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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).
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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.



WO 03/ 016258 PCT/ US02/24731 0 CuCl catalyst ROB + CO + 1/202 10- 11 C +
H20 (I'1l) ROB FOR U.S. Patent Nunber 5,527,943 (the 943 Patent) al so
descri beswea ogooass dr awback of the dial kyl carbonate proc®€3/tsorptidi ng to
Scheme (111): it produces water as a by- product. Al so, hydrochloric acid
(HCl') may be continuously added to the reaction mxture to maintain a
desired nolar ratio of chloride to coppgr. Therefore, HCl, CQuCl catalyst,

and water are typically f(%m%a'a o he stu}eam exiting the reactor vessel.
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materi al se 'Ln%ﬂh&ﬂ BERPH G QRoHOH-ridisthiiti AAEHAE, suSk @b ioPRS1iAéd V8elp| @t The
943 Pat en urther suggests that rempoval of HCO and possible copper
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al so st at Haletdfalie plhlteas@ssiliti ng condi tions enpl oyed are preferably adjusted

such that the gaseous mxture fromthe reactor does not condense, or

CondensesAot%%alt }C))lagt Po?%leirfgli‘n?ilng p?é%a%%tg’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 HCl 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).



before the acid renoval section in order to avoid the necessity of having
to reheat the mxture before renoving the HCI (col. 3, lines 17-30). 2 WD
03/ 016258WB@3hus8R/ 24731 I n view of the above, it was de®Craishz24761
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considerable effort, the present inventors have di scovered that dial kyl
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met hyl chl oroformate (hereinafter "MCF") nay be fornmed as a by-product.
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to formcaqrrosjive HCl. her.ef.ore, i s_determ ned that . steps re needed
to rem)vegpl't}fll'—a SP]F"S?SCtUBe%ﬁé]dS tﬁgr gltaiwg)ﬁgi%nﬁuﬁg}siaﬁa@%gf%r??stg%tﬂné’ﬁsa. Bher
Snbodi gegh%evljhﬁealuydh NgetBbd afpaepdrihg 4 QfialRylegabomige, odgikinge deRaRAtHS, are
escri pe el ow.
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 removing alkyl chloroformate from said mixture.

After considerable effort, the present inventors have discovered that dialkyl carbonate
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 (hereinafter “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 determined that steps were

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

Other embodiments, 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.



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a diagrammatic view of a first
enbodi nent of the apparatus. 3 WO 03/016258 PCT/ US02/ 24731 FIG 2 is a
si nplifi edodBagnrasmati c view of a conparative apparatus t Rar/ise2/24731
susceptible to corrosion. FIG 3 is a sinplified diagramatic view of an
enbodi ment of the apparatus in which the fluid passageway 110 conpri ses

enbodi ment 131 % Ko “asnanicls Tt W1 40 b - fLERRACTRY iyt R s S0

four hol dsmgeptitdstl orbdldn. FIG 5 is a sinplified diagr amTatl c view of an
enbodi mrent of the apparatus in which the fluid passageway 110 conprises a
t ubul ar ion 130. .Fl is a si.nplified. diagra tic view of an

enbodi nenmﬁ fswlaabgﬁ(fé@wl%wgwé A mbgnaEeL ”g%@élppaem ihe#icdoo. FIG
7 is a siddibgsksed e%&ryalmbh{%rlk’ésec‘{%oq{ol&ﬂg@é@%@l@'lﬁ@”t of the apparatus in
which the fluid passageway 110 conprises a first gas-liquid separator 90
and a secondnégas- liquid separator 100. FIG 8 is a sinplified diagranmatic
view of allenbisdi sentified dirpenuppardewolian ewbodiment hethelapparapassahshay 110
precedes a ud at is asinplified

di agr arrrra{ﬂ}egﬂl%/lfl gss%% “§a|¥ léﬁb Hllp%g%ta{oglf ﬁ?]ﬁlélg Vﬁﬁgrsaltzﬁs in which the fluid
passageway 110 follows the azeotrope colum 180. FIG 10 is a plot of
chlori de @ﬁﬁcfemarsimpnﬁsd diagtanemdiiat iemodtin @mbadieaint opthe@appatams iBGhicas a
function O]Prff garatus type (FIG 2 and FI G 3%] and time. FIG 11 is a plot
of met hyl a8y BrssReRItaY HQﬁ@@Mlﬁ%sﬁ%‘h'él%?ﬁCEPil 80-and exiting the fluid
passageway 110 as a function of time for an apparatus corresponding to FIG
3. DETAl ERD BESCR! itk e PFaidinbin FIRGE ERBRO,ENBCOLMEITS Ode REmpiyiRAt [ s a
met hod, conprising: reacting an al kanol, oxygen, carbon nonoxide, and a
catal yst tempusing an rincxghangeoespr bed HY.a di al kyl carbonate, an al kyl

chl orof ormate, hydrochloric acid, water, carbon dioxide, and carbon

monoxi de; F?(ﬁ'd7 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 cdmprising a dialkyl carbonate, an alkyl
chloroformate, hydrochloric acid, water, carbon dioxide, and carbon monoxide; and
removing alkyl chloroformate from said mixture.
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removi ng al kyl chloroformate fromsaid mxture. 4 WO 03/016258

PCT/ US02/ 24731 There is no particular limtation on the al kanol used in
t he net howlo 0Swid2adbl e al kanol s i nclude primary, secondarypPCansor/stsi ary
Cl-Cl12 al kanols, with primary Cl1-C6 al kanols being preferred. Hi ghly
preferred al kanol s i nclude nethanol. Oxygen may be provided in any form

with gase%@refig Wd%a ?chfhg li%i?afti% rogqhe gﬁ%hﬁcﬁ s&d inoth¥ gxfé?lilécp U?l?l%%bel eﬂ]?;ln& ' f or
exanpl e, air, and*‘oxygen-contal ni ng gases having at 1east abou wei ght
per cent middale @imayygeondapy,ehdnatiblyy @t-CleAlkinoth otith (28nave iy AT, fledmosnt

nmol ecul ar _oxygen. Suiftable oxygen-containing gases are commercially
avai | abl ebemg%ﬁ?r}elﬁff Ié;ggmrgferrgﬁ,alkppglamlg& @ﬁ%‘lﬂ% monoxi de is preferably

supplied as a gas having at |east about 90 wei ght percent, preferably at

| east abofxy9én WRL BRHrEAUSEN any RIE, RAG Bk Yodts DEAS hrabiplt Gfwabyei ght
percent, carbon nbonoxi de. Suitable carbon nonoxi de-contal ning gases are

commer ci alokygeavsabtcgdinsludeofar ekamplexainping, oxagen-fmdalnimg gaseSiavaiglag leastt al yst

i ncl ude thps Qnpri.sing jraon, copper. nigkel obal t LNC,. ,.rutheni um
hodi um  BATT aar AR ger ot mORSHRT BANEePHERIARY SIRRE AR PP AT PEISFRL i num
gol d, mer entlaculanekylgbe | Skigabla ey £ddtntiahing NeaseO BRY comB@railly aaglabpne of
the foregoi n% netals. Preferred catalysts may conprise copper. A highly
preferred roéfat%ﬂ%fnplﬁ‘@ﬁ[}‘f?@@c'ﬁéopper and chloride ion in a nolar ratio of
about 0.5 to about 1.5. Wthin this range, a nolar ratio of at |east about

0.8 may be sl ﬁl()fl@)gdeﬁ% g%%ﬁ%l?ﬂeﬁgphgﬂ s (r?agélehav%gg's fast! AP ofwiiBn 0 about

1.2 may be preferred. red artal ysts 1 nclude cuprous©chl ori de
(CuCl) angecap pefahblprt test(abo@12) weight hercengr mos: preferanly dieleheiahoutridr e
highly preferred. Duri oper at.ion of the process, .a suitable chloride ion
concent r atyeoH REiFeBk Cﬁ'&%ﬂt ‘ﬁf’ﬂ%d%y SUHRPIS noWOB?Xlﬁ‘ifﬁ?‘H%lﬁfn@r KA

(HCL). FI @omﬂqekdiél%sawaﬁa@é fidnfliféd ddplarlopidgep! ant 10 having |inked
reaction section 20, separation section 30, and purification section 40.

Wth reference to FIG 1, the catalyzed reaction of al kanol, oxygen, and
car bon nmorYditie gpé@}yqje 1%@0,{%@ pemprising iron, copper, nickel, 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 within
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

(HC).

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
step should be selected to maximize the yield of dialkyl carbonate while minimizing
the degradation of dialkyl carbonate. Preferably, the reaction is performed in a single
reactor 50, at a temperature of about 50°C to about 250°C. Within this range, the
5



single reactor 50, or in two or nore reactors 50. The conditions for
performng this step should be selected to maxim ze the yield of dialkyl
car bonat ewateBloes288 ni m zi ng the degradation of dial kyl caPbonsir24731
Preferably, the reaction is perforned in a single reactor 50, at a
tenperature of about 50C to about 250C. Wthin this range, the 5 WD

03/ 016258, PCT/ US02/ 24731 t.ur er | east out
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about 150%mﬂ3?ﬁufeerﬁ§}t ﬁﬂeféQolWemf)% %@R'lﬁo@mheﬁﬂeactar k] ﬂ%ﬁéféﬁbngke?bwt 15 to
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28 bar e n S f cat al yst
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a concentrati on that wou|d cause solid setting of the cata i:stp I n the
1

react or 58EYFled | RsERGHgtaBKs ¢ ﬁ@eeﬁ@qlm]cenﬂqgon SBade dist @fgﬁﬁ ighotey gen,
and carbo rdm@é”éhda%c%{l ?ol@r 187 ! 18%@?9 [1§la t@e&%'a%orfc@ﬁt’ré%mno%{ abat 0.5 to

about 0.7): (about to out 0. to about
respect i veduse sflidhsghhy of)t}mfoataﬂxsd imibk aeactat30coraf ogglingamithe egyipmentc drtizon

i de | . 05 t of catalyst
us0q rel afRsEh TS, CSKETRARY CHPPP MDA G ERE T RER LY holhEto

catal yst. oFqabs%anp! g, avtien. Heb&at @by sb @&ﬁprOI@g%atﬁaglus aombeﬁlﬂ yopreferred
catal yst concentration is about 140 to about 180 grams per liter of

reaction misrediively. DOrhisbly wpteriad imelar tatie ofaalkanpbioxyaep:dariion mpnaxidreisadded

froma catgl Kk fi.ghent HCl is preferably added to reactor 50
froma hydr O}iﬁf)i @Olétg(?gls)t%{) t% during the course of the reaction to

mai ntain a nmolar ratio of Cu:Cl close to 1.0. The concentrati on of HC is
pr ef er abl {The @ntohntmﬂmka&ysd@k@ht&iarﬂi&d tathd reamntowilbdepayd bheheaxddlixttty ofittef HCI. A
typi cal nass

ratio for feed to total |jquid 6x 10"4 to
about 8x 16‘“?;13’3% R %ﬁ"hﬁpé gaalyst WTGF%CBGL&EI?@]M@ H?%F%i‘/lt‘/“

car bonat e coRinahto is a%Bhme 12 zﬁﬁ)tu?’l8@%%&9}%1théﬁoﬁ%bglon"}ﬁfx%re GRERRN
di oxi de, and carbon nonoxi d m Xture may further conprise residual

met hanol amrab&lygbm,cat@ls'stvmay lm@alba keadsied dion g 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, alky!l chloroformates, etc., and to water vapor. That is, the term
“vapor” refers to fluids having a boiling point of at least -50°C at one atmosphere. In
contrast, the term *“gas” is meant to refer to the gaseous oxygen, carbon dioxide,
carbon monoxide, and optional nitrogen. That is, the term “gas™ refers to fluids
having a boiling point less than -50°C at one atmosphere. The vapor may be at least
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such as al kyl chlorides and dial kyl ethers. The m xture is typically

w thdrawn from the reactor 50 in a gas/vapor form The term"vapor" is

meant to wefoa1d268 gaseous organi c conponents of the m xteca/sor7as, for
exanpl e, evaporated dial kyl carbonates, al cohol S, aI kyl chl or of or mat es,

etc., and to water vapor. That is, the term "vapor" refers to fluids
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bar gauge, erabl ar ‘gauge pre erag y achi eve
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of the remai.ning S in the. mxture. y referred enbodi rrent
substantig%1 l}élﬂrgfg?re‘h N Rpaimerd, F%‘?Wéraﬂr r%‘rr‘?%ﬂ? e‘?’hfgb ef f I uent

removed fﬁl%lteher&e%g@?hl%§Térﬁ(g}'éHQrO%?%rS@&&fd gagﬁlq%ﬁﬁse@hr%%r 108 cﬁ&ﬁ])é@' ed. It
is preferred that t inthe mxture be in a partially condensed

form (i.ebg regycledadtt is ghheletred 0% thenvavas adihe nmrrtreremeeﬁerMI@llyacomdmsyd

d d.f 90% f h
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90 and t h@g.esef (et gt DOUUEchdesRay, defre ¢MBring tie ﬁﬂse,geerm@@kﬂ sEpatatG&IoMN i n
FIG 1, the m xture exrtrng the second gas-liquid separator 100 may be in
fl

a singl e MdRAtHCHHAS st gps- UI@wepageebﬂQja@h%w |sr@aﬂea%égeeéﬁﬁﬂratonw the

m xture may proceed through a fluid passageway 110 that renoves al kyl
In the embodiment shown in FIG. 1, the mixture exiting the second gas-liquid

separator 100 may be in a single liquid phase. After the second gas-liquid separator
100, the mixture may proceed through a fluid passageway 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,
exposing to a stoichiometric reagent, exposing to a catalytic reagent, and the like, and
combinations comprising at least one of the foregoing techniques. In a preferred
embodiment, the alkyl chloroformate is removed from mixture by reaction with water

(see Scheme IV) or alkanol (see Scheme V).



chloroformate fromthe mxture. It will be understood that the terns
"renove" and "renoval" in reference to a particular chem cal species
enconpasswerg/oedssn cal or physical process that reduces tha/usonegnt rati on
of the species in the mxture. The alkyl chloroformate nay be renoved from
t he condensate by any nethod. Sone preferred nethods include heating,

i ncreasing presgure, increasing residence tine, adding a polar solvent,

adsor bi ng, sepgn ating with a nmenbrane (including gas and 1iquid nmenbrane
separ ation) vaporatfng}bﬁ655|ng—thruagh ROIloh EcHaHgd r €8V,

exposing to ionetric reagent, exposing to a catalytic reagent, and
the |ike, RAd &lﬁﬁﬂnatl ons conprising at |east one of the foregoing

techniques. In a preferred enbodinent, the al kyl chloroformate is renoved

fromm xture byyreaction with water (see Schenme 4 V) or al kanol (see Schene
V). 7 V\003/01%58 PCT/ US02/ 24731 O IIl + H20 + C® + HO (IV) ROB d
OO0 11 + ROH + HO V) ROROB O—REBF8R It mayl al so be Hrlef eryned to
renove the al/k«ﬂ chl orof ormate wit hout passing m xture through an ion
exchange rk@in, be€duse such resins are exp&¥ive toORnstall and operate.

It may be preferred to renove at | east about 50 percent, nore preferably

aven more i aranry PR ARG HSRef S SRR st 855 ot o

fromthe I’ﬂll)Ktu]lé @hrohgh afiiéen exdiadpdranin, betaus@yudlierasingfagd EQsknkive ke bkl t he
al kyl chlorgfornate concentration in the mxture to | ess than about 500
ppm  mor e 3B OPEREy | § Mayde rrefsHed Boismoreet g aboyell perantgnerediratsraply ess

than abouty; $0,PRIBytIo0 ANYeRf vt hEsie rp@gg Wnllte%t a'bB gl%emp }J{nynre éi to

renove | ess than about™ 10%’ nore pre ess t nor e
pr ef er abl yréfesblyt dtdeashbbuitt 9D%pereht, tdfehel al.kbfkyhlomdmrtrmﬁafrem tAb gty The
met hod 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
have found that the rate of methyl chloroformate decomposition may be given by the

equation (1)
-tmck = (ki [H,0] + ko [MeOH)[MCF] (D

where rycr is the rate of change of the moles of methyl chloroformate (MCF) per unit

volume, [H,0], [MeOH], and [MCF] are the instantaneous concentrations of water,
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may be described as "renoving | ess than about 10% of said dial kyl
carbonate", it will be understood that the concentration of dialkyl

car bonat ewp@adi1d168 be reduced and nay even increase. For Pexarspt/ai73t he
concentration of dial kyl carbonate may increase if the Schene V reaction
of al kyl chloroformate with nmethanol forns dial kyl carbonate faster than

di al kyl ¢ q i Tht: X ive
i net Lo oriay o oy emae SRS reirR vl 3 sh B per A WOELMALR] 0 1
fact ors i nol igdhargatterpgads trae vanyesitidenperdtirmecconding to equatiens (23thihd @),

met hanol concentration, and hydrochloric acid concentration, the present

i nvent or s "W/ Y%und that the rate of methyl chloroformate deconposition
may be given by the equation (1) -rncF = (kl [H20] + k2[ MeOH ) [ MCF] (1)
wher e rnC&laxﬂJ@&Vatggof change of the noles of nmethyl chloroformte (MCF)
per unit volunme, [H2 f, [ MOH], and [MCF] are the instantaneous
concentrations;of . .water, 8 WD 03/016258 PCT/ US02/ 24731 methanol, and

met hyl chikerdedr rrate,(3r)espectively, in noles per unit volume, and k1 and
k2 are rate constants that vary with tenperature according to equations (2)

and (3), e Lvel ki e-63sy T (02) =1k 7673 T (3) ki1 =
2.09x 109 nL m)(f('?T m n}wﬁg&:nﬁf/ﬁﬁgﬁ%okzrru rrltl):f%(n%-on %gﬁ/l O?'%?é’ ta{i](g Tlﬁ%ﬁﬁp@gr ature
i n degr eedergpdrature. inldegreanelegmses, it is valid to assune that the

concentrations of water and nethanol, and the density of the solution are
essential Ly constant... Wt.hin thes eral kinetic. constraipts, different
ki netic e%%?@ggfﬁﬁ§lﬁﬁﬁm%gtﬁgﬁﬂn?g?ggg?WﬁW 2£8P58£§?“5ﬁ mghanelagifs types.
Wth knowtieddensty éheher edl@vaNbrecbRBMtRlly E@8Ghi. ONWitRiRdiHed SengANBhaid S
provided in this application, these expressions may be readily derived by

those of &PEtiENy diferantkinetife cypressionsr may abmivecd ifpr diffeethpiocesesnd t he
rate of n%é@%ﬁuﬁg%%; Ofﬁiﬁﬂakﬁo\gﬁﬁgﬁ(}sf}ﬂé' RAeVIRY REMRAPERTSHs BRadrtdinction

of residen
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 = (k[H20] + 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)
X =exp{~{(2.09x10°)e" [ H 0]+ (4.14x10")e ' D[ MeOHT)} (5)

has a value less than about 0.9, wherein 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 value of X may

preferably be less than about 0.5, more preferably less than about 0.2, yet more
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shown in equation (4): -d [MCF] | dt = (k 1 [H20] + k2 [MeOH]) [MCF] (4)
where t is residence tinme in mnutes. The residence tine t may be defined
as the towalo3/otd2ae spent by an average nol ecul e in the fl ecad/ysaysageway
110. In a batch process, at |east about 50% of the methyl chlorofornate
may be renoved by maintaining the m xture under conditions conprising a

wat er con ?,gg;%{?)ﬁg} %28&[%@@ Wout 8. 1?@\'56!?1319811(: t;ﬁr&@%‘g@{]‘lte%sﬂtg%@ gal.‘OC(lJt W’gtill m@gg

t enperat u a residence tine par ahet er
accor di ng prefetably lexgubdn @houf 801. The water concentration may be about 0.1 to about 50

X=exp{-[(2.09x109)e(-6 1D H Q.+(4. 14x1010)er-76731T) [ Me t} (5) has a
val ug{l Eagén ot erz)ﬁ?f&fn%y %@Pgl gel“r%& %t"\‘-ﬁtgr&ﬁ?ﬁﬁeéﬁ‘iapﬁ% M%%Web%p hanol
concent r aki QRAsEARUEND B3R nidle PRIERbRES 18hd: labbiitt BrmoltiNe A1QREAAL Wi 1S

expressed in degrees Kelvin, and the'residence tine is expressed In
m nut es. Tangey dhqiavadsr Soneayiratipne may apieferdldy | es opt feanbatyotd nll,, moree

preferably t 0. 2 t nore WO 03/01 8 PCT/ US02/ 24731
pr ef er abl lelbfgéﬁlgsug at%} ﬁgﬁ&;@oﬁl}? 1%0’ }%,?meo\geeﬂleﬁ%?gbéy blpg? %?oégl%é lds YR %hout
0.05, stiipkeforably uppoebetedsliesEethahamdeicdirdion Fag beabaIt 1GORGEH I at i on

may be about 0.1 to about 50 noles per liter aﬁ_rmI/L). Wthin this range,
the wat er 2e dAednt Maithis thisgpngss dicemgbyoloncentratien gpayaprsferatly Ge gbieest, nore

pr ef er abl / i t hi . er
concentr atXF%;rf éngls’ﬁ%’r g@%%ﬁ%ﬁ;gﬁg at%eat@o%g)%mtlj{) Iﬁ% /Lr'mﬁs I?, &%gghlstﬁ?&e \é@;éebl y up
to about 2¢thembl toncgetratimor@ap peffanilylbe upptot aboabdUimdlA., moiré prefauley upor e
preferably up to abo 5 | /L, The nethanol . con tration may pe about 1
o about o RBoH T . nTHE FHEEnaAnE Enge AN b i SRl Bifrmy

pr ef er abl yvip@n ahis |r§r?%§ thePRe1dEnce t?\lﬂ@ Halyiprr]é@fai%bpﬁ@gtel%@skﬂlaﬁpﬁttl h&astmaout 10

mol /L. Also within this range, the nethanol ‘concentration may preferably
be up to abderebly(atnisist |abowip? doprsef Adsabivithinpthis eangbote regdense/time Timy

st Oence TR 0 R0y O DR PRI sy, D, e e

the residénce erab €ast _ _
pref er abl YendferdteRSha@bOboud 30 @ BiSout ABSW . WintithiN tHi$HaBgd, ANDR mpkRurk &lydence
time may preferably be up to about 8 hours, nore preferably up to about 6
hours. Thereferably 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 7 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)
[MCF] = [MCF]= (1/(1+ke)) (6)

where [MCF]= is the initial concentration of methyl chloroformate in moles per

milliliter, # is the residence time in minutes, and k is given by equation (7)

k= k][HQO] + kz[M@OH] (7)
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tenperature may be about 30 to about 130C. Wthin this range, the
tenperature may preferably be at | east about 40C, nore preferably at |east
about 50Gyvoyamiarmes e preferably at | east about 60C. Al so wCrhisn2/24185 range,
the tenperature may preferably be up to about 110C, nore preferably up to
about 100C, yet nore preferably up to about 90C. In the limt of an ideal
st eady st u i onstant density of the

m xture, ?ﬁgmﬁi&{f%’L%%%ﬁ@@%?ﬂ%%%gﬁﬁg@%gggmosi tion may be expressed
according to equation (3), with t representing residence tinme in m nutes.
For an i déabngtheraaybatiment thaimtelatesons: biteh readtor,akovegctlioyl (hEgFiymatehe
concentrat.i on.of . nethyl chl orof or nat is.){%i ven b%/ e%utati on GQP%NCF] =
[MCF], 0 (R TeRpysTe éﬁgnmﬁé?semf’f\} g §e 1DRWE YIGRT PSR CORPREREST of

met hyl chigfigf esimeh®ation aplrﬁ@thplebhlomfbﬂnhdtét@MCﬁF,J)Z),s 4 Retdresdrdemneioni me in
m nutes, and k is given by equation %}] k = k1 [H20] + k2[MeOH (7) 10 WO
03/ 016258 ([BEPusorsthapes coneghBptéond Mer# ), [aHpwperagne (DhvBoHp residengestidsf i ned
above. In i I ; eactor, renoving

al kyl chl ’ﬁl’gﬁ%}?ﬁn@ %Bprggfg{r%??}%k%?a}ﬁ uagjg&lgg%%’?%eg%&%{é%@i ning the m xture
under conditions conprising an initial concentration of mnethyl

chl or of or patg Chép (ZAR.09& 108 COME eyt @t 1140401 0'°0 & HEA )| Ae® RS h@ol
concentration ([Me ), a tenperature (T), and a residence tinme (t), such
that a paraneter Z calculated according to the equation (8) Z =[ MCF], _
exp{-[ (2. 68x b0y &lire@284 itha1h HpOl1t G410 AxAfeIpbly TésdIhin[ Mestt] 1:410-¢( Glorehas a
val ue | ess than about 5x10-6, preferably |ess than about 1x10-6, nore

pr ef er abl prefesbly pess theoaboskaol07, evgr marsmrefarablyrlasn thanabout AxH0Sbout
5x10- 8, erein the.initial concentration of t.hyl. chlorof.ormate, the
wat er  coNcERt at6n T4R f‘?féceﬂg‘iaﬁgﬂolotfcgﬁectgm @Tlf%‘#ogp@? X ees‘é’égeri n nol es
per M|l pbide@livatidhe A-RIMRRS AMdthendiS SHRNEISBH ARk Begesss Kelyims apd the
residence tinme is expressed in mnutes. The tenperature, residerice tine,
met hanol 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 liter to about 5x10-
1 moles per liter. Within this range, the initial concentration of methyl
chloroformate may be at least about 1x102 moles per liter. Also within this
range, the initial concentration of methyl chloroformate may be up to about

1x10-1 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 ([DMCli=0), an initial water
concentration ([H20]i=0), an initial methanol concentration ([MeOH]:=0), an
initial hydrochloric acid concentration ([HCl]i=), a temperature (T), and a
residence time (f), such that a parameter X calculated according to the

equation (9)
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concentration, and water concentration in this expression are as descri bed
above. The initial concentration of nethyl chlorofornate wll depend on the
react or cwpdBbi@ss, but it is typically about 5x10-3 nol e®Cpdrsod/p47er to

about 5x10- 1 noles per liter. Wthin this range, the initial concentration
of methyl chloroformate nmay be at | east about 1x10-2 noles per liter. Al so

within this ra d\Ni&d & cen I Ofo Of et | or.0f Qr mat e may
be up to 6u?‘p?%§2£8§>??%f3es péﬁ%?‘ef%ﬁﬁxg& eferrwe@g@e@f}n&ﬁt t hat
relates to a batch reactor, renoving al kyl chlorofornmate conprises

subj ecting,{ heaqd igsyﬂﬁnta? W'aﬁh%%ra%&&r ¥ S1tdaRf acdo%ih%% i ﬁtmﬁl

car bonat e concentrati on f t-o0), an initral water concentration
([H2Q t=0)J10)an initial methanol concentration ([MeOH t=0), an initial
hydrochl oric acid concentration ([HCJ]t-0), a tenperature (T), and a
residence tinme (t), such that a paranpeter X calcul ated according to the
equation (9) 11 WO 03/016258 PCT/ Usglgegifép]l-&(j:exp{-{(z. 09x10' ) e(-6381

| T)[H20]r _o +(4.14x10' 0)el-7673/T)][ pradtt /(9) has a value |less than
about 0.9 = i

[H2Cr=0 Y [ H =0, 8xP(6 ( - q63641.J) ) [|Hd|] , =o
[DMC], =0 [ H2 E9MCJ},=J eXpﬁ;{éﬂsﬁ?o :Xeﬁp&l\/é%(’i/gj ))['(QE&=°&§#@%A= qbgfc](t)j) a]t ast
about 0.9, erern the imitial dimethyl carbonate concentration, t

initial water concentration, the initial methanol concentrati®n, and the
initial hydrochloric acid concentration are expressed in noles per

mlliliteg, ! gt 6FRERA:YhGut 0.8 Méiﬁ%ﬁ@ﬁ‘;ﬁﬁd? I FES A Rncdftdible
residence tine I's expressed in 'mnutes. e
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 Y may preferably be at least about 0.95, more preferably at least 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
depend on the type and amount of catalyst, but it is typically about 1x10™ to about
2x10™" moles per liter. Within this range, the initial hydrochloric acid concentration

may preferably be at least about 5x107°, more preferably at least about 1x10 mol/L.
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value of Y may preferably be at |east about 0.95, nore preferably at |east
about 0.99. Suitable analytical techniques to determne initial
concent r aWDen®1@F8 wat er, net hanol, hydrochloric acid, anecdiuser/bwbi
carbonate in reaction mxtures are well known in the art. The term
"initial concentration” refers to the concentration of a species before

i ntention ]sor \%ﬂ}ﬁn%{s‘%fangéa‘ﬁﬂé m‘ii‘%ﬂ{é}aﬁoc@%@}c ] ddTQ&{ Hﬂrﬁt o?xl m‘é\@g fer l?l? yeet hanol

concentrations ano ons

descri beduphoseut (xrilesort ppifeablyrnpacbent 700dintaldns, the wat er and net hanol
concentrations are large are essenti aI | y constant during alkyl

chl orofor r enpval The itial thy rbon concentration may
e about Bh RGbE B ORGFIE: T PHITPIE LA Paltge ST RS i SCRting ot hy
car bonat enﬁgﬂé}entratl on may preferably be at |east about 1 nol/L, nore
preferably at |east about 2 nol/L. Also within this range, the initial

di met hyl carbonate concentration mal¥ referably be up to about 8 nol /L,
nmor e pr ef &r BigIpartigylar embedivnent shewgh in | I(g He teomedwicrnasies ﬁhréﬂgh-ﬂilﬁfﬁt hegthe

e it Y“sa'ﬂc'hﬁy%f{?mtaﬁdéu@ﬁ&l?ey@(@@ﬁ e PSR o 1 O gra DA Bipe and
amunt  of ﬁhﬁt't}{gt angl il @eltamh%g\hg)réfa%fy ‘%é(:la@ 1éhst %aabou@oc IzlgmﬂeO-

nol es per |ter S ‘range, initral hydrochloric aé

concent r apiefidtabliaylepsteibenedloy. kdsatvithgabis rabgy thexhPeraturo ey preftabbl y at

| east about 1x10-2 nol/L. 12 WO 03/016258 PCT/ US02/ 24731 Also within this
range, théeiunite iab<l>utl*§§ﬂ8€om¢lr@pie<fera‘db’dlpd©rﬂ@ém &G ohbagympihedtexgingeBe up to
about 1x1 e _pr b ut 7x10- y b
oper at ed. SrgpbeanuiRhRn Xebfe ofr Aedine SRS GRcl BB P AT

t he parti exdhangiapipest Heebéensbmﬂnalrbnagg solircet(bg., Btesin) hed passRs chdiiioalgh a
first heat exchanger 140 to adjust_the tenperature of the m xture about
30C to ab#getiaezeamphitnist m%er%t%ﬂdg@at t9ieert Wape Phtegrvalenl hpHemeedhl y be at

| oast about A nERES) <R SIS APl YAl rhRTondlhRlt S5 orAlal Mid b ud s

range, the tenperature may prefera eupto , nore preferably
up to abopassagEayThid), tvarich ‘streed tcemkmngdné‘ restfiesar tilmesofatheehixtuceomderdevi ce

for heati rc]gndC trllc?nr;] %oalma{x?ﬂ%?;el 8enco§r}pro§1%gg ott XH{ny acuo¥ottc))¥mate 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 at 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
about 50% of the alkyl chloroformate is removed, more preferably at least 80% is

removed. In a highly preferred embodiment, the alkyl chloroformate concentration is
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exchangi ng heat between a thermal energy source (e.g., steam and a cooler
chem cal reaction stream but it is understood that other types of

equi val enwoleat@ss (e.g., electrical heaters) are al so i Rcrusen2473he
condensate may proceed into a fluid passageway 110, which serves to

i ncrease the residence tine of the m xture under conditions to maxim ze

deconposi { | f t i .04 m. 2§ i,tiQn of
i ol Kyl - cPRadlp B iln SR AT E ol Pt Db el m BRI 18 e
W t hi n t héhah labowt 198gpagewayighi Get hbrel Freftedily Rid thah abdasp pgphebcwaighnsat e
fully condenéed becayse .at | east sone al kyl chl orof or mat es t hyl

chl or of or see Pndhetofs Meight o the Mixtpgeafies iyl ﬁH%{@é"W&f‘nremﬁ’éall(' ?ngﬁ ﬂfv‘igﬁase

under  copdiid.Qn 1q§q9p¥é¥éra51§i R1RIAGRER thal e {ofd HEGNGERe Lo NEL: GEPEr at ure
in the fluid passageway 110 are preferably sufficient to renove enough

al kyl chl madgboifend the asickantvalinalwoepi éblisalkmiisi heanto gwut d§ilomrs.but t hey
shoul d not. ,.he sao excessive .gs tq.cause unnecessary. redyctjons in the

ot oduct | vV s SR s e S dits BRSO BarbBAd BoB Saoet MeFG 2
shows a  piefRhill i@ dedRt @6OES2 Ub@@! aN]sbORitEseRistahyE BE réki €0V AnSAAYPr OCESS.
In this process, the mxture flows directly froma first gas-liquid

separ at or Pgerady he #1p e ebavé 8 thowsee arrgereferablpup tavheut dhawrsaci d renoval col um
160. Three specific enbodinents of the fluid passageway 110 are shown in

FIGS. 3, . [ - ‘ % of the
al kyl chl 1Z)hr gﬁéc])(rénrrg)toceﬂr?esn%’r gkg{&%ﬁé qﬂm@?%ﬁe@%?&%‘? ?Bg%agﬁ%sg?@%%npgge@ grmved.
I n a hi ghhyidpipgefesdied 26 mbGheseelndlding heessdik ¥ R0 chdygriof example, conaant that i on i s

13 WO 03/016258 PCT/US02/ 24731 reduced to |ess than about 500 parts per
mllion (PpHren avsrstaturggy abpytetetalor poow shourha Fagth Beldingowsish By

wei ght, vy opt b J d on the
total we DY PR ERly AL lchet B ahIAR AR VPR Y, Al 1esBBRY, O
passagewaybolii Q. i Vipteetves abldngs etwels eldOsare hlltdiated hethiotighret dsrelénae ti ne

between the . reagctor .50 and the. acid. renoval col 160 is about 0.5 hour
Lo about  HGUHI Gatipk G s RPGOPAAGRoISHRe s8d dehda (76 AuEHHERREr ably be
at | east aphputy ﬁaa?%!ér refeBeg to Ri&hLeTabl ¥ }@Idihﬁ@éstse@b@‘& ard 'BQME@-ratﬁJﬁO Wi thin

this range, the residence tine my
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.
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preferably be up to about 8 hours, nore preferably up to about 7 hours. In
one enbodinent, illustrated in FIG 3, the fluid passageway 110 conprises 2
hol di ng Wee3l$62320. These hol di ng vessel s 120 may, for eramisez/247ai nt ai n

the mxture at a tenperature of about 55C for about 2 hours. Each hol di ng
vessel 120 may preferably have a length to volune ratio (L/V) |less than 5,

pref e abl  LeS aydfiaemBORHn? il WRIOOLINO AP BELSLARD BIE may,

|IIustrated|n there is no partlcu on on
nunber of cmpldsatgsetesmhhﬁngmv iofi at feastfd, ane:feqahs'saagmsag,bouﬂlm Fbt bmewity,be

f d .t t | t hol di S
P opr 1 &1 nii9seion Shaygbe taferac @ 4501 BOHET SE08i B0 St Rplat Sesbop iaPer  ed.
[ anot hep @bt aBitay blohist! pRkathy Br Fhdinitturc! iiolghtihe HAS PAIENAN 110

conprises 4 hol ding vessels These hol di ng vessels 120 may, for
exanpl e b, ntherabyt hﬁicwnﬂxft utibzing thet mjlencet winee dbr abwaval 70C thorallout 4

hour s. | di n esse fer th.to. vol ume
ratio (L/ %10703@%“311% ﬁ]% l%(}%érpggaé n%é’ss Rrﬁ%?ﬁr\éd ?&%ﬁ? rﬁlx(%‘i% ?/&5560]@/%?6258
PCT/ US02/ A #dte nhrifow @kctdn@thaeiganivodi G Bt leaét! dbbst s@kad the td‘_titlciesﬁendehe fluid
passageway 110 may conprise a section hav%eégpluv of at | east preferably

at | east Hysspenton tegfiuidpasspggay kIR moscrefesiplyalhicass abart 8PYeef th@t%@ a
bul h /
t ubul ar SFe%%deﬁﬂet?}%QS e%lgﬁ,{'l rougﬁal %%ﬁqwn 130 aving L/V>5 nmay pronote

plug flow 0 Pare ui d passageway 110, thereby
efficiently ut|I|Z|ngthe residence tinme for renoval of the al kyl

chl or of or Rafeerjng mga:iinitcs Fé@b ddafree rexjtingt therxfylid)@aqsa@‘vmyr Hd, theamixtive mihy,t ure
reside in one nor.e narrow secti on " havi L/ V>5 for | east out 50%
of the t oPBIOTAUE RISHEEOUEN 4 FCORE Bt SRYAPRY L RUP ! RSSRGAlhy opege

pref erabl yhi&hrd. e’ﬁl%% s@é&'dthegpe@cﬁ&]éemsé%a%l havE QSk6laars thhd'ef §:Eseﬂ‘1fan'10 t he
fluid passageway 110. Referring again to'F 1, after exiting the fluid

passagewagilutes. Tlhlé Vapiaption m maypse bﬁaﬁqcynplﬁh@i;wﬂh@ldwhﬁaae?s@@l)m heat
crehaner 58P, SRASEIPHLRLLY HERSLRARL Iyl T Yy bl 50T Pt
vapori zat t@ilegifPp 1ﬂmya1ala<@m b@n@mcnasmlmﬁ hiesd wiat ho Keph ah@atelstiveRanged:
pressure). The vaporized mixture may then, optionally, be treated to remove HCI,
preferably by injecting it into an acid removal column 160. The acid removal column
160 may also help remove any entrained catalyst (e.g., CuCl) that could otherwise
contribute to downstream corrosion. In the acid removal column 160, the vaporized
condensate may preferably encounter a counter-flowing liquid supplied by counter-
flowing liquid line 170 to a higher point in the column (e.g., the upper third). The
counter-flowing liquid may trap the remaining HCI and other reactants, which may be
removed from the bottom of the acid removal column 160 and recycled to the reactor
50. The dialkyl carbonate mixture may 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. It 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.
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by | owering the pressure applied to the condensed m xture (e.g., by passing
the condensate into an acid renoval columm 160 that is kept at a

rel ati velwolognei2s8 pressure). The vaporized m xture nmay thear/uspreosal |y, be
treated to renmove HCl, preferably by injecting it into an acid renoval
colum 160. The acid renoval colum 160 may al so hel p renove any entrai ned

catal yst Qe NELLbORnSoULY SLAH YRS CONTERN Bl Suilonski <A

corrosi on. r efrovdl | Zze ensa
pr ef er abl yydrocooumd sid &n theunixewre ftd) task frgnlabeut k19U p]nmﬂednd:ry pm:feuablgrlessf | ovvl ng

liquid line 170 to her point in_the colum pper third).
The count®P 2PPHwih § 0361 GV‘?PaIQf/‘OferHE eﬁbiv }eé&rﬁiaﬂ.a%au‘fa@w l}ét Eé&e di%8act ant s,

whi ch mayRegial &Ql&rﬁg};&%e d| &jloﬂgﬂ&@m d renmoval colum 160 and

recycled to the act or carbonate m xture may be renoved
fromthe top of the acid colum 160, and optionally, passed into an

azeot ropelm&)pmfnneﬁwbo,dﬁn@ﬁoﬂm portiofis @f tl@,seaarati@pﬁeictijO downsissahafige r esi n
bed 190 be .inclu r .t.he acid.rempval. col.um t any ot her
posi ¢+ on Tévreu 5 L B Sha i eHaO ST SRRt et Gimafiedlo 0 nay he
advant agegsifosich-tepiglar el e Eaipafdint @Es'ﬁeahpaf e Glrasgsher ®@%inin 18d id Pefabbsr Wat er
is renmoved fromthe product dial carbonate streamin the purification

section @@rosiap-igsisiaat, dpx @@Hmkmamﬁféh@ glaghkinesl pEledeins “epseosigiotesipiaal’ ude an
i on eXChaﬁ%e n‘? @escﬁﬁg?]@a(?en#% 0%@(‘: Ogil \9&1@&51%11? Cc;ﬂ Hé@gélﬁégtso]f SObE)Ipr Lat o of

preferred, nprises r &duci n e conce

hydr ochl ogi t@m@étadlrb Noft BBouwr 30W QotébO'ueSISSt’@aﬁh aﬂouéacﬂ;asﬁqn&tlﬁfel ithowror e
preferably | ess than about 5x10-4 nol/L, even nore preferably | ess t han
about 1x18ibatagBRl orrosieada dorelattvely b 4ime Berskierd. onx arqnshs)r e ling

hydrochlogégdgc?gCK%S ggﬁ%?g éé@g?ﬁﬂ?fﬂhﬁgQ%ymkthP%ﬁ&h ”§38%g%@ﬁand t he

separ ation sect st m azeot rope  col'um
puri fi cat HASTHINGEC®i amd A0HROMADLON® rveeuid ried consitb@ed cortos®hasistesti St ant .
Equi pment _upst eanlof .he aze tro e _col um r ef er abj

cor r osi on"PEER While ofQipary Staipless S‘ﬁs qﬁéfl ?ﬂo Té’s@hg’ilcr?ecd’no?‘ﬁ’ rpsistapce

" corrosi ofoRSket haRbnsidéred BB@EMiorl- Ebsﬁ@a%@r 'Ti?@aé’eoﬁ%f)@%lﬁhmqa&@%h%e%ade
wi t hstandi ng an HC1 content of 500 ppm at ‘

at least in part from corrosion-resistant metals. In a preferred embodiment, the bottom

of the azeotrope column 180 may be made from a corrosion-resistant steel, whereas

the top of the column can be ordinary stainless steel.

In one embodiment of the apparatus, illustrated in FIGS. 1 and 3-6, alkyl

chloroformate is removed in a fluid passageway 110.

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
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a tenperature of about 50C to about 135C in the reaction m xture w thout
substantial corrosion in a relatively brief time period (e.g., six nonths).
G ass |i nwo o3weasel s, precious netal (e.g., tantalun) |in@dTasey2i731 and
special steels such as HASTELLOY(r) and CHROVALLOY(r) woul d be consi dered
corrosion-resistant materials, while ordinary stainless steels not

modi fied {0,.80RANGS ﬁ@r RS RS RLANG S oy\@glago@{gxegﬁor%ar@&%ﬁ el for
corrosi on-resistant. The azeofrope col umn can east in part
from corr esnoning elky]sct}amtofcrrﬁtaad ®ay ba emphyed apstedmesfitbe gaehtyid séperdieint om  of
t he azeotro e § %mp 80 may be nade from a corrosion-resistant steel,

wher eas e colum can be ordinary stainless steel. In one
enbodi rrent of the apparatus, illustrated in FIGS. 1 and 3-6, alkyl

chl or of or Mhfothe élmﬁénﬂ & e fabﬁaﬁtu@aﬁﬁlwﬁwyn Fi®. 9, the aN@lobBILri€Abadi ment
of the apparatus, illustrated in FIG 7, the mxture is present in the

gas- i qui mayéﬁanemowh fl\@@Sﬁ@l Bixg@e detbrd 0oneung shef $lkgl @ﬂ@rofcé’matﬁen@ethtsl me and
at  suffi CI o & S hemmye al ké"ren%:hvle rofﬁ mate atﬁ'er% vvords
thefluidm slsa Yo ° Fr%? laesnfaﬁ’eg o9 § c} t5on ssels 90
and 100. ququﬁmNEor exhh@ldnré(kﬂh@ tﬁ&&GfQ%bﬂ]uh@p&d@@ge@x@@d&DSﬂaWﬁﬂSﬁ’ in the
gas-liquid separation vessels to be substantially deconposed by reactions

wi th wat efhezzgoiaenercehonn 180; foniexamplepib daydipt inseried 1¥1‘i°rt§? AFROHOPR KHBWger 140
and the h nt of
the appar g%%ﬂsr it F‘E?ﬁp Zt eglg I gﬁ% %ﬂiegwﬂf ﬁg{}%x%%%g or rrattggp&thée

renoved i mesaelkl mOdllbla’ErstagewaE/IGlmmalyabe pmeiteid e $n ttine egyxaimdhmqm d:h@ﬁpmlr atl on
16 WO 03/016258 PCT/ US02/ 2%7%) sel s 90 and 100]@1I]n this enbo llE,ﬁE one
of the abBYSEGRIT bHelay SRS BleEOTERSe PoABTHES AN S TSPEFERNEY oy be
enpl oyed upReiJ68MAE Frob e Sapod fHasd @. §ei|8ﬁreﬁéli e rééﬁﬁsgdsarp%nadaes 38Fer 1IN

anot her enbodi nent of the apparatus, | ustrated in

hydr ochl ophaseaggngbrapgsy etige, aréﬁbvelétylfqlxbwrpfmglamncpdunet bfe@@ﬂ@nscénow ng the
al kyl chloroformate. In this enbodi nent, the al kyl chloroformte may be

removed i .\ f)lt%?erYe%péHlbocfiﬁlteHF Is 4 %ﬂl&dhgf preparing a dialkyl carbonate, comprising:

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 passing said mixture through a fluid
passageway 110 at a temperature of about 50°C to about 80°C and for a residence

time of about 1 hour to about 10 hours.

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.
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i quid phase. For exanple, referring to FIG 9, the fluid passageway 110
may follow the azeotrope columm 180; for exanple, it nay be inserted into
t he azeotwopa/ov@s&irm vapor exit line 210. In this enbodi memtysor/bg3fir st
heat exchanger 140 and the holding vessels 120 illustrated in FIG 3 may
be omtted. In this enbodiment, the fluid passageway 110 may preferably

conprise %aﬁ@zpéérﬁ&ﬁﬁe%ﬁﬁ% §cJoPJm %‘E\é' ’E%h@d 5r>é'use kgl gfeg%ﬁmﬁ] ppm the

vapor phase (é.g., ion exchange res or ption eds ase
menbr anes,di@ytcarhoratad. tHoe exdniyik, (hbﬂybcarb@ramnnaynl%gbnnmttediw lrho mmneledf A

preferred e di. me t hod .0 ar di al ky r at

conpri si ngt ¢ aﬁ)i Ak nl?ﬁj]a Wéﬁe%oa\ryl B}A}l ﬁ (Ié%lergl%he%n[m?!oﬂ‘ée% B ;@X talyst
to form a dabehbie8nat MRl B¢ RAcR Witd XWihy8as PRaRL & fof @ﬂ)&‘lyéar&fﬂa%r @tor mat e,
hydrochloric acid, water, carbon dioxide, and carbon nonoxi de; and passing

said m xt LﬁCéemﬁrIéugpr&)f | E@rdexqmﬁg,ag@mlyyl1@@@bca1ateapre@ﬁ1;@ér@chrd@gaﬂo about 50C
to about %Q {/% & Ee%sxilﬁiﬁ e%oxfdquf&rnt (?EQ Lflg/l g‘arg'g ate tw%lap R 151‘ 1Oa hour's.
& erbodi rent § A KA

Anot her pre erre an appa ing a
car bonat e,be reammrwﬁhbg;phmamsmffolrma@a@tanbgmaa al kanol oxygen, carbon
nonoxi de, and a catalyst to forma mxture conprising a dialkyl carbonate,

an al kyl ar of or mat drochloric id, wat car bon di oxi de, and
car bon m)rc{r@}? Igentigh s ﬁ‘é@ﬁ%ﬁlﬁléﬁrat# Bribei SJE)OWWIP“ gWPIHP%F’éﬁ%?% from said
m xture. Another preferred enbodinent is an apparatus for preparing a
di al kyl carbanaiigs1 conprising: a reactor for reacting an al kanol, oxygen,

carbon nonoxide, and a catalyst to a produce a mxture conprising a
di al kyl carbonate, an al kyl chloroformate, hydrochloric acid, water, and

car bon di dkipdrat aamd@gftpmlmpbﬁ%%ﬁgév%yvai twilt gid opesaisditagreduey [dimethyl
chi or of or Walsnud? V036016700, REL/ 403241 Fha BAliiilm S RENGLER R opar ed

according to are u € prepara
car bonat ea:olﬁm 1e&ampﬂt@ exd&lﬁw|expatﬁ1h6mtaﬁ(ﬁ§ imas detegained abz dhdyortrdstorr eact i on
of oxi de (see Schene |, above). The

a dial carbonate . with
di ar yI Afﬂ Rat&Snearset by yppt %%&é@é&%p@ﬁl% drayey the pHé SePargdett or m a

pol ycar bonghfind. S8fecifically, methyl chloroformate was found to be present in the azeotrope

column 180 at a concentration of 300 parts per million (ppm) by weight.
EXAMPLES 2-5

The decomposition kinetics of methyl chloroformate were studied under four 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 5
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 methyl carbamate was then analyzed via titration with a standard silver
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Schenme 11, above). For exanple, dinethyl carbonate prepared according to
the nethod may be reacted with phenoxide to form di phenyl carbonate, which
in turn mMaY o3bes2seact ed with bi sphenol A to form a pol ycarbonsor2473he
invention is further illustrated by the follow ng non-limting exanples.
EXAMPLE 1 A plant according to sinplified FIG 2 was built and operated to

produce dj : r I % i

downst rea}ﬁﬂ%%h%(ﬂgn%?g%rﬁg%?y tg%&?’go%nﬁﬁp%g&ﬂg% $ ]eo\re@dé% e%egg'vgﬂlgx%%&ﬂﬁeoﬁt ation,
it was detethyl niddrdftratate bauld drendsiinferred ayrageysing theauipachl bymypie fyibnic

chl or of or mgt e  passi.ng through the acid separation, colum. Specifjcally,
met hyl chgﬁ%@%; kAR ehlprde repesriTatiang fe e&?%‘pttPog\é R 180
at a concenbibintie MondSraBdht Beddfle THabh | QD opymmylg%lqrgi?ﬁw ES 2-5

The deconposition kinetics of nethyl chlorofornmate were”studi under four
di f f er ent liberataslioni ogwsiivalenpradciedigr ehlbde dpomrdeiimatimgtioet hilterohtihelof gasmat e i n

a sanpl e S a follows. For anpl e 2 2.mlliliters.. of di et hyl
car bonat e\,clﬁf]ﬁlafﬂ_grat??’ydfar?epﬁy\)sedgﬁorrgg]ﬁ%ctt eén('flgﬁisaloﬁith@ Igg\E rfBl(Sg?i;‘?‘t&l BRBREny|
i nternal sirbndaedsi@g afllintefan®idm@pp! , and 5 nil of water were added to a

250 nL flask equi pped with a thernoneter, a condenser, and a port for
sanpling. (Toluene nmay be used instead of the nethanol/water solution.)

The resul Tae I helengdiesotis obearyrd drsomnasippmatel conptans &) pt HRCHormiause
tenperatu he i I n AL r 81.7

m croli teé(gj(ﬂg r{sbulfzgﬁhn]é%hé;?o}g%?g{?%f g)r ﬁrr%t %tsae%sé&goggg% o¥é§ t%égm?%ﬁzgt}?agn (1, 000
ppm on a adedhiydrdohloris )acidShatak @snaniyepnesdnindir eharnudientiardaotion mixterel Mher val s

and were guenche eact.ing the nethyl chlorqformate in the sanple with
di i sobut yﬁx%{ﬂ?lﬁegt'g%c et 4 g‘@aﬂr?é?WF_oéhﬁlog%? e @4 s NPT | SBbut yl
met hyl CaEi?aﬁﬂ?l%eS, & @atRTBE Bfm Ry Magﬂo'nafé' foSabihyd1 WERL Bk /c%ﬂtglﬁn’ﬁﬁteth@’as then

analyzed via titration with a standard silver 18 WO 03/ 016258
PCT/ US02/ 20yt of niateraves woteassdoiom &% tah®%of yIhetigsuismua sumomaiized kelew! or i de

present. i'rl'lthﬁab%wpunt of nmethyl chlorofonmate could then be inferred by

anal yzi ng e original sanple for ionic
Table 1
DMC (wt%) | MeOH Hy0 (Wt%) | Temp (°C) |k (min™)
(Wt%)

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

*dentical to Ex. 2, except that it also had 1000 ppm of HCI, 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.

***|dentical to Ex. 2, except that the % water was increased by 10%, but the ratio of DMC/MeOH was not

changed, just reduced overall.
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ki neti c nodel

s behavi or  was observed even in the presence of

hydr ochl o?‘?r@%ﬁsdte“&lﬁﬁ ey &Fser Bay ningreasst g desamprsitiptie dpte o*fddinasthyine t he
concentratiphef nethyl chloroformate in a particular sanple. Conparison of

EXAMPLE 6, COMPARATIVE EXAMPLE 1

These experiments show that the fluid passageway 110 is effective to reduce the
concentration of methyl chloroformate that can react to form HCI in downstream
sections of the plant. With reference to FIG. 1, two samples were obtained by
sampling the process fluid at different points in a dimethyl carbonate plant having a
configuration with a first heat exchanger 140 and two holding vessels 120 (i.e., a
configuration corresponding to FIG. 3). The first sample (Comparative Example 1)
was taken immediately before the first heat exchanger 140. The second sample
(Example 6) was taken after 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 methyl 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
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EXAMPLE 7, COMPARATIVE EXAMPLE 2

For Comparative Example 2, a dimethyl 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.
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to deconpose al kyl chloroformate to chloride ion before the acid renoval
colum 160, thereby preventing downstream corrosion. Table Il Tinme (h)

Chl ori de wongent2s@at i on (ppm) Ex. 6 Conp. Ex. 1 0 374 189PCZ/u808283i2 4 374
339 8 372 368 10 372 357 25 381 368 EXAMPLE 7, COVPARATI VE EXAMPLE 2
For Conparative Exanple 2, a dinethyl carbonate plant according to

sinplifie 2 r rdin t he, condist i;ons. descriked in
Table 111 g %@ﬁgwaﬁ’;ﬁgvegpaﬁg&gg%gﬁgg %nar lérgdet %:%1 ag 89\%%‘%‘??%% Oéggai | in
FIG 1, wppin diveidex d@ptdatththistiowt hdrdmadtistredueaai ireXgbadgereld 4& tapdiG.he fluid

passagewag 119 wer.e absent., Corroai on.was_. .observed in and downstream of
the azeot PdRBIBHRLMM Vidoe Fildxt conhgwatimmnlt ipgeedicigstibys wdugtion weyldds t he
first heat,@xgBABORE A0 dioR LiRg 1o/ pRSE! i

i ncrease r\ési %Ilence time (1. eT ,1 F? g&logdlfc}%m‘/l gur'élfa}ng)i%?.ﬂ\gh%h i?gld%éragfsn nts
measur ementsselof1 20est dged to @novide bl resideles draeind for sarplaegot@karct naem t he

bottom of the azeotrope columm_ 180, conparing the FIG. 2 and FIG 3
conf i gur aPTeSHES MeatheBels of fethy! clfewofermgie comreniiagen enjeriag aed eviinaie by

titrati ongysy Y6 oPikaEe ' _ | o dat a
for the FIG }52119% relﬁli%ur a??{on fﬁgv%%gﬁ&ggggba{lgelﬁy@g%&%%% C Iﬁggﬁg&@é@m th a
st andar d teVitaadiabetd SMTHfeetd echPhase @& ,in Wi r dasrtelpondat andasureinbats bhG. 21
WO 03/016258 P(f“,T/ UsQ2/24731. 3 lg;urati onlzﬁvtg?an average of 35 ppm

I

cant |

chiori de SRA"ETUE ZRHAE BT S Aot PSS EpRH! A Brse iy hever oG5, show a
dramati c R@ducirionn patsGibr ahillieh bewelightl @pmi)enk! Sstandurd {2808 JfiQn vs. the
FIG 2 configuration. It is predicted this reduction would be

ppmw. And the points signified by “m” and labeled “MCF from Phase 0 correspond

to measurements on the mixture as it exits the fluid passageway 110; these points have

an average value of 45 ppmw and a standard 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 stream.
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even greater for the configurations according to FIGS. 4 and 6,
vessel s 120 are used to provide a residence tine of four

four hol ding

hours at wWO@3/0F2& 11 presents neasurenents of mnethyl
fluid passageway 110 of the FIG 3
the points signified by "+" and | abel ed

the m xture

concentration entering and exiting
concentration. In other words,
" MCF feedq% ase 0"

as it was enterlng the fluid passageway 110;

val ue of 930 parts per

t he

in FIG 11 correspond to neasurenments on
t hese points have an average
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bl Ex. 2 2 (FIG 3

o

PUTOWS02/ 24731
Confi guration)
-1—Catatyst

Tabl e

Confi gur Y RattTo Ve 02
Cont ent ixeg% |x§% Reaction Tenpeg
23 Tenp.

(barg) 21 of Pre-Residen

.TFU UDI J.jJ l
F*é{tatjre (© 133 13
e Tine Heater 60

O

Eﬁx§gaction Pres

(C) Tenp. of

ure
A\ci d

Col um Fe@dacapdempestu®@®0 (C) R

b$3dence Ti ne bet

A fl ash vesse

2 0.03

and acid|col um, excluding both (hpurs) Table IV
Reaction Pressure (barg) 23 23
Temp. of Pre-Residence Time Heater | 60 -
(°0)

Temp. of Acid Column Feed Vaporizer | 90 90
0

Residence Time between flash vessel | 2 0.03
and acid column, excluding both

(hours)

Table IV

Configuration average chloride

concentration =+ standard

deviation (ppm)
FIG. 3 (comparison) 671370
FIG. 2 (invention) 35425
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Configuration average chloride concentration standard deviation (ppm
FIG 3 (conparison) 671370 FIG 2 (invention) 3525 23 WD 03/016258

PCT/ US02/\e003101629i | e t he i nventi on has been described w POTrEShE2EB8CEe t0 a
preferred enbodinent, it wll be understood by those skilled in the art

t hat various changes nmay be nade and equivalents may be substituted for

el ement S WAGICAL il diidH (a0 BRal bifbld QMUBRIGRORE, lfolbf chBYRchO |1
addi tion, many nodifications may be nmade to adapt particular sr'tuation
or mat eri alilltbe understomddhyi mgse gilledhmn theaethhtoverieus hb&ngedawa[rhel mgdd argin

essenti al e t her.eof ore i nt end t hat nventi on not
be T ¢ eI Sas T T bar oD st b e AT b Bhe T IR e

cont enpl abeehef ipeMRMI VinNQGdA, Hah$ mddQAbhOMay Détmideab ddast 4 pyuaaithion Wil |
include all enbodinents falling wthin the scope of the appended cl ains.

Wher e not siypsionfar ezatenal detherfearhings of the mé@ﬁmc}wh%dwﬂlw rpingessential

D ot onar o iRy okgr Tebe SHE LI BRRA Bl Phe oGR8 e RS DR 2

r ef er encegpanticelal BEOLPIdTRL dibcheedbnthvibesehode batemplatddefor cargyihg bet this 24 WO
03/016258  PCT/, USOZ/ 24731  CLAIMVS: 1. A rre]t hod of preparing_a dialkyl
car bonat e inveBtion-ivet gt thednventing vH maglrdeall embadigents fallingsathinisérers and a

catal yst {040 gicxtiMce conprising a dialkyl carbonate, an alkyl
chl or of or maltee bﬁ&gjreogﬁoﬁl c acid, water, carbon dioxide, and carbon

nmonoxi de; and renovi ng al kyl chl orof or mat e fromsaid mxture.
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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2. The nethod of Caim1l, wherein said al kanol conprises a Cl-Cl2 al kanol.
3. The nmethod of Caiml, wherein said al kanol conprises a Cl1-C6 primary

al kanol . WO 0¥les28et hod of Claim 1, wherein said al kanol cecprissest7aet hanol .
5. The method of Caim1l, wherein said al kanol, said oxygen, and said
carbon nonoxide are reacted in a nolar ratios of (about 0.5 to about 0.7
al kanol ) : (apams0. 04 to about 0.06 oxygen):(about 0.8 to about 1.2 carbon
nonoxi de). 6. The method of Claim1, wherein said catalyst conprises a
metal selected fromthe group consisting of iron, copper, nickel, cobalt,
zi nc, rut hleni urd matleu erﬁrepqmglaahﬁllﬂyhcaﬁ:lom@rQomlafdsmg;lm rheni um osm um
iridium platinum gold, nercury, and conbinations corrprl sing at |east one

of the fory g The sai d ca t al yst
of e T oreaak ke, olyp e Rt aaC B ISTE Aead) Susiiel YS!
chl ori de IdomprﬁlllgTh&ilaﬂIEylheﬂb@fﬁaté;l & alkd cwwéﬁfrﬂatsahyﬂr@aﬂﬁuy SikidC avapér ses
chloride io ndd copper in a nmolar ratio of about 0.5 to about 1.5. 10.
The et hocFag‘T 19¥ige, And AR mPNxIde: #¢hcting is perforned in a si ngl e
reactor 50. 25 WD 03/016258 PCT/ US02/ 24731 11. The nethod of Claim1,

wher ei n s%go{,ﬁgqugghpoﬁ)fggﬁgt@frggpgawmﬁt&grr05| on- resistant reactor 50.
12. The net hod of aim1l, further conprising renoving carbon dioxide and
carbon nmonoxi de fromsaid m xture. 13. The nmethod of C aim 12, wherein at

| east abot 90% oflhg atethagaafdaim Hiveherels saidchlianol enmsnrisabo Gi-Qodkkafolsai d
carbon nonoxi de are renoved fromsaid mxture. 14. The nethod of Claim12,

wherein saj d rem%ﬁ%}ﬁ%ﬁi Fgatlgxf qaqe%]g sal%iaa gan%l ggﬁgéie%ea gpl’l ses passing

said m xture throu S-1Tq seéparation
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, rhodijum,
palladium, silver, cadmium, rhenium, osmium, iridium, platinum, gold, mercury, and

combinations comprising at least one of the foregoing metals.

7. The method of Claim 1, wherein said catalyst comprises coppet.
8. The method of Claim 1, wherein said catalyst comprises chloride ion.
9. The method of Claim 1, wherein said catalyst comprises chloride ion and

copper in a molar ratio of about 0.5 to about 1.5.

10. The method of Claim 1, wherein said reacting is performed in a single

reactor 50.
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15. The method of Cl aim 14, wherein said reacting is conducted at a first
pressure, and said plurality of gas-liquid separation vessels conprises a
first gaswbioguiass separati on vessel having a pressure w t rica/Esbnen7310% of
said first pressure, and a second gas-liquid separation vessel having a
pressure | ess than about 20% of said first pressure. 16. The net hod of
Caim1, erein 9 . Sal : f-ar. oS- r enoved
from sai dvﬂi'xtureﬁhib. de&tn@?%%gp‘ﬂlafan:l&%ﬁrf ét%elrsgﬁgbﬁéallggs?rrgggﬁt 90% of
sai d al kylresisthhtocaftarifate is renoved fromsaid m xture. 18. The nethod of
Claim1, wherein at |east about 95% of said alkyl chloroformate is renoved

fromsaid mxture,..19. .Th ho f Caiml, .wherein at .|l east .about 99% of
sai d al kyl!chl or SPBtn?ﬁi]?(@e?gaagﬂglvgwl?eftf&‘l’?ﬁlis@grﬁe%?}'fpé.Ca%.n (ﬁ%xelg?r%?iod of
Caiml, vhesRiMosaidt fi&Ryidgixalkyl chloroformate conprises renoving |ess
t han about 5% of said dial kyl carbonate. 26 WO 03/016258 PCT/ US02/ 24731

21. The nethod of Caiml1, wherein said renovij ng{ al k}/l chl or of or mat e
conpri ses Yenovi ngbe evethed o4 Glabut! 2 oplrreigagtgleattaphopt 0% 9bsatdecarbon The

method of dibfllshy HMELE!dDodabef gffg%{gyniar@ohkpﬁ'on@gherapé AR R HGRNRAid Ses

reduci ng the concentration of sal | oroformate to | ess than about
500 parts megtugi | 11 on by weight. 23. The nethod of daim1, wherein said
renovi ng al kyl chlorofornate conprises reducing the concentration of said

al kyl chloroformate to |l ess than about. 100 rts per mJlion by wejght.
24, The mekhod of 16F dPRPES SnGRar nSaMBerF Bmb Gl B CERTb BT SiL
conpri ses &@eliiCiRdotiae oRMPFSEL pakingalf niRhufe ﬁdr&%? & phetRfosMBdsgiduad | ess
than about 30 parts per mllion by weight. 25. e nethod of Caiml,
wher ei n sajegaagomvéssglsal kyl chl or of or mat e
15. The method of Claim 14, 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.

16. The method of Claim 1, wherein at least about 80% of said alkyl

chloroformate is removed from said mixture.

17. The method of Claim 1, wherein at least about 90% of said alkyl

chloroformate is removed from Said mixture.

18. The method of Claim 1, wherein at least about 95% of said alkyl

chloroformate is removed from said mixture.

19. The method of Claim 1, wherein at least about 99% of said alkyl

chloroformate is removed from said mixture.

20. The method of Claim 1, wherein said removing alkyl chloroformate

comprises removing less than about 5% of said dialkyl carbonate.

26



conprises utilizing at |east one technique selected fromthe group
consisting of heating, increasing pressure, increasing residence tine,
addi ng a woloani1@ss vent, adsorbing, separating with a nenpcansp2/24731
pervaporating, passing through an ion exchange resin, exposing to a
stoichionetric reagent, exposing to a catalytic reagent, and conbi nations

conpri singat | eagheometholl bhelhial agovhgeineshai @hRving? blkyll kaloieohaste of
Claim1, further conprising renpvi ng hlﬁqdroc‘hl oric acid. 27. The method of
Cl ai m 26, Serschreaaving lepolpmabotydroehiaist dialkyksaabondtsapr i ses reduci ng t he
concentration of said hydrochloric acid to | ess than about 1x103 nol es per

liter. 28.,0he netjhad ' 6, 1 Ut der caaPlhs P ald
m xture bze%'ore saT:ill pgﬂ%)\% ﬁgrq%ﬂgllg’r &éWori ¢ acrd. ZBn%Tﬁgtemect ﬁié%‘i%(r)x? Claim
28, wher ei eong@isds vaimomigztha govomprtise sf kadtallng chirdformatettarless thadabéutig t he

pressure applied to said m xtyre, or both. 30. The nethod of C aim 26,
wher ei n sa$®HWfW&%ﬂy&Vm ric acid conprises passing said mxture
t hrough an acid renoval colum 160. 27 WD 03/ 016258 PCT/ US02/ 24731 31. The

net hod of £3 ai m 26heWARARUIN oS A18int ENOWhEEinhyAA O@oRingC aRk§l EhlkOFRhAEES
passing said m xture through an acid renoval colum 160 and an ion
exchange rexnprisegzeduring thetdeperngpticy af seid allgh ehiorpfosaptg tRdewolan sbgBer at ed

cont i nuous AL preparing a dial kyl carbonate, conpri sing:
reacting ain(yoalfalzgi:gféﬂglgégg%&%h& bon nonoxi de, and a catalyst to forma

m xture conprising a dialkyl carbonate, an al kyl chl oroformate,
hydr ochl or24 aci d,Theatnethod ofirdiaim di, oxhelein aaid earovorg aikybxchibeoformaigci ng
the concentration of said al kyl chloro ture to | t han

f.qr einssaidm S
about 500 FRAPRISSHERREIRGEPASERRIORAT S A FRIRVPRRHS S AR bt 10% of
said dial kyls (eRpli0RaLSwaRH. renovi ng hydrochloric acid fromsaid mxture.

25. The method of Claim 1, wherein said removing alkyl chloroformate
comprises utilizing at least one technique selected from the group consisting of
heating, increasing pressure, increasing residence time, adding a polar solvent,
adsorbing, separating with a membrane, pervaporating, passing through an ion
exchange resin, exposing to a stoichiometric reagent, exposing to a catalytic reagent,

and combinations comprising at least one of the foregoing techniques.
26. The method of Claim 1, further comprising removing hydrochloric acid.

27. The method of Claim 26, wherein said removing hydrochloric acid
comprises reducing the concentration of said hydrochloric acid to less than about

1x107 moles per liter.

28. The method of Claim 26, further comprising vaporizing said mixture

before said removing hydrochloric acid.

29. The method of Claim 28, wherein said vaporizing comprises heating said

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

30. The method of Claim 26, wherein said removing hydrochloric acid

comprises passing said mixture through an acid removal column 160.
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34. A nethod of preparing a dial kyl carbonate, conprising: reacting an

al kanol , oxygen, carbon nonoxide, and a catalyst to forma first mxture
conpri si nyoasdi@bkyl carbonate, an al kyl chl orof ormate, hydrasht/eeBL aci d,
wat er, carbon di oxi de, and carbon nonoxi de; renoving al kyl chloroformate
fromsaid first mxture to forma second m xture; and renoving

hydrochl orst aci d 1ff-omegaidd oSecai 76 XWHERIn 30id TdiBoviBE Nedrahlddcabem34,
wherein said first m xture conprises a vapor of dial kyl carbonate and a

vapor of atdoyprischipesofg et @ixte. thigushnet keid wmocrhicpBE 16Qaphan ion
conpri sing _condensi.ng said vapor of dial kyl carbonate and said vapor of
al kyl chl o?’&?%%‘?%?éfsel?' 37. The nethod of C aim 36, wherein said condensing
sai d vapor of dialkyl carbonate and said vapor of al kyl chloroformate
produces a3si ngl e ThHeghéttdodbBSkim 23 wWWQeG3dalil ME2HYd RCIPiS0R L@4inBdusiB8. The
met hod of C aim 34, wherein said renoving al kyl chloroformate conprises
using at |east one gas/l|liquid separator. 39. A nethod of preparing a

di al kyl cafbonate? gﬁm‘gﬁpﬁ%}?arlfl éélfaﬁlﬁﬁ Cﬁ‘%oﬁ?tﬁa‘ﬁ’é‘ﬂ’,rls&gygen, car bon
nonoxi de, and a catalyst to forma first mxture conprising a dialkyl

carbonat e, ;@b kylanednonr @Ia%elﬁr,a&a%orbmr@szmeprah@ AeitdlystVBt @rm aCANRES
di oxi de, and carbon nonoxi de; renoving hydrochloric acid fromsaid first

i xture t ocdropninieg sedishd] reashonnte; anrkylr Sierpfargats, Kydrachlosicotcad, nBEET.f r om

said second m xture. 40, hod..of preparing dinmethyl carbonate,

conpri si ng™¥ %rh%]f”r(\ll%ﬁganrge aﬁkéon%eg%?&g%@egen, carbon nonoxi de, and a copper
catalyst to forma first mxture conprising a vapor of dinmethyl carbonate,
a vapor of reietiny lthe bboveafratiormbd e said jldid ehidroformatacindsaidvatienre alekothadi oxi de,

and carbon nonoxi de; renoving a portion.of said carbon dj oxi and .
portion of a‘%%tcfogé}aﬁéri)eﬁﬁlﬂh%%dléy P"F’r&&ﬁn ied'el?’io?”é’gclﬁ'?sx Eﬁ‘él’?‘g &g/i’ r‘r‘? 5a‘gecond
m xt ure; aHiath?&Lrb&?arté'iaﬁhl y condensing said vapor of dialkyl carbonate and
sai d vapor of "alkyl

removing hydrochloric acid from said mixture.
34. A method of preparing a dialkyl carbonate, comprising:

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

carbon dioxide, and carbon monoxide;
removing alkyl chloroformate from said first mixture to form a second mixture; and
removing hydrochloric acid from said second mixture.

35. The method of Claim 34, wherein said first mixture comprises a vapor of

dialkyl carbonate and a vapor of alkyl chloroformate.

36. The method of Claim 35, further comprising condensing said vapor of

dialkyl carbonate and said vapor of alkyl chloroformate.

37. The method of Claim 36, wherein said condensing said vapor of dialkyl

carbonate and said vapor of alkyl chloroformate produces a single liquid phase.
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chloroformate to forma third m xture; renoving at | east about 90% of said
met hyl chl orof ormate and | ess than about 1% of said dinmethyl carbonate
from sai dwODlBH268 xt ure to forma fourth m xture; and remoTIUSg2/24731
hydrochloric acid fromsaid fourth m xture. 41. A nethod of preparing a

di aryl carbonate, conprising reacting a dialkyl carbonate with an aryl

hydr oxi de zgwher ei fi,d h hl?etﬁd@'ok%lgﬁﬁ@@ﬂ%e@elhssaﬂf eRAGBAg atieAr dilfgforhftd he
met hod of aim1l. 42. A nmethod of preparing a polycarbonate, conprising

reacting aomhpasaslusingaat brastgre gapAliquid sdpdrgidr.i ¢ phenol , wherein the diaryl
carbonate is prepared according to the method of CI aim4l. 29

39. A method of preparing a dialkyl carbonate, comprising:

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

carbon dioxide, and carbon monoxide;

removing hydrochloric acid from said first mixture to form a second mixture; and
removing alkyl chloroformate from said second mixture.

40. A method of preparing dimethyl carbonate, comprising:

combining methanol, oxygen, carbon monoxide, and a copper catalyst to form a first
mixture comprising a vapor of dimethyl carbonate, a vapor of methyl chloroformate,

hydrochloric acid, water, carbon dioxide, and carbon monoxide;

removing a portion of said carbon dioxide and a portion of said carbon monoxide

from said first mixture to form a second mixture;

at least partially condensing said vapor of dialkyl carbonate and said vapor of alkyl

chloroformate to form a third mixture;

removing at least about 90% of said methyl chloroformate and less than about 1% of

said dimethyl carbonate from said third mixture to form a fourth mixture; and
removing hydrochloric acid from said fourth mixture.

41. A method of preparing a diaryl carbonate, comprising reacting a dialkyl
carbonate with an aryl hydroxide, wherein the dialkyl carbonate is prepared according

to the method of Claim 1.

42. A method of preparing a polycarbonate, comprising reacting a diaryl
carbonate with a dihydric phenol, wherein the diaryl carbonate is prepared according

to the method of Claim 41.
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