fluid of lower
polarity, because at least one fluid 4 in the mixture of four fluids is of a higher
polarity than each of fluids 1 through 3.
The present invention is a method for separating a mixture of organic
25 fluids (e.g., liquids and/or gases) based upon their relative polarity. More
specifically, it is a method for selectively separating a liquid or liquids of
relatively lower polarity from a mixture of liquids having varying polarity using a
low polarity or non-polar, non-porous polymeric membrane.
The process of the present invention is accordingly suitable, for example,
30 for the following separation tasks, i.e., the removal of dialkyl carbonates from

alcohols, the removal of dialkyl carbonates from diols, the removal of dialkyl



25 fluids (e.g., liquids and/or gases) based upon their relative polarity.
More specifically, it is a nmethod for selectively separating a liquid or

| i qui ds oWOo isebaBTvely | ower polarity froma mxture of | iPqUIe2/zeve ng
varying polarity using a |low polarity oL non- pol ar, non-porous polyneric
menbrane. The process of the present invéntion is accordingly suitable, for
exanple, 30 for the follow ng separation tasks, i.e., the renoval of

di al kyl carbonates from alcohols, the renoval of dial kyl carbonates from
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pref erably nosmdpasthaise. pol yneric nenbranes (i.e., non 10 porous in the sense
of not permtting nmacroscopi c sized particles to pass therethrougg). The
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di ffusion test, in which a mxture o ol ar species _and a non-pol ar
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descri bed bel [ Jr ' ' LML =3 LEfusivity of
non- pol ar spe@lgee?ﬂgl%ﬁg’gggBg;rygﬁnfS%%%rﬁesﬁé%%@bﬁm{é%3%%%%1165g{éé Cer than 1
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present invention is a |ow polarity or non-polar |atex-based nenbrane
formed from negcur#ig lptgkex found in the Hevea brasilensis

The suitability of a given low polarity or non-polar membrane for use in

15 the present invention may be determined by a competitive diffusion test, in which
a mixture of a polar species and a non-polar species is allowed to diffuse through
the membrane. One such test is described below in Example 1. A relative
diffusivity (i.e., diffusivity of non-polar species divided by diffusivity of polar
species) greater than 1 is required, and greater than 3 is preferred.

20 A membrane useful in the present invention is a low polarity or non-polar
latex-based membrane formed from natural latex found in the Hevea brasilensis
tree. Natural Hevea latex has been described as a cytoplasmic system containing
rubber and nonrubber particles dispersed in an aqueous serum phase. Generally,
Hevea natural rubber contains about 93 to 95 wt% Cis-1-4-polyisoprene. The

25 nonrubber portion consists of moisture (0.30-1.0 wt%), acetone extract (1.5-4.5
wit%), protein (20.-3.0 wt%) and ash (0.2-0.5 wt%).

The double bonds in such natural rubber undergo the usual chemical
reactions, such as, addition, substitution and epoxidation. Thus, the natural rubber
can be treated or modified to change its physical properties. For example, natural

30 rubber can be chlorinated to improve its resistance to chemical attack, reacted with

peracids to provide an epoxidized natural rubber which has increased oil



tree. Natural Hevea | atex has been described as a cytoplasm c system
contai ning rubber and nonrubber particles dispersed in an agqueous serum
phase. Geweroaloh3z37 Hevea natural rubber contains about 93PCa/UH62/¥9%H

Ci s-1-4-polyi soprene. The 25 nonrubber pgrtion consi sts of noisture
(0.30-1.0 %, acetone extract (1.5-4.5" w%, protein (20.-3.0 % and
ash (0.2-0.5 wt% . The doubl e bonds in such natural rubber undergo the
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pol yners and/or “elastonmers w ave a relatrve | ow pol-arit

non- pol ar andupubstithed aliphaiel g dfceirbus or silicdrdeeolyah&s afd/of dlxgathér@Rvillpr ovi ded
that they otherw se exhibit the required physical characteristics. For
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15 the carbon® rg eo'rtlrlsnvieﬁﬁ?rh(g}{ (?f\eg&r;%lrtgﬁetﬁ%ﬁgerng{met% ﬁ%tetﬂﬁaergglgrgyggysécﬁbon at ons
be | ess than éhatackeiseegat ons per carbon atom and nore preferably | ess than
0.05. Thus, sonme common condensation polynmers, such as nylon 6,6
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range of het erraagto? H%t%?o%o%‘st, such as oxygen, nitrogen or chlorine, chemically bonded to

15 the carbon atoms in the membrane polymer to the number of carbon atoms be less
than 0.2 heteroatoms per carbon atom, and more preferably less than 0.05. Thus,
some common condensation polymers, such as nylon 6,6 (polyamide) and
polyethylene terephthalate fall outside this preferred range of heteroatom content.

The membranes according to the current invention may also be composed

20 of two or more polymeric layers to form a composite membrane. Preferable, the
composite membrane will have a first outer side composed of a low polarity or
non-polar polymeric material to provide for the less polar fluid(s) to be separated
from the mixture within the first outer side of the membrane. Preferably, the
composite membrane will have an inner layer or layers between the first outer side

25 and second outer side of the composite membrane. The inner layers should be of a
suitable material to allow diffusion of at least one of the non polar fluids to be
separated from the starting mixture of fluids. Optionally, the inner layer may be
chosen such that it will allow for diffusion of less than all of the non polar fluids
that diffuse into the first outer side of the membrane. For example, the inner layer

30 or layers may be of sufficient number and/or thickness to allow for preferential

diffusion of a molecule of smaller diameter from a mixture of fluids with equal



The nenbranes according to the current invention may al so be conposed 20
of two or nore polyneric layers to forma conposite nmenbrane. Preferable,
the conpweiBeoarenbrane will have a first outer side conpesedsoi/13@79 ow
polarity or non-polar polyneric material, to provide for the | ess polar
fluid(s) to be separated fromthe mxture within the first outer side of
the nmenbrane. Preferably, the conposite nenbrane will have an inner |ayer
or |ayers between the first outer side 25 and second outer side of the
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second fl ui d @ mifsate ghasés ificantdet. withTihe neesatrant. dissentiallyyleer membyanef er abl y
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15 membrane is characterized by permitting: (a) sorption in the first face of at least
one component of the fluid mixture, e.g., the least polar material in the mixture;
(b) diffusion of the one component across the thickness of the membrane; and (c)
desorption of the one component from the second face into the solvent fluid. A
chemical potential gradient or concentration gradient for the one component is
20 then established across the membrane, the potential or concentration in the first
fluid mixture being greater than in the second solvent fluid side.
The overall rate of migration of the one component from the first fluid
mixture to the second fluid is dependent upon, inter alia, the following: (1) extent
and rate of sorption of that one component in the first face of the membrane; (2)
25 rate of diffusion of the one component through the membrane; and (3) extent and
rate of desorption of the one component out of the second face into the solvent
fluid.
If either extent or rate of sorption is low then the overall migration rate of
the one component will be low regardless of the diffusion rate of the component in
30 the membrane or desorption rate into the solvent fluid. The extent and/or rate of

sorption of the one component may be low, for example, because its concentration



one conponent of the fluid m xture, e.g., the least polar material in the
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than in the second solvent fluid side. The overall rate of mgration of the
one conponent fromthe first fluid _ mxture to the second fluid is
dependent upoit thedirat flyd mixturgis low) leedipg ity loppteoftianster efifhe pag e of sorption
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solvent fluid. If either extent or rate of sorption is l[ow then the
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PCT/ US02/ 13979 8 in the first fluid mxture is low, leading to |ow rate of

transfer of tlege epraporsshpyriddingsubstsnses which reduse themf§nity efide srembzaneponent
may appr eci abl well or | astigize the first face. and in i.ng SO permt
sorpt 1 on of -ottiare anedhenBal B Ry PR AL S AR iR B e it o
face. Such sweitbt R@tefY ofBe MBIl EairiAYr, thel dhaRREEES diffnSibassf theks in the
menbrane, by blending (i.e., alloying) the material of the nenbrane with

subst anldes ( e igferstigrs|iy ithe siyfaghiegivnafdhepembrgne iwthetsieadyrstategmdet onponent , by
addi ng subst ancesﬁv\,hi ch & eoéuS e he affi né %1%’51 ofe t Hl% nbr ane. ftor he one
conponent, ancﬁ’pﬁlﬂ? P%ﬁ?ﬁ:q tﬁ(al 5 LP@F%? 10 WY 855%?‘5?% P SATRIRE O at ex
material of thgwiakeBcampendn.t her, the characteristic dinmensions of the 10
interstices in the surface region of the nmenbrane in the steady-state under
oper ati ng condi ti ofEnstadlyitlae rgtenadrdaffiugiorbef the one edmponghi ivbredies@stis ages
sorption of uava ted co o%nts. . .
iameter decreases. However, among components having substantially the same
15 diameter, those of greater length (i.e., greater aspect ratio) will generally diffuse
less rapidly. Components having great lengths (e.g., polymers) may not diffuse at
all even théugh they have small diameters in the extended (e.g., solvated or
diffused) form and appreciable sorption (so-called “snake-cage” effect). The
interstices in the material of the membrane must be appreciably larger than the
20 characteristic dimension of the diffusing component (e.g., the one component). In
some instances the overall permeability can be quite high, even though the extent
or sorption is low, owing to exceptionally large diffusion coefficients. In some
processes (e.g., pervaporation) the rate of desorption of sorbed components into
the solvent fluid in contact with the second face of the membrane can be so high
25 and/or the chemical potential of the desorbed components in the solvent fluid so
low that the second face is essentially free of sorbed components. In such a case,
the overall rate of migration of the one component may be almost entirely
determined by the slow diffusion in the second face. Small molecules and/or

mblecules having high affinity for the material of the membrane will then be

30 favored.



Generally the rate of diffusion of the one conmponent increases as its

di anet er decreases. However, anong conponents having substantially the sane
15 di anretwn,030bm232 of greater length (i.e., greater aspectPCTAISOL)39%4 | |
generally diffuse | ess rapidly. Conponenys having great |lengths (e.g.,
polymers) may not diffuse at all even though they have small dianeters in
the extended (e.g., solvated or diffused) form and appreciable sorption
(so-call ed "snake-cage" effect). The interstices in the material of the
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fromthe first fluid mxture into the first face. The extent, of desorption
may be Pow be W%%Sﬁ%ﬂ%fé{é}ﬁ %abedmmrgisgsi%@ Sgqomd G356 & Y€ n t he

sol vent i quidlq | §£AG n§%@§f’ncth§%g.y | ow conpared to the chem cal potential
in the secon ace of the nenbrane. This may, for exanple, be due to |ack
of sufficient diffTis overadhchtecafmipeitionrant geleetivtyewil e affestet bg dhospecific

conponent fromthe vicinity of the second face. On .the other hand, the
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so | ow that r];gol%lﬂgr\r/ g?%llﬁy&ﬁ Slfd?tek%f)l\é, {8 p?cﬂfopt?cqls o @B%ﬁﬁ},(fﬁferé-, Qoirtegx%rss econd

face resulti
15 and vulcanizing agents present in the compounded latex rubber can affect the

selectivity and rate of migration. The molecular weight and viscosity of the
polymer or elastomer, and the thickness of the membrane, can also affect the rate
of migration.

Preferably, the addition of fillers and softeners will be avoided or

20 minimized, so that the membrane will contain none or only small amounts of such
additives or impurities, because of the negative influence on the permeability of
the membrane. The membrane will generally be vulcanized (or cross-linked) by
heating during the preparation process of the membrane or, optionally, by the
addition of a small amount of a vulcanizing or cross-linking agent during the

25 preparation process.

The low polarity or non-polar latex membrane of the current invention can
be prepared in the form of a film by any process known in the art, such as, for
example, casting or coating an aqueous dispersion or emulsion followed by
drying. Such an aqueous dispersion will generally contain about 5 to 10 wt%

30 elastomer, e.g., polyisoprene, and a crosslinking or vulcanizing agent, e.g., sulfur

or sulfur species.



| ow di ffusion rates in the face. The overall rate of mgration and
selectivity will be affected by the specific conposition of the nenbrane
and t he pwWoBoed23tharacteristics (e.g., polarity) of the ppolusami39enpl oyed.
For exanple, the proportions of elastomerq, fillers, softeners 15 and

vul cani zi ng agents present in the conpounged | at ex rubber can affect the
selectivity and rate of m gration. The nol ecul ar wei ght and vi scosity of
the polynmer or elastonmer, and the thickness of the nenbrane can al so

affect the rate of m atlon erably, the ad ers and
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wi Il pref er ablsystembeingecoataoted-ang ahisksprbeides smﬁﬁclmtsmohaahlbﬁ propertisluadet y or
non-pol ar pol yrrer having a thickness of about 0.1 to 15 mls, preferably
0.5 to & m | s thesnepidicgpeiating gen B‘Hlspor ous layer wll be incorporated into

a conposite struct W%éﬁ@%&ﬁn@@eﬂf ﬁ?%t“&#{?g"@ﬁ?ﬁre% @M1 gh

degree of porosity an anlca str ayer can conprise
a layer of anyigseid fralome shtearf itla membmahe ast,he athet by anismednsndifer fihdar ous, woven
or non-woven cloth qor nmesh, a wire or nmetal nmesh, or glass fibers. The
carrier through the membrane itself. Typical configurations include any configuration
known in the art, such as, flat sheets or films, tubes or hollow fibers. Although the
15 use of a single membrane is typical, the use of a series of membranes having
different rates of permeation and selectivity is also contemplated. Generally, when
such a series of membranes are employed, the mixture of liquids having varying
polarity will be contacted successively with the membranes so that the permeated
liquid from one membrane is contacted with the next membrane in succession.
20 Typically, the membranes will be arranged so that they are contacted in order of
decreasing rate of permeation and increasing selectivity.
The process of the present invention is particularly useful for separating
organic liquids having varying polarities that are difficult or costly to separate by
other methods, such as, distillation. For example, mixtures of liquids, such as,
25 dimethyl carbonate and methanol, are difficult to separate by distillation because
an azeotrope is formed. However, since dimethyl carbonate is less polar than
methanol and will selectively permeate through the low polarity or non-polar
membranes of the present invention at a faster rate than the methanol, it can be
selectively separated from the mixture.

30 The present process can be carried out under pervaporation conditions, in

which the mixture of fluids (e.g., liquids or gases) having varying polarity is



| ayer can be any porous, flexible, material which is conpatible with the
chem cal system being contacted and whi ch provides sufficient mechanical
properti esowndex237 10 t he specific operating conditions. TireTrsobizane can be
of any configuration which prevents the ?Low of liquid fromone side of
the nenbrane to the other by any neans other than through the nenbrane
itself. Typical configurations include any configuration known in the art,
such as, flat sheets or filns, tubes or hollow fibers. Al though the 15 use

of a single nenbrane i.s typical, the use of a series of nenbranes having
different rat @enta?teg avbeonisile of e 108 ROV Y Hor-golar. 8gn-pgravs mﬂnﬁﬁtr@&.-
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is particularly or separa organi c 1 qul avi ng varying

pol arities thaswprasulte btlostdboudt 0S¢, yTheopsmpate aitichpassestthetglitichods, such
as, distillation. For exanple, mxtures of |iquids, such as, 25 dinethyl
car bonat e and TrERsaRfOANd Sits agp VaRQE Ay hegeeqygiaddyecondendingat I9%at i on because

an azeotrope i i i r j S | ar
than net hanoltana%eggt\g\ﬁd?r %%ﬁ%ﬁﬁ% gf{}/’ %%grgn%ﬁe@t rl%gg(f gQ?rﬁ) é’ﬁTéos\?\feérgl Ogrgig%)'y or
non-pol ar nenBxamngks of sdpamtiohesmivk pemusorhii@ncoatlitivond dat e coatempldian t he

met hanol , it can be selectively separated fromthe m xture. 30 The present
processi&an bénddydeseparating mgthaae frpwrampdwgof iethans and Weies vapos, angrf@n t he

m xture of fl yj . PR\ T el r gases) having varying polarity is WD
03/ 002237 PCTX%@%E%@%%CBZ) %Ogﬂg%l%agct ed with one side of the low polarity or
non-pol ar, non-por Ak prsehyAoeess cablulsd scried Gt uhleripdrdt@ctish coppioaked from
the m xture absorbs into the nenbrane and _diffuses therethrough, as

di scussed abovWhichehayiree of liguils having aryingpriariisiés ¢antastadivish oraside a
pressure whi clyehs ll)%vf%'iar}t? 8pn5r{1801¥1§88ﬁ-p8f0%§ Stinfbr@le. The less polar liquid to
15 be separated from the mixture absorbs into the membrane and diffuses
therethrough. The permeate which passes through the membrane is swept away
with a liquid solvent stream. The solvent can generally include any substance in
which the permeated substance being separated will dissolve into or readily mix
with. Preferably, a solvent will be chosen which can easily be separated from the
20 desired permeated liquid. Typical solvents can include, for example, methanol,
heptane, pentane, hexane, cyclohexane, or any other non-reactive, low boiling
organic solvent.
The process conditions of the present invention will vary depending on the
composition of the mixture to be separated and the required performance criteria
25 of the specific membrane, since the temperature can effect the diffusion rate
through the membrane and, thus, may effect the overall rate and selectivity. For
example, dimethyl carbonate produced by the transesterification reaction of
ethylene carbonate with methanol can be separated from the reactor effluent
stream by a process according to the present invention by contacting the mixture
30 (e.g., reaction effluent) on a first side of the membrane at temperatures up to about

260°C. Although the pressure is not critical, since the rate of permeation is



5 the perneate. Preferably, the perneate side of the nmenbrane is maintained
at a |ow pressure bel ow about 10mm Hg. The perneate which passes through

t he nmenbwervg/oeard’ exits as a vapor may be recovered by comdarsongoat | ow
tenperature or alternatively nmay be swepip away by use of a noving stream of
gas. Exanpl es of separations under pervaporation conditions that are
contenplated 10 include separating nethane froma m xture of nethane and
water vapor, and CO (or possibly CO2) fromsyngas. The present process can
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the specific menbrane, since the tenperature can effect the diffusion rate

through the nevbmimef sieh an@fﬂmnt Wnels tha¢ pbtained dkosr tielreactipe ofimethanol

selectivity. For onat e duce

transeéperifi ‘?ﬂ&ﬁerf'e ﬁ?qn&ﬁe ere Wﬁle}étﬂ@ %’fe&&fﬁi‘v%?ﬂ%ﬂa‘?ﬁ%o| can be
separat ed fromkihagoll 8ReidEd &hjlenetdirboritd, 9%@Nd1ﬁ1e%9%5&1a@&éiﬂrﬁb&\9:tt o the
present invention by contacting the m xture 30 (e.g., reaction effluent) on

a first side @hylﬁmglm‘@h@mntthfrmﬂmt@ be seppratel inlinethyxaoonam t hough
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m xtures havih@n subjected to preliminary separation, e.g., distillation, to yield, for example, an
15 azeotrope of methanol and dimethyl carbonate.
Thus, in one embodiment, the process of the present invention will be
incorporated into the purification steps of a chemical synthesis, e.g., dialkyl
carbonate production.
In another embodiment, the process of the present invention can be
20 incorporated into the reactor itself. This will be particularly useful in connection
with an equilibrium reaction wherein a reaction product is selectively withdrawn
from the reaction mixture. By withdrawing the reaction product, the equilibrium
can be shifted to increase yield and selectivity and possibly reduce the amount of
reactants or recycle to the reactor. An example of such a reaction is the
25 transesterification reaction between an alkanol and an alkylene carbonate which
produces dialkyl carbonate and alkylene glycol.
The reactants to the transesterification reaction (e.g., ethylene carbonate
and methanol) are typically contacted in the presence of a transesterification
catalyst. The transesterification catalyst can typically include any homogeneous or

30 heterogeneous catalyst known in the art which provides adequate reaction kinetics.



pressures up to about 5000 psia are contenplated, with pressure
differentials across the nenbrane up to 600 psi being contenpl ated. The
per neat e Wpdg/0w23t he nenbrane will preferably be naintai Red/usnzie7a vacuum
when operating under 5 pervaporation congytions. The process of the present
invention may find particular use when the mxture of |iquids having
varying polarity is an effluent streamfroma reactor wherein one of the
conponents to be separated is a product of the reaction. An exanple of
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15 oxide, thallium halides, thallium hydroxide, thallium carbonate, thallium nitrate,
thallium sulfate, thallium salts of organic acids and the like; tin compounds, such
as, tributylmethoxytin, tributylethoxytin, dibutyldimethoxytin, diethyldiethoxytin,
dibutyldiethoxytin, dibutyldiphenoxytin, diphenyldimethoxytin, dibutyltin acetate,
tributyltin chloride, tin 2-ethylhexanoate and the like; zinc compounds, such as,
20 dimethoxyzinc, diethoxyzinc, ethylenedioxyzinc, dibutoxyzinc and the like;
aluminum compounds, such as, aluminum trimethoxide, aluminum
triisopropoxide, aluminum tributoxide and the like; titanium compounds, such as,
tetramethoxytitanium, tetracthoxytitanium, tetrabutoxytitanium,
dichlorodimethoxytitanium, tetraisopropoxytitanium, titanium acetate, titanium
25 acetylacetonate and the like; phosphorus compounds, such as, trimethylphosphine,
triethylphosphine, tributylphosphine, triphenylphosphine,
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,
triphenylmethylphosphonium halides and the like; zirconium compounds, such as,
zirconium halides, zirconocenes, zirconium acetylacetonate, zirconium alkoxides,

30 zirconium acetate and the like; lead and lead-containing compounds, such as, lead

oxides, e.g., PbO, PbO,, PbsO, and the like; lead sulfides, such as, PbS, Pb,Ss,



13 Exanpl es of such catalysts include: alkali netals or alkaline earth
metals, such as, |ithium sodium potassium rubidium cesium nmagnesium
cal ci um wetsom23um barium and the |ike; basic conpoundsPsmarsozsonydri des,
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earth netals and the 5 |ike; basic conpounds, such as, carbonates and

hydr ogencar bonates of alkali netals or alkaline earth netal, alkali netal
or alkaline earth netal salts of organic acids and the like; tertiary
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tri phenyl phosgkingBaving tdride dhimtdxtiRhaRAb @Riups) diat iedone type of ion-
trioctyl butyl phosphonium hal i des, ‘triphenyl nethyl phosphoni um hal i des and
the 1iRé; zirewhigesroupslesied fremdhe group cotisistivaiolisnlfrapicdesboxpilate ambeenes,
zi rconi um acetﬁ/l acet onate, zi r.coni.um.al koxi de%, .
pHosphate groups; strongly basic solid anion-exchangers having quarternary
ammonium groups as ion-exchange groups and the like; solid inorganic
compounds, such as, silica, silica-alumina, silica-magnesia, aluminosilicate,
gallium silicate, various types of zeolites, various types of metal-exchanged
20 zeolites, ammonium-exchanged zeolites; and mixtures thereof.
Preferred homogeneous transesterification catalysts include alcoholates
and alkali hydroxides and carbonates, such as, sodium methylate and sodium
hydroxide. Preferred heterogeneous transesterification catalysts include anion
exchange resins having tertiary amine, quaternary ammonium, sulfonic acid or
25 carboxylic acid functional groups, solid support catalysts containing alkaline earth
metal halides, such as, those described in U.S. Patent No. 5,498,743, which is
incorporated herein by reference, or inorganic solid support catalysts alone, such
as, alumina, pseudoboehmite, MgO and MgO/Al,05 hydrotalcites, or containing
ions, metals, compound or complexes of at least one element of Groups 1, 2, 4-10,

30 12 and 13-17 (IUPAC classification, previously Groups 1A, 2A, 4B-8B, 2B and
3A-7A) of the Periodic Table.



30 zirconium acetate and the like; |ead and | ead-containi ng conpounds, such
as, lead oxides, e.g., PbQ Pb02, Pb304 and the like; |ead sulfides, such
as, PbS, Wb238022800 03/ 002237 PCT/ US02/ 13979 14 PbS2 and the/usekez979 ead
hydr oxi des, such as, Pb(OH)2, Pb302(OH) 2,5 Pb2[PbO2(0OH) 2], Pb20(OH)2 and
the Iike; plunbites, such as, Na2PbO2, K2Pb02, NaHPb(Q2, KHPbO2 and the

i ke; plunbates, such as, Na2PbO3, Na2H2PbO4, K2Pb(G3, K2[ Pb(OH) 6], K4Pb4,
Ca2PbO4, CaPbO3 and the like; |ead carbonates 5 and basic salts thereof,

2yl oxyi ead conpountec Qi o8 Bt 5% afa b BB o RO BERIRA“ar ¢ e

like; |ead safoid vath tie@astegedfinfibeirtdatadnBolubileed asli. bAsbKd sadlys, t her eof,
such as, Pb(OCOCH3)2, Pb(OCOCH3)4, Pb(0OCOCH3)2.PbhO 3H20, and the like;

or ganol ead co¥sbanhds allalicretakcartmpatapr ablippetalgiabio cam be solamliznd in pge phaph
(or Ph6Pb2), P ggﬂ e.llke h el but yl
group and Ph &(La{%&egsge# ’rt}%esagﬁg%e ny né{réosaljg%‘&f %la Eliqrcgaﬁ?r %n%@r&e?%@%hh%, Pb- Ca,

Pb- Ba, 5Pb- Snmajbe &nvanel fohhe tdakied vegald ArsslaT @llyst snighlasoedmohed idhnc
bl ende and the |ike; hydrates of these | ead conpounds; ion-exchangers,

such as, ani ofixesdesiangbullatedhatkarragementoe meaby fhwdires igrgupner smisde gr oups,
or at | east onrgjmt]%/eptﬁeﬁgnsleg@riégat%crh&%g group selected fromthe group
onat'e,

consi sting of © arboxylrate and phosphate groups; strongly basic

sol i d ani on- exchanpensestaificAgortréactionrnmhditiondpaetlINcEAPLBSa afacli@n- exchange
groups and the like; solid inorganic conpounds, such as, silica,

si | i ca- al uni nigmpsiakire sangingniaern abowaf| 32/F (S e aktug S00°FAL60M weferady e,
varioug types_.of zeoljtes, various types of [etal-exch 0 zeolites,
anmmoni dfh exchENY O‘Qte%&to}gt(%]s?é%é%gb%t%@%e(g% ﬁgf morﬁrpé‘?afn@%gg’oé% P¥neous
transesterifi | ' a ' xi des
and car bonat egﬁ#ggﬁl@g@%%%?)g%ﬁﬁ@? ﬁ?)aﬁgéﬁﬁéﬁggﬁﬁﬁﬂﬁ%ﬁ%ﬁ}é%?ef erred
het er ogeneousintth@dspatpesitibh o tHealialkdtoatbophis into eindetirableithermotysshange resi ns
having tertiary am ne, quaternary, anmoni um_ sulfonic acid or 25 carboxylic

aci d functi onidggtypeh as stpan diggisterand passibly sedicedield; displgetiyiwafithe earth
metal hall desye il xoeb MRS 16 26hbdi e Bart heSore iRfcBRled Bytehetafbobdid: Wh! €

15 and alkanol conversion. Suitable reaction pressures generally range from about 0

~ psig to about 5000 psig, preferably from about 50 psig to about 1000 psig, and
more preferably from about 50 psig to about 500 psig. Excessively low pressures
can result in vaporization of the alkanol resulting in carryover of the alkanol with
the dialkyl carbonate-containing product.

20 In such a reaction, the latex-based low polarity or non-polar, non-porous
membrane, preferably a polyisoprene membrane, will be incorporated into a
transesterification reactor used to react ethylene carbonate and methanol to
produce dimethyl carbonate and ethylene glycol. By utilizing such a membrane in
accordance with the present invention, the dimethyl carbonate product from the

25 reaction zone can be selectively separated and withdrawn from the reaction
mixture as permeate.

The raffinate stream will generally contain ethylene glycol, a small amount
of dimethyl carbonate, unreacted methanol and unreacted ethylene carbonate. It

may also contain homogeneous transesterification catalyst, if used. The raffinate

30 stream containing the unreacted ethylene carbonate can be recycled to the



i ncorporated herein by reference, or inorganic solid support catalysts

al one, such as, alum na, pseudoboehmte, MO and MyQ Al 203 hydrotal cites,
or cont aiworg/00326hs, netal s, compound or conpl exes of at [P€agiSOLMBI7€| enent
of Goups 1, 2, 4-10, 30 12 and 13-17 (I{PAC classification, previously

G oups 1A, 2A, 4B-8B, 2B and 3A-7A) of the Periodic Table. WO 03/002237
PCT/ US02/ 13979 15 The catal yst can be utilized as a solid, as a
solubilized solid, or inliquid formwth the preferred form being that of

a solubilized solid..A solid catal , .. such as, .an al kal i tal carbonate
or alkali met% Sﬁ%@i‘@f‘é‘“&’ﬁﬁ*’%@”%?&%ﬁqﬁff Q’é%f’%‘ﬂtotﬂil?é’dr YSIW%tOBg)%t he al kyl ene
carbonate strgamrti Q‘iﬁ@&&veﬁ%&@ﬁmeﬂé lc@rBQﬁrﬂ@fo &%ﬁl%@l&&ﬁﬁ 5 may be conveyed

to the reacted vessel. A solid Catalyst may also bé enployed in a fixed
bed or ebul | at ed b€kt membrayeseprratoom pragesh earf baomiraetiunder aenvapuratiorsar as to

enhance the transesterifjcati eaction. . Trangesterjfication,yeaction
condi ti ons gePfEFEACHOR EB?Hﬁ??@e@C{EEBW?H%&h Hiong, the Peéﬂjﬁ?tﬁél‘{er‘%ﬁli‘%bout

! l © I :
32F (0G to %@ﬁ&f&g%llﬁﬁ?%rbe%ﬁﬁﬁﬁﬁetﬁﬁde dch@aR8aY é%:te{agr}% Ou{ 0300F

about 400F (204 eferably from about 100F (3
(149C) . Excessientghsy; elg. gy, cembenstluo sweapathe vesariphasel permbae deeanpddact | on of

t he di al kyl carbqnate jnto undesirable {herpolysis p ucts, suych as,

car bon di oxi dePI&HES Wﬁﬁyl "ragl?fﬁlé@da‘ﬁ‘yef‘ﬂméggg’émb&n?v ir[f“ge’b?er%q??éuo%nbr ane.
Exceedingly | i d ate 15
and al kanol c%ar%{\c/ﬁeﬂr%glg’gc{n&&%g ??gglﬁgtrré%g%'é'biﬁéb;g%%égﬂ?gesagé%kgd;ﬁl S&%régﬁgze from
about O psi gliquid ahasatpetiféiie pisdagh, wiidf @medihs/thé donethyd @atbonfte psiay fi@nabout

1000 psig, an nore preferably from about 50 psig to about 500 psig.
Excessilllely | 8¥res can result in vaporization of the al kanol

resul ting in carrygver of cifcnﬁls%gﬁﬁf’}ga%"hé Bendraf f @hi¥la sopvent whitc);h wil

car bonat e- cont ai ni ng product. a reaction, the Pat ex- based | ow
pol arity or nienugediwith thacubsaice bsing vepubated) eF orpxefmeleal the aage@lf i sopr ene
menbrane, will be incorporated intq % transesterifjcation reactor used to
react et hyl en@etBsalsSHeaB capfaingg Hpalbyl cagbongfeowhich vl beupsA as@r bonat e and

ethyl ene gl yc&lygeggfe Wadiliv& %d?%a?dfﬁﬁg, eﬁsd?i%ﬂf%rgﬁgcﬁiﬂe%lending component may be
15 employed as the sweep stream solvent, thus avoiding a separation step for the
alkyl carbonate and the solvent.
The examples set forth below are for illustration purposes only. The scope

of the present invention is not in any way limited by the examples set forth below.

20 EXAMPLES
Static experiments were performed in which various mixtures of organic
substances were placed on one side of a low polarity or non-polar latex membrane
and a solvent was placed on the other side of the membrane. The static system
was maintained at about 70°F (21°C) and the composition on each side of the

25 membrane was measured by GC as a function of time.



accordance with the present invention, the dinmethyl carbonate product from
the 25 reaction zone can be selectively separated and wthdrawn fromthe
reacti on woiogime7 as perneate. The raffinate streamw || @emarsat/i3p7€¢ont ai n
ethyl ene glycol, a small anount of dinefhyl carbonate, unreacted nethanol
and unreacted ethyl ene carbonate. It may al so contain honogeneous
transesterification catalyst, if used. The raffinate 30 stream contai ni ng
t he unreacted ethyl ene carbonate can be recycled to the WO 03/002237
PCT/U802/1397§ 1qeﬁransesterification reactor or possibly directed to a
hydrol ysis r r converting unconverted ethyl ene carbonate to

ethyl ene glycol. THhEhRKBAPRES 2 SERAFAEINOANRE BCRSEaRIBf HiencfBetabeshteinder
pervapor ation or per straction conditions. Under pervapor ation conditi ons,

t he perneate @)ME)end 8RS granspitihdaee cirbanate(BiCo avas goinbingd iwithalidhsbofunder a
vacuum and a sweep S an_inert gas, e.d...N2 . can_hbe used to sweep
t he vapor pha?é%ﬁ?l@é@ﬁt k{facﬁfnb\ﬁ'ﬁtlgﬂ .aéé)ﬁatcgﬁgﬁ?‘igﬁen& WC??:%H'bonate,
avay frem t hejubEERE@REex ddndem, BEdoHimaeiall) Avaik®RMdh WihngSRIbKMICS. SOl vent
stream e.g., heptane, will be enployed to sweep the |Irquid phase perneate

stream whi chdizemmeeffsarterdValiasatlfew Yout, Baval erk. alhecohdamwastied lo&f amdrbr ane.
In certain circunstances .t e.b ficial to.utilijz solyent which

will be usedSW?’ﬁfeﬁﬁ%a§?}H§2tg’_ﬁé88B’éioﬁgfesde%ﬁ?lgﬁlélﬁd 1%gla%s§§ e, ¥n the case
of a perneat &rg;sdsﬁﬁm&qﬂé SdrbiigiA gk e SANRATNAHS 1) M FiheNdldenPe Used as
an oxygenate additive for gasoline, a suitable gasoline blending conponent

may be 15 enpbwsidd ofthetchadamisge 2t waumeasoteddiytgas thomatngriphiyoyeia pejvdr at i on
step f t he | ¢ onate and t sol.v The exanpl es set forth bel ow
are foﬁbi | | us?ﬁawo&ﬁs'gtgepﬁggg Bh 1§f.eg$‘ﬂ8wsl8§%@e lof the present invention is
not in any way limted by the exanples set forth below 20 EXAMPLES Static

experinents were perforned in which various m xtures of organic substances
were pl aced on one side of a | ow pol afiABLEA non-pol ar | at ex nmenbr ane

Results of Static Experiment For DMC and EC (in wt%)

Time (hours) DMC (side 1) EC (side 1) DMC (side ‘2) EC (side 2)
0 54 46
25 51 49 100 0
83 52.6 474 100 0
2.25 52 48 96.5 3.4
5.75 46.2 53.8 95 5
24 20 80 88.4 11.6
15 A review of Table 1 reveals that DMC diffuses through the latex

membrane faster than EC.

Example 2

In a static experiment similar to Example 1, 10 mls of a reaction product

20 from a zeolite catalyzed transterification reaction, containing 9.3 wt% DMC, 50.1



and a solvent was placed on the other side of the nenbrane. The static
system was naintai ned at about 70F (21 C) and the conposition on each side
of the 25womnioo2ae was neasured by GC as a function of ti ®eT/UAR/OBID02237
PCT/ US02/ 13979 17 Exanple 1 In this ex l e, a mxture containing 3.72
grans of dinmethyl carbonate (DMC) and 3.25 grans of ethyl ene carbonate
(EC) was conbined with 10 mM of nethanol (MeOH). The conbi nation was

pl aced inside a Tr oj an(r) brand non 5 lubricated | atex condom as

| Y f er-\Wal | ace,
Kew Yor k. NoUapid mﬂﬁ é&%”ﬁeﬁa“%&% o ANEE o Pk eRded Y atsbnoent o
200 M of Me
conbi nat?l on %&&g eﬁn?%?eé@e??@éﬁ%bg}ﬁ%&?%ﬁi{si&%glg?é?l E&)of t he
condom (si de &ff. thcmmbmweﬂthbysg@sndﬂdmﬁﬁon@safbMeOH@d@Z)péﬁ‘heod 10 of 24

hours. The results. are Ilste belowin Table 1. TABLE 1 Results of Static
Experi ment Foformgeitign pieach ?1%’ WFS/&IeaSF‘F?ﬁjebﬂﬁglﬂV%l)aW@d(%fl 48oyys. £dn §ide de 1)

DMC 2 00 0 2.25
5 46 o8 5 3. 5 ey s defBuing i DYIL, TG Ang PGy o fodfl O
Tabl e 1 reveahituteatThBldothf 6@ as b fumetigh of thee vak axt reomidbd. a0a sfdetthe t han
EC. Exanple 2 In a,static_experinent simlar to Exa %Tg/rqll 10 ms of a

P

reaction prodeRErPosHpnryasAciermgnndtopDML, AIMEandilaas pertosack eact i on,
bl b .t NG I BALGGR S BT Uonol 1507

10 TABLE 2

Results of static Experiment For DMC, HMC and EC (in wt%)
Time DMC HMC EC DMC HMC EC
(hours) (side 1) (side 1) (side 1) (side 2) (side 2) (side 2)
0 9.3 50.1 28.4
1.3 86.5 5.4 8.1
3.75 7 53.8 27.1 77.6 111 11.3
215 2.6 -55.3 29.2 68.5 13.6 17.9
28 1.2 57.8 28 62 18 20
48 57.9 18.1 238

A review of Table 2 reveals that DMC diffuses through the latex

membrane faster than HMC. Although the amount of EG was not quantified in
15 the table above, it was noticed that it primarily remained on side 1 of the latex
membrane demonstrating that DMC diffuses through the latex membrane faster

than EG.

Example 3



18 wt % hydr oxyet hyl nethyl carbonate (HWC), 28.4 wt% EC and 12.2 w %
ethylene glycol (EG, was placed inside the Trojan(r) brand | atex condom
(side 1) wodstidrd? of f. The condom was then suspended in #00/Us0%13979 MeOH
(side 2). The conposition of each side s neasured by GC over a period of
48 hours. On side 5 1 the conposition was determ ned for DMC, HMC and EC as
wt % of the total mxture. The amount of EG as a function of tinme was not
recorded. On side 2 the conposition was deternmined for DMC, HMC and EC as
W% relative to each other. -The results are |listed below in Table 2. 10
TABLE 2 Resul ts of st sfpficexpeppentsintlargExample Lpmnxhge o6 Oigamg 94  Ti ne DVC

(side 2) 0 oWesgd PORah SRR N pilepPorl gt ey Whfif) 18197 P11 5
21.5 2.6 55. 3m2®bein68nd 208 nfls df7hePtane Svat pPachd o sid8 2@F tHBlat2 coddorh7. 9 18. 1

23.8 Areview of Table 2 reveals that DMC di ffuses_through the | atex
menbr ane fast @Embrag likecompesienypf sarl sidpdianmegsureddnGE Gt ageded % i ed in

15 the table i 7 . rimarily remained on side 1 of
3 rg%gs'dga%%ﬁl}%t&%hg@ Rgltlawdﬁl/g'aa%fjfuses t hrough the | atex

the latex ne

menbrane faster than EG Exanple 3 WO 03/002237 PCT/US02/13979 19 In a

static experinment simlar to Exanple 1, a m xture of 5.0 grans of DMC and
tex condom nenbrane and 200

15 grams of MeOH was placed on side 1 ofL
m's of heptane was pl 3g&d1Qf 8ldfe Bplinidhf Fo? DVICCANPHTOH (in wi%)

Time (hours) DMC (side 1) M (side 1) DMC (side 2) M (side 2)
0 16.3 83.7
1.67 6.8 93.2 30.7 69.3
20 6.3 93.7 24.3 75.6
10 A review of Table 3 reveals that DMC diffuses through the latex

membrane faster than MeOH.

While we have shown and described several embodiments in accordance
with our invention, it is to be clearly understood that the same are susceptible to
numerous changes apparent to one skilled in the art. Therefore, we do not wish to

15 be limited to the details shown and described but intend to show all changes and

modifications which come within the scope of the appended claims.



menbrane. The conposition of each side was neasured by GC over a period of
5 20 hours. The results are listed belowin Table 3. TABLE 3 Results of
Stati c Exwerosexs7 For DMC and MeOH (in w9 Tinme (hours) POVISO%13e 1) M
(side 1) DMC (side 2) M(side 2) 0 16.3 §3.7 1.67 6.8 93.2 30.7 69.3 20
6.3 93.7 24.3 75.6 10 A review of Table 3 reveals that DMC diffuses
through the latex nenbrane faster than MeOH Wile we have shown and
descri bed several enbodinments in accordance wth our invention, it is to
be clearly unagritgod that the sanme are susceptible to numerous changes
apparent to |led in the art. Therefore, we do not wish to 15 be
limted to theideiailisieghiown and described but intend to show all changes
and nodifications which cone within the scope of the appended clains. WO
03/ 002237 PCT/ US021.13974 m@bod €ir AbpAsatilpat 1dast aledowedpadlaity fluidfromtahod f or

separating at [east g, l.ower polarity fluid froma mxture of fluids

havi ng varyi n’@”’ﬁ‘d‘ie&f&f ,S}@H}P&‘F@I%Po@l‘é’ofﬁ%ﬂﬁl% at |least one low polarity
or non-pol ar polyneric (;}ﬁgggj&] Ne1%ki e $&I Dot dHnS oRingicf | ui ds of
varying pol arity under ccon |?i or?s squﬂ%t ' a(hL g@?’%g’gﬁ’%ﬁ | ower

pol arity fl uicesblanetwittedayd pixtmeatoaprisingribudgofsaryingpotiritgnaderl0 2. The
met hod of claim1, further copprising the step of .elyting said at |east
one | ower pol &dftipns ISE‘?}H&‘@H atrleast ol lowst B@al{l%(rfli'lhé??ti%‘ﬁivalyr@ﬁﬁ?aé?ﬁe. 3. The

met hod of cl aj Eh&hBra5ai d m xture conprising fluids of varying
polarity corrprh?i}s%g%{larref&hyﬁ carbonate, ethylene glycol and nethanol, and
15 said lower polarity fluid conprises dinethyl carbonate.

10 2. The method of claim 1, further comprising the step of eluting said

at least one lower polarity fluid which has permeated through said membrane.

3. The method of claim 1, wherein said mixture comprising fluids of

varying polarity comprises dimethyl carbonate, ethylene glycol and methanol, and

15 said lower polarity fluid comprises dimethyl carbonate.
4. The method of claim 1, wherein said membrane is an integral part
of a chemical reactor.
20 5. The method of claim 3, wherein said mixture comprising fluid of

varying polarity are formed via the reaction of ethylene carbonate and methanol.

6. The method of claim 1, wherein two or more low polarity or non-
polar polymeric membranes are contacted by said mixture in series, wherein the

25 permeated liquid from one membrane contacts the next adjacent membrane.

7. The method of claim 6, wherein said membranes have different
flux rates and different selectivity relative to the selectively permeable fluid or
fluids which contact each respective membrane.

30



4. The nethod of claim1l, wherein said nenbrane is an integral part of a
chem cal reactor. 20 5. The nethod of claim3, wherein said m xture

conpri si ngofiBwdat3nf varying polarity are forned via the PexatSOnBIod

et hyl ene carbonate and nethanol. 6. Themethod of claim1l, wherein two or
nore low polarity or non polar polyneric nmenbranes are contacted by said

m xture in series, wherein the 25 perneated |iquid fromone nenbrane
contacts the next adjacent nenbrane. 7. The method of claim®6, wherein said
menbranes have difgeren n tive to
the sel ectively per ms*abfrhe Hew 30%5 ﬁﬂ%&gﬂeﬁﬁgﬁﬁggﬁﬁngmakhgmélg%%ct| ve
menbr ane. 30 MRoOSHPPERIFeLCT/ US02/ 13979 21 8. The nethod of claiml,
wherein said nenbrane further conprises a porous support layer. 9. The

met hod of claim 11, wherein said nenbrane is a conposite 5 nmenbrane
conprising a plurajity I y - ima1l,
wherein said Iowe?bpol a???ﬂl%ﬁéui Cfég{rlrgi?{slérsemlﬁ%ld g%%@%%gio%&p#hg met hod of
claim1s V\hermlembﬁeaiedompﬁbimgla@lﬂlrsh‘@ oFyblyheficdayefs. natural ly occurring |atex
menbrane, wherein said synthetic |atex nmenbrane is selected fromthe group
consi sting of. polyisoprene, styrene-butadi ene copol yners, neoprene and

m xtures thereof. 12T HER! f in.sald, menbrane is
one which has a il(?l o] g@ﬂ% eré)gtg %}{;8 1(’: ?rﬂleg}a dnggﬁg&éf 1%?@%80%81?%3% at ons
in said nmenbrayikogedr. the nunber of carbon atons of |ess than about 0.2. 13.
The nethod of claim 12, wherein said ratio is |less than about 0.05. 20 14.
A process for producing a dial kyl carbonate which conprises the follow ng

steps: 19 11.  The method of claim 1, wherein said membrane is a synthetic or
naturally occurring latex membrane, wherein said synthetic latex membrane is
selected from the group consisting of: polyisoprene, styrene-butadiene

copolymers, neoprene and mixtures thereof.
15 12. The method of claim 1, wherein said membrane is one which has a
ratio of heteroatoms chemically bonded to the carbon atoms in said membrane to

the number of carbon atoms of less than about 0.2.

13. The method of claim 12, wherein said ratio is less than about 0.05.

20
14. A process for producing a dialkyl carbonate which comprises the
following steps:
(a). reacting an alkanol with an alkylene carbonate, thereby forming a
product mixture comprising said dialkyl carbonate, said alkanol and said alkylene
25 carbonate; and

(b) separating at least a portion of said dialkyl carbonate from said product
mixture by contacting at least one low polarity or non-polar polymeric membrane
with said product mixture under conditions which produce a permeate comprising
said dialkyl carbonate in a concentration higher than in said product mixture from

30 step (a).



(a) reacting an al kanol with an al kyl ene carbonate, thereby formng a
product m xture conprising said dialkyl carbonate, said al kanol and said
al kyl ene wb33pex2bonat e; and (b) separating at |east a porPCarusot/1®ad d
di al kyl carbonate from said product mxjure by contacting at | east one | ow
polarity or non-polar polyneric nmenbrane wth said product m xture under
condi ti ons which produce a perneate conprising said dialkyl carbonate in a
concentration higher than in said product mxture from 30 step (a). WO
03/ 002237 PCT/ US0244397 Syt o] . of.claim 14, wherein said
product m xture fué%her%h%élﬁ)ﬁ%s?soggﬂg%eéﬁ'@‘%elﬁl aléjlcgyg%'fc.tmi%t}neliﬁgﬁ%rr ocess of
claim 14, whecanpriseablalttiyRhkglycelar bonate is dimethyl 5 carbonate. 17. The
process of claim 14, wherein said nenbrane is one which has a ratio of
het er oat ons chem cally bonded to the carbon atons in said nenbrane to the
nunber of carbon atpens t . ut. 0..2. 10.18  The net.hod of .claim
17, wherein said r?a o ?ifsle 1’ @éésstoggﬁllggguwhﬁ.elﬁg?ﬂd uidify1 chHSon 'S dimethy!

5 carbonate.

17. The process of claim 14, wherein said membrane is one which has
aratio of heteroatoms chemically bonded to the carbon atoms in said membrane to
the number of carbon atoms of less than about 0.2.

10

18. The method of claim 17, wherein said ratio is less than about 0.05.



