13 MAR 2006 WO 03/016257 PCT/ US02/ 24364 NMETHOD AND APPARATUS FOR PREPARI NG
A DI ALKYL CARBONATE, AND ITS USE I N THE PREPARATI ON OF DI ARYL CARBONATES
AND POLYCARBONATES BACKGROUND Pol ycarbonate resins are useful naterials
val ued for their physical and optical properties. Methods for the
preparation of polycarbonate resins include interfacial 1 PMAR eFEB es and nelt
processes. In interfacial processes, as described, for exanple in US.

Pat ent No. 03601069 to Si kdar, a bisphenol is reacted miTisoghssgene in the
presence of solvents. In nelt processes as described, for exanple, in US.
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synthesis requires an industri Ebbﬁcﬁﬂabﬁ'ﬁ@s process for producing diaryl
cafbonates. There are several known processes for producing diary]
carfbonates. _One exanpl e of such a.process is described by U S. Patent No.
4,182, 726 t BAFKGRY i et al. In this process, diaryl carbonates are
produced by reacting dial kyl carbonates with aryl hydroxi des (see Schene I,
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U.S. Patent No. 4,360,659 to Sikdar, a bisphenol is reacted with phosgene in the
presence of solvents. In melt processes, as described, for example, in U.S. Patent No.
3,153,008 to Fox, a bisphenol is reacted with a diaryl carbonate. Melt processes are

presently preferred because they avoid the use of phosgene and solvents.

Use of a melt process for. polycarbonate synthesis requires an industrially efficient
process for producing diaryl carbonates. There are several known processes for
producing diaryl carbonates. One example of such a process is described by U.S.
Patent No. 4,182,726 to Illuminati et al. In this process, diaryl carbonates are
produced by reacting dialkyl carbonates with aryl hydroxides (see Scheme I, below).

O

| e —— v me g
C C
RO” OR A7 NOAr

U.S. Patent No. 4,182,726 also demonstrates that diaryl carbonates can be reacted
together with dihydric phenols to produce polycarbonates (see Scheme II, below).
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A preferred process for making dialkyl carbonates is illustrated in Scheme III, below,
‘ and described, for example, in U.S. Patent Nos. 5,527,943 to Rivetti et al.; and
4,218,391 and 4,318,862 to Romano et al.




A preferred process for nmaking dial kyl carbonates is illustrated in Schene
11, below, and described, for exanple, in U S Patent Nos. 5,6527,943 to
Rivetti et al.; and 4,218,391 and 4,318,862 to Romano et al. | 13 MAR 2006
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H O (Ill) RO~ FOR U S. Patent Nunber 5,527,943 (the " 943 {Patrent) al so- _
descri bes a known drawback of the dialkyl carbonate process according to i
Scheme (111)wop0igsoduces water as a by- product. Al so, Peyws@ekseoric acid : :
(HCl') may be continuously added to the reaction mixture to maintain a _
desired nolar ratio of chloride to copger. Therefore, HCl, CuCl catalyst,.
and water are typically f@d@ﬂcdtaﬂys‘i he s“ream exiting the reactor vessel.
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little of the plant as possible.

A typical plant for performing preparing dialkyl carbonates according to Scheme III
may contain three sections: a reaction section for converting raw materials to dialkyl
carbonate, a separation section for isolating the dialkyl carbonate from unreacted
monomers and by-products, and a purification section for removing water and further
isolating the dialkyl carbonate. The ‘943 Patent teaches that one can minimize the
amount of corrosion-resistant equipment required by removing the HCI from the
process stream immediately after the reaction section. This eliminates the necessity
of using expensive corrosion-resistant materials in the separation and purification
sections of the plant. The ‘943 Patent further suggests that removal of HCI and
possible copper halide salts from the stream immediately after the reaction section can
be accomplished by exposing the gas-liquid mixture produced by the reaction to a
liquid stream consisting of one of the process fluids. The ‘943 Patent also states that
the operating conditions employed are preferably adjusted such that the gaseous
mixture from the reactor does not condense, or condenses only to a negligible extent,
before the acid removal section in order to avoid the necessity of having to reheat the

mixture before removing the HCI (col. 3, lines 17-30).



be acconplished by exposing the gas-liquid m xture produced by the reaction
toa liquid streamconsisting of one of the process fluids. The 943
Patent al so states that the operating conditions enployed are preferably
adj usted such that the gaseous mxture fromthe reactor does not condense,
or ‘condenses -only to a negligible extent, before the acl‘ﬁ"@gmﬁa section
in order to avoid the necessity of having to reheat the before

renovi ng t havgbameol . 3, lines 17-30). 2 13 MAR 2006 Vr-flgde@38657
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wherein the HC - End any _copper halide salts would be renoved fromthe
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a di al kyl AH8E00 ¥8W5Pi si ng: reacting an al kanol, oxygen, carbon
nonoxi de, and a catalyst to forma m xture conprising a dialkyl carbonate,
an al kyl chlesrofinithessfase ahpebdofon|aodiatkyh cartionatsapresess dtmt benogmizesxande, and

car bon m)nOéﬁin%ﬁates%@&ih&ﬁf@%\ﬂcggoﬁhﬁé@o chloroformate fromsaid m xture. After
consi derabl e effort, the present inventors have discovered that dialkyl

carbonat e ﬁm@&%@ formal kyl chloroformate by-products that |lead to

probl ematic For exanple, in the reaction of nmethanol, carbon
nonoxi de, and oxygen to formdi nethyl carbonate (hereinafter "DMVMC'),
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and carbon monoxide; and removing alkyl chloroformate from said mixture.

After considerable effort, the present inventors have discovered that dialkyl c'arbonate
synthesis can form alkyl chloroformate by-products that lead to problematic
corrosion. For example, in the reaction of methanol, carbon monoxide, and oxygen to
form dimethyl carbonate’ (hereinafter “DMC”), methyl chloroformate (hereinafier
“MCF”) may be formed as a by-product. The MCF may pass through the HCI
removal column into the separator and purification sections, where it reacts slowly
with methanol and/or water to form corrosive HCl: Therefore, it was determineéd that

steps were needed to remove MCF prior to the separation and purification sections.

Other einbodiments, including an apparatus for preparing dialkyl carbonates, are
described below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of a first embodiment of the apparatus.



O her enbodi nents, including an apparatus for preparing dial kyl carbonates,
are described bel ow. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a

di agrammatic view of a first enbodi ment of the apparatus. 3 13 MAR 2006 WD
03/ 016257 PCT/ US02/ 24364 FIG 2 is a sinplified diagrammatic v'é ew of a
conparative apparatus that is susceptible to corrosi on. 1 FM&RIW i s a
sinplified diagrammtic view of an enbodi nent of the apparatus in which
the fluid pa¥eeigeedy 110 conprises two hol di ng vessel s ¥eOwsezh@644 is a
sinplified diagrammatic view of an enbodi nent of the apparatus in which
the fluid pemsagenaysihpRicotRpbasiand Ak BPladidihadBss Ghparah’OmatrisG 5 i a
sinplified diagrammuatic view of an enbodi ment of the apparatus in which
the fluid pHECRPMALOTMW % onpri ses a tubul ar section 130. FIG 6 is a
sinmplified diagrammatic view of an enbodi nent of the apparatus conprising
an ion excheitye israessmplifisd diagBthmalit Gew 6f hrberbodinint oiftheGpsthiagmannioat i ¢ vi ew of
an enbodi megﬂt aof the agfg{ atus.in V\/nll%ftf the fluid passageway 110 conpri ses
a first gastfydparsagsyay Li0someses e holdingssteisdad- | i qui d separat or 100.
FIG 8 is a sinplified diagrammatic view of an enbodi nent of the apparatus
. in which tHE.#isw dinpifed dipgmeynaiid Gewoéaednindinkeat 6fithesdppayains iniwhithd separ at or
90. FIG 9 im} i I L& Vi f.nan enbodi nent of the

appar at us ﬁhémd? eh;g& ?ﬁu@gﬁégﬁg%%?g&%glsﬁgﬁ ows the azeotrope colum
180. FIG 10 is.a plot of chloride concentrations at the bottom of an
azeot rope cofutif 2rgeplified dizermmatic wew of angphedimentoliBanepqranGn Whichnd FI G 3)
and time. Fhéfuid pdssigeway Pl0QomBisel B tubiilhr £bdoan@d or mat e concentrations
entering and exiting the fluid passageway 110 as a function of time for an

appar at us respondi ng. -| G 3.. DETAI LED DESCRI PTI OF THE PREFERRED
EMBODI MENT 81? gn‘%cd ’?rleﬁtr?? (#‘:asgragm Fhod Lottt q%%e‘.m Pe et PPRFHS al kanol |
oxygen, cardvoprsinpaoirn dehargadesm bedi2l. yst to forma m xture conprising a
di al kyl carbonate, an al kyl i

FIG. 7 is a simplified diagrammatic view of an embodiment of the apparatus in which

the fluid passageway 110 comprises a first gas-liquid separator 90 and a second gas-

liquid separator 100.

FIG. 8 is a simplified diagrammatic view of an embodiment of the apparatus in which

the fluid passageway 110 precedes the first gas-liquid separator 90.

FIG. 9 is a simplified diagrammatic view of an embodiment of the apparatus in which

the fluid passageway 110 follows the azeotrope column 180.

FIG. 10 is a plot of chloride concentrations at the bottom of an azeotrope column 180
as a function of apparatus type (FIG. 2 and FIG. 3) and time.

FIG. 11 is a plot of methyl chloroformate concentrations entering and exiting the fluid

passageway 110 as a function of time for an apparatus corresponding to FIG. 3.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment is a method, comprising: reacting an alkanol, oxygen, carbon

monoxide, and a catalyst to form a mixture comprising a dialkyl carbonate, an alkyl



4 13 MAR 2006 WD 03/016257 PCT/ US02/ 24364 chl orof ormate, hydrochl oric acid,
wat er, carbon di oxi de, and carbon nonoxi de; and renoving al kyl
chloroformate fromsaid m xture. There is no particular limtation on the
al kanol used in the nmethod. Suitable al kanols include primnmar secondary,
and tertiary Cl-Cl12 al kanols, with primary Cl1-C6 al kanolls MM@%%Q preferred.
Hi ghly preferred al kanol s i nclude nethanol. Oxygen nmay be provided in any
form wth gueewuestornms being preferred. Suitable oxygewusnuees include,
for exanple, air, and oxygen-containing gases having at |east about 95

wei ght perc @lﬂ&ro%ﬁhaﬁ& U)Bf@fﬁc]ﬂér}’cg&m waleE AP bi¥xial, anf2aborPRBkidedangei ght

percent ol ecul ar oxég Sui t abl e oxygen- cont’ai ni ng gases are commercially
avai | abl e f Feoying alkylshigraipraatedrom widgaiires.  Car bon nonoxi de i s preferably
supplied as a gas having at |east about 90 wei ght percent, preferably at
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i ncl ude thohang:;mefpnredsmgﬂypxefene&ﬂmers;ncmdek;ethanoﬁobal t, zinc, ruthenium
r hodi um pal | adium silver, cadmum rhenium osmum iridium platinum
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preferred egel spyicesiosiyrie e sxampin air, anthokygtr-contfathing gases haviug atigastr rati o of
about 0.5 t gh@D04itye thﬁ RlerctWt txﬂél&uﬁap'&%%eﬁngrgferaﬁlyngall ér‘ré)ﬁ ¢ T8l QoOfeily | €ast about

0.8 may be preferre so wth ar ratio up to about
1.2 may be paresnimolegular-pyyges p$‘éﬁblpr@<dgenmn@hylstw¢snutmn@mmﬂuus chl ori de

(Cud) and %ggw@fr&,hlf&rekggplg%pﬂlgaumwth cuprous chloride being nore
hi ghl y preferred Durr ng operatron of the process, a suitable chloride ion

concentra_tr n, 1¥‘ mtgr%}i b tc{;e addi tion of hydrochloric acid
(HCl). FIG ?r 7 8’%‘%"! PR ey F‘@Pe 25 § &axing | ab drestiahoraRf Wejehti nked
reaction sepdmeonprzﬁrahlmmmabomss%@hﬂp&&e&@moﬁﬁbﬁkf@&my hti1ea3t db0u 99€Ct i on 40.
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Suitable catalyst include those comprising iron, copper, mickel, cobalt, zinc,
ruthenium, rhodium, palladium, silver, cadmium, rhenium, osmium, iridium,
platinum, gold, mercury, and the like, and combinations comprising at least one of the
foregoing metals. Preferred catalysts may comprise copper. A highly preferred
catalyst comprises copper and chloride ion in a molar ratio of about 0.5 to about 1.5.
Within this range, a molar ratio of at least about 0.8 may be preferred. Also wifhin
this range, a molar ratio of up to about 1.2 may be preferred. Highly preferred
catalysts include cuprous chloride (CuCl) and cupric chloride (CuCly), with cuprous
chloride being more highly preferred. During operation of the process, a suitable
chloride ion concentration may be maintained by the addition of hydrochloric acid
(HCY).

FIG. 1 illustrates a dialkyl carbonate plant 10 having linked reaction section 20,
separation section 30, and purification section 40. With reference to FIG. 1, the
catalyzed reaction of alkanol, oxygen, and carbon monoxide may be performed in a

single reactor 50, or in two or more reactors 50. The conditions for performing this

5



5 13 MAR 2006 WD 03/016257 PCT/ US02/ 24364 step shoul d be selected to

maxi m ze the yield of dialkyl carbonate while mnimzing the degradation
~of dialkyl carbonate. Preferably, the reaction is perforned in a single
reactor 50, at a tenperature of about 50C to about 250C. Wthin this range,
the tenperature may pref erably be at | east about 100C. ABMAREEIGhi n this
range, the tenperature nay preferably be up to about 150C. The reactor 50
i s preferabl Wok&ps2sat a pressure of about 15 to about 3prlsn2gesge (barg).
Wthin this range, a pressure of at |east about 20 barg nay be preferred.:
Also withi t preferred.
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cat al yst may ‘initially be add froma catal yst 66 slifficient HO s
pref er abl y RIef¥etian accerizhie W’dBB“tfﬁhelﬁﬁi &e firsmt rbglei] Q)Ff?neﬂ&éil@ thainkould duri ng the

course of dahe sblﬁﬁs%ﬁnhg)ﬂfﬁm@cdﬁ&s@hﬁh@re@ct&f’%b%? cIb&Hing f%%&l fkntClgse to 1.0.
The concentration of HCl is preferably conti nuous% Ferm ned and

cont rol | ed B3PS EIkaRAlioxyEsH: 25f Cﬂé‘in mapoxidg greuqferpbly added i mplgiratifc) feed to
total |iquid (ke oisstoadvatit 0. G)s(wodt @.0abR Udbo@xd.06): (anﬁt osacataib&ﬂ m)oduces a

m xture conpri | K nat e, allc | or of or

hydr ochl ori acﬁf'lvgg %?%‘?]y eﬁ‘?”lfg 87’6?(9 d‘?f“‘&ﬂ‘d gﬁﬁﬂﬁﬁ Res The ni xt ur e
may f urt her(@ootpé)(s®ut ®&i)dababt et hanol and oxygen, as wel | as si de- products
such as al kyl chlorides and dialkyl ethers. The mixture is typically
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nmeant to refer to gaseous
catalyst. For example, when the catalyst comprises CuCl, a highly preferred catalyst

concentration is about 140 to about 180 grams per liter of reaction mixture. During
operation, the catalyst may initially be added from a catalyst tank 60. Sufficient HCI
is preferably added to reactor 50 from a hydrochloric acid tank 70 during the course
of the reaction to maintain a molar ratio of Cu:Cl close to 1.0. The concentration of
HCI is preferably continuously determined and controlled by the addition of HCl. A
typical mass ratio for HCI feed to total liquid feed is about 6x10™ to about 8x10™,

The reaction produces a mixture comprising a dialkyl carbonate, an alkyl
chloroformate, hydrochloric acid, water, carbon dioxide, and carbon monoxide. The
mixture may further comprise residual methanol and oxygen, as well as side-products
such as alkyl chlorides and dialkyl ethers. The mixture is typically withdrawn from
the reactor 50 in a gas/vapor form. The term “vapor” is meant to refer to gaseous
organic components of the mixture such as, for example, evaporated dialkyl

carbonates, alcohols, alkyl chloroformates, etc., and to water vapor. That is, the term



organi c conponents of the m xture such as, for exanple, evaporated dial kyl
carbonat es, al cohols, alkyl chlorofornmates, etc., and to water vapor. That
is, the term6 13 MAR 2006 WD 03/016257 PCT/ US02/ 24364 "vapor" refers to
fluids having a boiling point of at |east -50C at one at rmsphere In
contrast, the term"gas" is nmeant to refer to the gaseouE (pma car bon
di oxi de, carbon nonoxide, and optional nitrogen. That e term gas"
refers to flWPA¥016}3vi ng a boiling point |ess than -50C mT/uﬂom4a¢4ersphere
The vapor may be at least partially condensed in condenser 80, and fed to
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m xture. It wll.be understood. that the ternms "renove" and renmoval " in

reference t glezfasplér?“?"éf pm the i ”é? Thseet etveashrerppuliion the seqadessal  or
physi cal pr liqws sephdatat 100adhi 8186 bé RSyl AEH bfefre@hatthe {4por FRECMBSE N t he

m xture. Thge in a partially condensed form (i.e., at least about 10% condensed), more preferably
a fully condensed form (i.e., at least about 90% cpndensed), before entering the first
gas-liquid separator 90, and between the first gas-liquid separator 90 and the second
gas-liquid separator 100.

In the embodiment shown in FIG. 1, the mixture exiting the second gas-liquid
separator 100 may be in a single liquid phase. Afier the second gas-liquid separator
100, the mixture may proceed through a fluid passagewey 110 that removes alkyl
chloroformate from the mixture. It will be understood that the terms “remove” and
“removal” in reference to a particular chemical species encompass any chemical or
physical process that reduces the concentration of the species in the mixture. The
alkyl chloroformate may be removed from the condensate by any method. Some
preferred methods include heating, increasing pressure, increasing residence time,
- adding a polar solvent, adsorbing, separating with a membrane (including gas and

liquid membrane separation), pervaporating, passing through an ion exchange resin,
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al kyl chloroformate may be renoved fromthe condensate by any nethod. Sone
preferred nethods include heating, increasing pressure, increasing
residence tinme, adding a polar solvent, adsorbing, separating with a
menbrane (including gas and liquid menbr ane separation), pervaporating,
passi ng through an ion exchange resin, 7 13 MAR 2006 WO m3Mﬂ£6Mﬁ7

PCT/ US02/ 24364 exposing to a stoichionetrlc reagent, exposing to a ;
catal yti c rewgesbis2sand the |i ke, and conbi nati ons conpricgjulerades! €ast one
of the foregoing techniques. In a preferred enbodinent, the alkyl

chl or of or ma t r i see Schene
o)1 f o i LR b APt I e e Schers
|1+ ROH - - comtnatignygympriging ROBast|onRok theRforagoing yechiiguss-hén prrssfaraded to renove
the alkyl chhesaahén Wﬁéﬁkﬂkﬁl&@%nzﬁ@fs%xﬂ&eh B®m dixdtety %eakmm%@& i on
exchange resin because such resins are expensi ve to install and operate.
It may be pfesashrmel)eralkamslGestcheraa¥) about 50 percent, nore preferabl ys

at | east about 90 percent, yet nore preferably at |east about 95 percent,
even nore prefdably at | east about 99 percent, of the aIkyI chl or of or mat e

fromthe m xtur In ope odinent. if reduce the *
al kyl chloroforqlte concen rigtlon in thenﬁgn? %ﬁan about 500
ppm nore pm@fﬁ?gBrylless t han about 100 ppm yet nDre preferably | ess
than about 30 ppm In any of these enbodinents, it may be preferred to

remove | ess thar,about 10% nore preferably | ess than about 5% yet  nore
preferably Ieiié}han about 1% of the dialkyl Earbonate. Al t hough the

met hod nmay be descri betl aBOHr enovimg—t®ess t hall abou# HORb aV)sai d di al kyl
car bonat e" be understood that the &6 benératlon of dial kyl
car bonat e ngﬁﬁ not 8% reduced and may ever’incred For exanple, the

concentration of dialkyl carbonate may increase
It may also be preferred to remove the alkyl chloroformate without passing the

mixture through an ion exchange resin, because such resins are expensive to install
and operate. It may be preferred to remove at least about 50 percent, more preferably
at least about 90 percent, yet more preferably at least about 95 percent, even more
preferably at least about 99 percent, of the alkyl chloroformate from the mixture. In
one embodiment, it may be preferred to reduce the alkyl chloroformate concentration
in the mixture to less than about 500 ppm, more preferably less than about 100 ppm,
yet more preferably less than about 30 ppm. In any of these embodiments, it may be
preferred to remove less than about 10%, more preferably less than about 5%, yet
more preferably less than about 1%, of the dialkyl carbonate. Although the method
may be described as “removing less than about 10% of said dialkyl carbonate®, it will
be understood that the concentration of dialkyl carbonate need not be reduced and
may even increase. For example, the concentration of dialkyl carbonate may increase
if the Scheme V reaction of alkyl chloroformate with methanol forms dialkyl

carbonate faster than dialkyl carbonate decomposes due to other reactions.

Through extensive kinetic studies of the dimethyl carbonate process utilizing
variations in factors including temperature, residence time, water concentration,

methanol concentration, and hydrochloric acid concentration, the present inventors



if the Scheme V reaction of alkyl chloroformate with nmethanol forns dial kyl
carbonate faster than dial kyl carbonate deconposes due to other reactions.
Through extensive kinetic studies of the dinmethyl carbonate process
utilizing variations in factors including tenperature, residence time,

wat er concentration, nethanol concentration, and hydrog?gg%gmﬁacid
concentration, the present inventors 8 13 MAR 2006 WO O 16257

PCT/ US02/ 243%#0 obyasses7f ound t hat the rate of methyl chl or GicaiBlR364
deconposition may be given by the equation (1) -rMF= (k1[ H201 +

k2[ Me I ' he.ra f change of th s of nethyl
chforg?%Z%gggkﬁﬁééﬁﬁgﬁ?%ﬁayﬁﬁﬂﬁﬁf@%@?mP§§8%?“?W§E§$?8§ﬁ&”F gare t he

i nst ant aneoematimmi{tlent rati ons of water, methanol, and nethyl chl orofornmate,
respectively, in noles per unit volune, and k1 and k2 are rate constants

that vary wif DS @msy 192 fchng g9 equations (2) and (3),
respectivel;&%}l(S klge}%gs??$ﬂ?é?ﬂk2 iykz a 7673/ T (3) where k1 = 2.09x109

m./mol-mn, k2 = 4,14x10' /mol-min, and T is the t rature in degrees
kel yin. In wﬁmr»@w&eﬁ,mﬁo Ergapiir pes S tHestrorres GRS BRERL: i ons. of

wat er and nediad) QH;01aMeOAh endIPINSFtdre OF ifshtafddusl tdndehtratichs @5 s/atet,i al | y
constant. VV%@in thﬁse 9f§$ra Kinetic _ constraints, . di feregt ki netic

expr essi ons™fEiPoh &, DEHYF grorgiorrals: SRPeCYd% 48 molgh fer Ui yarme, @dikynes . Wi t h
know edge o#ndtierd mteasaninte henvag@lvith eapbiatiieSacasding 8 equaticas $2)amis provi ded

in this app}icati t hese expressions may be readily derived by those of
3:),

n
ordi nary sk e ﬁ%¥ﬂ% art. For exanple, in a batch process, the rate of

methyl  chl orof prnmte deconposition may be expressed as a function of

resi dence tkimekieas  skBwn in equation (4): -d[MCF7/dt = (k1 [H20] +

k2[ MeOH] ) [ MCF] (4) where t is residence tine in mnutes. The residence tine
t may be deki=iglt7d¥ t @ total .

where ki® = 2.09x10° mL/mol-min, k;° = 4.14x10" mL/mol-min, and T is the

temperature in degrees kelvin.

In many cases, it is valid to assume that the concentrations of water and methanol, ahd
the density of the solution are essentially constant. Within these general kinetic
constraints, different kinetic expressions may be used for different process and
apparatus types. With knowledge of the relevant chemical reactions and rate
constants provided in this application, these expressions may be readily derived by
those of ordinary skill in the art. For example, in a batch process, the rate of methyl
chloroformate decomposition may be expressed as a function of residence time, as

shown in equation (4):
-d[MCF}/dt = (ki[H,0) + ko[MeOH)[MCF] (4)»

where ¢ is residence time in minutes. The residence time ¢ may be defined as the total
time spent by an average molecule in the fluid passageway 110. In a batch process, at
least about 50% of the methyl chloroformate may be removed by maintaining the
mixture under conditions comprising a water concentration ([H;0]), a methanol
. concentration ([MeOH]), a temperature (7), and a residence time (f), such that a

parameter X according to the equation (5)




time spent by an average nolecule in the fluid passageway | 10. In a batch
process, at |east about 50% of the nmethyl chloroformate may be renoved by
mai ntai ning the mxture under conditions conprising a water concentration
([H20]), a nethanol -concentration ([MeOH]), a tenperature (T), and a
residence time (t), such that a paranmeter Xaccording tomh*mReiGﬂﬁatl on (5) 9.
13 MAR 2006 WO 03/016257 PCT/ US02/ 24364 X

=exp{ - [ (2. 09%3 @fhess7 6381T [ HZO| +( 4. 14x1010) e(- 7G73' T) [ MeGdobAusksS) has a

val ue | ess than about 0.9, wherein the water concentration and the net hanol
concentration are exg>< §S?Qs‘h, er, the tenperature is

expressed i# =Bgi@&LXK&layi n, lﬁpfalﬁ(ﬁé&l@é’bééﬁﬁzz’letﬂ@f?h% sGexpressed in

m nutes. The value of X may preferably be | ess than about 0.5, nore

preferably fagaSvalubddis 8RR Wbo? 02, WhEkin ¢ RatePERESEARYand Shel B&Banblnan about
0.1, even nore Pref erably | ess than about 0.05, still nore EfPref erably | ess

t han about WN¢FE m@ﬁé’%@@@?seé eheeles per mibitern e dempsrbig iscexaressed Whout .

ol es per | depREs KéMah,/ahd the\didihee ttnkuﬁeﬁmgsa,mhﬂ@tee/anﬁé v EShdyat i on rray
preferably e at |east abqut 0.5 nol/ nor e pref erabI%/ at | east about |

mol /L. Al sPHPEHY Pe e shan, hegiel: Cheiati PN At &y MSFef er abl y be
up ]EO agfut r&&ampbé less th@raBout PI1EveH ﬁia}eypréf&ampleam@tab&& omslsbumobeet mog e L
preferably u even nore prefe bout no

Bhe et handiiea St P At Tay e MEg o rasbh gt be ot 19 BoByt hi o fhi s
range, the Smhﬁesrpai literoaeENE r\Hﬂhmﬂns*mygephefvetE@dohgenMOﬂina}/ g@ftablyabout 5

nmol / L, nor § At r WSmol east a t hi.n Enls range, the

o
met hanol concen Son nay pre o?gfea%?yy%tqem o 1'11 ]aIPJOﬁt owmf"} nor e
pr ef er abl y remgge, ths mj@utom@trnmn/ may "ﬁkvéerukéxﬂ)demce bonte 3¢ranol/be mafout 0. 5 hour

o about 10kt um wlbbilah bl el A8 sty A5 WIRN A Bl Brr of o7 ab1 Y be

at | east about urs, nore st about Al so
Wi t hi n t hi spreferalji up torpbowtSanaldndde meﬁrenqlragncermaw@mme;ﬂb@é 1ipabost about 8

hours, nor &sphafier@ihif P rahe, %Q%éthaﬁol%%eﬁtmum% LRIREIRbdsGedBY De about
30 to about 130C. Wthin thrs range, the te eragure may preferably be at

| east about2b@6E molhs &105; miefeiebly el leayt 2bauh 59 malfle Alsg (ithinythie rangs.dbe pr ef er abl y
at | east at}aamansﬂf;nceﬁdm&fanmy Bidferitly Be ﬁ@t@&ﬁmut b enol/E] nﬂa&e testraiymy preferably

r r r abl r
be up to abo agout ol/gD 'ﬁmee‘es?ctegceanm ma be abou’lt3 8'%thour to a’bon};elto hrggrse

Within this range, the residence time may preferably be at least about 1 hours, more
preferably at least about 2 hours. Also within this range, the residence time may
preferably be up to about 8 hours, more preferably up to about 6 hours. The
temperature may be about 30 to about 130°C. Within this range, the temperature may
preferably be at least about 40°C, more preferably at least about 50°C, yet more
preferably at least about 60°C. Also within this range, the temperature may
preferably be up to about 110°C, more preferably up to about 100°C, yet more
preferably up to about 90°C.

In the limit of an ideal steady state plug flow reactor, and assuming constant density
~ of the mixture, the rate of methyl chloroformate decomposition may be expressed

according to equation (3), with ¢ representing residence time in minutes.

For an ideal steady state continuous stirred tank reactor (CSTR), the concentration of

methyl chloroformate is given by equation (6)
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preferably up to about 90C. In the Iimt of an ideal steady state plug flow
reactor, and assum ng constant density of the mxture, the rate of nethyl
.chi orof ormat e deconposition may be expressed according to equation (3),
with t representing residence tinme in mnutes. For an ideal steady state
continuous stirred tank reactor (CSTR), the concentrati O%W\R 200et hyl
chloroformate is given by equation (6) 10 1 3 MAR 2006 03/ 016257

PCT/ US02/ 24 3los/opde®F] = [MCF1_0 (1/(1+kt)) (6) where [ MeEdusenisss t he
initial concentration of nethyl chloroformate in noles per mlliliter, t
Is the residence tine in mnutes, and k is given by equation (7) k = k,

[ H20] + kZ[%@UU(WﬂﬁRAﬁHQéLkQ,@ k2 [H20], and [ MeOH] are as defined above.
In another enbodinent that relates to a batch reactor, renoving al kyl

chl or of or matiere fMQT)-} vethaiinitialr @neann‘ati‘dns@smmyl mhb’mfdarngtetlhencrrésxpeur e under
conditions c risig an inpitial.conc ratio chl orof ormat e
(ENCED . 2oy TG Beshfanst Pl oS By bk 5 Bt Re e M oncont r at 1 on
([MeCH]), a tenperature (7), and a residence tine (t), such that a

par anet er A Tl Ha@) atkddfe@B or @) ng to the equation (8) Z = [ MCF], _,
exp{--[(2.09x109) e(-63811r)[ H20] +(4. 14x10' o) e(-76r3ir)[ MeCH ]t} (8) has a
val ue | ess &H&m,,&@q@;oﬁ%&ﬂmoﬂ?aﬂfa@&&ﬁkd’aﬂo@&S t han about 1x10, nore
preferably |ess t han ‘about 5x[0-7, even nore preferably | ess than about
5x10" 8, wh t he. i ent.ration, of forrrate t he

wat er conc ta?é}{’erc?ﬂlb(’d;\rﬁﬁ‘tt & reﬁé Shtgr?oqa?k5%aﬁté’&ﬁ?rp%fq%ﬂkygf@°r P88 sed in nol es
per m il iftees themh:eturbcenmpmm tramtdsngethp sse dnden coxdﬁgmee@nﬂﬁminglam and the
resi dence t.. express n, moutes.. T erat resi dence tine,
met hanol concaeln P nl)é%hon 3{3316\%/%{ %ﬂrcoocéatﬁt&%ﬁ@“ ih 'Y elrsdorel?ﬁ?aelgrsll on are as
descri bed a([i@a}), a?n"hthanoﬂmtbncaitratlanﬁﬂiaﬂf-]}a)titemperﬁtumiﬂ’hyhd gieksidercé omeat e Wi | |
depend on t S IIy about 5x10"3 nol es
per liter t(3 A %ﬁ%%g%%%ﬁ {;u%slédpaec?&?mg dlewl%ﬁmﬁ his range, the initial
concentration of nmethyl chloroformate my be at Ieast about 1 x 10.2 noles
per liter. ARSMOR]Llekm{-H(BOSxTR)jE M [FO] ni4titxl 0" bt Ehie@lt 1Jdn8bf et hyl

chl oroformate nay be up to about 1x10°) noles per liter. In a preferred

enbodi ment }Tap ggla]{xcellc&ttﬁa% 28ut3x P@‘{, Silféﬁ%ﬁte&rmanra%m‘ﬁkﬂﬁi ﬂ'lokeyﬂreferably

less than about 5x1077, even more preferably Jess than about 5x1 0%, wherein the initial
concentration of methyl chloroformate, the water concentration, and the methanol
concentration are expressed in moles per milliliter, the temperature is expressed in
degrees Kelvin, and the residence time is expressed in minutes. The temperature,
residence time, methanol concentration, and water concentration in this expression are
as described above. The initial concentration of methyl chloroformate will depend on
the reactor conditions, but it is typically about 5x10™ moles per lité:r to about 5x10™
moles per liter. Within this range, the initial conéentration of methyl chloroformate
may be at least about 1x10? moles per liter. Also within this range, the initial

concentration of methyl chloroformate may be up to about 1x10™ moles per liter.

In a preferred embodiment that relates to a batch reactor, removing alkyl
chloroformate comprises subjecting the mixture to conditions comprising an initial
dimethyl carbonate concentration ([DMCl~p), an initial water concentration

([H20)1=0), an initial methanol concentration ({MeOH] =), an initial hydrochloric acid
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chl orof ormat e conpri ses subjecting the mxture to conditions conprising an
initial dinmethyl carbonate concentration ([DMC], _0), an initial water
concentration ([H20],_O, an initial nethanol concentration ([ MeOH, =0),
an initial hydrochloric acid 11 13 MAR 2006 WO 03/ 016257 PCT/ US02/ 24364
concentration ([NCI],-a), a tenperature (T), and a resi dénd&R ®be (t), such
that a paraneter X calculated according to the equation (9) X =

exp{-[ (2. 09%BP&2518' 'T) [H2 011=0 +(4.14x1010)e(- 7G/3eCy/pse@Hdp4 =, 1t} (9)
has a value | ess than about 0.9, and a paranmeter Y cal culated according to
t he equati @Bncehitddion }i=0), [HeBbbafire [HMald 7Qeslde b (1), Qch #sPk(6. 6 xI 010
exp(- 6636 / T)XHC ;@{?%I\%] , :_g]bDIVC, E 1 td %I%%d?éeg%g?(?l%gu ﬁiaés a val ue of
at | east aPA@melsry calgpapdacrording tq the equationd®het hyl carbonate concentrati on,
the initial water concentration, the initial nethanol concentration, and

the initialx gl oG dg. a1 1L encenty ki oM arerenphasses on nol es per
mlliliter, the tenperature is expressed in degrees Kel'vin, and the .
residence tinme is expressed in mnutes. The value of Y may preferably be
at | east abeud valuedsss thapakoub.85ad apppmater ¥ eclendatefnoeprdiog Bahe egitionabl e
anal ytical (f(@gchniques to determine initial concentrations of water,
nmet hanol, hydrochloric acid, and dinethyl carbonate in reaction m xtures
are well known in the art. The term™"initi concentration” refers to the
concentration of a species before .jntEfQlenal renoval of al kyl
chl or of or e. The initial water and nEMene concentrations are the sane
as the wat er~and, net hangl goncentrati ons descri bed abo E gunde pi cal
reacti on cond ILE@%_}?E}C (6&5rx1aﬂ)§exﬁ(sidﬁa@M))[Hgl],§0?DMtq{go[ ] el}% e are
essential ly constEMCluli ng al kyl “chl or of ormat € r enovakjPMGhe i ni/j) al
di methyl carbonate concentration may be about 0.5 to abggj 10 mol /L.
Wthin this range, the initial dinmethyl carbonate concentration nmay
preferably,be at | ou 1/L, .mpre. preferably at | east about 2
o LA 280 P SR leat AR b, Rkt e i Syl Rt oBlcenafSs

the initial water concentration, the initial methanol concentration, and the initial

hydrochloric acid concentration are expressed in moles per milliliter, the temperature
is expressed in degrees Kelvin, and the residence time is expressed in minutes. The
value of ¥ may preferably be at least about 0.95, more preferably at Ieést about 0.99.
Suitable analytical techniques to determine initial concentrations of water, methanol,
hydrochloric acid, and dimethyl carbonate in reaction mixtures are well known in the
art. The term “initial concentration” refers to the concentration of a species before
intentional removal of alkyl chloroformate. The initial water and methanol
concentrations are the same as the water and methanol concentrations described above
(under typical reaction conditions, the water and methanol concentrations are large are
essentially constant during alkyl chloroformate removal). The initial dimethyl
carbonate concentration may be about 0.5 to about 10 mol/L. Within this range, the
initial dimethyl carbonate concentration may preferably be at least about 1 mol/L,
more preferably at least about 2 mol/L. Also within this range, the initial dimethyl
carbonate concentration may preferably be up to about 8 mol/L, more preferably up to
about 6 mol/L.. The concentration of HCI in the mixture will depend on the type and
concentration of catalyst employed. The initial hydrochloric acid concentration will e

depend on the type and amount of catalyst, but it is typically about 1x10™ to about
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carbonate concentration nmay preferably be up to about 8 nol/L, nore
preferably up to about 6 nol/L. The concentration of HC in the mxture

wi ||l depend on the type and concentration of catalyst enployed. The

i nitiat—hydrochl oric acid concentratioern—w || depend on the type and anount
of catalyst, but it is typically about 1x10-3 to about 1% Jﬁ Vg 2006 WO
03/ 016257 PCT/ US02/ 24364 2x10"' noles per liter. Wthin'this range, the
initial hydr ¢ acid concentration may preferably | east . about
5x10" 3, rmre‘ggﬁggﬁg?gbly at | east about 1x50"2 nol /L. Alpggm\;g\‘n}zfzﬁ:‘l%% this
range, the initial hydrochloric acid concentration may preferably be wup to
about 1x10-2%H8r &wofss ¥eelitsh| Withis this range the inigialorydroeblerie acidrepscepietitdd may be
operated, fQhy S¥RABlye dt Toadt BEESR10S KBl PEEGHY aPlead AVt HBERZoPERNNEr. 1N the
particul ar enmbodi nent shown in FIG 1, the mXxture passes through a first
heat exchafljewithinghis gangg the initish Bydrechiose atid cencertratipemay preferablydisout 30C to
about  130C. yp Mikbdik D foNindre AGSbly b bEIREI0RLLE. MY preferably be at | east
about 40C, .nore preferably at Yeast about 50C. Also within this range, the
t enper at ure_,na eferably b to abqut 80C, more preferably up to about
70G. The tel %ﬁ%g({ ma}é)?&fﬁ’)ﬁlﬁ?ﬁ"% 8%3?%&'35’%1 FeMpbaiih ASOREEOUSt o heat i ng
chem cal remaineon streans, typically by exchangi ng heat between a thernal
energy source (e.g., stean) and a cooler chenmical reaction stream but it
i s under st . . i t . heater . el ectrical

heat ers) a?féq}éﬁt‘ts%gﬁuﬁgFkﬁ%oedé%pﬁa%o%dﬁg@ﬁ\ég%lg%ﬁ%%mﬁ?%%se 8S%e"n$%m Ui d
passageway étinngentiid@ o sdjnstdlse tmpdraiae efisie mik@rer AouidAC & ibore130PC.t he m xture

under condiions. 1o maxim ze deconposition of alkyl chloroformate while
i 1 24 ng SABB s ST e R g P, Ao Be et AU, oy
preferably preferblynatf 1ehdt yaboandets e ki Wihil thiRerahbdli @l NAFRABRYEYay110. It is
desirable to keep.the condensate fully condensed because at |east sone

al kyl chl orR3¢Figrehibe P (ta agout 86, mpre prefefably Jpdp #heut 703G eThedera dedtbl e in t he

vapor phaseexchidpert esctib&Us GveRhaseh OGRS for GoUidE chaRSalUsRHod Seatnlli S Process.
The resi dencemafp_r% and tenper a{)ﬁure in the flurd passageway 110 are
i ¢l

preferably Y& Bisranete, ReatoRrEvesh GURFMAY RFTEYCIRNTSE &%-Br HEAE a8 2pr event

unaccept abl @olo wiatidab adactiOstfe@R, B0 it i Whddrsed tBAWThed tped ob@ub@eMXxCcessi ve as

to cause unnecessary reductions in .
&GS e.g., dedtrical geaters) are apso included. The condensate may proceed into a

fluid passageway 110, which serves to increase the residence time of the mixture
under conditions to maximize decomposition of alkyl chloroformate while
minimizing decomposition of dialkyl carbonate. The condensate may preferably
remain fully condensed within the fluid passageway 110. It is desirable to keep the
condensate fully condensed because ét least some alkyl chloroformates (e.g., methyl
chloroformate) are more stable in the vapor phase than the liquid phase under

conditions used for this process.

The residence time and temperature in the fluid passageway 110 are preferably
sufficient to remove enough alkyl chloroformate to prevent unacceptable downstream
corrosion, but they should not be so excessive as to cause unnecessary reductions in
the productivity and yield of the desired dialkyl carbonate product. FIG. 2 shows a
simplified process diagram representative of a comparison process. In this process,
the mixture flows directly from a first gas-liquid separator 90 to a first heat exchanger
140, then to an acid removal column 160. Three specific embodiments of the fluid

passageway 110 are shown in FIGS. 3, 4, and 5. In a preferred embodiment, at least
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the productivity and yield of the desired dial kyl carbonate product. FIG 2
shows a sinplified process diagramrepresentative of a conpari son process.
In this process, the mxture flows directly froma first gas-liquid
separator 90 to a first heat exchanger 140, then to an acid renoval col umm
160. Three specific enbodi nents of the fluid passageway{31AR400§ shown in
FIGS. 3, 4, and 5. In a preferred enbodi nent, at |east 13 13 MAR 2006 WD
03/ 036257 PO LIB02#724364 about 50% of the al kyI chl or of ecmveseerisss r enoved,
nmore preferably at |east 80%is rem)ved In a h| ghly preferred enbodi nent,

t he al kyl c r.of o |on IS _.reduc n about 500
parts per a%?q? Sgé H%?Tfelk)gl cq’g%? e%?’@wﬁf’ 'f’%r?é)ﬁ? Valﬁéggféaﬁthgtﬁ bout 100 ppm
by wei ght, mmedévedohe lpgldy prefeloley exhbrshménhama erl%tyd)dtlorsfbnpamdmamg:hs based on
t he total t e after al chI or. forrrat yal . The
fluid pas\gg&gug%o Peisl%g1 sb nlf)t;gé) ermﬂh né@%/né) é%] that 't eraglty ('i)%g al residence
ti me bet wedimntabat 100pat urwa@htaywdnmh@rqim‘tdy resﬂtbanadboutdbmpm by B@ights about 0.5

hour to ab ged :L? Q}P &EISWe]%hWoE 5}' Q‘h;rt}x'e%ftgr%ﬂ(g? chl(;rt'ftam[la%% 391%02{ eﬁ_ﬁéa a Y

pr ef er abl y ast about 2
hours. Al so)awgemmthss’rqfwigle selecked sn@sthajelm:tetat Iemdenmymepcwrewthbl y be up to

about 8 NoULsw: §D1gs Bl Ao Rruh 130 buoly HSUolke 1ol ShofifR fifROCH Ment

illustrated | passagevvay conpri ses ol di ng
vessel s 120Vitiinthiserahgs) dﬁﬁgldﬁ@%@h@mmoreﬁaably eoat leastzabputel hqvallmﬂal n the

mxture at a.eLofper Rl RRAUT A ﬁ&c’\# ol di ng
vessel 120 P?‘:may prefera (I)y have a ?g%&ﬁ t%]%lqv u%%f}%gﬁe;ﬁ%e )Fess t han 5,
pref erabl y Presesably bep to abayiy hours, Wﬂ‘quefﬁl‘ﬂkiyml%ﬁbﬂ'g Newssel s 120 are
illustrated in this figure, there is no particular limtation on the
nunber of hglogd elgbamaaﬁl SludtA€edi i RT6E 3f heifthid p&sapgeaay10 dddbrisdst2 may be
preferred to use at st 2 h ves s 12 and conf.i gurations
conpri si ngthﬁldn& Ve?‘uselsGl orTIP'?Ber °ﬁ %Fﬁ@sjgéé%ﬁys?%fémﬁﬁ% ’awgtgmb preferred.
| n anot her neixbedt Aemiperahird ufitioat £ACIfor Ibub.2 Kburst FacH hdxldlﬂg pasgageway 110
conprises 4 hol.di vVes 20. These ?rﬂgﬁ for
exanpl e, rré‘i’aﬁtpéﬁf?{ab?ggave slﬁ‘f%l? O yume 1@ i\?e a"o? P Sﬁlfly %ﬁéﬁ%r about 4
hours. Eac hbdmnlzdlWgﬂa/e&shbldﬂa@@zessmam@mfxﬂﬁm{ey imahie ﬁgurbemg’ehs h® vol une

LAl f bly, | h h
12819, (LA bl R on B LMYy I PR oy iy

110. It may be prcferred to use at least 2 holding vessels 120, and configurations

comprising 3, 4, 5, 6, or more holding vessels 120 may also be preferred.

In another embodiment, illustrated in FIG. 4, the fluid passageway 110 comprises 4
holding vessels 120. These holding vessels 120 may, for example, maintain the
mixture at a temperature of about 70°C for about 4 hours. Each holding vessel 120
may preferably have a length to volume ratio (L/V) less than 5, preferably less than
about 2.

In yet another embodiment, illustrated in FIG. 5, the fluid passageway 110 may
comprise a section having L/V of at least 5, preferably at least about 10. For brevity,
this section may be referred to as a tubular section 130‘. Such a tubular section 130
having L/V>5 may promote plug flow of the mixture through the fluid passageway
110, thereby efficiently utilizing the residence time for removal of the alkyl
chloroformate. In this embodiment, it may be preferred that the mixture reside in one

or more narrow sections having L/V>5 for at least about 50% of the total residence
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conprise a section having LN of at least 5, preferably at |east about 10.
For brevity, this section nay be referred to as a tubular section 130.
Such a tubular section 130 having LN>5 nay pronote plug flow of the

m xture through-the fluid passageway ~110, ‘thereby efficiently utilizing
the residence time for renoval of the alkyl chlorof ormat EMMUﬁt hi s

enbodi nent;, it may be preferred that the mxture resi de lih nor e
narrow sect i@y Ng LN>5 for at | east about 50% of t perffbadesr €si dence
14 13 MAR 2006 WO 03/ 016257 PCT/ US02/ 24364 tine spent in the fluid
passageway 110, nore preferably at |east about 80% of the total residence

time spent PWegpFat ’I“I”Eﬁ Huid Passagraian} 19, Foere ResfeEbhy #deasyzhont 8o pf & 1, after

exi ting thetotd rbidendOGRagRIEN theRid dak@geWayt10;e may, optionally, pass
through a second beat exchanger 150 to at |east partially vaporize the

m Xxture. Thk second t%eﬁb ?Xaq{é )ggn %SQUHHI%ssagdrvs%?bé S' d&ﬂx? m e Of | ess

than 10 m nuf A TS vaporl 7af accorrp i'shed wi thout a
heat exchanggionallyypabsatwepgingsecbme lpaiesslmngr dafgmbmeldast pnmdib vapnmdeﬂlsed m xt ure

(e.g., by p% mggﬁcoﬁq@g@&éﬁngﬂ 1@§ %a;?ﬁav%%lrgsm{egc d"e ofCJ S5 lthrgg ]&60 that is

kept at a rel'a i ower  pres ure rmay then
opti onal | y, mipwtet.r €zis eghotizative stey maj-alsq be q;tpmlénshddlvythbytahqambhan@rl t into an

acid renova r 0 sp _hel p renove
any entr ai n{é)a%%eﬂg %%fssa;geapﬁ%ggﬁ &WXY@LI(I:S%&J orteh(é'%)\/i@assgﬁén@?i bute to
downst r eam ewdeneaté cmo annaqdweenmaldcqhemb\léﬂ theblisukept 26@, refatively dpyeri zed
condensat e. %Mreprﬂ{ee\;aﬁptllié %ﬂﬁﬁ%@tb@rh (§ﬁdﬁ%ﬁi bk L QUL & ek Cﬁ“pp' i ed by

counter-flovvlrpg quid I'tne 170 to a oint tn the coluim (e.g., the
upper t hi r dprefe Bbywﬁﬁpéﬁnﬁvm%rempr upp 00 Tap aci¢eemoEghgplimng HCI and

ot her react agit say MMy Kelp FR6VE Gny E&mw@amgs@@agrﬂéu@mamm oth&i@iseci d renoval

colum 160 and recycl ed to the reactor di al ké car bonate m xture

may be renptEFOFESMITHETEBHCBIOSORe M arid kA coltmn, 1088° vagpEItnal | y,
passed i nt 0coalaer@aeﬁw Qﬁﬁerﬂﬂ)} B0t e coﬁﬁteﬁﬁlﬁ%ﬂg hcﬁinchlQ)ph&i b}aébunt@rpt ional ion
exchange re in b (h? ﬂ%y be .i ncl uded aft aci d rerrp‘l}{ colum 160,
or at any o ‘P]‘%‘Pg ﬁ@ig Mo h V8 At gheE Bt e G tg iy yRer tDy Menoval col um
160. |t maycdadtenfovind Rfdmsy t4p ﬂ]@féhidﬂﬁlg&ltl@lﬂidt&m@éactbﬂél vﬂmhﬁyg»e resin bed
190 after water %‘I cfquct %) nate streamin
the purifi cHPoEH ’Jgog’c{’? gotyonh t{"f g reﬁ’f’%ﬁ& %ﬁf{" elf&”i%par atus does
not i ncl udeS@&nTheainllyk chibonge migmiramay be removed from the top of the acid column

160, and, optionally, passed into an azeotrope column 180. As shown in Fig. 6, an

optional ion exchange resin bed 190 may be included after the acid removal column

160, or at any other position downstream with respect to the acid removal column

160. 1t may be advantageous to include an optional ion exchange resin bed 190 after

water is removed from the product dialkyl carbonate stream in the purification section

40. In a preferred embodiment, the apparatus does not include an ion exchange resin
bed 190.

In a preferred, embodiment, the method comprises reducing the concentration of
hydrochloric acid in the mixture to less than about 1x10™ mol/L, more preferably less
than about 5x10™* mol/L, even more preferably less than about 1x1 0" mol/L, based on

. the total composition after removing hydrochloric acid.

In a preferred embodiment, the portions of the separation section 30 downstream from

the azeotrope column 180, and the purification subsection 40 are not required to be
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bed 190. In a preferred, enbodi nent, the nethod conprises reducing the
concentration of hydrochloric acid in the mxture to | ess than about
1x10-g nol /L, nore preferably I ess than about 5x10 nol/L, even nore
preferably | ess than about 1xi 0-4 nol/L, based on the total conposition
after renoving hydrochloric acid. In a preferred enbodi matMARZAE portions
of the separation section 30 downstream from the azeotrope colum 180, and
‘the purificato@mwi@ssection 40 are not required to be 1pch8siyd3:£2006 WO '
03/ 016257 PCT/ US02/ 24364 corrosion-resistant. Equi prent upstream of the
azeotrope c 3 .S R a C 0si_on-resi o for exanple, it
may " be gl ascgh?%eéggﬁxh'e Eﬁ%ﬁ%gﬁtcug’%%{egg ?C))flr’é’? %Zse PSS m% ?gé Fwsepé%ra?% descri be a
mat eri al cavabsien-whistwit: stxamgienigmay béiglhssdined. it teoh “E&DMsippmesitant”a '
tenperatur g gearﬁ?oo&%crﬁg gn%a%ﬁ@fc%?&blé%%g{sgnéiﬁganr}ﬁ%gﬁtgnq F%ﬁ%t;g&neatw t hout
substantial corrosion 1n a relatively brie Ime perrod {e.qg., six nonths).
A ass | i neth tengemtlrs of pbati WIE toettmlut (1859, jn tlenteadtiom) mixtune dvithagsel s and

speci al stee ch . .as. STELLOY(r) and ROVALLOY( t) ul.d .be
consi der ed S&'%si?ng’éhi °8H9§’°é’s’f’§F§ﬁ?ve¥yrra?e&r%n§|p§f’°‘\f\?§igr é‘de%Y”‘fiir SYA”%)% Jéf?elql ess steels
not nodi fi edseb, erebiamc medD(6.0S tadtalune)s lisdavesels and Udpekidl odtede swwbnsi dered -

corrosi on-r.esi Th tr |.u 80 can be nmade at |east in part
fromcorr osﬁ%ﬁ%@%\’s@ é"ﬁ? %@f@wﬂﬂﬁﬁ “boggif é"r r %rﬁﬁgrﬁgocafrﬂsé?ﬂ'r,wftﬁ‘g bot t om of
t he azeot r opaeriats, while di@ifaryprsigintess steetiendt modified o @nliaosd @irosiasresittame St eel |
whereas th ) . rdi_nary stainl tee I n one
erbod: ment SPRES be bolSalel R et HlelalobyR Bt 13 ot hage,

chl or of or neet deasts ity parbfrerd doryosior-fesistgntprstalag clnveay prefefred embedimetietheenbodi nent
of the app Il I R ' i in the
gas- | i qui d%g%ﬂg%ttéeo%%gggﬁgn}éégd;#gy 1%6n #g&?ﬁ%ﬁ%g%%ﬁ?gﬁfﬁ%&ce time and
at  suf fi civéisreas Bafapohthe pelump candierpydinagy Kyginlessisteelr of or mate. I n ot her words,
the fluid passageway 110 conprises the gas-liquid separation vessels 90
and 100. Fahf orfeXampddiment T thexippaRtBRYIMsRFRI o IFIGEhe sendeg)sgikphase in the
gas-liquid Bﬁg‘%r atiqQn vessels to be substantially deconposed by reactions
with water S HERRASSmovedin ¢ Aipid PassagrdaY fkht , the first heat exchanger 140

and the hol ding vessels 120 may be unnecessary.
In another embodiment of the apparatus, illustrated in FIG. 7, the mixture is present in

the gas-liquid separation vessels 90 and 100 for sufficient residence time and at
sufficient temperature to remove alkyl chloroformate. In other words, the fluid
passageway 110 comprises the gas-liquid separation vessels 90 and 100. For
example, the mixture may remain in the condense phase in the gas-liquid separation
vessels to be substantially decomposed by reactions with water and methanol. In this
- embodiment, the first heat exchanger 140 and the holding vessels 120 may be

unnecessary.

In another embodiment of the apparatus, illustrated in FIG. 8, the alkyl chloroformate
may be removed in a fluid passageway 110 that precedes the gas-liquid separation
vessels 90 and 100. In this embodiment, one of the above-mentioned techniques for
removing alkyl chloroformate may be employed upstream of the gas-liquid separation
vessels 90 and 100.

In another embodiment of the apparatus, illustrated in FIG. 9, the hydrochloric acid‘

may be removed from the mixture before removing the alkyl chloroformate. In this
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I n anot her enbodi nent of the apparatus, illustrated in FIG 8, the alkyl
chloroformate may be renoved in a fluid passageway 110 that precedes the
gas-liquid separation vessels 90 and 100. In this enbodi nment, one of the
above-menttoned techni ques for renoving al kyl chloroformate may be

~enpl oyed upstream of the gas-liquid separation vessels 90 3€ﬂ@§00 In
anot her enbodi nent of the apparatus, illustrated in FIG] M

hydr ochl ori cwa®k/ghsaspmy be renmoved fromthe m xture befor %yé%z%g gg t he
al kyl chl or of or mat e. In this 16 13 MAR 2006 WD 03/ 016257 6/ 24364

enbodi nment al k chI qr of ormat e be repoved in the vap rat her
than the W@ia‘ie H‘C‘Hh @llylrelyloreformat @aygéf@?w%ij‘ theyvapprgratiepr ﬂ?ﬂéhefl uid
passagewvay ikl phmyg. Fed dx@prletrh%ﬁg&onsopemeﬂhlumsalg&%y NomaeXswpl e, it may be
|nserted|ntothe az otrope.colu r.exit e 210. In this

oot mant e EATOPE S0 5 GHAIRt Ty e APTEcH 0 MG oRpe DBERLT s 120
iIlustrat edzapda ekit fme B OMpythRe@mBodimbtthe fiRt hdat &clRilyp d40nEBid!the Hohﬁngf | ui d

passageway ref erab o] se an .ap atu U|ta for renoving
Dy ent oFSHoN Bt BT H- dpBt Up At Aghe SPEptEREnTh IS esi o

absor pt i on pagaieway ap® may pfeaas&;lywmmfrﬁmeﬁ apatatus)spitablecfoit h;ﬁxoaxhgy!kybhl or of or mat e
need not be con rr d enbodi,nment_is reparing a

di al kyl carBSRA rgaégrgﬁbtﬁ? ‘Zalpﬂrd’% regety Chﬁﬂgeéfslgﬁrf%forrr&iﬁ’?g@% apgar bon

nonoxi de, @hgbe meodbtaatbsyett.),tand m@alhylahhmiwmae neaglowjirei cendegsed. di aI kyl carbonate,
an al kyl chl orof ormate, hydrochloric acid, water, carbon dioxide, and
carbon mn%%}l@ﬁne@@ﬁb&ﬁﬁéh R0a RR{hEd 'ESYinteHe{rﬁ) ahchﬁkkg '%axﬁorfa{eu'c rdfgsageway 110
at a tenperature of about 50C to about é a residencé tine of
about 1 hodsacting amhalsenol.0oxpersy sarb%@pwdep.a@? ercaféldstetﬁtfem FERRNYES  an

appar at us ‘fog rﬁ)dh%oﬁlrdizm&l Rarblbrdlek }h aflkl BINBRFdmate Ck@ﬂ}%l%m&i&ﬂmd rRags for
reacting an afkanol éégen car bon nonoxi de, .and a catalyst to forma

M xture cofPPPdiggids, andafaien BonoKidFatn Paaﬁngaﬁak@ dePreP@w preftudd

hydr ochl -or ipgss@seiwdy wmtex tem ?ﬁrﬁt@x@rbf@b&iﬂsd% tAEHuCEPO AR PRNAGXdRce and means
for removing al kyl chloroformte fromsaid mxture. Another preferred
enmbodi ment “im§°§ﬁb°éfbb5?“éf°tf§°‘ftdph?ﬂ’%parl ng a dial kyl carbonate, conprising:
a reactor for reacting an al kanol, oxygen, carbon nonoxi de, and a

Another preferred embodiment is an apparatus for preparing a dialkyl carbonate,

comprising: means for reacting an alkanol, oxygen, carbon monoxide, and a catalyst
to form a mixture comprising a dialkyl carbonate, an alkyl chloroformate,
hydrochloric acid, water, carbon dioxide, and carbon monoxide; and means for

removing alkyl chloroformate from said mixture.

Another preferred embodiment is an apparatus for preparing a dialkyl carbonate,
comprising: a reactor for reacting an alkanol, oxygen, carbon monoxide, and a
catalyst to a produce a mixture comprising a dialkyl carbonate, an alkyl
chloroformate, hydrochloric acid, water, and carbon dioxide; and a fluid passageway

110 for removing alkyl chloroformate.

Dialkyl carbonates prepared according to the method are useful for the preparation of
diaryl carbonates. For example, diaryl carbonates may be generated by the reaction of
a dialkyl carbonate with an aryl hydroxide (see Scheme I, above). The diaryl
carbonate may in turn be reacted with a dihydric phenol to form a polycarbonate (see

Scheme II, above).- For example, dimethyl carbonate prepared according to the
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catalyst to a produce a m xture conprising a dial kyl carbonate, an al kyl

chl orof ormate, hydrochloric acid, water, and carbon dioxide; and a fluid
passageway 110 for renoving al kyl chloroformate. Dial kyl carbonates
prepared according to the nmethod are useful for the preparation of diary]
carbonates. For exanple, diary] carbonates may be generaLg% pﬂm%he reaction
of a dialkyl carbonate with an aryl hydroxi de (see Sche ﬁ, above). The
diaryl carbepaseesay in turn be reacted with a dihydri ecplienslhseo forma
pol ycarbonate (see Schenme |1, above). For exanple, dinethyl carbonate

prepared a i 0 0 03/016257 P S02/ 24364 et hod
may be rea%@gdp%wﬂghﬁepﬁeéﬁgdxweﬁ%‘%@?%(1) gﬂ%\#é)pr%??yl CArpSinat g[; “J g’c in turn
may be reachaydbewtacted bith pispireodl Adotfanf opalycarbputeycar bonat e. The invention is .

further illustrated by the followi ng non-limting exanples. EXAMPLE | A
plant accorefhehionsd fiRhdril R i r BBl fmBRgl-0RGRAL ed Lo produce
rrosion d o}

di net hyl carbonate. mage was served I n"and downstream of ,the
azeotropic ol unm 180. After extensive experinmentation, it was determ ned
that the c&%’&gg{ﬁnl damage was caused by net hyl chl orof ormate passing

t hrough the acid separation colum. Specifically, nethyl chloroformate ‘was
found to beA phrasantrding t¢ bienpHA@OFIGO P evas doiltland op&tedito prodoadimthyait i on of 300

parts per Thbbion (BAM.DLYEL YL hDXNPLES 28, h5 eROTRGRML On Ki neti cs

of net hyl orof ormate were-studi ed under Tour er ent ndi tions.
procedur e feolumael88r fifter mxjensive leyperiviehtotiant drweaatdeteiminel thatrtjd emagisn as  f ol | ows.

For Exanpl L Ldl il ( i hyl 2, . of
di et hyl cglr g%egt%%g%%l?ﬁda?}n?’EEYIS‘E(@%%&%?Q%H%%%%éﬁg@?ﬁ?g&ﬁeﬁé %’Elg&ﬁdar d 63 nL
of  met hanspluman §reifipally, mefly efforpiormeateweiclgunddo e preenhin the agedropgui pped wi t h

a  ther "ONghRihn 180 HANMERARLon 815D0PaROfek miiftby GATPLY Wient( TOl uene may be used
instead of the nethanol/water solution.) The resultant honbgeneous

sol ution V\m?f%g%lsn an oil bath and the tenperature of the solution was
hel d const At tinme zero, 81.7 mcroliters of pure nethyl
chl oroformate were added to the solution (1,000 ppm on a weight basis).
Sanpl es werke dgcompesition kinetivseafimsthyl ¢hlorefoinmteewsra btadiedwhdendows different

conditions. A procedure for determining methyl chloroformate in a sample was as

follows. For Example 2, 32 milliliters (mL) of dimethyl carbonate, 10 mL of

dimethyl carbonate containing 50 mg of a biphenyl internal standard 63 mL of

methanol, and § ml of water were added to a 250 mL flask equipped with a.

thermometer, a condenser, and a port for sampling. (Toluene may be used instead of

the methanol/water solution.) The resultant homogeneous solution was placed in an

oil bath and the temperature of the solution was held constant at 50°C. At time zero,

81.7 microliters of pure methyl chloroformate were added to the solution (1,000 ppm

on a weight basis). Samples were withdrawn at various time intervals and were

quenched by reacting the methyl chloroformate in the sample with diisobutyl amine to

convert the methyl chloroformate to N,N’-diisobutyl methyl carbamate. The amount

of N,N’-diisobutyl methy] carbamate was then analyzed via titration with a standard

silver nitrate solution to quantify the amount of ionic chloride present. The amount of

methyl chloroformate could then be inferred by analyzing the original sample for

jonic chloride. The difference in chloride concentration is equal to the methyl

chloroformate concentration because each equivalent of methyl chloroformate

liberates one equivalent of ionic chloride upon derivatization. Alternatively, gas
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guenched by reacting the nethyl chloroformate in the sanple with diisobutyl
amne to convert the nethyl chloroformate to N, N -diisobutyl nethyl
carbamate. The amount of N N -diisobuty) nmethyl carbamate was then
analyzed via titration with a standard silver nitrate solution to quantify
the amount of ionic chloride present. The anmount of netyIMARE0Br of ormate -
could then be inferred by analyzing the original sanple tor 1ionic

chl oride. Theodidifmrence in chloride concentration is eqealustazitshe net hyl
chl orof ormat e concentrati on because each equi val ent of methyl chlorofornate

| i berat es one equi val ent of iqnic chloride upo [ vatj zation.

Al Cer nat vegersesenly Ry foupsed0nE it cania S8 DS M B soihy

chr omat ogr aqafymarnising anmeshal aindekidr ect anal ysis of the N, N -diisobutyl.

nmet hyl carbamate using an internal standard. Table | bel ow show't he
observed d i £ r.at tS. [ t f ious . conditions.
Beanpl o 2 oo Pagsiobl BBy L s SRR AR Bt eomis Rla 3G 88580 L deg
hydr ochl or i enditions. t Fxamples 2 gemesperids yo fheememndesenibed hbovaut Bremple 3 hasact i on

m xture. | ﬁ{g 1868 aci : : adi bi car bonat e
was’ tested.nadlden Fgaarr]grcéa%(? B’tgwggérngﬁ]}ég %?eﬂélﬁl%#ﬁ H%grrg{fg%g gﬂg%uﬁ]et hanol was
hel d const ditamplsud, i effeetnafunsmalk ameund of \sediurh ficadms sl Was deste8% o 10% The

(Ok (i ERHES, QRS ApeulDed Bt 1b melRRl Sy bl tigfpel v %0 Terp
4% * 4550550 (RIIRGEt Ghwate was AREAEISO0 T65 10%ehbd wailts brs sEmmatzed belowpt t hat i t

al so had 1nga}_|ﬁP[n of HCl, which is simlar to the effluent fromthe reactor
50. **ldentical to Ex. 2, except that 1.6 eq. of NaHCO3 relative to the

1000 ppm MCE_were added. ***ldentical to Ex. 2, except that the % water was
i ncreased b'gf‘b % but the ratio of DMC/ MeCH was not
DMC MeOH H0 (Wi%) | Temp (°C) |k (min™)
(wt%o) (wi%)
Ex.2 45 50 5 50 0.043
Ex. 3* 45 50 5 50 0.043
Ex. 4%* 45 50 5 50 0.480
Ex. 5%** 43 47 10 50 0.055

*Identical to Ex. 2, except that it also had 1000 ppm of HCl, which is similar to the effluent from the reactor 50,
**]dentical to Ex. 2, except that 1.6 eq. of NaHCO, relative to the 1000 ppm MCF were added.

**¥]ldentical to Ex. 2, except that the % water was increased by 10%, but the ratio of DMC/MeOH was not
changed, just reduced overall.

Plots of the logarithm of methyl chloroformate concentration versus time were linear,
fitting a pseudo-ﬁrst-ord;r kinetic model. This behavior was observed even in the
presence of hydrochloric acid, and therefore this method can be used to determine the
concentration of methyl chloroformate in a-particular sample. Comparison of
Examples 2 and 5 indicates that only minor variations in the rate coefficient, k, are
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changed, just reduced overall. Plots of the | ogarithm of nethyl

chl orof ormate concentration versus tinme were linear, fitting a
pseudo-first-order kinetic nodel. This behavior was observed even in the
presence of -hydrochloric acid, and therefore this nmethod can be used to
determ ne the concentration of met hyl chloroformate in a m@mﬁy<:ular
sanpl e. Conparison of Exanples 2 and 5 indicates that J m nor

vari ati ons iwo&mwes2sate coefficient, k, are 19 13 MAR ZOGQnMﬁh§£¢016257
PCT/ US02/ 24364 observed when anal yzi ng sanples having wat er contents

soror o gt B en S e GBI BR o B BT oty
chl or of or netanpdwson wp Branpiles m@(}’r’r@aws sonprighglFteatplided HC2 dixturbt 4ff®hovvs t hat
even a sma )&{5 m&tm@ P‘@ﬁﬁa&p&rgﬁﬁﬁeﬁgdécgﬁpgsﬁ%gt tgmggrﬁg‘?opgx than

ten-fol d. practi ca esita eto avoi d
strongly ti’a@dé sbowrdiheti ayers 2 boalh arseunt hf-:-@asaing@asmhgheumnme byh@rdecorrpom td on

rate of di a Egﬁyﬁk hese
experi ment rsm%ﬁ%{/vfoﬁ APQE%% ul pasgggeer @g&r ectl ve tgo):rr educe the
concent r at ibg#ic edndiephdcausp ﬂw@fsemﬁatlmabmﬂnc émmefamn Tatg of dimpetiiCl i n :
downst reamg,$66kd ons of the plant. Wth reference to FIG 1, two sanpl es
were obtained by sanpling the process fluid at different points in a

di met hyl c t nfiguration with a first heat
exchanger %ﬁgﬁgﬁdf@&%ﬁﬁ%$%gﬁbgggéé¥§g 120 (i.e., a configuration
corresponding to FIG 3). The first sanple (Conparative Exanple 1) was

t aken i medibeseedxperimghtsr show Hbatf the flbidhmsdagawag HA0 ge effdoti®e tol rdusabond sanpl e
(Exanpl e 6)..y85 S , after the
fluid passagemé%ai?gfeﬁéggﬁ&ggﬁégggggféké%&pgf?ﬁl lln%gm%he S chloride
cont ent wasectigest eff the rpdagt. aSWVidh freferencedm F36. 1.i two sainpjes exkrd ptainghbypl i ng. The
resul ts ar g, ihes ot Gokebdruid dkifrerk a@aﬁ Pally
_constant |eve sgof i hior i de i on, ﬁtr?&l %gnl@r?méh%qg%ﬁn M SR

chl ori de- gé@éﬁﬂﬁ?ﬂb“@bé@ﬁ@%h%MéﬁmaﬁﬁmﬁWH?ﬂtWhﬂ@kbEbWﬁﬁdeQKéhﬁbt present

in the Sambﬁgu}aﬂorpéﬁhteﬁﬁ%ﬁamg k1 e1cH 3. aThOfirsCABle (Eﬁmpa’!rat%@%%ﬁﬂe iiicrease with
chloride |evel over consi stent wth presence of nethyl chloroformate

in the ini twaaml@&ﬁﬂ{nédlatalﬁob@ﬂtr% throfitshpest exchangen 4G (Thenseqopd $&PRY addi ti onal
chloride i QBxam]Sl'bUG) whekélabfer the second holding vessel 120 (i.e., after the fluid

passageway 110). Each same was taken to the lab, and its chloride content was

determined as a function of time elapsed from sampling. The results are presented in
Table II. The Ex. 6, data show essentially constant levels of chloride ion, indicating
that labile, chloride-generating species such as methy] chloroformate are not present
in the sample. In contrast, the data for Comp. Ex. 1 show an increase with chloride
level over time, consistent with presence of methyl chloroformate in the initial sample
and its decomposition over time to form additional chloride ion. Thus, the data
collectively show that in the absence of the fluid passageway 110, substantial chloride
formation may take place in downstream (post-acid removal column 160) sections of
the plant, causing corrosion, but the presence of the fluid passageway 110 is effective
to decompose alkyl chloroformate to chloride jon before the acid removal column

160, thereby preventing downstream corrosion.

Table 11
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collectively show that in the absence of the fluid passageway 110,
~substantial chloride formation may take place in downstream (post-acid
renoval columm 160) sections of the plant, causing corrosion, but the
presence of the fluid passageway 110 is effective to deconpose aIkyI
chloroformate to chloride ion before the acid renoval gzwgpb@ t her eby
preventi ng downstream corrosion. Table Il 20 13 MAR 200 016257

PCT/ US02/ 24 3do3ki16¥87 (h) Chl oride Concentration (ppm EX. pbfRsBrideX. 1
0374189 2408312 4374339 8372368 10372357 25381368 EXANPLE 7, COVPARATI VE

EXAMPLE 2 qrpat-atve—Exanpt eatrbonate |Jl arntyaccor di ng
to sinpliflﬁgﬁ’c 4 2 was opqﬁﬁtﬁﬁtﬁeﬁﬁtﬁPHSH%B the conditions described in
Table 111, belomt This plant{ was simlar to that shown in norejdetail in
FIG 1, with the exception tjEt6the first hedtCompchariger 140 and the fluid
passageway| 110 were absent. |[Corrosion was obgerved in and downgtream of

t he azeot rigpe corumm 1807 NgXg, Thr s piant way jggodi fiedto rncfjude the
first heat| exchanger 140 and two hol di ng vessdgls 120 were added to
increase rjesidence tine (i.¢g ElLG 3 configuration) FIG 10 pHesents
measur ementts of residual ioni49%8chl orides found 33 sanples taken|from the
bottom of | the azeotrope coljum 180, conparing the FIG 2 and FIG 3
configuratfipns, each over tfi3me. Residual chldrades were determined by
titration jusing a silver nitrate solution, ag described above. |The data
for the FI Z—eoRtgurat+of BRve—an—average—e 6++—ppr-ehtorgde with a
standard devi ati on of 370 ppélghlorlde mhereaQGghe data for thg FIG 3

configuratlion have an averade of 35 ppm chlorilde and a standard]|devi ation
of 10 372 357

25 381 368

EXAMPLE 7, COMPARATIVE EXAMPLE 2

For Comparative Example 2, a dimethy] carbonate plant according to simplified FIG.
2 was operated according to the conditions described in Table III, below. This plant
was similar to that shown in more detail in FIG. 1, with the exception that the first
heat exchanger 140 and the fluid passageway 110 were absent. Corrosion was
observed in and downstream of the azeotrope column 180. Next, this plant was
modified to include the first heat exchanger 140 and two holding vessels 120 were
added to increase residence time (i.e., FIG. 3 configuration). FIG. 10 presents
measurements of residual ionic chlorides found in samples taken from the bottom of
the azeotrope column 180, comparing the FIG. 2 and FIG. 3 configurations, each over
time. Residual chlorides were determined by titration using a silver nitrate solution,
as described above. The data for the FIG. 2 configuration have an average of 671
ppm chloride with a standard deviation of 370 ppm chloride, whereas the data for the
FIG. 3 configuration have an average of 35 ppm chloride and a standard deviation of
25 ppm chloride. The data thus show a dramatic reduction in chloride levels for the
FIG. 3 configuration vs. the FIG. 2 configuration. It is predicted this reduction would
be even greater for the configurations ac'cording to FIGS. 4 and 6, in which four
21



25 ppmchloride. The data thus show a dramatic reduction in chloride |evels
for the FIG 3 configuration vs. the FIG 2 configuration. It is predicted
this reduction would be even greater for the configurations according to
FIGS.”4 and™6, in which four 21 13 MAR 2006 WD 03/ 016257 PCT/US02/ 24364~
hol di ng vessels 120 are used to provide a residence tine ‘[ﬁfMA hours at
70C. FIG 11 presents neasurenents of nethyl chl oroforml goncentratlon
entering andvewidhiézsg the fluid passageway | 10 of the Ipfused24scs
concentration. In other words, the points signified by "+" and | abel ed
"MCF feed tg has rres the m xture

n
as it was er?g er nE= Seshlgb eus‘%m Ovéﬁea\/{}ai/&f‘iegt’mc[?fef”%a}mbr(% E?dsa haveé an average
val ue of 930 malemtsmpgnrenmrht’s bf)nethrgl chierofidrinate prwjiratiolentering badhekiting devi ati on

of 412 ppm’¥he pass n’égt ?Itl%nf?lﬁﬁé c bé/etn ggnagg ofhaexbgvlocg ?FI\IE():IPFLI gm Phase

‘e AT

Py
A

0" correspond R S on exi|

passageway sigtﬂjedtlt}egé’ pmll labeied]aMélFafaedaWePMe 0V ah RGo11 4brrgzpord tand a ,
st andard evi at | These dat a ar,| show thgt ndn apparatus
accordi ng ﬁ’é Efr@’ggs 8 P AR e?é’r’?ﬁt fj PRk lpﬁ &6ncentration

of nethyl givimy bivrsrarm\eragﬂ vallue of [Sﬁmmmpetmﬁanm bywazght dpbinw&t@@lat i onskEx. 7

Voo 02/ can D2 BB o b T Bpd B8 EbsAbERT ey gl itecliZE, 71

Tenper at ur effqhCPh38 1B 3cdrespond dn nﬁaaassmts ¢rb the ghi2 B2 asl @ngxits dhe fnid- Resi dence
Ti-me Heat erp 80, dofal 116/ MBese PoiftE hile Gl HERECAG SPROLhAR" and B ardalel

deviation of 77 ppmw. These data clearly show that an apparatus according to FIG. 3

is effective to dramatically reduce the concentration of methyl chloroformate in the

process sfream.

Table II1

Conditions Ex. 7 (FIG.2 Control Ex. 2 (FIG. 3
Configuration) | Configuration)

Mass Ratio MeOH/O,/CO 0.7/0.06/1 0.7/0.06/1

Catalyst Content Fixed Fixed

Reaction Temperature (°C) 133 . 133

Reaction Pressure (barg) 23 23

Temp. of Pre-Residence Time Heater | 60 -

0

Temp. of Acid Column Feed Vaporizer | 90 90
(°C)

Residence Time between flash vessel | 2 ‘ 0.03

and acid column, excluding both

(hours)
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Resi dence Tine between flash vessel and acid columm, excluding both 20.03
(hours) 22 1 3 MAR 2006 WD 03/016257 Tabl e IV Confi gurationaverage chloride
concentration standard deviation (ppm) FIG 3 (conparison)671370 FIG 2

(1 hventi on) 3525 PCT/'US02/ 24364 WhiTe the inivénti on has been described with
reference to a preferred enbodinent, it wll be understfgg Qg]¢hose
skilled in the art that various changes nmay be nade and 6| Q ents may be
substi t ut ed woasned2enment s t hereof w thout departing frompthesseope of the
i'nvention. In addition, many nodifications may be nmade to adapt a
particular situation or material to the teachings of the invention w thout
departing fromessential scope thereof. Therefore, it is intended that the
invention not be limted to the particular enbodi nent disclosed as the
best node ckedipl ated for carrying out this invention, but that the
invention will include all enbodinments falling within the scope of the
appended cﬁgﬁﬁg;‘gmpre mot—S T catrtydgirimd herein, technical terns in
this speciflga “%n may be Eﬁ%?fieted ag§%$dlng to Grant and Hach's
Chenmical Dictionary, 5ch ed.|coMearatignHit| btandatdjc. Al |l cited patents and

ot Her refegrences are incorponﬁhgﬂmnﬁﬁﬁjn by rgference in their entirety.
23 13 MAR |2006° WO 03/ 016257

FIG. 3 (comparison) 671370

FIG. 2 (invention) 35425

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from essential
scope thereof. Therefore, it is intended that the invention not be limited to the.
particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope

of the appended claims.

Where not specifically defined herein, technical terms in this specification may be
interpreted according to Grant and Hach’s Chemical Dictionary, 5" ed., McGraw-Hill, -
Inc.

All cited patents and other references are incorporated herein by reference in their

entirety.
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CLAIMS 1. A method of preparing a dial kyl carbonate, conprising:

PCT/ US02/ 24364 reacting an al kanol, oxygen, carbon nonoxi de, and a catal yst
to forma mxture conprising a dialkyl carbonate, an al kyl chl orof ormate,
hydrochloric acid, water, carbon dioxide, and carbon nonoxide; and passing
said mxture through a fluid passageway 110 at a tenper gtjuii® 2606 about 30C;
to about 130C and for a residence tinme of about 0.5 hour to about 10 hoursé
2. The net ho¥o e01€5ai m 1, wherein said al kanol conpri sePcaugR2@Gi2 al kanol :
3. The method of Caim1l, wherein said al kanol conprises a Cl-C6 primary
al kanol . 4.clAgggret hod of G aim 1, wherein said al kanol conprises nethanol.
5. The nethod of Caim 1 wherein said al kanol, said oxygen, and said

car bon nonoxi de are rea d.in atl os of about 0.5 to about 0.7

al kanol ) : (about 10. 047 0% 8&?“3?”6%"“8% 0(1%{?16&‘!’ HFINg: ¢ o about 1.2 carbon
nonoxi de). 6. The nethod of Claiml, \/\herel n said catal yst conprises a
metal sel ect edrdaciing axhellgmodzuq&ygmnsciaﬂ)bh ngomiidé raud,a cagperty fockel , cobal t,

zinc, ruth [ Si ni u osm um
iridi um pﬁmf#ggu?ﬁ”ﬁg}’ %qlé%%alg ccﬁr%ona 2 aéIS'Xﬁ ]ﬁ%??(i%’ﬁtg lﬁ@g%ﬂ%ﬁ ?‘ncérg ‘at | east one
of the foregsrngrbvstdaxgle, aid céfbl:elm@tohrdel; apfi Claim1, wherein said catalyst
conpri ses copper. 8. The nethod of COaiml, V\/nerel n said catal yst conprises

hydrochloric ac b%smg said Hﬁmtﬁ?@ | QfﬂufaI Iféésgée%va Wﬁt%‘t&np%ﬁi'ﬁge ?laﬂ)ﬁ\lty st

conprises hydrochloric acid an inanolar ratio o ut 0.5 to
about 1.5. PP m&@?‘tﬁb@d\f@a@@m@t@w PapuSs bowisguutilf homse met hod of
Claim1, wherein said fluid passageway 110 conprises a heat exchanger. 11.

The met hod of CRai mThe inbth6dEbN Chiath dl, fuHéteth BAS SBGRNBSmPARs GOOPCH,SeS

alkanol.

3. The method of Claim 1, wherein said alkanol comprises a C;-Cg
primary alkanol.

4, The method of Claim 1, wherein said alkanol comprises methanol.

5. The method of Claim 1, wherein said alkanol, said oxygen, and said

carbon monoxide are reacted in a molar ratios of (about 0.5 to about 0.7

alkanol):(about 0.04 to about 0.06 oxygen):(about 0.8 to about 1.2 carbon monoxide).

6. The method of Claim 1, wherein said catalyst comprises a metal
selected from the group consisting of iron, copper, nickel, cobalt, zinc, ruthenium,
thodium, palladium, silver, cadmivm, rhenium, osmium, iridium, platinum, gold,

mercury, and combinations comprising at Jeast one of the foregoing metals.

7. The method of Claim 1, wherein said catalyst comprises copper.

8. The method of Claim 1, wherein said catalyst comprises hydrochloric
acid.

9. The method of Claim 1, wherein said catalyst comprises hydrochloric

acid and copper in a molar ratio of about 0.5 to about 1.5.
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a hol ding vessel 120. 12. The nmethod of Caim1, wherein said fluid
passageway 110 conprises a plurality of holding vessels 120. 13. The

met hod of Claim1l, wherein said fluid passageway 110 conprises a section
having-a length to volume ratio of at |east—about—5—i4—Thenmethod of——
Claim 13, wherein passing said mxture through a fluid Sp@mgfway 110
conpri ses passing said mxture through at |east one seéti ving a
ength to v atio of at least about 5 for at |east 420% of the
total resi dg‘;réé'gﬁm{z?’rre spent in said fluid passageway 11%%%%?24'%& met hod of

Claim1, further conprisin densi ng.sai, | xture prjior to passing said
reaction m xtur &%t hmﬁdﬂet@gi"gggf%?dw??geé%%‘g%n%ﬁaf%?mfélb‘f‘ﬁ‘é"rﬁféit hod. of
Claim1, fuwheexclaagspri sing renoving hydrochloric acid fromsaid m xture.
17. The method of C aim 16, wherein said renoving hydrochloric acid

about - 1x10-3 mil'es DErRRESE ekt e S AUIYALIRAI ol | 0, oo TTeN

conpri si ng ahepbng vessehl29ai d mi xture before said renoving hydrochl oric acid.
19. The method of C aim 18, wherein said vaporizing said m xture conprises
heating sai d m X2.ur eThemibRion Clalnh @, WHeRSS Wi EMAPHst@slvdyQ 16 8dribrisxt Ur e, or
both. 20. The nethod of CajmJl, further conprising renoving carbon dioxide
and carbon ‘l’fﬁlﬂagh"ﬂ‘g?ﬁﬁeésﬂsdz% xture. 25 13 MAR 2006 21. The nethod of
Claim 20, wherein at |'east about 90% of said carbon dioxide and at | east
about 90% of saildl cdflecuethoddClathe 1 avleraresmi/fbdd pasaupgeveyi 1d0 ponxgirigese. 22. The
e out do sl and [E0Rh B BRI ST IAG B8] 800 O 0¥ 06 ANdCAr DO i
nonoxi de conprises passing sald m xture rough a plurality. of gas-liquid
separation vessels. 23. The nethod of C aim 22, wherein said reacting is
conducted at a ffr stTheﬁ’?eé“é’QBrngl,a‘“émj“@‘&F’&Pﬁfsﬁgﬂlﬂf‘y"t@?ﬂﬁ%hlaiﬂéﬁﬁ‘i d separation
vessel s cormsshgeae&yaldéqngfisg@sssin'geaiﬁdaixt@eﬂaé h bOBasV @R SEtoMBMANRG @ pressure
W thin abo%ngghoté) vg umseer‘alm% Jf I::1 lggst B)rmei‘tsss %clnr' aGt’]eagtna 01% 5%%00?[&% total residence

time spent in said fluid passageway 110,

15.  The method of Claim 1, further comprising condensing said mixture

prior to passing said reaction mixture through said fluid passageway 110.

16.  The method of Claim 1, further comprising removing hydrochloric

acid from said mixture.

17.  The method of Claim 16, wherein said removing hydrochloric acid
comprises reducing the concentration of said hydrochloric acid to less than about

1x10™ moles per liter.

18.  The method of Claim 16, further comprising vaporizing said mixture
before said removing hydrochloric acid.

19. The method of Claim 18, wherein said vaporizing said mixture

comprises heating said mixture, reducing the pressure applied to said mixture, or both.

20.  The method of Claim 1, further comprising removing carbon dioxide

and carbon monoxide from said mixture.
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gas-liquid separation vessel having a pressure |ess than about 20% of said
first pressure. 24. An apparatus used for the nmethod of claim1l for
preparing a dial kyl carbonate, conprising: neans for reacting an al kanol,
oxygen, carbon nonoxide, and a catalyst to forma nixturéBdMﬁﬁ@ ising a

di al kyl carbonate, an al kyl chloroformate, hydrochloric acid, water,

carbon di oxi i, arthecoebwd ofoGisiind2), wheremeanksastoabous 96% af S@llquﬂrbon

hi f f 25.. A t f t th d of
o BROE AT A b ot R B REG wlLBR RS0, o
reacting an al kanol, oxygen, carbon nonoxide, and a catalyst to a produce

a mxture co r|S|ng a di alé% carbonate, an al kyl chl orof or mat e,
hydr ochl ori ¢ 22aci dlh Wt:hod Glaimr BOnwhersii srid ramavimgt samben grxidgyandy (110)

for " emuing, Al ise Nl ghatar Tt an 20ra HIEWAPRRLALYS Aleh o A0 iather el 1

said fl i passageway atus of
Claim Z&gpmrev@saal d fluid passageway 110 corrprl ses a hol di ng vessel
120. 26
23.  The method of Claim 22, wherein said reacting is conducted at a first
pressure, and said plurality of gas-liquid separation vessels comprises a first gas-liquid
separation vessel having a pressure within about 10% of said first pressure, and a second

gas-liquid separation vessel having a pressure less than about 20% of said first pressure.

24.  An apparatus used for the method of claim 1 for preparing a dialkyl
carbonate, comprising:

means for reacting an alkanol, oxygen, carbon monoxide, and a catalyst to form a
mixture comprising a dialkyl carbonate, an alkyl chloroformate, hydrochloric acid, water,
carbon dioxide, and carbon monoxide; and

means for removing alkyl chloroformate from said mixture.

25.  An apparatus used for the method of claim 1 for preparing a dialkyl
carbonate, comprising:

a reactor (50) for reacting an alkanol, oxygen, carbon monoxide, and a catalyst to
a produce a mixture comprising a dialkyl carbonate, an alkyl chloroformate, hydrochloric
acid, water, and carbon dioxide; and

a fluid passageway (110) for removing alkyl chloroformate.

26. The apparatus of Claim 25, wherein said fluid passageway 110 comprises

a heat exchanger.

27.  The apparatus of Claim 25, wherein said fluid passageway 110 comprises

a holding vessel 120.
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