WO 03/ 016256 PCT/ US02/ 24150 METHOD FOR PREPARI NG A DI ALKYL CARBONATE, AND
| TS USE I N THE PREPARATI ON OF DI ARYL CARBONATES AND POLYCARBONATES
BACKCGROUNW( B@@d2s¢ Pol ycar bonate resins are useful materi aca/usabnaedof or
their physical and optical properties. Methods for the preparation of

pol ycarbonate resins include interfacial processes and nelt processes. In

i nterfaci aliEPHOTEFORSPREBARBSG A DeAll Kiyor CARBONAEE, ANmTS USenemHeNo.
4,360,659 to Sikdar, a bisphenol is reacted with rphos in the presence

of sol vents. RﬁPﬁBIATIQJ\b@EMYIaé?A@&QNAHg@ ANBPQL R@ONAT@SS Pat ent
No. 3,153,008 to Fox, a bisphenol is reacted wth a diaryl carbonate. Mlt
processes are presently preferred because they avoid the use of phosgene
and sol vg){t@l( g Use of a nelt process for polycarbonate synthesis
requires an ustri aI |y efficient process for producing diary]

car bonat es. There are several known processes for producing diary]
carbonat es. On¢0GN A plysatbbnase a¢sins am osdulsmptsriald g el Berdthply pblysical Rad ent  No.

4,182,726 to |1l um pati t al, . es car baonat are
produced BYY t?h:at?ff’? i ESI?Pd 5?rb8ﬁa{’reggv\f? zr@ﬁqy 346 IS 1§18F ®Schene
|, below mterfacﬁQQQS&esbésSdeﬂE]@rpfrodé@ses4 lﬁSRte?faﬁa]abﬁ’)@esG@ser@Si%@Ib@& fopat

di aryl carbonates can be reacted together w th dihydric phenols to produce

pol ycar bosyarerle(isdé SSRaenaNq. H;360t§é9m1kder @ bisphapadyis Eagted WithphasgenoH O 11
/C+ 2nAr Wt]‘fel ﬂn)esence 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.

[0002] 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 llluminati et al. In this process, diaryl
carbonates are produced by reacting dialkyl carbonates with aryl hydroxides (see

Scheme I, below).
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[0003] U.S. Patent No. 4,182,726 also demonstrates that diaryl carbonates can
be reacted together with dihydric phenols to produce polycarbonates (see Scheme 1I,

below).
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Ar'-OO0On |1 W 03/016256 PCT/ US02/ 24150 [0004] A preferred process for
maki ng di al kyl carbonates is illustrated in Schene 111, bel ow, and

descri bedwofwrniesanpl e, in U S. Patent Nos. 5,527,943 to PRMeLR4180 al .
and 4,218,391 and 4,318,862 to Romano et al. 0 Cud catalyst 11 RCH + CO +
1/202 C + H20 (111) RO~ FOR [0005] U.S. Patent Number 5,527,943 (the 943

Patent) al so desmui he?re&erré@?meﬁr mMaskn@fdidike eirBbiayds Ranhemate iProcess
according to Schenme (l[11): i produces water as a by-product. Al so,

hydr ochl ofrkerecilld behow) andydepsibednfarraxempley in déddedratent Nos. pEaEPHdOni xt ur e
Lo maint aihd i‘é’PzﬁF-gS&’i‘i’é%&l5@@&81%??@@% B di1.coPPer - Therefore, HCI,
an ypicalTy

CuCl cata yZE, wat'er’ are ound 1Tn'the streamexiting the
react or vessel. Hydrochloric acid and copper chlorides are very corrosive
in the presence of water, so equi pnent made from corrosion-resistant
materials, such as glass-I|imadliaabst s, t be used in the reaction
section of a ®¥hic4lO pt HAO,makiTg—aAt al kylc car bonatesHfy t hilH) process. As
corrosion-resi stant equi pnent is expe 'vé:'\tgﬁre is a desire to use it in
as little of the plant as possible. [8%36] A typical plant for performng
preparing dial kyl carbonates according to Schene 111 may contain three
sections: a redi0spi.S.elatenn Nuatber dd25;943nGhe 943 ritant) alse descidbesl &yl

carbonate, a separatjion section for isolating the dialkyl car ate from
unreactedkﬁﬂﬁ%ﬁg?%mﬁ ®©fh wp¢a@ub€@?°aﬁa1%9%%?@??&@Pgdﬁ éﬁ@?ﬁoﬁﬁzoﬂtrennving

wat er and pfdiEdekatks A 5"5%-@90&@@ Aid! KydroQAsiRoNad eHCHNRay 84 8oRAuBMy t €aches

that one "can mnimze t anount of corrosion-resistant equi pnent required
by renovi addedrte thdi@actioromixtive tpmugetss sdeseadmiolredii@vethiondd wrcapher. r eact i on

secti on. is.elim t he necessity of. usi xpensi ve .
corrosion}?@§ﬁ§?dﬂ¢ﬂ2%§iFF@B§L?ﬂ il r§éﬂﬁpﬁgﬁ%ﬁggﬁdE%EUWF?Wéﬁvvgﬁh%ections
of the pl a&tor Wessel. 943ydratiantic atidt iRl csppegerlosidénate V@ osi?t inHké and
possi bl e copper halide salts fromthe streamimedjately after the reaction
presence of water, so equipment made from corrosion-resistant materials, such as
glass-lined vessels, must be used in the reaction section of a chemical plant making

dialkyl carbonates by this process. As corrosion-resistant equipment is expensive,

there is a desire to use it in as little of the plant as possible.

[0006] A typical plant for performing preparing dialkyl carbonates according
to Scheme Il 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
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section can be acconplished by exposing the gas-liquid m xture produced by
the reaction to a liquid streamconsisting of one of the process fluids.
The "~ 943 Watmnte25al so states that the operating conditi on®cammooyado ar e
preferably adjusted such that the gaseous m xture fromthe reactor does
not condense, or condenses only to a 2 WD 03/016256 PCT/ US02/ 24150

negl i gi bl ge@xiolextehebei®e thtead€ rémseMmya@lonsiaddri@noiavoldy theret@siayofd t he
necessity of having to reheat the m xture_ before renoving the HC 1 (col.
3, lines 1.1!%’“‘3@)9fe{’@%d’ﬂmlxﬁ"@Péfﬁrf‘oﬁmf%é]géb%\%:,l (§al. M‘é‘eﬂ&‘?gbbl e to construct
a plant wherein the HC and any copper halide salts would be renoved from

the stream aft @iogfNfh [1RAH AN abSRCHIVAR deBirIOIHGRITAS MAnd Pndibif dieparat i on
and purification sections. However, a technique simlar to that described

by the " 9HTIRad eny cepper batulei saljs WOl daredrevoppd fromstht sedyy aftercthe meationf a
vapori zed feed in a colum usi ﬂ? a count eril O\I\tfgngi azetot roplg fluid from
the react FEHORIQAYPY corrosion) IBhE SCRATANANLENG, BPRIAETIgh SPRI e HAWASTr&am

separ at i ogcARgud Yinlifar GathR M@ Ml BySthe [ 0PDBhtedher®mbsingh@CrhRd Eoppeneed for
a di al kyl carbonate process that recognizes and elim nates additi onal

sour ces ofaltsdnyr osatwent BRI EPoSLAVERY i 8G0DIMIThsing B eeuntdelowing azroinpe ot her

dr awbacks jand.di sadvant.ages..of the,.psi,or_art . ar evi e t hod of
prepari ngﬂgl dfrgfnk ¢ ?tb(%lng]t"ét}lrecarr%rﬂlgéitﬁgp:rgvern égzgfrf)%éll] e{}rg tg% kagfr‘?g] t,r &gggen,

car bon nopépsiadion addguiafictibalydions.0 forma mxture conprising a dialkyl
carbonate, an al kyl chloroformate, hydrochloric acid, water, carbon
di oxi de, and carbon_ponoxi de; and rem)vifng al kyl chloroformate fromsaid

m xture. [0010{008B} Ehereotisithiasiam & &eshrier E HealkYle SBEONIR, BIRCES s thehy e
di scover egL b habes #g%ﬁﬂﬁat&%d%g@E&oﬁmE Besdrst@an formal kyl chlorof ormate

by- product s at to pro matic corrosion. For exanple, in the
reacti on of nethanol, carbon nonoxide, and oxygen to form di nethyl

car bonat e BRABF SUMMARY "DMC'), net hyl chloroformate (hereinafter "MCF")
may be formed as a by-product. The MCF may pass through the HC renoval

lowy with rotHGRON ParapuPOaRtd ol PhienRdRAbr Be RSl * | s
prior art are alleviated by a method of 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 removing alkyl chloroformate from said

mixture.

[0010] 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.



determ ned that steps were needed to renove MCF prior to the separation and
purification sections. 3 WD 03/016256 PCT/ US02/ 24150 [0011] O her

enbodi menwe,03iomebadi ng an apparatus for preparing dial kyl pcaardoopases, are
descri bed bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] FIG 1 is a

di agrammatic view of a first enbodi nent of the apparatus. [0013] FIG 2 is
a sinplified diGnpOMmREi EmbodNentt, andtedBarat hygar&pp Aot peparingatialks/]
susceptible to corrosion. [0014] FIG 3 i1s a sinplified diagrammtic view
of an errbé%i‘bﬁ%@s,éﬁeqeﬁélbeﬁﬁ?é@f""at us in which the fluid passageway 110
conprises two holding vessels 120. [0015] FIG 4 is a sinplified

di agr amma I i apparatus in which the fluid
passagevva?kﬁg conﬁlrggﬁm?Hﬁgﬁﬁlh{gﬁsel s 120. [0016] FIG 5 is a

sinplified diagrammatic view of an enbodi nent of the apparatus in which
the fluid passff8dhyIG10isechqgramestiaviewoefafirsseguhddomentt3d thd PParajusFI G 6 i s
a sinplified diagranmatic view of an enbodi nent of the apparatus

i agr et o v GIEFRR Enpommiisd ddRoa QY alhSompaliabfBut L

passagewayhal kGus@phble368ordosidd. St gas-1iquid separator 90 and a second
gas-liquid separator 100. [0019] FIG 8 is a sinplified diagrammtic view

of an enbodi nent of the  apparatus in which the fluid passageway 110
precedes the fi94¢] HS-Piigai damplified dtagrammgtic Vispool amjembodiment Sfdhey) i fi ed

di agr amma ' : j f1 15 REmpARRAGBHIRIA Lichog he fluid
passagem?}}g@d{%hf}o@ﬂ%\?\gn}eﬁgmggé%?%vgg col urrltlﬁ 180%[h 0&1%”%%69 10 is a plot
of chloride concentrations at the bottom of an azeotrope colum 180 as a

function of app¥ral B3G1 §pe a(Finglifid drgraan@atiGyicandf an rrebodinydt 08/thd 6256
Egrl;é gﬁ? rzgi%}il)l}%l?gzgtu }%?\é’%}:]hgllegmicli pallssglgsew%yqll8tcorcr)1];)rigeestfgﬁ/rl ho(f(!%grvggsglrs 'T%.e

[0016] FIG. 5 is a simplified diagrammatic view of an embodiment of the

apparatus in which the fluid passageway 110 comprises a tubular section 130.

[0017] FIG. 6 is a simplified diagrammatic view of an embodiment of the

apparatus comprising an ion exchange resin bed 190.

[0018] 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.

[0019] 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.

[0020] FIG. 9 is a simplified diagrammatic view of an embodiment of the

apparatus in which the fluid passageway 110 follows the azeotrope column 180.

[0021] 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.



exiting the fluid passageway | 10 as a function of tinme for an apparatus
corresponding to FIG 3. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[ 0023] Omwoasbostserent is a nmet hod, conprising: reacting amcalisazodiso

oxygen, carbon nonoxide, and a catalyst to forma mxture conprising a

di al kyl carbonate, an al kyl chloroformate, hydrochloric acid, water,
carbon di oxi de[oe2DUFIG.aribRm pensxmety! aitdrofermivd &glcahﬂﬁadonﬁf&hl@ﬁﬁ% ahdrat e from
said m xture. [0024] There is no particular limtation on the al kanol used
in the meexigng thedlyig pRisaceravali@las 3 tHastigweof Sime ior an appasafye sPRjcsPapding er ti ary
Cl1-C12 al ailE'l@Sj’ with primary Cl-C6 al kanols being preferred. Hi ghly
preferred al kanol s i nclude nmethanol. [0025] Oxygen nay be provided in any
form wth gaseous fornms being preferred. Suitable oxygen sources include,
for exanpDETAILED RBSCRKYHON O6ritHE RREGERFISLEMBODRYEMTS east about 95

wei ght percent nol ecul ar oxygen, preferably at |east about 99 wei ght

percent nol ecu en., Spitabl e oxygen-containin ases are
comercially a@zﬁﬁ@/’g b lmf’%r ‘Se?aﬁ%ﬁ’é)a’ &OPPIBF‘(%Ugfga!cafléo%]a]@?]bon
nonoxi de pgydRhetabaR IormiR] hfd ad&atdygas fomvi Henidturé @amprigiagul diaBG1 wei ght

percent, preferably at |east about 95 weight percent, nore preferably at
| east aboearbgmtgeinghtkypehlaseiormatar budropansiagel, vBues agrtonc drosisls. @dtoxi de-

al | ormelar b F% aspiencdionide
product s. cpagsaliBe aREEREl Bk sl YRR ARSI RRETE . 0 copper

ni ckel, cobalt, zinc, ruthenium rhodium palladium silver, cadm um
rheni um osm up02u4t THerens noppaticuiamimgetich onehe atkpnolamsdd tinethd inethodand
conbi nati gns (f | east one of the fore Preferred

onprisjn t (o] tal s.
cat al yst s SH#Ple _ PP§e9"EE’SBeRr?m9XYhiS§9ﬂ“9arﬁr é‘PQrtFEH’QY égg(égg%@a’lsf’%p‘ﬂﬂées o
copper a”gri&gifg-ggark%blk Bei]f}g g]tié'fé}%edr. E}#igﬁlyqirefgkgalélk%oﬁs Rl MbthahoP- W thin

this range, ratio o | east about 0.8 may be preferred. Al so

within this range, a nolar ratio of up to about 1.2 may be preferred.
Hi ghly preferr 25t &xagsnstmyi be ipnelddeslipr @ny o omithe g¢sea @l formsdbaingr i ¢

chl ori de az), oW cuprous 5 WD 03/ Q16256 PCT/. US02/ 24150 l.orjde being
ot 6 i gnPirHreEl esiPlable GYBER s My e Yo S e d0g oS e p it
chl ori de ixgas Ganagnit naki buigy Wadgligicideat Rvdeddlar toxggar) Girdfe@b1yodt least
hydrochloric acid _ .

about 99 weight percent molecular oxygen. Suitable oxygen-containing gases are

commercially available from, for example, Air Products.

[0026] Carbon monoxide is preferably supplied as a gas having at least about
90 weight percent, preferably at least about 95 weight percent, more preferably at
least about 99 weight percent, carbon monoxide. Suitable carbon monoxide-

containing gases are commercially available from, for example, Air Products.

[0027] Suitable catalyst include those comprising 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 (CuCl,), with cuprous



(HCl). [0028] FIG | illustrates a dial kyl carbonate plant 10 having |inked
reaction section 20, separation section 30, and purification section 40.
Wth ref ewerndmeid2e6 FI G 1, the catal yzed reacti on of al kamaiT/Usoxygen, and
carbon nonoxi de nmay be performed in a single reactor 50, or in tw or nore
reactors 50. The conditions for performng this step should be selected to
maxi m ze tR1eriyd Bélﬂg%o@i]ﬂ}f'lklwpr@ﬁfrb@nablﬁlrvg’lbﬂ)@atldﬁ of mezpmges@he sdggiadat i on
of dial kyl carbonate. Preferabl the reaction is rmed in a single
react or sehlogde jpr %‘?ﬁﬁé’?téﬁtkﬁ’ﬂén?ﬁ lﬁ‘éﬂj’t‘ta%@:b[yothét?éé’t‘m?B‘Zfd‘ydr‘W’ﬂ‘chnacﬂ%| s
range, Q{ ﬁrrperature may preferably be at |east about 100C. Also wthin
this rang he tenperature nay preferably be up to about 150C. The reactor
50 is preferably kept at a pressure of about 15 to about 35 bar gauge
(barg). Wt hi n[002R] E1G.ahgdystratepretsliylecaborate pleasi0 Abovng 1dBedacagtiomy be

preferred. Als within this n ressure u 28 b may be
pr ef er r edSeefiAn 2995683@80'6?“6‘8&38 zg’éjcﬁlgﬁpcag% PEHEN HP h&vg}éfeg?r%ge Wg:r g
recycl ed behueenyadkactidher ARl YoXl &0 RREBALBA moxﬁewy%et&rﬁ)%éd CI ently
high to pr oduce an acceptabl e yi el d; but shoul d be kept bel ow a

concent r atn oaingleacactoufd or an $wo gomode sactorng0.of he hendibensl fps perferming r eact or

50 or i e The. reget an I en d carbon

ronoxi de. 176 &8 et ey MeadEh  ima ifeSRR SE oy SRR ceHEE yn0G

0. 7) : (abomfinithiffg t Be 2BOHdatidn 06) dﬁﬁbﬂuba@oﬂatéo a?b@lbiabﬂy 2he reasp@ctis vely. A

highly preferred nolar ratio of al kanol:oxygen: carbon nonoxide is (about

0.6): (abomrf@w@s)m(aamgte TEpCtof é@,zg]aweamtm@f @bO%aﬁthwgtamybaSQ Elative to
| dent

t he react depend, on the f th For exanpl e,
when the. Saitip Jhis radiih SRS udPharniie R RO Rhe FEIGR el dpgLT ARE™
concent r alyi@h this @QQéJtthelfégapEthlﬁQ%y PrefBEably BEEp r@@abduttlsoocof TRERGELPN

m xture. During operation, the catalyst may initially be added froma

cat al yst b@mkp@lerabl Bt atiagmesskel of abopt &Y @rdlﬂUWé@dl‘eﬁaltgG (barabt HtBO from a
hydr ochl OHBSC af%%'&ﬂa é{%@léqrggog ?E aitn%)ougégcbour se rhgerregac&ﬁ%m 19 R Lnt ain a

nmol ar rat Iron of I's preferably

cont i NUOUEdnye deprESIrO@P taABo@AIY badp Ines lka/pﬁeft@redaddlthd: oasedf du@l reaétot ypi cal
mass ratio for HCl feed to total liquid feed is about 6x10-4 to about 8x
10-4. 6 WYstens thosatapetrmagoby seeyclgd between tanks. The catalyst concentration

should be sufficiently high to produce an acceptable yield, but should be kept below a
concentration that would cause solid setting of the catalyst in the reactor 50 or
clogging of the equipment. The reactants alkanol, oxygen, and carbon monoxide are
preferably added in a molar ratio of (about 0.5 to about 0.7):(about 0.04 to about
0.06):(about 0.8 to about 1.2), respectively. A highly preferred molar ratio of
alkanol:oxygen:carbon monoxide is (about 0.6):(about 0.05):(about 1).

[0029] The amount of catalyst used relative to the reactants will depend on the
identity of the 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 HCI. A typical mass ratio for HCI feed to total liquid feed is about 6x10™

to about 8x10™.



[ 0030] The reaction produces a m xture conprising a dialkyl carbonate, an
al kyl chl oroformate, hydrochloric acid, water, carbon dioxide, and carbon
nonoxi de. wolis@iems&t ure may further conprise residual nethaoavsand4isxygen,
as well as side- products such as al kyl chlorides and dial kyl ethers. The
m xture is typically wthdrawn fromthe reactor 50 in a gas/vapor form

The term "vapo[do30p THE R&HctibR pré®iced atifix@as @OHpridihgad dfalicoraaidaaesanf the
m xture such as, for exanple, evaporated dialKkyl carbonates, alcohols,

al kyl chl aikgF Jrlemfemate hydrochleric meidwapier, apainsrdioxidgtandsarbonyeonaxide. " vapor "
refers toLflui. havi LI i | east. .- .

w mospher A1t Pt Pt e Crpid, RO Lonhol FAPERIR AP side oo
oxygen, gridbew dichxisdalkyt ashbwfdesramdx didikyl ankkrapt Theahixaire riegspicallypat i s,
the term"gas" refers to fluids having a boiling point |gss than -50C at
one at nosphBf@wnTiem\the seactares ea gos/YaPREforghr NG 18NN CHRGENSLHSAN R ondenser

80, and fedet@ Asdduk foadASedribitlhls FARANBLAL 30 astN6r BRRBIALYSITRY]
I 2?'lg eg Bﬁ{

optionally enpl®y a si s-liquid separator, or a urality of (i.e.,
at | east @ialkyl efiboadiksy alophole, alkpluthl&rpfogmstes) ejui dnd epwat oasor. THet {9, r st

gas-liquid separator 90 _may be kept  at essure within about 10% nore
pr ef er abl {he (&P hivaPAboisfers 39 fhyds Ravipg ég}é‘g{"ég (Pf’mttm\gartgﬁisf 0'98?%?” PR gas

ef {1 uent hiQibhdie Mh'hu@S ind Il GaPCRARLAT oMY R dhSOYEIRgen OF
exanpl e to relse excess cafbon nonoxide. The mxture nmay be se% to a
second gasarboguiakide partmhomod®Qde, vinidcdptionalf sitrapény Hast &, the éssufgsT ess t han
about 20% of the pressure of the reactqr Sg {e.g., preferably less than 3
bar gauge!cf#siie fgpdsihaying 3/bejiag point Sfba}‘mg‘ Quéfe?t M PR | I aRcEy e

separ at i oq, ,0f %e4Rr & f.erRab % 1ihNg wei ght
of the rgjr?gibne?%\tgiegg?ﬁrﬁgéwh%mrgn@’ﬁegrle. Inﬁérgseﬁiggh%d g%dekcgrg?ﬁerétggar{%% i?nent,
subst ant i ad¢payat@l 90. 6Fhe dpperagasmaysoptemeiyeemplogra sitpde gaskhiqné sephhatorgasa ef f | uent

renmoved from.the_secon as- liqui.d separataor 100 can al so be _re led. It
" or of er POERIRE Gy bd: PITEHLY PR AP DAt Hob e peRiRarT y TROfifenced
form (i .egas Rui tat8P0) hal FL1EpN hure WRRR dYoRf €69RDINY fewdth
cpndensedg?soﬁ(ﬁngl?i%%%.%t at Iggst agout 0% (r:eondenseé)), bgg?ortraelzfﬁteri%g t he
f9 |0 r st . ?ﬁwﬂhnqahogt tépaf Tfh_t? @résg(m ofithg r?@m/rfé)g Tfli[(nggg iffhlfng?@nlthﬁﬁﬁsﬁgﬁep?r a’:] or
an secon -liquid s ratar : n e _enbodi nent shown
T Bre 1Tapfeehiter 3l mbfbs HesIRE Bk BmdPR o iR et el IR "y be
in a singhge hiiguidImpi 86 gent Ad b 86conligasHgoadepstol 1 00)ivehiclspersratilphasl9O0, t he

mxture n%%/ess%rrg (l:cgs(ilhz}nh;b%llj} 20‘% <f)f|‘ tlljlie pre?s?t?rseao et\lll\?¥eé]c'g'og StOh(ang.,rgrglf%\r/a%?y less
than 3 bar gauge, more preferably about 0.2 bar gauge) to preferably achieve
separation of at least about 90%, more preferably at least 95%, by weight of the
remaining gas in the mixture. In a highly preferred embodiment, substantially all of
the gas is removed from the mixture. The gas effluent removed from the second gas-
liquid separator 100 can also be recycled. It is preferred that the vapor in the mixture
be in a partially condensed form (i.e., at least about 10% condensed), more preferably
a fully condensed form (i.e., at least about 90% condensed), before entering the first

gas-liquid separator 90, and between the first gas-liquid separator 90 and the second

gas-liquid separator 100.

[0031] 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

7



7 WD 03/016256 PCT/ US02/ 24150 al kyl chloroformate fromthe m xture. It

wi |l be understood that the terns "renove" and "renoval"” in reference to a
parti cul awookemi2zé@al speci es enconpass any chem cal or physiTamo2/psisecess

t hat reduces the concentration of the species in the m xture. The al kyl

chl orof ormate nmay be renoved fromthe condensate by any nethod. Sone

pr ef er r edampt e forakdAEMNBaHiR@re. | NOAiR AR uhdeRlodd Shdt@he ichBE ERSI0VE”
residence tine, adding a polar solvent, adsorbing, separating with a

menbr ane EMhCIEIEVAY 18 aeTerREe 1q 7 gantguidb ARRHRY SPEYiaT SRCOBIPRSS PWrahaMiidht i ng,
passing t i C esi . i : ichi LC
Foagent,  chpigitatProstd FERANRE trTlentc AR ARk L PR HRIAETIRC S, 1 ons
conpri si nglkal chleagbrnune nafy bdecriovedgodomghe eohdingate by dmy emefirodf eSoreel

enbodi ment, the al kyl chloroformate is renpved from m xture by reaction

wi th wat ePrefqrEgemstiodinglyge B?ataﬂka}fa?aswe@ewferfﬁCf%S.m@eSMenae 3% oorOB +
Cx2 + HC4d: JRE5 - [t may
al so be plF]deénlé re% to Ogéer?g’v%s# %éngé:g%%mt&:dh g?(}))]lﬁn r?ang)\e/anvf\:/i ]houﬁ%ggfia% t he

m xt ur e t hgadgherabrane sepexavahgervapsiating bpassing shrouglh an égn pxchange ivensi ve to
install and operate.. |I.t may be eferred to renove at |e bout , 50

per cent , ﬁﬁoé‘r‘%rtgﬁgfﬂm‘?meté rF%&fg{’ ARSI 8 Cﬁéaﬁ%té%rte?g?&tanﬁgﬁeel $8P%rably at
| east aboudmBRatdHsC&Mprisieht MR§tConePs iRl RRddbimt tcRdghesablt PSfeped cent, of
the al kyl chloroformate fromthe m xture. In one enbodinent, it may be

pr ef er r edembodisgnt éhe Hisyladhigrpfosmpigrdfeararse dros mextkrer it ieagtion; with watesi xt ur e
to |l ess thancabout 500 r f\@rably | ess than about 100 ppm yet
nore pref ésregggl}eni)eels cfrﬁg%mé @5‘?%@5‘%8&' In any of these enbodinents, it may
be preferred to renove | ess than about 10% nore preferably |less than
about 5% yet Omore preferably | ess than about 1% of the dialkyl

carbonate. Although th d nray be descrihed "re i ng,Jess than
about 10% of s@d di al Eylmilé bonate”, it w I*Bﬁbéraégéeﬁgﬁséodqm%\t t he
concentrat}{&n/of\d'bﬁl kyl carbonate need not be reduced and

ROH -_—

RO/ \Cl RO/ \OR

+ HCl (V)

O—0
+
O—0

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

8



may even increase. For exanple, the concentration of dial kyl carbonate may
increase 8 WD 03/016256 PCT/ US02/ 24150 if the Schenme V reaction of alkyl

chl or of orwatos/oné2s6r et hanol forns dial kyl carbonate fastecTiusag24dsal Kyl

car bonat e deconposes due to other reactions. [0032] Through extensive

ki netic studies of the dinmethyl carbonate process wutilizing variations in
factors i iciiedSegenienpeatadtioneof nisl dansgefdrmbe, wit ficthagein¢edisr afalkgh,

met hanol concentration, and hydrochloric aci d concentration, the present

i nvent or s CHhgrate &ﬁﬁﬁtmﬁéﬂalkﬂéah‘b&’[’@eéﬁm%% dyerp ST £736HRS- deconposi ti on
may be given by the equation (1) -rMCF = (k, [H20] + k2[ MeOH)[MCF] (1)
where rMCF is j f I te (MCF)
per unit vol UL(&%Z{ 3%0 u,%f] [e(l’\\(/et&dghg? l&%rtlltgmﬁlll\gcrlpzé] 851;% ?]ﬁ% wscta?r?bgtﬁeggiéw

concent r atitibzisg ofavwioes , in nﬁtlmamoinpludm@ remhgratucd)| oesodemceratime, water
respectivel in. noles per unit vol 2 are r te cponstants
hat vary CHICERHspaRe T SOCHITRG. BbY TR eoy stenpaion. e

respecti Vﬁ}der{fymverKor@@w%Sé/fgm(dZ)hat kit ratd3@ nﬁé‘tl?}ﬁ7c3/lc7rof(fn%)iteV\ﬂ@6ﬁipBSltlon 2. 09x109
m./ mol -mn, 4.14x101 nL/mol-mn, and T'is the tenperature in degrees

kel vi n. [0@33’]8 gn\renrbazrtkrec@@égn(l)t is valid to assume that the concentrations
of water and nethanol, and the density of the solution are essentially

constant. Wthin these _gene jinef i nts dlfferent ki netic
expressi ons nay be usedr'\g((fr {ﬁ#]_(z?r]eﬁ{zw é%@iss 2 par atus types. Wth
know edge of the relevant chem cal reactions and rate constants provided
in this appkreagti dnthe tdtesbclexpe eﬁmiemtﬂesrmfyné;thylrcﬁaﬂbfoymaher(M@d pebynit hose of

ordinary skill in th r For e i.n_a batch rocess e rate of
methyl . ohvokrok Hecle IHECHBE! LGE] Risy Mo sF oS ST GE c
resi dence i Bl aAS hidloRAH&E] %_?pécﬁ)lel - B MoTek 1t umit (v%luﬁﬂ'eizg]ld 1{1
k2[ MeCH] ) [ MCF] (4) 9 03/ 016256 PCT/ US02/ 24150
and k, are rate constants that vary with temperature according to equations (2) and

(3), respectively
K =k %P7 (2)
ky = kLT (3)

where k,° = 2.09x10° mL/mol-min, k,® = 4.14x10'° mL/mol-min, and T is the

temperature in degrees kelvin.

[0033] In many cases, it is valid to assume that the concentrations of water
and methanol, and 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 = (k|[H;0] + ko[MeOH))[MCF]  (4)



where t is residence tinme in mnutes. The residence time t nmay be defi ned
as the total tinme spent by an average nolecule in the fluid passageway
110. I n awbaBohe2pé ocess, at | east about 50% of the met hylpcahisoz/efise nat e
may be renoved by maintaining the m xture under conditions conprising a
wat er concentration ([H20]), a nethanol concentration ([MeOH), a

t enper at uvderfe)is redfidnée s ird@nages i TH rédidencs tiade Ahat badefinad agdicabtak
according to the equation (5) X =exp{-[.(2.09xI109)e(-638
/I T) [ H, O +time satdY)8 @Y 9@ 28 1) qeneapthe fluid paysagearyl \a)lne hapdregesh 2hbout

0.9, whergj : frah
e feall éﬂ?)iﬁt %@%,:Jrif ﬁ%%lnlﬁ?t]ﬂﬂ glﬁl?ﬂit?%ﬁ%% Eﬂgrﬁ’ﬂéﬁ?&@h byeRAmERLHBthon are

expressed 1n nol es e tenpérature is expressed in degrees
Kel vi n, andxtulee undsi chawditions i coenprsingx preasedonseniratiant €97,0Thea wnadthemobf X nmay

referably be | ess out 0.5, nor referab | ess an abput 0.2, yet
Iromre pr e¥%ﬁ%¢%ﬁloﬂeg[%g)§'ﬂgh%lﬁe“a%ﬁtf”eo.(ﬁ),’ %8 é‘nrﬁﬁiﬁ\éceppg\‘eeﬁt’gbﬁ%ﬁltg%tsat han d

about 0. Oparagiek by 20B6r8ingRb B RBMidh ds§ss than about 0.01. The water
concentration nay be about 0.1 to about 50 noles per liter (nmol/L). Wthin

this range, the water concentration nmay preferabl be at | east about 0.5
mol /L, nore pﬁ(e—-ﬁerpe{bﬂ(y.oakld)”Qa@‘t’*”é’@HL_JO]Jr(W*M'“)éél‘é@’\@Meh]fh]]tt}h(fs range, the
wat er concentration may preferably be up to about 30 nol/L, nore
preferabIX up to about 20 nol /L, Xet_ nore preferably up to about 10 nol /L,
even nor ehaspp epbiedpssythan abeutahBuyhgempihe watqmeonsartiains| andodhe éithanel on may

be about |, 10,a000 e %§P1[a5g%e<</il‘18eﬁ4\él¥ep :pgr mf-]ﬁig{ggﬂltgetgmh%ﬁ}tﬁ?w" Qﬂﬂésse

concentration may prefe east nore pr%f‘%rabl y at
| east abodégrddd Kellinl and\tleaesiidritie nintchis £xpeengd,in nhieutesreTharelue o6 caay r at i on

may preferahly be up to about 20_nol/L, r referably u to about 18
mol / L. ThBre?"ééli’léiet?‘?c_@si ithAR ARRYT e BBt brg agaiy rsst Bod st 18- HELAS™ Wt hi n
this rang refér%lﬁy%@?ésg%eab%ml,@)fn RIo?E Sreddinly R&s flanlaB8sito. @R oMl nlordour's,

more preferably at |east about 2 hours. Also"wthin this range, the
r esi dencepteifereblydgss tharediteuablOy} . bEheupatencaiventrat®nhoay b apantd). preedtmuabl y up

to about hours. The t ure.may be about 30 to about 130C. Wthin
this rangg(,) “IOE%S Reéﬁbeér(%ﬁﬂge%@’m g’ﬂserflégeagl? WHEr %?nCF'étéaé‘toné’B@’LRre%B’aly nor e
pref er abl ye at ch@asbuta® ol 20 Mory pleférBbI9 at Rasf Roabl L. | RS twigh®utis 60C.
Also within this range, the tenperature may preferably be up to about

110C, nor enge.ether aBley qopcerdraipn unay eoderapbt bapire to mberte 38 bnglupmage about

90C. 10 preferably up to about 20 mol/L, yet more preferably up to about 10 mol/L, even more

preferably up to about 5 mol/L. The methanol concentration may be about 1 to about
25 mol/L. Within this range, the methanol concentration may preferably be at least
about 5 mol/L, more preferably at least about 10 mol/L. Also within this range, the
methanol concentration may preferably be up to about 20 mol/L, more preferably up
to about 18 mol/L. The residence time may be about 0.5 hour to about 10 hours.
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.
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WO 03/ 016256 PCT/ US02/ 24150 [0034] In the limt of an ideal steady state
plug flow reactor, and assum ng constant density of the mxture, the rate
of net hyl wohildmn&ser mat e deconposition nmay be expressed a®ecarichiongdiso
equation (3), with t representing residence tine in mnutes. [0035] For an
i deal steady state continuous stirred tank reactor (CSTR), the

concentration pfo3agtmite lﬂhitmﬂaﬁaqﬁaameadgz sgitelpmgbﬂo\eqaattmoland @3supigk] _
[ MCF], O (1/(1+kt)) (6) where the injtial concentration of
met hyl ~chFstmb Aefsits of ﬁhen’ﬁf"é‘érep@ﬁ ratﬁan In‘i’qﬂi‘XIéﬁhlor‘P ofrgate [ECOTBRISHIMWAB2Y i e i n

m nut es[ H%?xﬂ?eés% %%é’ﬁg%ﬁg@&d d@? M}) B res&tm[ﬁg%sg%ﬁnte kifdeNE Qhutbs) where k

I, k2 i ned ove. I n anot her enbodi nent
that relates to a batch reactor, renovi ng al kyl chloroformate fromthe

m xture conpri Elﬁ)§5hﬁbmaraid¢hhgead)estmﬁe>«touﬁeumdsejrredcbmdci teactns (C8BRprthei ng an
initial concentratl (t) IEE 3(/;] Qoroformat ﬁg ], o), a water

concent r afBRMEFIGD )me}ély bordirpmate 57 e #5998 Ii\/fglt‘)/ed—ﬂ), a tenperature
(7), and a resi dence time (t), such that a paraneter Z cal cul ated

according to the equation ( = [ B L 1ekM @[ (2. 09 x 109) e(-63suT)
[ H20] + (4.14X 1010)e( - 7673%)[@%([']4]] 0((_(2)() hlg)s({zt val ue | ess than about 5x

10-6, preferably | ess than about 1 X nor e Rreferabl | ess than about
5x] 07, whew HEEElprisribe apitipl @wn&rﬁm %sﬁfhyé% hgofgrmelgcin gnales Wsr i ni t i al

concent r ap; o ; i Be ¥ d&Hak BRI TR gs ahlR i %"%"v@ﬁ bf@%%h (pfion, and the

met hanol concentration are expressed in no 't l'i'ter, the
tenperature is expressed in degrees Kelvin, and the resi dence tine is
expressed in mnutes. The térmblr[blb@}tkz[Mer‘?]delﬁ%)e time, nethanol
concentration, and water concentration in this expression are as described

above. The |n| tial centhat chl oroformate will depend on
t he react&' &;Ht]]fzt P% "gl {V?C%Iﬂasfe?i/?ﬁ ylabo‘éebout 5x] 0"3 noles per liter
to about 5x 10-1 nol es per liter. Wthlnthls range, the initial

concentration pfo3apimynotisdtlepitetimndmiieat refates be adiatdher@adtogbandvidg ak31 ol es
per liter. Also within this range, the initjal concentratlon of . met hyl
chl or of or ApETeRAt, Eopthe csma%faeormpaseﬁonaimﬁm"&!sthsémxwrﬁ &pderepndiiops; 016256

PCT/ US02/ go n@l@&%%')i?llmt‘an D @nPLfl608 &F GEROAIARR AL A8, howatePat ch

reactor,
concentratlon ([H,0]), a methanol concentration ([MeOH]), a temperature (7), and a

residence time (7), such that a parameter Z calculated according to the equation (8)
Z =[MCF),_, exp{~{(2.09x10”)e" """ [H,0] + (4.14%x10'")e' ™' [ MeOH 1)1} (8)

has a value less than about 5x10°, preferably less than about 1x10°°, more preferably
less than about 5x10”, even more preferably less than about 5x 1 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 liter to about 5x10™
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™' moles per liter.
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al kyl chl orof ormate conprises subjecting the m xture to conditions

conprising an initial dinmethyl carbonate concentration ([DM],=0), an

initial waoas/oeceeentration ([H20]1=0), an initial metharar/coweaseration

([MeOH],=0), an initial hydrochloric acid concentration ([HC],=0), a

tenperature (7), and a residence tine (t), such that a paraneter X

;:al( cul at ed accoosi7ng 4 prdférecdegmbbdiorn( at Xelateexph- htch EQxbdOremoving
e(-6381/T)[ H20],=0 +(4.14x1010)e(-7673/T)[ Me , =0].t 9) has. a val ue |ess

t han abowtlky). dlorgfamatencomprses Suleelie: ea@ﬂeﬂurgc%oﬁoa\ﬂﬁbng SOPRESBE A i on

(10), Y= Lighte Gkt LYo il 108 5ol (Gafr ¥orkQiRatkaxp(- 6636

[ T ))[de ,:O]P%NE],:O aﬁ%o 1=0 -5?)§giw?¥%%j,:o (iO)ah%soa va?ue of at

| east abo(ii/,@]-9), anheitiel metheolicnndenahtial (dteH] -oartontidldhydoeblonicragid on, t he

initial water concenfration, the initial t hangl concent.rat i dth
nitial  SPGTUEHPBIILCTePa S PSR PR Tonol & EROrueouaci b prredpdr
m 1T 1Tt efararhdter & @SR YE&rding tEHRIQeRRMH (o degrees Kelvin, and the

residence tinme is expressed in mnutes. The value of Y may preferably be
at | east about 0.95, nore preferably at |east about 0.99. Suitable

anal ytical Xectxpi{e(269xd0°geteY M[ned]nj +i(4l4 ettt [MdadH df, a®er

nmet hanol, hydrochloric acid, and dinethyl carbonate in reaction m xtures
are well known in the art. The term"initial concentration" refers to the
concent r ahds@rvabie lessshacabeyt H8f andea pargipetat 1 enlaplated gsciflingfto Hieegpation

chl or of or ﬁe. The initial water and nethanol concentrations are the sane
as the water and net hanol concentrations described above (under typical
reaction conditions, the water and net hanol concentrations are |large are
essentially constant during alkyl chl orgfaymatie renmoval). The initia

di ret hyl carbonate concentration y yut| 0.5 to about 10 nol /L.
Wthin thiys range, the initial dinethy t#idnat e _concentration nmay

preferably b st \abo I nmol/L, nore preferably at t abguy))2
mol /L. Also §H Mﬁ%ﬁmgéﬁéx koﬁoe)(ekp(i—téﬁéqi/ ) ﬁﬁt’lh%[DMC],zo[% _ l(th]

[DMC],, [DMC],.,
(10)

has a value of at least about 0.9, wherein the initial dimethyl carbonate concentration,
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

12



12 WD 03/016256 PCT/ US02/ 24150 carbonate concentration may preferably be
up to about 8 nol/L, nore preferably up to about 6 nol/L. The
concent r awioas/00d2561Cl in the m xture will depend on the typeTarsd2/24150
concentration of catalyst enployed. The initial hydrochloric acid
concentration will depend on the type and anmount of catalyst, but it is

typi cal | ycabstate dondéhiratibh naalygﬂéferaz}yﬂﬂbdp odbe&t PAIoI/LI nefe préferdblyup b s range,
the initial hydrochloric acid concentration, nay preferably be at |east

about 5x18®ut honed/Lpr Eheeqseytration|od 44! ig sl mixtureopiligspend on Medtypgpichi n t hi s
Chout 1 scoristitaBh XILRSELARIoGeRC 1l FANEEINE ARG IR BRERBARM WiD® VP o°

may be opéspahédn thetypexadpneount of aatblse byt Bemtymeall@/mboor 1x Hohtol atwous
manner. [0039] In the particul ar enbodj nme 1, the m xture

passes tHhtOugRolss PFY Herndaith ‘%i‘@ﬁéﬂ’@érthf461t‘taﬁﬁé(§nﬂg?r“f Add canssBHaidt e of the
m xture alfﬁggg e%}@olytt% zﬁt?gelé{ ado® Gx 1 0V 8 prré'fbl%bfyadlgé'ast Eltlﬁlt UKMperRi/ure my

preferably | éast a 40C, nore preferably at |east about 50C. Al so
withint hAl;sor\wnige this mangee theanaialhpdrochdgrip nafl epadnyratien may tpoefatablyt b80OC, nore
preferab zexcl)ﬁnger" describes a

| t t 7
wel | - knovx)?{P ok Oteﬁqu@;lnq'r?éea re%%i%w %OUFZ’éCOt iBA st r eams, typically by

exchangi ng heat bet ween a thermal energy source (e.g., stear‘r) and a cool er

cheni cal reactjooB8BTHEARhodUhay be bperdedefos teR@elpleNaf a OIS semipREChObr
equi val ent heaters (e.g., electrical heaters) are also included. The

condensat eoniEyousgpyEsed into a flui d passageway 110, which serves to
increase the residence tine of the m xture under conditions to maxim ze

deconpos! L1 On Rf38] Y tneC P ALALOLHBEE MU | wﬁﬂlxplmhz'lnghéiﬁ@e{apéy)me&n of

di al kyl carbonate ensate may preferab remal n condensed
Wi t hi n t héirddghiadipelsaagahayget 190 td 4djuss tidasmpedatuee bbthkaaptuiré]ﬁ)oucamfa{ensat e
fully condensed because at |east sone al kyl chl orof ormat es 6 met hyl

chl or of or ipebe)pt 430 CroWathin B ang theiempgpadvre ghadsprefasay b at qa§|tu=ibd’“bhase

d h 00401 Th d
Lenper at (HE G AR e asBh Ry Crg e & hip PErdnaRy P Rredls 1o
remove en&ug*y&tﬁswiy séﬁhprt&%%uz%o@ct Mokd BNEOhbIYNACEEMAPT e C danesédheam
COorr osi on, ut they shoul d not be so excessivée as to cause unnecessary

“heat exchanger” describes a well-known device for heating chemical reaction
streams, typically by exchanging heat between a thermal energy source (e.g., steam)
and a cooler chemical reaction stream, but it is understood that other types of
equivalent heaters (e.g., electrical heaters) are also 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 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.

[0040] 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.
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reductions in the productivity and yield of the desired dial kyl carbonate
product. FIG 13 WD 03/016256 PCT/ US02/ 24150 2 shows a sinplified process
di agr am rwproapeqrs@t i ve of a conparison process. In this pCoasey4ishe

m xture flows directly froma first gas-liquid separator 90 to a first heat
exchanger 140, then to an acid renoval columm 160. Three specific

enbodi ment shébs a bl ffledipdodeassiagamaiepitichiaine houmparisér fBcess, 1dthiand 5. In
a preferred enbodi nent, at |east about. 50% of the al kyl chloroformate is
renoved, Rocesspihefaxite flous diregdy frogoadirst gagayidseParaton Ritg R §rsiohsst er r ed

enmbodi ”Engmggg&r%byéhem g@m(%@a]c mgﬁnf@ntﬁ%é Gkl &bt Br | €SS

t han abou art’s per I on y wei ght nore preferably |ess
t han aboutheifd pmgmwaweulgmc shpemn indtl6Sp3.ef, andbl yn h psferrdthembatimeant, 30 ppm
by wei ght, base ht of the mxture after. a

chloroforﬁh?%“zgﬁﬁwé qﬂfeﬁ$ﬂ¥§hg%%@aﬁﬁaé§fﬁﬂzy 5“B¥%Pgﬁgﬁkvzgéﬁgéted such

that the ghot 8l &RSiedenas 1 B ebeeRdt &%bécﬁﬁféhprthéoalﬁﬂdchllaﬁ)f&%e@erem)Va'
colum 160 is about 0.5 hour”to about 10 hours. Wthin this range, the

r esi dencecdaricagtratom lprredmeébd) yesbahat abdue 480 ranewer mikionr(ppmp by Wweighter abl y at
| east about 2 h his ran the re

pr ef er abl 9‘05%?{?8“?@%8%‘33% ah%‘ﬂrﬁsoto PRIP &Y ‘?gglétr bl Voﬂeppfeﬁerqgléﬂ‘fss?thmﬁour s.
[0041 ] | pemescepbRdbiendicht IHasst bat®E total Fidaht3of the nfikwiel apasshgeway 110
conprises 2 hol ding vesser 120. These hol di ng vessels 120 may, for

exanpl e chiatomrmaﬁﬁ e VAL xThfrfbuépaSéageévﬁyelrIQtl&p@f@ﬂbla@@mte@5®hftb$t thpout 2

hours. g%tal r8s19ent@g timé Se?\%en]tgg e%?%éy Bf) Zié(? 'ﬁf}:ha{ch @o@@ﬁ&d]@%?l{gogfab&hum

ratio (L/ . prefe an abou : ilTe ol di ng

vessel s 180 huetd dHoUSI(F ijL&d WﬁthﬁMi}ﬁs fahgd)tige retilence tinse mayp prederhble bl ar
limtation on the nunber of holding vessels 120 in the flqu passEQemay

110. It nﬁ?“t?@obtr]eh@%rr@@r@cﬁfef?ﬁf@lh?t et @Pout 2 ng1sg st Ehig mge.d
f
confi gur atds gi@ﬁTe g@g}ﬂ{%yﬁirgﬁra’% §e u;?m gb o8 HERE lustgka&am?yaﬁ%sabéa& may al so

be preferre anot ment , ated in FIG 4, the
fluid pashageway 110 conprises 4 hol ding vessels 120. These hol di ng
vessel s 120 may, for exanple, maintain the mxture at a tenperature of

eoout 00 Tor RAYLoR e tpaFREL ORGP FEF Lt 3 TR 2Ry, "3
comprises 2 holding vessels 120. These holding vessels 120 may, for example,
maintain the mixture at a temperature of about 55°C for about 2 hours. Each holding
vessel 120 may preferably have a length to volume ratio (L/V) less than 5, preferably
less than about 2. While two holding vessels 120 are illustrated in this figure, there is
no particular limitation on the number of holding vessels 120 in the fluid passageway
110. It may be preferred to use at least 2 holding vessels 120, and configurations

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

[0042] 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.

[0043] 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

14



[0043] In yet another enbodinment, illustrated in FIG 5, the fluid
passageway | 10 may conprise a section having LN of at least 5, preferably
at | east wbaatwie86 For 14 WO 03/ 016256 PCT/ US02/ 24150 br ewcCtryysor/ki1so sect i on
may be referred to as a tubular section 130. Such a tubular section 130
havi ng L/ V>5 may pronote plug flow of the m xture through the fluid

passagewayredity), thihecaby edyf beiremirky téitak ld @ibomir tsb&iones3alesueh tai tmiBu]fat)r
renoval of the alkyl chloroformate. In this enbodinent, it my
pr ef er r edsectian 18R daningtly Ve Sreay geoomate phigeflloy aidhe ﬂnéﬁufeowrw@tther@%av. ng

L/V>5 forga%fs g{\ﬂ%?ngb%%bg/oe/ﬁi nh Jl%fng'the F&?deﬂgé“ﬁﬁqe g?erﬁwtof'tﬂethe

fluid pas east about 80! he total
resi dencealkylrmﬂsmﬁﬁmaten ltnhalsfdmhodnpas,smgmya;e priferrefl Ot 4he Meftererreside again t o
FIG 1, after exiti ngat he fluid passa

t he X re may,
opt i onal | i, O¥a8% Mg ﬁﬁwasegé%‘ﬁn]éﬁ"l‘féalq%g%ﬁ%fn%}e]reasiﬁ(?ot‘bsé{)? 9f, tQg%/t"tabarti ally
vapori ze Fe%eﬁwdaé enl M §eSREQP yepa@hﬁae&e}sre#e%ly@meg@ésoﬁ go8si dence

time of less t m nut es. E|s vapori zation step may al so be
acconpl i sbittie totaltrhodenca tineastpertdo tiznded phssagowerilflg t he pressure applied to
the condensed m xture (e.g., by passing the condensate into an acid

vapor tzed m xt (PR kRSt Fbla Blout. sF8 BHEle hOPas RERIGHT fione ™

pref er abl yitMrel Ria@C bbfighallly, ipaésO tirBudC b dsecefid\haht edhdiger 165D tol fae legst d
removal colum 160 may al so hel p renove any entrained catalys H&e g., @ud)
t hat couparua)lﬂmawr@@t@dﬁwwrsu issscqshiivat Pehanass i PO Glayhiave A residenge d

renoval A‘ngmljeé)’thanth@n){lﬂ QL1 ZRY, ceps ﬁé‘ﬂ% ;oef)éll fpugter a
5, Vg A A e

counter - f ow ng Tiquid supp Ied er - f T qul a
hi gher poivithoitra hdne exeauger t(yelog/ermg e pregsare a}iﬂlﬂedd() theTtvndemsad @ik turé owi ng

liquid my trap the remalnlng HCl and ot her reactan ich may be
renoved | din PhEH0IE Dih SIOFNECaBICAT agvamos) km éoéﬁ% lﬁge%%efa to the
reactor 5%1at1Ua§;ﬁu@1 ks &y bafal, ?oﬂlé&tﬂfﬁuwa)btﬁeﬁ IpRsRey bemehieg g op of

the acid co 160, and, optional [y, passed’intoc an azeéotrope col unm 180.
As shown iremoveiHCl, @),refambb'plby onedtingohingx @h anglerenmyiaincdyein 1190. e dxed i ncl uded

SRR R R T L o T ST
i ncl ude apod@biteRAke EsHiriBus fPdGensiesh RoR88on. 180thakéiaremBl A colugny RsUOVed from
t he product dial kyl carbonate streamin the

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 HCl 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.

[0045] In a preferred, embodiment, the method comprises reducing the
concentration of hydrochloric acid in the mixture to less than about 1x10™ mol/L,
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purification section 40. In a preferred enbodi nent, the apparatus does not
i nclude an ion exchange resin bed 190. [0045] In a preferred, enbodi nent,
t he net howoasmpe2sees reduci ng the concentration of hydroe@kirarsoz2ase d in
the m xture to | ess than about [x10-3 nol/L, 15 WD 03/016256

PCT/ US02/ 24150 nore preferably | ess than about 5x 10"4 nol/L, even nore

pr ef er abl yobees@ferdan 1@ akdn abbxil 8x A0 Mhlol/L, elrms@oreOprefeiably dsalthamosioasi ti on
after renoving hydrochloric acid. [0046] In a preferred enmbodi nent, the
portions bfl0t feoldebasest andhe &xeltdoppogton gisiismpsmnmhydwehions agifleot r ope col um
180, and the purification subsection 40 are not required to be

corrosi on-resi@fgaatm Eg%f@?@dﬂemﬂgoﬁyeﬁe%@ ortifdfis 6?%{)@9&1@9'5 n #PO_Is

preferably corrosion-resistant; for exanple, It nmay glass lined. The
term " codovastreanrfesh shantdotriope welanin 189, ded ché perificatmh eubakcticapllre of

wi t hstanding an HCO = content of 500 mat a tenperature of about 50C to
About 135St TRAYHA P ASCONGNON Y THe BRI CBSHATaPE S -2earoPOSPBHPT n 2

relativel yggfsi st fetdbP cB964i O rdsRtadt;: fof eXampeNit hdy b&oRS$ lihthednhy esde! s,
precious netal (e.g., tantalum |ined vessels arid special steels such as

HASTEL L OY{(co)rosiandesGHRONMIL et tacighatiboe weissildeapeble of orithstinding reasil€t ant
materials, whil dinary stainless steel t difi.ed.t.o enhance

corrosi on“9PEt é’? éﬁ@é’p\%ﬁ{ﬁ t%?erﬁtérec%tﬁ%t?o é?ggé)é%gg%‘gi lgﬁ-?égit 3 Eﬁ‘?ft.lonl' he

azeot 1 open;GeUiMthd@0s tRARNEA FRARIAL il @ardativRIyPBFiEf HiRMp&Nd B8k 0N esi st ant

metals. In a preferred enmbodi ment, the bottom of the azeotrope colum 180
may be madenthshrivlass limdrissiedm presmius el (e tdntalwhihngdsvaskads aslspstiat he

| i i nl t | di ner th
opar at uceqty | by AF HASTEEEEES, 2 turgMALL A CRBUFTRST sl | noved
in a flui grRAenagav@t hikrialsOAAHd ofdinanatdgessesidendhdrensdifiéd thentapgar at us,

illustrated in FIG 7, the mxture is present in the gas-liquid separation
vessel s 9@rEsn1 omistasee sy giogrhe cqngisierrdneirasiqrereain@nat Hef daceirept
tenperatu ve.al of o t I [ ds, eqluid
passagevva(g/oeﬁiﬁfg {:8?%% ggs%ﬁeeggges?tl !nqtajjlg’g fg%rga(g)a F%ﬁ rsséé{g%\tl %e%@ar{% au100. For
exanpl e, pleferridéibodimay, the taitomiaf thdezeooogtedas emp& endynbd inedgfeml 4 qui d
separation vessels to be substantially decgnposed by reactions with water

and net hesesionissisantsteshnyareas the toppd the o ltmlhé%&bee%éwaﬁg%?m S0S%Hd t he
hol di ng vessels

[0047] In one embodiment of the apparatus, illustrated in FIGS. 1 and 3-6,

alkyl chloroformate is removed in a fluid passageway 110.

[0048] 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.

[0049] 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
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120 may be unnecessary. [0049] In another enbodi nent of the apparatus,
illustrated in FIG 8, the alkyl chlorofornmate may be renoved in a fluid
passagewaywOliB®i1é2iat precedes the gas-liquid separation vesgai®2205and 100.
In this enbodi nent, one of the above-nentioned 16 WO 03/016256

PCT/ US02/ 24150 techni ques for renoving al kyl chloroformate may be enpl oyed

upstream @dchhif8esORd$ rerhblbg A1k pidbAsfodiate/ 8RS BleSenPloysicuphitdam [of GrOgast n

anot her enbodi nent of the apparatus, illustrated in FIG 9, the

hydr ochl obifeidaepagatippyvepsel Sr%(ﬁ@ﬁb %romthe mxture before removing the al kyl
chloroformate. In this enbodi ment, the al kyl chloroformate may be renoved

in the vapor, do%bgﬁ{ ahOYAG: E}ﬁ%oélhgu‘ df RRASBpark@, ﬁPE@HBle@un rﬁherdlma to FI G

9, the fluid ass geway 11 l'ow t he azeotrope colum 18
exanpl e, hydroehotie acidnsaiyt e remb‘adt frematheotmixtpe bafotmmemapog tla;)aatkyll ne 210.

In this enpodi.nment he .first . heat exeha 140 and t he hol vessel s
120 i | | usthigradernyate. 5’&%1%6’??5 iBEnG ARG EQ cw?rﬂfc{rﬂ]ia? @ﬁ%%ﬁlr?fﬁﬂ‘fe 1P%E f1uid
passagewayabor 1 fhi&Ythbh ehenrildy praepr F&ee%@@p@rfarrlug to Skt )| e ffid r enovi ng
al kyl chloroformate fromthe vapor phase (e.g., ion exchange resins,

absor pt i onaismvayvhbbmaahﬁél@wréwbamégpe eolamn 18@idfar exagmiplay |1t ardyobP®f or mat e
need nOt be lﬁ?oajnﬁ(i’ﬁ'lee aé?(%rorng'glum%oéﬁe?fr%g(ﬁ ?i(ljle %rmoq ni‘lelgtembgdl en?ttﬁboﬁrs?

prepari ng'"&° Fi°8ings reacting“an ar kano

car bon noReatiedehangdrd] 40 Gttt Wsididgoveksplsn 20 il tdted Emmrmsy be oﬁnwbdal kyl
carbonate, an al kyl chloroformate hydrochloric acid, water, carbon

di oxi de, Hnthicembedimentndie deid p&?ﬁﬂg‘f:)’é@’s] Wymawipee fere Ry soaprise a&@apaaaw ui d

O¢ at 0
ot doncorieb Ao e Rpt FERLAIHI o@D e PR e T SR T B e or e

enbodi mentesirs, asogjjoar iaidysvApor ppagpxaembgmes cita), lkayll the atkdybrhloeqfommawpr i si ng:
means for reacti ng al kanol , oxygen, carbon nonoxide, and a catalyst to
forma m ReHH0Le 6%‘?‘{%?% a dial kyl carbonate, an al kyl chl orof ornate,
hydrochloric acid, water, carbon dioxide, and carbon nonoxide; and neans

for removing f’ddsyy Acﬁ}%%&ﬁ%mﬁﬁnénﬁ% sRUDING PYréfaling [aQQéaﬁh ASSHARY,
preferred enmbodi nent is an apparatus for preparing a dial
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.

[0052] 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.

[0053] 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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carbonate, conprising: a reactor for reacting an al kanol, oxygen, carbon
nonoxi de, and a catalyst to a produce a m xture conprising a dialkyl

car bonat ewoans/oad2syl chl orof ormat e, hydrochl oric acid, watrET/Usanvd4idar bon
di oxi de; and a fluid passageway | 10 for renoving al kyl chloroformate. 17
WO 03/ 016256 PCT/ US02/ 24150 [0054] D al kyl carbonates prepared according
to the method 0E54UeRAUYI dafonblee prapardaicasriding ofthdlndthyl afaidndbeme For
exanpl e, diaryl carbonates nay be generated by the reaction of a dialkyl
car bonat e Pidperatian o4 diarylieo thosaies eF grezamalen didgyl Tarbgpgeeay Ppgencaatsd Yy

car bonat e I r

pol ycar bon}{z}ﬁéaé(t{sbgeoq rangr%%] éﬁ%tng%ove}ggh %gﬂh@gﬁggéﬁégpﬁéeﬁp afag\é bgnr?gt e
prepared dacgorkaibogate Omeelnandnoﬁe neeyictbé wethca edihydridh pheesioxd derhoaf orm

di phenyl carbonat e, gh‘? turn may. be reacted th bi sphenol A.to form

a pol ycar Bewaeréonqteés?ﬂ Segere; Hy bt o8 Crempe Tghyoka bt PyPaFg

fol | owi ng a%@dlhg%E}ieﬁﬂeth%%‘é@'l%sreac@@wﬁh%hlen&g@@ﬁi foPmR]i ¥y AGF08fakd1g O
simplified FIG was built and operated to produce |mat% car bonat e.

Cor r osi on “dlacrmlgeummamlbxs@we@mth bmpderdxbvmwtfpenmpofycartbheatazeot ropi ¢ colum
180. After extensive experinentation, it was det erm ned that the corrosion

damage was cau nmet h chlor t ugh the . ac
separation col ﬁﬁ%ﬁ?ﬁﬁ’&‘i“#"ég’lﬁ y“ %&Fﬁﬁ“@hﬁ% E’ﬁa? 11%“% fn8ﬂAHn #mg be
present i gxdigles.azeotrope columm 180 at a concentratl on of 300 parts per
mllion (ppm by weight. EXAMPLES 2-5 [0057] The deconposition kinetics of

nmet hyl chl orof ormate were studied wunder four different conditions. A
procedureEP%ArMBé@e]rm ning nmethyl chloroformate in a sanple was as foll ows.

For Exanple 2, 32 mlliliters (nL) of dinethyl carbonate, 10 nlL of
di met hyl car bor[‘@és%] %Ofisﬁef'ﬁ't NeOGdr@ B0sidplified! MELTY lwas ff ndla sindand 63 ni
of nethanol, and wat er were added to a 250 nL fl ask ‘equi pped with a

t her nomet @roduae dmnmbyisqarbonaued Gorpsion damagsazmalqbagvect hodndedrovnstivarbef used
i nstead of, the nethanol/ er .sol ution The result.
St ot on Shsi7anudat PR 8 Ph RO HERRYE SweDehBTihif s SPREERER i on ves
hel d consti@néoratsionCdama WdsMRuZRI's: methyl chloroformate passing through the acid
separation column. Specifically, 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

[0057] 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
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81.7 mcroliters of pure nethyl chloroformte were added to the sol ution
(1,000 ppm on a weight basis). Sanples were wthdrawn at various tine

i nt er val swangd/onese quenched by reacting the nmethyl chl or @carumat/edisn t he
sanple with diisobutyl amne to convert the nethyl chloroformate to

N, N -dii sobutyl nethyl carbamate. The anount 18 WD 03/ 016256 PCT/ US02/ 24150
of N, N - dbf NQ0Ulikobie! hicthye asfdamaiconahel hedydaliy ziedtivn &ithi 4 staddagh Wi th a
standard silver nitrate solution to quantify the anount of ionic chloride
present. THEr alBimelgon trauaniify 8 BRQMb PHNE dURmde RIESAL bEhG it gl by

anal yzi ng Woll f.on. ien ' Lo L n

ahi o 1 do 351 AbloR Rk BB LuR e 1Bt G bRILAR UCBrRinkl SEIETLY, ot on
because eanlic ehlsridal eTiie differeideyin chibndofconcemtretion iihenadle® teemetyl val ent
of i1onic chloride upon derivatjzation. Alternatively, s . chromat ogr aphy
can be us8¥orodermate gopcelitiatign becayse; achy aquivg e?“’so‘{fjut“ﬁﬂt]%aefw&ﬁ"fo%%armt e

using an iiﬂérg{eg'%lneséq%m%ng-of [i?Qi@Bc]hl(}?&l 8pdn B QNZSRAW TIRNPRSENY 9s
deconposition rate constants (k) at 50"C for various conditions. Exanple 2
cor r espondsgomatdghephgasm desesedbfed dilroy etnalyEigaefplte N, Nadliisataed mgthybchl ori ¢

acid that i enerally.present in the authentic reaction mxture. In
Exanpl e 4,°ar5ﬂgat8f’f’8§fixﬂﬁer£a Srliﬁ]‘#ardarmunt of sodi um bi carbonate was tested.
In Exanple 5, the ratio of dinmethyl carbonate to nethanol was held

constant, but tdwsrmwatl wiowah®t tNeSbseet eREGHPIitN 2% tenskdid (kThe results
are sumarized bel ow in Table |I. Table | DMC MeOH H2O (wt ¥ Teng@%C) Kk
(min-') (W% faxtryiopx coudiss 0bxgnple B corsespamissioole gase dsscavbed sBR5500. 480

Ex. 5***43 A ' ﬁl 054 thar i€ 1 Pr% A b Quitdd:; 1000 ppm
of Pl whiahrrg 8R% apdRe BhdGfohP o e CETRRLY PRk dp T Bl
reaction mixture., In Example 4, the effect of a small amount of sodium bicarbonate
was tested. In Example 5, the ratio of dimethyl carbonate to methanol was held
constant, but the amount of water was increased from 5% to 10%. The results are

summarized below in Table 1.

Table |
DMC MeOH H,0 (Wt%) | Temp (°C) | k (min™)
(Wt%) (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. S*** 43 47 10 50 0.055

*Identical 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.

[0059] Plots of the logarithm of methyl chloroformate concentration versus
time were linear, fitting a pseudo-first-order 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 observed when analyzing samples having water contents varying by
a factor of two. Comparison of Examples 2 and 3 shows, surprisingly, that added HCI

did not affect the observed rate of methyl chloroformate decomposition. Comparison
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**|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

i ncr easedwioy3b®étse but the ratio of DMC/ MeCH was not changed/uSox34156 educed
overall. [0059] Plots of the |logarithm of methyl chloroformate
concentration versus tine were linear, fitting a pseudo-first-order

Ki netic mpOekamplbd $ ab&Bashoak thASeve® BSaRYEMNRINeBS bikeliRerefe8 IBN EACHEN
hydrochl oric acid, and therefore this nmethod can be used to determ ne the
concent r aficoRy aforpghapytendpldor 5 arpractical mafichdoepieren #rmanhpldssirabioithari son

of Exanpl es.. i.ndi i - j.atd ons i y¢ e
coeffi (r:r}) e%tﬁo,l(?fﬁg%}}gbdgggégﬁggﬁﬁ\slvhgﬁb%egtg%%/%]%gﬁ é/ éér{rcg%esgtﬂ}]ead\;&?ﬂgg\?v&a{@} lrag%)nt ents
varyi ng byf dimefhgttaborate.t wo. Conpari son of Exanples 2 and 3 shows,

surprisingly, that added HCI did not affect the observed rate of methyl
chl or of or pyt e I.t]on ri 19 WO 03/016256 PCT/ US02/ 24150 of
Exanpl es @ME%@%@@H&%%ME@EI] anount of base increased the
reaction rate by nore than ten-fold. As a practical nmatter, however, it

may be desirabjogsbPThed¥ @kferihéRO Mo Bastie H90Patda@esaPEPRUSETHEY tdl SO may
i ncrease the deconposition rate of dinethyl carbonate. EXAMPLE 6,

COVPARATI Bu@EXANPEECENTHPB0PT Tedné chlgeformatst hats hawreashto tfhen tHlh n
passageway. 110 js effecti tQ e e ti

chl or of or érfr%»%/%s%te Hat Segél(ﬁnsr 8%??6 {%‘“?ofl’ﬁfﬁﬁé%ﬂ?‘?“%mﬁo%f’ r etg& %Iemﬁ SE)g)s%keof t he

pl ant. W pihained ®yedaapling the prockss flwd sadiffeeat peine inobtdahedd ybsmepl i ng t he
process fluid at different points in _a dinethyl carbonate plant having a
conf i gur aPiRpinhaxingm gorfigueationanith a et disglesxchatgenhdl aud o haldHg Xresdel s 120

i.e., a . i r i i
(Compar at | oo repo i Sl R GRRARALRG LG, Bl s For s (FPAER-fee
exchanger Edatiple Thevas ed@ndmnsaiiqitle beforathel frs6heanaschaaken! 49f t Bre sechendsecond

hol di ng vessel 120 (i.e., after_the flui assage 10) . Each sane was

taken to ?4‘?@’?‘? ﬁaﬁnli‘,a"ﬁ’ﬁu?iq Ves @Iﬁ?rb?i?eﬁghecﬁﬁ?‘é(ﬁ]?"la}é‘g Veg‘*&r@%ﬁe&ﬁﬁ%ﬁs%ﬂﬁcti on of
tinme el apsaehdeha) SATPIELRE- satfeewhe Blkkh So AhE 14Y, anaNtLehlbAde oMb Whs The Ex.
6, data show essentially constant |evels of chloride ion, indicating that

| abi | e, ctdtenioel genBmatiomgf Epe clapscdsiioh sampheg.hhe tehvloy ot prasented &r e not
iplr,lgfggts e sz:r\%l%] Chf%‘?ﬁ%fga Aapa ﬁ]%gvt és%esr;[ti’all%/ ans gr;[tefe\fe?sr ofc%:%rlr(?rideEiéh, ilndlS(:Qt?I\],\é an
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

to decompose alkyl chloroformate to chloride ion before the acid removal column

160, thereby preventing downstream corrosion.
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| evel over time, consistent with presence of nethyl chloroformate in the
initial sanple and its deconposition over tine to form additional chloride
i on. Thuswotobeiddst a col |l ectively show that in the absencecwofusvlisiifd ui d
passageway 110, substantial chloride formation may take place in
downstream (post-acid renoval columm 160) sections of the plant, causing
corrosi on,Tabutiit he presence of the fluid passageway | 10 is effective to

deconpos¢ ar Kyl GREQRPT OT Ml E 10 CNI OT ERril&CoREn®afon Qﬁmﬁm d rem)\igl

colum 160, —thereby 1 EVEMT Ty, uuvvnitxr ganT COrTOsT O U‘?/ 016256 Tabl e
11 PCT/ U$e224456 e \ II)—UI ot+de entratiot (ppn’; UWII}J E I
0374189 2408312 4374339 8372368 1“’27’7 25381368 \TI VE

EXAMPLE 2_[0061] Ear Conparative ann‘m&n 2 __a dijoet hyl carlBonat e plant
according to sinpfified FIG 2 was op¥rated acdording t33he conditi ons
described in Table8lI1, bel pw. This Pl2ant was sfi m | ar td68hat shownp in
nore detail 1n FIGo 1, wth the exceptaon that [the firstisheat exchanger
140 and fhe fTuid jassageway| 110 VeT e3@DSEent . (O T 0ST ON @S observed in
and downstreamof—theazeotrope cotumm 80— Next,—tinms—ptamt—wasTodi fi ed
to include the first heat exchanger 140 and two holding vessels 120 were
added to increase residence tine (i.e., FIG 3 configuration). FIG 10
present s BASMPEREN COMPARASTIVEHREXAMBIE Zhl ori des found in sanpl es taken
fromthe bottomof the azeotrope colum 180, conparing the FIG 2 and FIG

3 configuratio ach, over tine. Si | chl orides re det rm' ned by
titration usi nga%?l&?% THRREAIXE ot o fmel! Gt s G BRI dat 2
for the Flp1%ie0mid. 2uhat loBiraltaVi caRifY &) @d&onditions described in Table 111,

below. This plant was similar to that shown in more detail in F1G. 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 according to FIGS. 4 and 6, in
which four holding vessels 120 are used to provide a residence time of four hours at
70°C. FIG. 11 presents measurements of methyl chloroformate concentration
entering and exiting the fluid passageway 110 of the FIG. 3 concentration. In other
words, the points signified by “+” and labeled “MCF feed to Phase 0” in FIG. 11
correspond to measurements on the mixture as it was entering the fluid passageway

110; these points have an average value of 930 parts per million by weight (ppmw)
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of 671 ppmchloride with a standard deviation of 370 ppm chl ori de, whereas
the data for the FIG 3 configuration have an average of 35 ppm chl oride
and a st awdaBaieé2devi ati on of 25 ppm chloride. The data thesTarsomasdr amati c
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 confi gid atsiafsrdarekidh 41D phinGS. A4d ardpdntsisignifiddl ih“@omid hetidd ng

vessel s 120 are used to provide a residence tine of four hours at 70C.

FIG 11 pr¥&dintramnihassPe rumesponsd omBedtyremantorbis ipetue abHcsHs tt g
entering [ .t fl i ration.

I n ot her g%?%?%a&t Eg) ngﬁt%&gtgg}%???ggﬁg@#% %aeggf Fgg)ﬁ evgqpﬁ/cag%gﬁdg@lt o Phase
0" in Fl Gdewation efGi7rmspendhte dacadearbndwowsthetan dppardtustaccerdag to tF1Gas

entering the _fluid passage 110; these points have an average yal ue of
930 part s !Spefective 11§ BF?”W‘%Q\@‘? \é‘ﬁjﬁ’ci YRCFALTr ﬁ/%%gﬁ@?@e%rmﬁ%‘/“fﬁiw and a
standard deytatsh@inof 412 ppmw. And the points signified by "*" and | abel ed
"MCF from Phase 0" correspond to nmeasurenents on the mxture as it exits
the fluid passageway 110; these points have an average val ue of 45 ppnmw
and a st anddeled!! deviation of 77 ppnw. These data clearly show that an
appar at us accordi ngortditidab G. 3 i s pffecki VéFio2dr amgt Coutrd! ¥xre@fl@e tlhe
concentration of nmethyl chloroforngte iGenfigveatiopy ocegs sCpelagwrativabl e I 1 |
Condi t i ond/mExs Rafio(NMQB/O2/C0ont r ol  Ex| 0.2Z00pM1G. 3 Confi gq@74t.06h) Conf i gurlati on)

Va Rat iFa—veOH-021-Con—H-0—06/-10—H-0—0F+1+—Catalvst p.
SS | —f 1O OO0 ].eUdUI —cataryst—y
b

Dot At [T o A
TVICUA U LT OO0 ILTU IMUT TACTUTrT AT
React i on| T8 B’étrdé(’t“ﬁpte (C) 133133 Reaptlon Pressure (be#&e§323 Tenp. of

Pre- Resi (@B&Bord TémpekR@t €1)60-- (C)| 133 133
Reaction Pressure (barg) 23 23
Temp. of Pre-Residence Time Heater 60 --
O
Temp. of Acid Column Feed Vaporizer | 90 90
Q)

Residence Time between flash vessel 2 0.03
and acid column, excluding both
(hours)
Table 1V
Configuration average chloride
concentration =+ standard
deviation (ppm)
FIG. 3 (comparison) 671+370
FIG. 2 (invention) 35425

[0062] 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
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Tenp. of Acid Colum Feed Vaporizer 9090 (C) Residence Tine between flash
vessel and acid colum, excluding both 20.03 (hours) Table IV

Conf i gur awoanaves@ge chl ori de concentrati on standard devipatiusa2/gqpm FI G
3 (conparison)671370 FIG 2 (invention)3525 [0062] Wile the invention has
been described with reference to a preferred enbodinent, it wll be

under st 00@e hiynitddas @hSKartib@ar émbddient disdlbatl av alid Bess nidargaemphited @ nMade
and equi val ents nmay be substituted for el ements thereof wthout departing
fromthe S¥&YBEER Hifanyenient Pyihat the wysntiononll inglkgde sbambedimepisfallingy be
made to t] i 1Qn or material to the teachings of the
i nventi on%g\n&ﬁ%]gtsp%edggﬁ%{ﬁaﬁ(ﬁdﬁ%@gsenti al scope thereof. Therefore, it is
i ntended that the invention not 22 WO 03/016256 PCT/ US02/ 24150 be limted
to the parti cul@Gl63¢VWioote meott sgécfitablyedehised Herdesttedmmdrl cenmbenpl dhied f or

carrying out .thi.s invention, byt that the inventjon wll .i .ude all
enbodi nemsgecptéqappplénay URICHPTEY a%‘ff’é%égé? 8{% aag%l?ﬁ@égf}@%?aﬁﬁmf%%] Wher e
not speci kirgal hclehimpgdifeerein, technical terms in this specification my
be interpreted according to Grant and Hach's Chemical Dictionary, 5'h ed.,
MGawH ||, Inc. 510064] All cited patents and other references are
i ncor por at ed hé0Qsith ABY cite@fratestsc end rothdiefeferennep rase yincgrgorated herein by

reference in their entirety.
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WO 03/ 016256 PCT/ US02/ 24150 CLAIMS 1. A nethod of preparing dinethyl
carbonate, conprising: reacting nethanol, oxygen, carbon nonoxi de, and a
cat al yst wooBorars@ m xture conprising dinethyl carbonat epCcratshy4150

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

nonoxi de; and subjecting said mxture to conditions conprising a water
concentration d[AR9$), a nethanol concentration ([ MeOH)), a tenperature
(7), and a residence tinme (t), such that a paranmeter X cal cul ated
according to the expression X =

exp{-[ (2. 09x109) e( eﬁss@hp)i[qﬁpqm(lmima@th»ﬂ@y@en%mnwr{smaﬂ]t } has a val ue
| ess than about 0.9, wherein said water concentration and said net hanol
concentration t.& reis
xprossed i1 QELEEREERED ohPdthlaBoRRlondhig i ot AU ATRALANN] ©

m nut es. lom“ﬁheingeﬂﬂnmdh)df catba@iam, Imethipke rcblomo feanale p yduwelleric )@clrraswater/,al ue

| ess than about %63 The nmethod of Claim1l, wherein said paraneter X has
a val ue Iéégboflﬁléﬁi‘ 80 caybqn mgnox %al’i‘ﬂt hod of Claim 1, wherein said
paranmeter X has a value | ess than about 0.05. 5. The nethod of Caim1l,
wherein said paygREifY sfidnafx@re/ab %nhﬂﬁ)ﬁst&‘tﬁlﬁbr%h%Uta Qeal. céhcerdthitionet hod of
Claim1, whereinsaid water concentration is about 1 to about 50 noles
per |i ter ([HzO]Tfﬁemﬁ@atalmdd:Omen@Bml‘n([Meamé’réeieﬁlpgmﬂﬁeKﬂa")e Radgalresidene@tieat i on i s
about t 25 o I / PCT/ US02/ 24150 8. The
met hod of (% alm at 4 RRE ee:?n sall%}] %tggacecroa(ﬁ V\{egtggeg% foqlsoc to about 130C. 9.
The net hod of Clal m 1, wherein sald residence tinme is about 0.5 hour to

about 10 hours. x = exp{—[(2.09%10%)e"" " [H,0]+(4.14x10'")e "™ [ MeOH )t}

has a value less than about 0.9, wherein said water concentration and said methanol
concentration are expressed in moles per milliliter, said temperature is expressed in

degrees Kelvin, and said residence time is expressed in minutes.

2, The method of Claim 1, wherein said parameter X has a value less than
about 0.2.

3. The method of Claim 1, wherein said parameter X has a value less than
about 0.1.

4, The method of Claim 1, wherein said parameter X has a value less than
about 0.05.

5. The method of Claim 1, wherein said parameter X has a value less than
about 0.01.

6. The method of Claim 1, wherein said water concentration is about 0.1

to about 50 moles per liter.

7. The method of Claim 1, wherein said methanol concentration is about

1 to about 25 moles per liter.
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10. The method of Caim1l, further conprising renoving hydrochloric acid
fromsaid mxture. 11. The nethod of O aim 10, wherein said renoving

hydr ochl owiom3aeé2de conpri ses reduci ng the concentrati on ofPCTaisd2/24150
hydrochloric acid to | ess than about 1x103 noles per liter. 12. A nethod
of preparing dinethyl carbonate, conprising: reacting nethanol, oxygen,
carbon nonoxi dg, angna Rah@l ¥ECIAif § OWRLRINTINA WieiperBORPIS RioRE 36P0TRS hy |
carbonate, methyl chloroformate, hydrochl oric aci d wat er, carbon di oxi de,
and car boabeomridé@iCe; subjecting said mxture to condi tions conprising an
initial concentration of nethyl chloroformate ([NCF],-O), a water

concentration ([H20 a et hano centration ), a erature
(T), and a resi()denck%?ln?%hc{dtﬁfa&é%ﬁ Y %‘%Sa“i) rgéuls)c%ﬁoé'ﬁbiig’ar

accor di ngd &du®o g¥Rsession Z = [ MCF]i _

exp{-[(2.09x10)e -638" uT)[H Q +(4. 14x1010) e(_7673/ T)[ MeCH] ]t} has a val ue
| ess than about 5x106, wherein said initial concentration of nethyl

chl or of or mat e, 18ai d Vl@t@ﬁth@dmfeﬁhmth durthegneprapristngreanpeities hydneeklatie at i on
are express per milliliter, said tenperature is expressed in
degr ees Kgf d residence tine is expressed in mnutes. 13. The
net hod of d al m 12, wherein said initial concentration of nethyl

chl orof or mat e i1$. abaue rhoathod-of QleimabOUvhereinl Bdd n@ﬂnesingdrydlrcbcﬂﬂmic ddd The
met hod of O aim 12, further conprj si r.enovi ng hydr o acid from
sai d mi xt GPBPisEs rogyqing (‘)‘166%63@?*@1*7%@9?3’2‘2?5@0‘: “C&CPFg g"ds Shanp eyt i ng a
di al kyl QF(P@“%B%S eOfmefi sing: reacting nethanol, oxygen, carbon nonoxide,
and a catalyst to Tporm a mxture conprising dinmethyl carbonate, nethyl
chl orof ormate, hydrochloric acid, water, carbon dioxide, and carbon
nmonoxi de; and i ntamﬁmgdsﬁp@pmnﬁdlmﬂafi Cﬁb@m@pmpmlegof about 50C to
about 80C for about 1 hour to about 10 hours. 16. The nmethod of C aim 15,

further conpri %ela@gngr g]%ﬁl\éingl,gow&ﬁf)ga%oq{ 1jn8noxide, and a catalyst to form a mixture

comprising dimethyl carbonate, methyl chloroformate, hydrochloric acid, water,

effjom 53 ((ijml)étgl

carbon dioxide, and carbon monoxide;

subjecting said mixture to conditions comprising an initial concentration of
methyl chloroformate ([MCF],=5), a water concentration ([H;0]), a methanol
concentration ([MeOH]), a temperature (7), and a residence time (#), such that a

parameter Z calculated according to the expression
Z =[MCF],_, exp{~{(2.09%10°)e"™ ™' [ H,0]+ (4.14x10')e" "' D MeOH ] )¢}

has a value less than about 5x10, wherein said initial concentration of methyl
chloroformate, said water concentration, and said methanol concentration are
expressed in moles per milliliter, said temperature is expressed in degrees Kelvin, and

said residence time is expressed in minutes.

13.  The method of Claim 12, wherein said initial concentration of methyl

chloroformate is about 5x10°° to about 5x10* moles per liter.

14. The method of Claim 12, further comprising removing hydrochloric

acid from said mixture.
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acid fromsaid mxture. 17. A nethod of preparing dinethyl carbonate,
conprising: reacting nethanol, oxygen, carbon nonoxide, and a catalyst to
forma mwbusmie2senpri si ng di met hyl carbonate, nethyl chl ecafusozedisg
hydrochl oric acid, water, carbon dioxide, and carbon nonoxide; and
subjecting said mxture to conditions conprising an initial dinethyl

carbonate congentr atheod bEpeparind)a didikyl drbdrte, Wathfisig@ncent rati on
([H20],=0), an initial methanol m((%z)ncentratl on ([I\/E%rr—l] go) , an initial

hydrochl oric acid concentration ([HO], _0), a tenperature (7), and a
resi dence ti mer@eyng HEBANQhexyan FAFaReneToxIde, aad a ghiabvstofeEh AdPiRETE o t he

Yol o 31 wi%ﬂl'%e%’@ft%ézég%*v%ﬁegﬁ@éﬁ%ﬁ@ TG 280" ar anot er

Y cal cul atzeﬂomdmmdd;mgidadadnhﬁonoamcm| on Y= [ H20] 1=0 [DI\/[:] ,-0 1 [DI\/C]

O jexP[(6.6 x 1 0 1 0 kexp(- 6636 / T ))[HOA ]t O[DIVC]i—O[D -1t ]11=0 26
WO 03/ 016256 PCT/ US02/ 24150, has a value of at | east about \gherel n
said initial dMEEHPINESADBIEEE ¥ ohEBMEFAYTE R, 2bodbpl’G ?P%Ht 8\951@ Pr

concentragi o h%g*gdbﬂhttf(ﬁ%ou?‘set hanol concentration, and said initial
hydrochl oric acid concentration are expressed in rml es per mlliliter, said

tenperature s expressed in degrees Kelvin, and said residence tine is
expressed i n ml6ut eThe bthothef Qtimolh, dﬁrtmtractqmmriﬁ,ing/\tmwiing budrdcipananeter Y
has a value of at . |east about 0.95. 19. The nmethod of Caim 17, wherein
sai d par aﬁ‘éflgr"”\(saﬁ%@ Ufal ue of at |east about 0.99. 20. The nethod of
Claim1l7, wherein said initial dinmethyl carbonate concentration is about

0.5 to about 1970l Asmpebd bf preparingldiméing] e@bbiaek, ebmptidhgn 17, wherein said
initial hydrochloric acid

reacting methanol, oxygen, carbon monoxide, and a catalyst to form a mixture
comprising dimethyl carbonate, methyl chloroformate, hydrochloric acid, water,

carbon dioxide, and carbon monoxide; and

subjecting said mixture to conditions comprising an initial dimethyl carbonate
concentration ([DMC],-y), an initial water concentration ([H;0]=9), an initial
methanol concentration ([MeOH],=y), an initial hydrochloric acid concentration
([HCI)=0), a temperature (T), and a residence time (f), such that a parameter X

calculated according to the expression
X =exp{-{(2.09x10°)e" "' "[H,0],_, + (4.14x10")e "™ [ MeOH],_, 1t}

has a value less than about 0.9, and a parameter Y calculated according to the

expression

| [H:0l
[DMC),.y

Eren A )

Y =

[DMC],= [DMC],,
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concentration is about 1x103 to about 2x 10-1 noles per liter. 22. The

met hod of Caim 17, further conprising renoving hydrochloric acid from
sai d m xtwoen3/02&56 A met hod of preparing di methyl carbonat @CTosRR41S0 NQ:
reacti ng net hanol, oxygen, carbon nonoxi de, and a catalyst to forma

m xture conprising dinethyl carbonate, nethyl chloroformate, hydrochloric

acid, wat Bis a vl $FQi 1Ak 0ablot 0.9 anBerialshidNniBNGXicdBil cabnae bpRehtratbnsai d
m xture to conditions conprising a water concentration ([H20]), a nethanol

concent r atdi@nnifiplvea@ef ronegntratigre saiduniial methaggl cencepatipan @ad spigeinitigl ) | such

that a para | Lne.t . i "=

(2. 0o BETE Mrigicif PR bR BSERURPE RobS T RIERRFR PoRdhl g e
| ess t hanisalaptiksed.ib degbey Kelnins andlsaidiesiden@araisteapiesseddnehigatesdd nmet hanol
concentration are expressed in noles per mlliliter, said tenperature is
%Xglrjf Z:?dz;n ?Iggr e%l?e lr%%lt};/oldnc’ﬁ‘ 129m Sl%: (\jvhgr?elsnl ga?c? %grakalert‘re? )I’ ﬁasea)l( Barllggso (gt 'n

least about 0.95.

19. The method of Claim 17, wherein said parameter Y has a value of at

least about 0.99.

20. The method of Claim 17, wherein said initial dimethyl carbonate

concentration is about 0.5 to about 10 moles per liter.

21, The method of Claim 17, wherein said initial hydrochloric acid

concentration is about 1x107 to about 2x10™" moles per liter.

22, The method of Claim 17, further comprising removing hydrochloric

acid from said mixture.
23. A method of preparing dimethyl carbonate, comprising:

reacting methanol, oxygen, carbon monoxide, and a catalyst to form a mixture
comprising dimethyl carbonate, methyl chloroformate, hydrochloric acid, water,

carbon dioxide, and carbon monoxide; and

subjecting said mixture to conditions comprising a water concentration
([H,0]), a methanol concentration ([MeOH]), a temperature (T), and a residence time

(1), such that a parameter X~ calculated according to the expression
X'= 1/[1 +[(2.09%10%)e" D[ H,0]+ (4.14><10‘°)e<'7"7-"”[Me0H]]zJ

has a value less than about 0.5, wherein said water concentration and said methanol
concentration are expressed in moles per milliliter, said temperature is expressed in

degrees Kelvin, and said residence time is expressed in minutes.
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