WO 03/ 016256 PCT/ US02/ 24150 METHOD FOR PREPARI NG A DI ALKYL CARBONATE, AND
| TS USE | 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 LIlum pati t al, . es car bonat are
produced BYY t?h:at?ff’? i ESI?Pd 5?rb8ﬁa{’reggv\f? zr@ﬁqy 346 IS 1§18F ®Schene
|, bel ow) mt@szlal' prodesgAr 43d melk lproceddB6> 16 linterfRIB HIBcANsES, @Q\Vdeﬁdi’{w@,] fob). S.

Patent No. 4,182,726 al so denonstrates that diaryl carbonates can be
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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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[0004] A preferred process for nmaking dial kyl carbonates is illustrated in
Schene 111, below, and described, for exanple, in U S. Patent Nos.

5,527, 943wm3/oRiéet ti et al.; and 4,218,391 and 4, 318, 862 paa/iRovadiso et al .
0 CQud catalyst 11 ROH + CO + 1/202 C + H20 (111) RO~ FOR [0005] U.S.
Pat ent Nunber 5,527,943 (the 943 Patent) al so describes a known drawback

of the dial kyl [@mupanatderPddpRESssafofF OmakiAg diflkyAC BRBBhatds! 1s) illubtrate@lipduces
wat er as a by-product. Al so, hydrochloric acid (HCI) may be continuously

added to Srkemedldt bdawniand egcribgdmiir mxamilea idd Sr EatenpbNes. PaRT.84dft0 chl ori de
to copper 4. Th for d ter are typically found in
t he strear%“éelfilg{zﬁgg?(ﬁé’zﬁég%%&ﬁ\%gg’ég %%F@]Hgg)c%}agri c acid and copper
chlorides are very corrosive in the presence of water, so equi pnment nade
fromcorrosion-resistant materials, such a® glass-lined vessels, nust be
used in the reaction section@iClaatahstm cal |pl ant maki ng dial kyl carbonates
by this proceROHAs Gdrr b8DpmTeESTST2Nt eqi pnent i stedpensitil) there is a
desire to use it inas little of the q{@.n( aé\@ ssi ble. [0006] A typical

pl ant for perform ng preparing dial kyl "Carbonates according to Scheme 111
may contain three sections: a reaction section for converting raw

material s to di[@osylU.SaPenaNambar Sefar B3I @he €41 i Ratenftpnlsbsddsatibasga t he

di al kyl carbonate fro nreact ed nononers and by-products, and. a .
purificatt B?lw‘éé%%‘?"?ﬁ‘f{‘f‘gr t}eeﬁ%ﬁf;‘iyhﬁarb\%ﬁt‘érpr%“r‘?as perartiag tPs%‘l}?mengﬂ?3he‘t di al kyl
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process s addsainoitharedctadremyxtarfet te maifteinr edesired mad@ontionf chithiide ©l dapperat es  t he

necessity. of usi Si ve corrosion-resistant terials in.the
separ ati ol nessipre ek ERCTErBR=C e Pled Aot SPicEhE umlh FireeBme snie 1 ur ¢ ner
suggest s thiorRERY. Al HRfrocHtbic afid ARISsIPper cRIORREY aRaldrilecosdkive ihriaen t he
stream | nmmedl at e arter e reaction sectlion can pe acco I she
t diately after th t tior b g;gsl'hdby
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states th e opérat’ing condrtions e are prefera ed such
t hat 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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t he gaseous m xture fromthe reactor does not condense, or condenses only
toa 2 W 03/016256 PCT/ US02/ 24150 negligible extent, before the acid
renoval swexadmmé2sa order to avoid the necessity of havi nedroisoebass t he
m xture before renmobving the HO (col. 3, lines 17-30). [0007] In view of
t he above, it was desirable to construct a plant wherein the HC and any

copper hahégdrisialek@enydfole i s@dpuacval sestiohha @ldraamvaid @k debasitgatt i on
section to avoid corrosion in the separation_and urlflcatlon sections.
However, Bavipginishept&hednivtyrgefose FH&V‘%Q%HCBé%PIbg lge17-993 patent --

removing HCl and copper salts by treatnment of a vaporized feed in a colum
using a Counte[ddof? me%ﬁ%é 9b&ve, ftl wisie iR Echgm{sfre&td PAEntWitditingne - fail ed

to prevent corrosion in ownstream separation and purification
sect i ons. HA@O8hni hepper halidetseitefvonkl e meeded 610mathd|sm¢dﬂy kfterathb agagtien pr ocess

that reco nl zes and elim nate addi ti onal , sou S orrasi on. BRI EF
SUNNARY [ G008} 4 HAO MR BB s P B o u P S B RSN 3 Caifat ages of

the priOfecAfiGu@titnifh 16 ha ldRsbrib¥d Byt houb Phiehf ERdmbthgadi ahd¥dppear bonat e,
conprising: reacting an al kanol, oxygen, carbon nonoxi de, and a catal yst

to form asaltsinutreatmenrafra wipagzed teedliglcolmbusing & counferflowing arHogent or mat e,
hydr ochl OhH&, r%}nﬂ hgr efa?e)t%dr?a é)‘?tr PeOD_ 9@'1]85( Itg & re\{%%g cBfE ggﬁhﬁqﬁ? ﬂo%stréa%?

renoving a rom sard ter consi derabl e

effort, th@apitioaand phfiiefibakectivaye di scovered that dial kyl carbonate
synt hesi s can form al kyl chl orofor mate by-products that lead to

probl emati c corrosion. For exanple, tcfhe reaction f net hanol , car bon
monoxi de,  and[@LFhERerE 015t Ghereigiemst t‘i‘??d 8Fbaorf§i‘15y(ﬁ OP#Sf PRFESSDIES ) |

met hyl Ch}&nggl%s%td%]mn(lmésedd'aﬁfoﬁﬁlrsou% cdR¥idye formed as a by-product.

The ass through the renoval colum into the separator and
purification sections, where it reacts slowy w th nethanol and/or water
to form CBMBEEWMGIRYTherefore, it was determ ned that steps were needed
to renmove MCF prior to the separation and purification sections.

[0009] The above-described and other drawbacks and disadvantages of the
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.



3 WD 03/016256 PCT/ US02/24150 [0011]] O her enbodi nents, including an
apparatus for preparing dial kyl carbonates, are described bel ow. BRI EF
DESCRI PTI W 0@B1625E DRAW NGS [ 0012] FIG 1 is a diagranmatipenauisemzafoa first
enbodi ment of the apparatus. [0013] FIG 2 is a sinplified diagramatic
view of a conparative apparatus that is susceptible to corrosion. [0014]
FIG 3 is a sipguiilfiosskrdenBsdanent) enolidMg ain appamas dorestpaingt Balkykppar at us
in which the fluid passageway 110 conprises two hol di ng vessels 120.

[0015] FI @rbanqt%aresieﬁﬁﬂhefiibé‘é“di agrammatic vi ew of an enbodi nent of the
apparatus in which the fluid passageway 110 conprises four hol ding vessels

120. [ O0KRlieF'HRsRIPFIGND e hed vizagg ammat i ¢ view of an enbodi ment of
[ CE] he u

the apparatus In t I d passageway 110 conprises a tubul ar
section 130. [0017] FIG 6 is a sinplified diagrammatic view of an
enbodi nent of {0082] &fpal ataukagrammaiis viey &fra firsherebashmenferfthesdppataas. 190.
[0018] FIG 7 is a sinplified diagranmatic view of an enbodi nent of the

apparatus in ' . ui d. way 110 conprises a fi.r st s-lLiquid
sbparator 90 M RFIE ik SuBTRAIRI mbhPs SV bh3 Skl € kbt | 2,
si npl i fi e¢hadlisa@EcepiBleits cor@omf an enbodi nent of the apparatus in which
the fluid passageway 110 precedes the first gas-liquid separator 90.

[0020] FIG 9 is a sinplified diagrammatic view of an enbodi ment of the
appar atus i n wHXA] FHe 3 isiacsipRYEEd Sagrmmets 8leMoqk 2R Fabedarit (fdhe ol um

180. [00 1 l1qpi : tr fdd e bottom of
an azeotro eardégﬁ?rr\%}%ih gj(?aﬂalg gﬁsfsﬁ’ e@%?égbégﬁ’ggg%ﬁg@&é’ﬂ%f&%g&f% ]G?mz and FI G
3) and tinme. 4 WD 03/016256 PCT/ US02/ 24150 [0022] FIG | | is a plot of

met hyl chl or of (i0t&] E1Gomdent siaplibed dagranhaty aiey ekirn iengpodimeertt| afi the
passagevay, | 10 A% Aok LS Baled Il 1% ARsARBAN R14R e SRERIBGNA N

[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.



to FIG 3. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0023] One
enbodi nent is a nethod, conprising: reacting an al kanol, oxygen, carbon
nonoxi de, ward/oas26@t al yst to forma m xture conprising a diraltkyso2/ 24186 bonat e,
an al kyl chl orof ormate, hydrochloric acid, water, carbon dioxide, and

car bon nonoxi de; and renoving al kyl chloroformate fromsaid m xture. [0024]
There is no pajgo2epFas. 11 ®id @bi eNmethy! bisloRfbmined cotmestrtionk katering And.

Sui tabl e al kanols 1nclude prinmary, secondary, and tertiary Cl-Cl2 al kanol s,
with pri fefpe de fted apscasray Woiasg fﬁrefoercrféane far gRiapraseies spregoRdiR@nol s

i nclude npthgnal . [0025] Oxygen may be provided in any form with gaseous
forns being preéeferred. Suitable oxygen sources include, for exanple, air,
and oxygen-contai ning gases having at |east about 95 wei ght percent

nmol ecul ar DEGYWJERD PESCRIBKHON af THRRSREFEBRID BMBE®DHVENISr cent nol ecul ar
oxygen. Suitabl e oxygen-containing gases are commercially available from

for exanple, duct s 0026 Car b nmonoxi.de is preferably supplied as
a gas having a Aidngl ea‘HBB‘? imgjp v§e| gmeﬁ"r?gr CRAPTS e et é?%fﬁf‘% 4t @ ﬁ%’ﬁgll‘ about
95 wei ght oPRIAEBArboMhidhdRiR] ahdhl Yatalst loefsth AboiNtur® oMPtiging Adaiafemt ,

carbon nonoxi de. Suitable carbon monoxide- cont ai ni ng gases are

commer ci akdrhorpiai dnalslke! fcrhlﬂlf?fofrmteeha‘i’fﬁﬂeorlmaﬁld?r%@%t%l qnodxidesand abl e

I bal
?3: ﬁe%fhn{czﬁﬁgﬁ%}%&m g% Bg “ﬁtlyl/ £1ﬁ&of&§1%9eﬁom@h%‘§§13}ﬁrggsfn Lm IZ:‘Ingl um

pl ati num gold, nercury, and the | i ke, and conbinations conprising at | east
one of the fof@gaij mgerﬂei'sdoSparﬁh&ilerimﬁdti@abaltlysbEkamﬁyu@driprthe;memlomber A

hi ghly preferred cat al yst. conprises ¢ nd chl o n in a polar
rati o of aBiie @lignpls 5‘6 ¢ primary, W‘N’i‘g%@ g PG, 6'a ﬁD‘I’ ?norl%t\”Bﬂgf at
| east abogr imdrPCTRY alREndl S&ﬁ% Pﬁe@lerre%l ST m VidefBrred MikSndi@RRRidedndidndl. ratio of

up to abo 1.2 may be prefe |gh y preferred catal ysts incl ude
cuprous chloride (CuCl) and cupric chloride (Cudz), with cuprous 5 WO
03/ 016256 PCT/ (#832] 24ys& nestyl be ipdevidest iy anprierhi g\hﬂyg?ﬁrﬁ@‘ﬂ%rﬁ@d b@ngi ng

operation_of trhﬁ a suitabl oride.ion concentrati y be
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gases having at least about 95 weight percent molecular oxygen, preferably at least
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 systems, the catalyst may be recycled 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™.



WO 03/ 016256 PCT/ US02/ 24150 [0030] The reaction produces a m xture
conprising a dial kyl carbonate, an al kyl chloroformate, hydrochloric acid,
wat er, cawleas/odé2ski de, and carbon nonoxi de. The m xture rmay/d0ed1s0
conprise residual nmethanol and oxygen, as well as side- products such as
al kyl chlorides and dial kyl ethers. The m xture is typically w thdrawn

fromthe react g3BPThe réactids/prédRes hahiXturd enipeisife” & ARyl dafbofiB@Nbint O
refer to gaseous organic con&onents of the m xture such as, for exanple,

evapor at edlkydehdieformais; byawekloric aridowales, caghandioride.cigregrapgtaanoxidee . and
to water [, Th [ “manor " | i a

boi l'i ng pxgﬁ%\)% ’é%ureas %alyelegtp e{ g%@rz{emgﬁl\g%a@%léﬁ ]:a;ng.éﬁglﬁgljégdﬁ?\? ?iﬁs]? ¥ Spﬁé term
"gas" is praoétst@ichedsealkyd dhhgidgasamdusiatiyy gehers. c&hdanixeirexis dgpicakly bon
nonoxi de, and optional nitrogen, That is, the tﬁ%m gas" refers to fluids
havi ng a Behfang Bemrthe reactori Hhim 2 SRYROT 6018 atl BB PHEr WPOTHE MERH© nay be
at | east ' ' g : f fel gas-liquid
separ at or p@%%%???g%ﬁ&?ﬁ‘?%@e@gﬁ ?%Zﬁx;ﬁgr% ogs’efl&g?)gr?g pze’ggé - ailtqui d

separ at or diatkyl @arbphatesglaidoyiolef alkyl. éhlorofirmhteasttc.2 angreefveteabhyorupglabisabout 5)

gas-liquid separators. The firs gas-1iquj.d separator 90 be kept at a
pressure Wt §A ABBRR TEES qé‘sspp%‘f‘%% éb@%}i‘“%\ﬁpf’ﬁitri’a%aadolﬁi“l'g/’?y Gttt the
pressure Q%Jb(;sprlgeré.eqm&rntrg%}; Eﬁ@‘l%nga 87 [d et o RRertiBanE ighsdoudd3ygdn, qui d
separ at or y be recycled, for exanple to reuse excess car bo% nonoxi de.
The m xt ucabomyidxédes eatbonomaneedg rohdgasiohalquitdgeepdihat o, thdErmwigasth
preferably has a ressure |less tha 0% of the press

. t f th
react or 56 1§ .ﬂ,““grhéf’ BiganPgjling gaint []eﬁgﬂ’%g 'B‘iorc @ta%eﬁtmﬁfﬂh@reprﬁee}?aé’ﬁf yeabout
0.2 b - ' ' . 90%
ar g%ggl%e EtoleQ{tgﬂa‘?ﬁQgJSg%nﬁ%me‘avﬁ %0?190 %?tﬁgpgncpffecﬂo L et §§sbl?cﬂh 0

nore prefer y at ast y wel ght remal ning gas in the
m xt ur e. bepaetdri Whl Thepapphatusadayeomdalieeanployubstga gasaliquid a¢garaddr, ot e gas i s

renoved fromthe _m xture. The qas.effluenpt renoved fromthe secopd. gas-
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condensed), nore preferably” a fully condensed form(i.e., at least about
90% condemsibit) abopet br ef atpersburg of the redotartS0. gabs-gap qfflugnisfeprartes bist 65; and
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exi ting tree $8£Q@RImay be sent to a second gas-liquid separator 100, which preferably has a
pressure less than about 20% of the pressure of the reactor 50 (e.g., preferably 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



gas-liquid separator 100 may be in a single liquid phase. After the second
gas-liquid separator 100, the m xture may proceed through a fluid
passagewaywolk®idé2i@t renoves 7 WO 03/016256 PCT/ US02/ 2415®cTaldayk4150
chloroformate fromthe mxture. It will be understood that the terns
"renmove"” and "renoval” in reference to a particular chem cal species
enconpass aikjyclbefdriate rofm tROYEkGA. PRalesundbeioodakdiGRsSteihe “Rafwent rat i on
of the species in the mxture. The alkyl chloroformate may be rempved from
the condeARhtiemeyaliny refereneito Spawicular eRERiFd FPREEHHHSMPAL IYShRBEA ng,

i ncreasin i I esi i o]l [k vent,
adsor bi ng,gr gﬂﬁg@g{)ﬁyﬁés\’}mﬁ%tﬁ%@d%t er(gdrrllg ?‘ﬁSf’Sg?‘ﬁgSpgggé gﬂtg@ rﬁlggﬁ‘lg'd%nenbrane
separ at i oalkyl pelowdpamad infy, bpassoved frémabghroadensata toxahangeodesSome
exposing to _a stoichionetric reagent, exposing to a catal c reagent, and
the 1 ke, PEATCdBIIOBOPOILE BT S1oHg-Re PEse: JRECEINE RS9 ed8itng

t echni quegqqih e v dedadss [ Ltind W8had KaemusdHeof i @di lhfid r enoved
from m xt ure1 Xg?a}? eact | orllﬁl ’vvail tsh vva’esrgi%‘( énegte Schene V) eo{] al klggtglﬁs (see Schene
V). O 11 liguidiaaeRBikne s€p@@ationpGlerdpoiatinROBiseing Ghi@ugh an igOek¢hangerresi@l, (V)

ROB C ROB ORIt may .al.so be preferred.to re e.the al kyl. chl.orof or mat e

W thout pEYERG PRSTHIRDETE THECLGHPaIS Brf Svirsaeedtars Fouth8ad’ cuch
resins ar goRERGHSsVEMRisins httlchst GRdoORRI Rkdoirgl tedBiqhed. PiEhgréfefled 0 renove
at | east about 50 percent, nore preferably at |east about 90 percent, yet
nor e pr ef emhpdipest, theealky! chiboforoateperaseaied foopemixtpredy jspetioaraith yar | east
about 99 per cent t he al kyl | orqformate fromthe mxture. In one
enbodi nenfs,ee:‘éghenl%%/ eorﬁﬁ(eapgfr((%eeed%}‘g%rece{é)l)ce t he al kyl chl orof ornate
concentration in the mxture to | ess than about 500 ppm nore preferably

| ess than abou®D 100 ppm yet nore preferably |ess than about 30 ppm In

any of these efpodi nents, it nmay be preferr t noyv ess.than about
10% nore pref ﬁ?abl y | dss H1fn about 5% yetlsSH ? 682 “ﬁé] S(IVJ]

RO Cl

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
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nore preferably |l ess than about 1% of the dial kyl carbonate. Al though the
nmet hod may be described as "renoving | ess than about 10% of said dial kyl
car bonat ewp a3to16%6| be understood that the concentrati on paff/ihoakdapo
carbonat e need not be reduced and nmay even increase. For exanple, the
concentration of dial kyl carbonate may increase 8 WD 03/016256

PCT/ USO02/ 24180 Schdmd he résdieieotV alkgdcthlc@ofopihatel yth slihanef dsrmt dialdyl h

met hanol fornms dial kyl carbonate faster than dial kyl carbonate deconposes
due to ot ﬁ@bomaé%@ﬁebﬁ@n dighyd zpropRate dgFPrapasendieia oklieh ERacEoRst udi es of the

di ret hyl carbonate process wutilizing variations in factors including

temperature, r f(gdaggg?gﬁoggh B tendRt KineticORGRE bR HHOHim AR RaARhate PR6&RE r at i on,

and hydrochl or ncentration, the present inventors have found that
t he rate ofilimpg hyériatioher of ofanmire velndmgogempemtureyayesidenge vemepywatee

equation (1) -rMF = 1 [H20] + k2[ Me MCE 1) where r is,.the rate
019 change 2Qi%ce’fni’izét‘"t‘h)I ”éé‘tg?ﬁo[] n%"t'%?‘?traé’ﬂ[’o F%ﬂo%Jrgé?CgA ‘tfﬁ?r:?é?‘\gg 8‘?“93%'}{55’“;/ dMine,
[H20], [ MBfklnt iaihtdrMHale 3bend DRt tIRSEANLANRIRE GIGERMNLRL dQBMpeitivat er,
met hanol , " and nethyl chloroformate, respectively, in noles per unit vol une,

and k, anuybe gives bydheegwtionfht s that vary with tenperature according to
equations (2) and (3), respectively k, = k1e6381/T (2) k2 = k20 e-7673/7

(3) where k 1 = 2.09x]09 m l, - = 101, /ol -mn, and T is
the tenperature in deg?"é(efs <<éq \fldrT.Jquz%%%?])fﬁr/{ ny £ ses, it is valid to
assune that the concentrations of water and nethanol, and the density of
t he sol ut mwheareater &sthenite af thange nfthamialesfirethyltdhésreforigeted MICF) lpienanit C

constraints, differe ipnetic e essions nmay be used for different
process ang' ”Hﬁpbﬁ’élt; Jy ﬁ”ﬁ?ﬁas and ﬁlgﬁ( ﬁmhéd@%arﬁ¥”epﬂ% CPRACBYHANS At al
reacti ons yaffhnof, ah& R SfoRh Y] Q@ﬁlec’tigel&,hinsmél%@g;ibﬁ ahik Bl el 88€ k,

expressions may be readily derived by thoSe of ordinary ski inthe art.

For exanphrq ki arearatzataistaptsoibets gary twith featpsrapire areordylg tohdqurdnsr(@heed

deconposi t(i)?rréslgre%}'ivgﬁ expressed as a function of residence

K, =k, %87 ()
ko =kLe VT (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)



time, as shown in equation (4): -d[MCF]Idt = (k1[H20] + k2[MeOH])[ MCF] (4)
9 WD 03/016256 PCT/ US02/ 24150 where t is residence tinme in mnutes. The
resi dencewbioswid2séray be defined as the total tinme spent pgTarsoavasage

nol ecule in the fluid passageway 110. In a batch process, at |east about
50% of the methyl chloroformate may be renoved by maintaining the mxture

under condihkileQns re3fddpdd S8 gh MiMAdseITheaag ediice ahiecmnij b2@fined as frttbanol
concentration ([MeOH] ), a tenperature (T), and a residence time (t), such
that a pHMSFBEEDYRNAVEPEH MKl ke %wdmsaaev(@)llﬁ—éﬁa{bﬁ[@mrms @9) e( - 638

17 L 01 fh st 949) f o) EMBRbhlale (il DR AR B fRSnhpaR. about

9, V\/nerel h {he watef concentration an ano concentration are
expr essedmixturehader pamditidnk i donipeisingt hlewatelrmemc&htratmon $[ fe@)),ea;smﬂhaml degr ees

Kel vin, and the resj time is expressed in mnutes. e of X nma
pr ef er abl 9°‘1§€“tlr?§é°§ Xé&"gboﬁﬁelﬁp@atu%F » BPerefesisiepcq bae @ﬂ Eﬁgﬂt 0.2, y)ét
nmor e preé%@,@ eyXQ%C(gr@%tgmq@,méﬁ.ﬁsg 1, even nore preferably Iess t han

about 0.0 still nmore “preferably |less than about 0.01. The water
concentration may be about 0.1 to about 50 noles per liter (nol/L). Wthin
this range, tHNe=wat{ef(20ortentrat ¢, @y(@t@tml%)b Y7 ThéeatH 18 agk) about 0.5
nmol /L, nore preferably at |east about mol /L. Also within this range, the
wat er concentration may preferably be u to about 30 nol/L, nore

pr ef er abl Yasup velredpwuthan @bew| 9.9, w %rffmrﬁbﬁequerewxcarmroapﬁnflothamﬁﬁleanfb mol / L,

be- about PSR sABrSRATOHDIER pEP el e TE PR FRBRERNEAHA on oY

concent r atlegreesniggivipr eiid thrbksiddee aimd Baspressdantmibuten| The vaﬂne ef pfrmber abl y at

| east about 10 nol / L. so wthip this t he han concent rati on
may pr ef ePEHirgbIyeey st gf@belaﬂutébS nﬁPVeLpre?%gtﬁYd @Patﬂ%yutu 2, 8t BWSut 18

mol /L. Th rerféar 1519%@@(%3 B LBRY0. peev@ﬁ)%e Breferd¥ lest thartBBY: 0165, BRI hre WThHin

this rang e'residence time may preferably be at |east about | hours,
nmore pr eperfablbly less thamshouabdut "Qherwanes congkestoatignt thiynbe¢ Abaut aintpegbauhe

L dene g T S i) B TR PRl MEBEBIACL Y, o

thi's rangge at REsttaBORET. SinbIR., FRYe preferably at least about 1 mol/L. Also within this
range, the water concentration may preferably be up to about 30 mol/L, more
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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preferably be at |east about 40C, nore preferably at |east about 50C, yet
nore preferably at |east about 60C. Also within this range, the

t enper at uwe a3mye25pr ef erably be up to about 110C, nore prefremaioy 24150t o
about 100C, yet nore preferably up to about 90C. 10 WD 03/016256

PCT/ US02/ 24150 [0034] In the limt of an ideal steady state plug flow
reactor, and apmGH] ngtmqnﬁhajﬂandeaaﬂistt@adpfstettélp]ugi fidwrreactérhand atsantfig met hyl
chl or of or mat e deconposi ti on may ressed accordl n to eﬂuati on (3),

with t repts&®hdensyy oddicgerdwe; ‘hﬁéatler?)% gtltl ¢gloro PUD%‘S] CRUPPRHIANGBAY st eady
state conpl ?)Qﬂb@e&&dc‘bﬁﬁn%@oé%}éa&c?ﬁaﬁs QLitH ﬁ%@entﬁ?%sﬁ?&@@ﬁ%rlmﬂ ifteOf et hyl

chl or of orma I's glven (6) 0 (1/(1+kt)) (6)
where [MCF],-0 is the initial concentration of nmethyl chloroformate in
nmol es per il [Q036} Bor, art idegl sthadyr gate hontipudus retiried tmlmﬂaetg,r (@9BRK thg gi ven

by equation k =k H2 + k2[ MeOH (7 ere .k I, k2, [H20], and
[ MeOH] ar €745 %@ﬂ”ﬁ’é&ﬁe l{)’g\? ]].O“EfBU%%T m@%@%%%%?r&%di nent that relates to a
bat ch reactor, renoving alkyl chlorofornate fromthe m xture conpri ses

mai nt ai ni ng the mixture und BICEPAJMORNS(1/@ORPY (631 ng an initi al
concentration of nethyl chl orof or mat e ([NCF] ), a water concentratl on

([H20]), a methanol concentration ([ a rrFerature , ,.and a
r esi dence™FiselMEF]-osiscthe thigal ﬁo‘%mé?f’é’c"e? Z‘egéfll ] %?@HnﬁédBrIHP]ﬁ@ PEb t he

g e T DN

preferably |less than about 1 x 10-6, nore preferably |ess than about 5x]
0-7, even nore preferably Imkﬂﬂa@] abdideBX 1078, wherein the initial
concentration of nmethyl chloroformate, the vvat er concentration, and the

met hanol e r esse les per milliliter, the

t enper at ure® lig( g%pﬁ%é@e%% [ﬁl%@g%gs g?féjle Oveand the resi dence tinme is
expressed in mnutes. The tenperature, residence tinme, nethanol

concentrati on, [@3d] WRiithe @tRAIN@I it rélatet o @ taxdbrrescbg ferasng atkytiescr i bed
above. The initial concentration of nethyl chloroformate will depend on

the react eRlogdormats Hae the gpixfure LAMPLISS dudiptinigothe IB%}UTB'USd?ﬁﬂOéQ't'Bé? liter

to about 53311]319511211; an initial concentration of methyl chloroformate ([MCF),-y), a water
concentration ([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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noles per liter. Wthin this range, the initial concentration of nethyl
chloroformate may be at | east about 1x102 noles per liter. Also within
this rangepo @hes2sei tial concentration of methyl chlorof oreatEsowaysbe up to
about 1 x 10"1 noles per liter. 11 WO 03/016256 PCT/US02/24150 [0037] In a
preferred enbodi nent that relates to a batch reactor, renoving al kyl

chl or O}‘ o(rj mat eh[©|03rgrlint8;9$r6¢xbe}deahbmgniehemm xé¢latee té @ leoetdrdactonsreamivprg si ng an
initia i met carbonate concentration ([DMC],=0),.an initial water
concent r a%]k)dnCh¥?rPﬁPZ@P?:@)“}préﬁqs iSHPIEF L8 ﬁ\?t ‘H%We]teoWZE‘QH{qnétCPHWr‘E‘E’M—U , =0),
an initi ai!niém'%'frﬂgt #'Tlgr:érﬁ 1htd gon&eﬁﬁ&tﬁﬁt (@1 b, [ diCHirial Ohate cbRERGASIMT € (7),
and a residence ti (t?, such that a paraneter X cal cul ated according to
t he equat((Hp0]9), aX imeriphethfi] COrKDali@( ((SBOF],-1) afh HrG3! hydrochloric acid

0+(4. 14x1010) e(-.767 [ ,=0]t} ( has a .val ue.l ess than _about 0.9,
and 5 parSHEPRRIE (HCi-o SR e BN R STIeE: BHE (D10foh TRE0] 120 v
[DVE], =0 pifameted XEARARLS acoril 1d freatarkHI0) kexp(- 6636 / T ))[HCI], =o
[DMC],=0 [HzO] ([DMCII=O r=0 1 (10) has a value of at |east about 0.9,
wherein the initial dinmethyl carbonate concentratiqu the initial water
concent r at i %ns expie](2.60 ki &)e WEY MHAG D] con it x B eh > dMed 1 i34}t Ol

hydrochl oric acid concentration are expressed in noles per mlliliter, the
tenperature is expressed in degrees Kelvin, and the residence tine is

expr essedhdsn valusuessshammbout ¢-9) ansl aoparametss, Y gpleplated sreordivg 4¢ theegyatioout

0. 95, nor Ogreferably at | east about 0.99. Suitable analytical techniques
to deternmine initial concentrations of water, nethanol, hydrochloric acid,
and di nmethyl carbonate in reaction mxtures are well known in the art. The
term"initial concentration” referslio phgjpg centration of a species

before intentional renoval of aIkyIlciZﬂ?ﬁ'brnate. The initial water and
met hanol yconcentrations are the sa =oipt er _and net hano

trati | b
L o —— ) |

[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
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(under typical reaction conditions, the water and nethanol concentrations
are large are essentially constant during al kyl chloroformate renoval).
The initiwioodione@seryl carbonate concentration may be aboutrcdn&or/o4iabout 10
nmol /L. Wthin this range, the initial dimethyl carbonate concentration may
preferably be at |east about I nol/L, nore preferably at |east about 2

mol / L. Al &@boMatddonctliiasion an@erefehdly Y dip @l abdun®ehidyL, mbze M@fe@a?dljaﬁﬁ%6
PCT/ US02/ 24150 carbonate concentrati on may pref er abl y be up to about 8

nol /L, noktouppendilabiie eqncepratigp@htl@ ifdhg mixtyrsevidlodeperd Platﬂ?edbfp%P"q—ICI in
the m xt ug X\ﬁtlra'uoﬂ%‘?%@% Qgpentnﬁﬁ)ggé/ P§HER tnalC 8&5&?& 104 c8£cieﬁﬂ%;gdr>’§m

enpl oyed. Initial roc ri'c aci ent ration end on the

t ype and dpendionahe egleadndsimouptivf bata]yst ﬂaypltoaltjrmcaallymuouﬂXﬁm ?tot aboabout

2x10-1 noles per liter. Wthin this a@g E énltla| hydrochl ori c acid
thigighpydr

concent r a#%10h MAkY PEE bieer Athjn ghis sangee BRYPFAC 2610 CaNEPEFE DI v at
| cast. aboyhy DRI e tcasfhaf ki 01 mdrdiReitaBEe 1khe 182 giLochl or |

acid concentration"may preterab be up to about X nore preferably
up to abOAtSOMltlm@-tlZlSmgeLthe[lﬁ@@B])ydfh@ﬂm had cna«;entreu@pmaatmcfprabbfrbesxarrpl e,

in a batch, sem Gh, or ntlnos 039] In the particular
enbodi rren'tmg’nag’\ﬂﬂ F’ﬂto P@reﬁrefetr ﬁ{%]:rogpzi& 01[/ ‘hrough a first heat

exchanger 140 to adjust the tenperature of the m xture about 30C to about

130C. Wthin t!0'058{ﬂﬁ@&etﬁoﬂﬂniﬁﬁ@@p@hl&ﬂefoli’f&)(alﬁplefﬁf@Bht}éh bendtbatedasi about
40C, nore preferably at |east about 50C. Also within this range, the

t enper at u?@tmm‘bﬁlféﬁérabl y be up to about 80C, nore preferably up to about
70C. The term "heat exchanger" describes a well-known device for heating

chem cal react f((fé@%] fif H]%ag%w&é{lp g&h}ﬁe b’sﬁd‘ﬁg%‘%ﬁg 1hemd nQE&:Y\@?st@s thermal

energy source coo m cal réaction stfeam but it
I S under stheaghtafartt hHahe»rchhxygmeM@fo adpupttheabmperaheabv £ths nfietuge aboalk 8¢ i cal
heaters) are also included. The condensate may proceed into a fluid

passagewalp abpot 13K Ce th@rrv@ss rapgs, 1g teaysratye maspigisedy be ot legst abode ni xture

d t t f. | chl f whi |
i i 21 neh e 20itp G ERBIY 1S APRY 1 Ockr Hoa ai i efRsehSaPRPRAG" | ©
greg:‘ re;gfﬂe%f’% pﬁéefgl'aﬂlyfbg Ly t&gﬂaﬁr@@é Wokdhprtrigy flpuicthieas seaeWate tdth It s

“heat exchang,er 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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condensate fully condensed because at |east sone al kyl chl orofornmates
(e.g., nmethyl chloroformate) are nore stable in the vapor phase than the
i quid paee3ondes conditions used for this process. [0020fr/UBaz24166i dence
time and tenperature in the fluid passageway | 10 are preferably
sufficient to renove enough al kyl chloroformate to prevent unacceptabl e

downst r eamsEeNd @ SinPlifield Prodehediaghmuleprenaitatbe & @xaRsisévproadsst Gn ddsise
unnecessary reductions in the productivity and yield of thefgesired

di al kyl chiosessathe mixgdedowsinectly frompiins/gasband seeatriosg to afst hept shows a
simplifie | ' [£50 In this
ot ocess, - PHOAREI0 APLER LARTERF0N PhKE R0, BLEOT B R BEE e ol o 90 1o
a first heetfluiépehagegeay 1100Qre thoem ind’1GR. Acd, dnd éndw alprafairethemi®@limerihr ee
speci fic enbodi nment

f he fl ujd ssageway 11Q are shawn in FIGS. 3, 4,
and 5. | naGiepraPaRt SWecHbarHehEhlordp R aast ROt B9 BreTe ARy
chl orof or ggeid $erh&ERYedn Wi@ﬂpfﬁfe?érl%@' ¥mBdilRAS! the BARYI ShloRITBMEHe 1N a

hi ghly preferred enbodi nent, e alkyl chloroformate concentration is
reduced t coricestsationain rehwad t&06Gs phart sbque 506iparts gar fplbhep (ppmpdy gheight, mor e

preferably | ess _than about 100 p b i ght el nore preferably |less than
about 30 PIHA Bﬂff?ﬁgﬁéﬂ?s,s ﬁgégo%nl%[wh%%? \é\)lt?’a‘?e'&gti’ éﬁtt mefe Pﬁgerﬁl?l%tlﬁsrse%%? ter

al kyl  chhiuefr gpheby anBI¥RY, -baddde ofi | e doRRSsagRNGY tHel Chik@rd et il Y

sel ected such that the total residence tinme between the reactor 50 and the

aci d renoyprofgmatmrersyal. sThedbud pasagevrgur] Ot peeirsally solesiedsuch thittthe n t hi s
range, t h%u{]eréﬁ'i&‘e%@g %Q*Le'()%,?w%%%hg['e%fc%hﬁgé}{d hf‘ehafcﬁld {ehfo%f cAagH" PE é@%ﬁn for e

pref erabl y at "l eas hour's. Wi S range, resi dence
time may prafoar adbpube) bigurs.oWathiruthiBrahge tise repiderecepingd g pteferaytbe aabout 7
hour s. [0041f% I n one enbodipent, illustrated in 3, the flu

FIG 3,
passagewalfastadouichhgr Biete prefssbly Agleat abeut hoyes Alsadwthin iy F?@g?ﬁég%el s 120
may, for : j i ] t 5C for
about 2 hagrEne e FELHBIE G Th S B hdbet SRE PRI A0 SR PR o
vol ume rahows(L/V) less than 5, preferably |ess than about 2. Wiile two
hol ding vessels 120 are illustrated in this figure, there is no particular

limtation on (g RS OhoRiell MHuNERSLlS FICs] the' fifla Hatlae PRSP T RHEVAY
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
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110. It may be preferred to use at |east 2 holding vessels 120, and
configurations conprising 3, 4, 5 6, or nore holding vessels 120 nay al so
be preferwedsoji@8é2] |n anot her enbodi nent, illustrated i ®CFUS02/4415¢ he
fluid passageway 110 conprises 4 holding vessels 120. These hol di ng
vessels 120 may, for exanple, nmaintain the mxture at a tenperature of

about 70CH0fty, afp@utecon GhkS be Fefefted @b @i ngtubvks Settich20301a)Supk af @balaty have a
|l ength to volune ratio (L/V) less than 5, preferably |ess than about 2.
[ 0043] | nsegtien dABthABINEdrlYgdi menpromate gl Bewpfithe mirturesthroygd the fluid

b of or abi Jrsstech a0, AR, §Rc Ry Sl p L ks B LB A2t or evi vy,
thi s sectalenl ¢myrofemaef elnrted dntbodiment} itlimayare wefetied mhat 30 mSuwarde rasideibul ar

section 130 having L/V>5 nmay pronote pl flow of the mixture through the
fluid padsafeRhyfior OATPNetatiynsehaving gh\?i%y for 34 lie%%trfaowhéé( foe W i e f or

r enoval oﬁesﬁgﬁce ﬁ;e-‘g)!ﬂ)en@m a4 ggs%ggevdas} 1101 SoRTNRL B he 1chdt 10BN 08

preferred that t m Xture resi in Oone or nore nartrow sections having
L/ V>5 f or ofathe k@alstsidbwmatinkOfendf in tieefluid passageverni dénce tine spent in the
fluid passageway | 10, nore preferably at |east about 80% of the total

id [ in.the flui [ - al: ' [
Fra 1 after WHE] ket Foen 1 PILERIRRENTnG 1 phd b et LI e 70 7 1O

opt i onal | yixtBRS fabNopiehnllg, pasotfolidat RxeMAMEr eld@nis B0 keastieaspartial ly
vaporize the m xture. This second heat exchanger 150 may have a_residence
time of |paHaliyxgporige theruixdare. Thissseqanddicat anchanges tl &9 mpyyhaxe 8 sespience
acconplis 1 X . i t . lied to
he condonEac e dih Y 3RgheeR TN IRk W) Ry I B SEEHARIER,
renoval cokthom dlbét ekeianga ielpiveahg she prebsatd amglligd [tower cqxdesssd mekturd he

vapori zed m xture may then, optionally, be treated to renove HC ,
pref er abl (F-HybY RResiRg ty Gandenses B &k peld emgva) © ‘Hpﬂun‘ﬁoltgﬁ ’S%ﬁBt alcd d

renoval Cféhdmgtenlmeﬂg%sairé)o_ﬂ%'ﬁpsﬁieavlﬁimx n?d}tﬂh@ﬁ,%@pﬁﬁfﬁ:by%até@t&;1 Cud)

that cou erwi se contribute to downstreamcorrosion.” In the acid
renoval codmove HED prefehablwaponéectied it onoensatderenmyalpeadfimnaioly Ehrecaudht er a

ﬁiogﬂte?r bglreﬁivgvlgﬂcclg]h&%::]gq@%ﬁ? %Lsgg?e]pb%l%ligvég%'g/: élItrla?nve\:lidnc%tallyi/sngcie.g., ldu’&) gh?al? to a
could otherwise contribute to downstream corrosion. In the acid removal column 160,
the vaporized condensate may preferabfy 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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third). The counter-flowing liquid may trap the remaining HCl and ot her
reactants, which nay be renoved fromthe bottom of the acid renoval colum
160 and rwoyslees6to the reactor 50. The dial kyl carbonat @crosvereaseray be
renoved fromthe top of the acid colum 160, and, optionally, passed into
an azeotrope colum 180. As shown in Fig. 6, an optional ion exchange

resi n bedmdR0p@RyatI¢ 1ds8ahdidgbuabi B* hdwLaevedh meryaferabtplldsimhahbdbouor at any
other positign downstreamw th respect to the acid rempval colum 160. It
may be adldit daeldudasesd amibe tRid campeptip AlST FFHRVELNdingbloFig$Fid- bed 190
after water is renoved fromthe product dialkyl carbonate streamin the
purification s } 4 - I syfoes not

i nclude an i oﬁ)%e@gﬁa%8&6%@‘35?%]8%(2%%%%%?g%@grglgﬂtﬂ}f %) g%agre)?gé(skke&n%(gdi ment ,

t he et hodbvasmpin Sfesn rthd azdongpé¢ kelunmohifeand abé purifddatioy dubsshliar #@ aaci d i n
the m xture to | ess than about .lxlo-SES mol /L, 15 V\D%S/016256

PCT/ US02/ B 18@HiTeddP fe 088 iPRRE St EQUIRIRFTA HBSHCaBY O B AZFRITOPE COBMYh nor e

pref erabl yg( gSsrefelly @BQ8ion-teskBint: %gﬁlé&n?lg,ag%me L18s lintd! TROMRASi tion

after renoving hydrochloric acid. [ ] . preferred enbodi nent, the
portions ‘Ghriobiengegdart iomeswdpidescr®e a moisnsh ¢apabphe fof ovithstiadiageotiebe col um

180, and the purification subsection.40 are.  .not, requi.red to be ..

COr r 0Si onqqnéeﬁﬁ)é’lf zflqbppﬁhﬁf prERRe Y ?%éfﬂugfjstq‘léo QQ%LB?I:ﬁgpé leéﬁ%Fﬁ?C“%o i's
pref er abl y,; Gokr @fhoR- sfRlaftiANtorrdstin GXAMRIRivelyt bHBY iR BEARS (d.LNagk The
term "corrosion-resistant” is nmeant to descri'be a material capable of

wi t hst andinngthan ¢@ks limadniessels, pfecBOO nptah(ae., tantawpe haedivassads argbspgeiab0C t o

about 135C iin the reagt,i ure, w ntial, corrosion in a
rel ativel ge%? i séﬁ‘:ﬁt Fsrreaﬁég’ﬁﬁgf&m( B gand &QB‘%’@@?@&&%@ I%leng Y esn?sdel s,
preci ous gRtadlont@siStant matials Uwhilé bikthry 8&sRts wtth sRafodified & afagcsuch as
HASTELLOY(r) and CI—|RO\/ALLOY(§r) woul d be considered _ corrosion-resistant

mat er i al s¢oridneresistinaaryowd aioh|beseonsidseads corsionoigsisiaad ticeteaers
corr oS! ONedif3h St 66 WUt 108 0 BRk WAL AIATEANaRC R n a1
colum € nmade a

azeotrope can east in par rom corrosi on-resistant
met al s. | preferredreaft@direcht ctib dditomrif thd feobropd cotuimh 180 enszisomadpfomad urm 180

may be made froma corrosion-resistant steel, whereas the ,to;s) of .the
col um Caq;pr{%lqglrraislﬁtép&stgql,a\y]?ﬂr%a§§he=sttogé>| the column can be ordinary stainless steel.
[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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[0047] In one enbodi nent of the apparatus, illustrated in FIGS. | and 3-6,
al kyl chloroformate is renoved in a fluid passageway 110. [0048] In anot her
enbodi menwoai3/otiéese apparatus, illustrated in FIG 7, the mCItuso24180 pr esent
in the gas-liquid separation vessels 90 and 100 for sufficient residence
time and at sufficient tenperature to renove al kyl chloroformate. In other

wor ds, thechhidiiéh f@a&i@ﬂ@\aﬁ\@wkmem@mmmayhﬁ @afloyddaipstiear pdniat g3n vessel s
90 and 100. For exanp the mi xture may remain in the condense phase in

t he gas- |hqwﬁdemgﬁﬁ%w%wv%h<b@§%%ls to be substantially deconmposed by
reactions with water and nethanol. In this enbodi ment, the first heat

exchanger 140 andof fie Jiohel BBpYEARR! Sf tﬂéqpmtupema@@@ce@%aﬁm d,9049] 1

anot her enbodi e apparatus, 1llustrated in 8, the al kyl
chl or of or hpdrechiagic aeidr emva rémowedf froindtheassstgenwbgfofel Gerodrvang pheatkgbs t he

gas-liquid  separati vess nd In.this enbodi nent of the
above- rrenf]i’IBF?gg‘mai% %ﬁ%?’@ %“P% ﬂégz‘?}‘i%ﬂ?gﬁmafee@%gﬁu%o‘fegrm E?mvi ng
al kyl chl Qa;sbfromﬁérethawhmqﬁm) beased PosEX Ofefdrifg 93SFId. iguhd RgPar ati on
vessel s 90 and 100. OOSO%ﬂIn anot her enbodi ment of "the appar at us,

i |1 ustrat esssagewalyG 10 mayhtollowy theoazeotppe caleimh AdY; e axe dt fmaynbe he

bef hi | h
21 Kyl oni OrareH Rt B agbsie S oo R e 2T B bR Rh  BRF o o

phase. Fohef%ReMinger 1480f £idrthegoldthgHlessel D120 iTl]%stfrdtbtl th Fiassagevaymitetdd may
foll ow t he azeotrwge colum 180; for exanple, it may be inserted into the
azeot r ope It dliuembedipent, & Huidipagsagary |19 Ay §reef‘?f’ﬁbldl GoBIPriSC AREPRATAEE  heat

exchanger I K be

o tod. TR LABuRE BLAKEERFhTe T o UIRE BhAS G bRexdh BBy 1)

conpri se assirBppiEsoaition bezla; vaglok @hﬁsermembmnesag:tca) lapt thé latkyb tblonefbendte om t he
vapor phase (e. i on change resins, absorption beds, vapor phase
nenbranesrm?QQ9 ec@ﬁ&“? al kyl chloroformate need not be condensed. [ 0051
] A preferred enbodinent is a nethod of preparing a dialkyl carbonate,

?gm iasi Ng: 1 epRssiNg gefedlel 2ntodinfeny 4R meBRIARAhrefaRR) iadfalk Nchrisoragd al yst to
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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m xture conprising a dial kyl carbonate, an al kyl chl orof ormate,

hydrochl oric acid, water, carbon dioxide, and carbon nonoxi de; and passing
sai d m xtwoenstomé2seigh a fluid passageway | 10 at a tenper @avesoob4iabout 50C
to about 80C and for a residence tine of about 1 hour to about 10 hours.

[ 0052] Another preferred enbodi nent is an apparatus for preparing a dialkyl

carbonate, compoossi) Myalkye@isonbRs preparddi aagordmgab ken@ktho@Xyg@Rful ¢ thon
nonoxi de, and a catalyst to forma mxture conprising a_ dialkyl car bonat e,
an al kyl @rrarasippohdiaey! carhpantes hkorgxamals, diarylgedenatenmgy e gerskitad by and

carbon no 1 K Ne aid

m xt ure. P%é]g%(]q'%not herﬁg Ca*@rn?tgc}ggpn%o i rrgyr]dt%%ldgggegggfﬁgﬁg?t&go‘%g FT‘Bgeparl ng
a di al kyl diacgr berbahse mrayrpml sﬂlmgbe arelaetadtw'rthfmrdlhgdxm iphgnaln tal floanok
oxygen, carpon nonoxid a cata 3{:5 to a produce a mxture conprising

a di al kyl PelyFH8ARte <S€'§nSCAreRV| 11, elrﬂvs} of OF ﬁéﬁf@plehgar%ﬂrw‘?%waecpr&parﬁgt er, and

carbon di gXisi§ing 30 thedmbihbi thaRARSRAGURWith! h@ﬁ’m&&’é tor RrRVdi 21 é‘aYl';onate
chl or of or nat e. %7 WO 03/ 016256 PCT/ US02/ 24150 0054] car bonat es

prepar ed adadriditmy rhay bdwsacted hvartl b?asrpbert@e’ﬂsvlforrmappbeaqbpeqier ation of diaryl
carbonates. For exanple, diaryl carbonates rray be generated by the

reaction of a carb nate X see S ,
above). The df@fﬁﬁwgﬁ (‘)/?1]};1 r‘?a r% tﬂrl%% b& {(’:hte lé)q trlx,g a°di mldrgc phenol
to form aexfipplgcar bonate (see Scherre 11, above). For exanple, dinethyl

car bonat e pr epared according to the nethod may be reacted w th phenoxide
to formdiphenyl carbonate, which in turn may be reacted with bisphenol A
to formaEB%"r % Fdonat e. [ 0055] The invention is further illustrated by the
following non-limting exanples. EXAMPLE 1 [0056] A plant according to

sinmplified Fl Grogeas phitk |adecibithoOReS; éﬁ%@ieH OFIGprP%‘éeoLﬁlt Rnyiersi8d honat e.

Corrosi on damage was observed I n and wnstream of the azeotropic colum
180. Aft epraiucedenatkylecepmmitee fatdsom, damageaes dbsaved meahd: dratnstredme ochr rosi on

damage wag, CaUS SR %olihin Y80, CRAS! QliONTRS &pRASRM A0S M QUINtNEindS the

the corrosion damage was caused by 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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separation colum. Specifically, nmethyl chloroformate was found to be
present in the azeotrope colum 180 at a concentration of 300 parts per
mllion (womg/obseseei ght. EXAMPLES 2-5 [0057] The deconpo®driwmezikimeti cs of
met hyl chl orof ormate were studied under four different conditions. A
procedure for determning nmethyl chloroformate in a sanple was as foll ows.

For ExanpbeNaV’-di&oButyl tﬂetﬁy@l’c&béﬂhﬁe wis tefraadlyzedods bigaasde withlOstandaed
di met hyl car bonate cont ai ni ng 50 of a_bi phenyl |nternal standard 63 niL

of net hangiver aﬁﬁlt%sqwmfto\ﬂa@@rfym%fn%ta)éleﬁlomf chlergdy presept. okl aoRHNbPEd with a
t her nonet r T sed
instead o eﬂiyﬁ Cﬁf?)p gﬁ%%/%g{agtrh%n R%u%’f%%.rd) &E}g‘h%’es téea%%]gﬁgﬁts)ég@ynlgggrsu

sol ution was phlaﬁéd i Theaiffeehcebmt bhlarde tchacehenper at wyealofo theemstiyut i on was
hel d constant at 50C. At tinme zero, 81.7 mcroliters of &@e msth%/1
si s).

chl or of or FHPETRMEIAE £INEURHOR hRecariey£hdh SA¥NVBEH! pHfmMeshy! a chlarafermal

Sanpl es Wb& éé’stolﬂgré?;Wﬁra?etnt T ibd ScHidritR b}SHneHé’ﬁ\ia%th'ftg) V‘@(l%mz@l‘&@lpc hed by
reacting t nmet hyl | oroformate in the sanple wth diisobutyl amne to
convert t bigometdgydphg ht¢aor béomsndt’@rt@rdm Nnakysis sofb they IN,Wedhigdbutydr inathat e.  The
anount 18 WD 03/016256 PCT( SO 4150 of N, N -diisobutyl methyl carbamate

was t hen 8‘?{B‘I‘r9§t8851€75§nf'?t??’3§ ‘th a standard silver nitrate solution to
gquantify the anount of ionic chloride present. The anount of et hyl

chl orof ormat e pSBPTARIEN Hebow BREH tigdotryrat aleyampdsitidieraty t@istals &aapl e for
ionic chloride. The difference in chloride concentration is equal to the
met hyl  chAP6r Efrorapabe cershieist r Bxarople Jeediesaorsdicly by rasadessribesd abtehy|

chl or of or I

Gor i vat i 2 5erDple WRFEALER QRoaAMhy AtEarl, LOLALCBleRt 1 WP Aentc oy
anal ysi s edactidremisti¥e: dnlmbipﬂcyh tl’feteffyctt ofcaasmlmihmheumsxf mgdmm bindrbomed

st andar d. [0058] Tabl e | E:el ow shqw th serv d decorrpog r er
const ant s Vek)iesigd.  BpExamgle yathedgio of ‘inF éflnga B3RP dnashang r‘@éd’&?ﬁu s to the
case descpihedl aRRYR ambURAMY Watd: WaS iRAASE RyaY 9%ht|oofd%} ﬂeC}es;mtaré S

general ly preseént in the authentic reaction mxture. In Exanple 4, the

ef f ect of semwmeatdd tkehownt Tafle 5odi um bi carbonate was tested. In Exarrpl e 5,
the ratio of dinethyl carbonate to nmethanol was held
Table |
DMC MeOH H,0 (Wt%) | Temp (°C) | k (min™)
(Wt%) (Wt%)
Ex. 2 45 50 S 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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constant, but the anmpbunt of water was increased from5%to 10% The results
are summarized belowin Table |I. Table I DMC MeOH H20 (wt% Tenmp (O k
(mn-") Yyoto3o14286 %9 Ex.2 45 50 5 50 0.043 Ex. 3* 45 50 PC3U02/430 Ex. 4**
45 50 5 50 0.480 Ex.5*** 43 47 10 50 0.055 *ldentical to Ex. 2, except
that it also had 1000 ppmof HCl, which is simlar to the effluent fromthe

reactor S@f Exdmipleentahgal shows kfat een exapftanidiat of bisetificre@ded NadH@:tisrel ati ve
to the 1000 ppm MCF were added. ***ldentical to Ex. 2, except that the %

wat er wasraihey axsedhasytendold pos atpracticat metier howey de dHMak Se eistirablh hged,
just redu \%% Q¥ g’ulgasw[c%g)ﬁ%]onﬂ)&{aﬁseotﬁe); Qg g%arém&f dedBh pxém&ma% of or mat e

concentra ion° ver ime were lInear ng a pseudo-frrst-order
ki netic notil#methfhtablrelxavi or was observed even in the presence of
hydrochl oric acid, and therefore this nmethod can be wused to determ ne the

of " Bxanpi B3R O B ALABEVE BB 07 var et ong Tn the rate

coefficient, k, are observed when anal yzi ng sanpl es havi ng water contents

varying by a qOQGOPThc@,f: ek PQim&RIBRV 820 t1ef 1Y PINagSwRy AN isSefRaws to
surprisingly, that added HCl did not affect the observed rate of nethyl

chl or of or redtiee theceenseriratioonof @sHphrchinseformate\ihnioga 1ges60 Hom bHoR/m4150  of
Exanpl es go sgre%m ng\&s Rfatth Vf% %a wiR A!gfe%ﬁ%gqg IQITG blast%/o' %Iﬁﬁiv\eré he

reacti on nor e 't ractical 'nmatter ver, it

may be destbtalabch ‘bytéﬂmpﬁhgltﬂe @tcrcegsgﬂmdbeasdlﬁfemﬁﬂﬁbmsomsa ld&ﬁéth§l€cetrh@)ateal SO may
i ncrease the deconposition rate of dinme car bonat e.
COVPARATI RIEntehaxss aconfieyesion wikea é"r%t)bﬁétr‘f ?ﬂ&sr dAdand e h?‘ﬁ‘élgf‘reﬁ?eéls

passagevayy Q. |58l SRkioS ok Sspdh B HEE 90MGRMAALANe SEoRBAAMc

chl orof ormat e t'hat ¢ react
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 11. 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
to decompose alkyl chloroformate to chloride ion before the acid removal column

160, thereby preventing downstream corrosion.
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downstream sections of the plant. Wth reference to FIG 1, two sanples
were obtained by sanpling the process fluid at different points in a

di ret hyl wanmbomase plant having a configuration with a fPCStUShEZMLS0
exchanger 140 and two hol ding vessels 120 (i.e., a configuration
corresponding to FIG 3). The first sanple (Conparative Exanple 1) was
taken i myadbrtiel y before the first heat exchanger 140. The second sanpl e
(Exanpl e [6) vas figkeR af ter fhe secondcRehidé Cend@®aton pth)(1. €., affler the
fluid perssa‘g‘eway—é%f—ﬁdul SAME WA, TEKET 10 (e Taly, rﬁ‘ﬁ'fb(' §S chigri de
cont ent Wwas—determred—as—arfunetton ,7.14 tre—et apsSea—r § aallpl i - The
results eme_pa:@senged—u-n——lar' ol e | —TFhe Ex—6—data—show-essent+a

const ant [Levels ofZ2chloride on_ i nd|4"0* ing that labhile 312
chl ori de{gener atinéi species buch as mthyl chl orlof or mat e BPe not present

in the sanple. In 8ontrast, fhe data 37 Conp. Bx. | show6dn increage with
chloride| level ovigr tine, cpnsistent3mth presegnce of negshyl chl orof or mate
in the igitiar sampale and T[S OECONpgHl (10N OVer Ti e T gggor m addi {i onal
chl ori de 5 om—Fhus, the data ——cottectTvety strow that—Tnthe—absence of t he
fluid passageway 110, substantial chloride formation may take place in
downstream (post-acid renoval colum 160) sections of the plant, causing
corrosi on EXAMPLRE, QOMBARA TIVE ERAMRIIEI2 passageway | 10 is effective to
deconpose al kyl chloroformate to chl ori de i on before the acid renoval

| 160, t d WD 03/.016256
(I::’CC)JT;J urmsoz/ 24150%‘5@3%8??%\/“%36”@0?r%xg\{!\@nﬁ ’Iad ”Cl‘fgorwﬁ(?&%%‘%%gﬁﬁeéﬁaft‘ﬁﬁ?ﬁfd’é% 6 Conp.
Ex. | 0 3itAndRA F1&. 40 ad beratbd3ftordy toBthd ©dndf®ns 4Osc3ibed 3» TabROI1B81 368
EXAMPLE 7, ARATI VE EXAVPLE 2

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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[ 0061] For Conparative Exanple 2, a dinethyl carbonate plant according to
sinplified FIG 2 was operated according to the conditions described in
Table Il Iwodmierds This plant was simlar to that shown i romrse2edasai | 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 azeot agpe seabardriedBtion NEX12 phidive Apd altd poias signdfidd Bd“@’0aidbelde t he
first heat exchanger 140 and two hol ding vessels 120 were added to

i ncrease r¥&HiE ﬁ@gpllaﬁerr@ EPrrespond-fogneas Ut RM Beimiure gy i exitpthepudent s

measur ene re m t he
bott om of B%%% aae/otﬁrdgggésgo‘fm hes }%g%)%c%%rrgaggﬁ%g% t hﬁ4§§{§ﬂ{\g5&$§;}<§?&ﬁgﬁg

conf i gur atlevaatsqn ofeédicpnow e Thesendata deslyddaw thht a)rambesatwsaceometgeo FlGed by
titration, USfj gasrlver nitrate solutron.as des ?ql% Tedata
for the Fisgfestiygig fjlifﬁ‘?aé‘LcPl&hmrﬁjéNi"et]%?ncoé’\?"errt%‘Qn fm§ Tl V’SPer Behgi th a
st andard ?ﬁ)\éb@tsrngg}nof 370 ppmchloride, whereas the data for the FIG 3
configuration have an average of 35 ppmchloride and a standard deviation
of 25 ppmchloride. The data thus show a dramatic reduction in chloride

| evel s fodablRdllFIG 3 configuration vs, the FIG 2 configuration. It is
predi cted this redoclticon woul d be|l evenExgr7dBliGeR f or |t Kentodkki DWkGt3 dns
according to FIGS. 4 and 6, in whjch fConfigumiodl ng Vessé€bsfighp@ioar e Used to
provi de dMaesRaiier}\ct@QH/Da/EOof four hpwv/6.06t1 70C. FI G| 0T10.¢vesent s
measur enmgsg fy—eht-oroforrape—cpncentratton—renteriag—and—exHt i ng
the fluid Cﬁté%ta%f’é'vﬁﬁ 110 of the FI dﬁx%duconcentrati on PR ot her wor ds, the
poi nts sif gBictibeUerMeratre (Wyd | abel edi33MCF feed to Phage3 0" in FIG 1 |l
correspond-to neasurenents on the mxture as it waslentering the flyid
passage reacml’rersraeébarpb. nts have| #h average val ue [8F 930 parts per
mllion DY 0T RIATIE AL, 03[ EpL6256 PCT/US02/ 74150 and a star|dard
deviatio of 412 pprrw And the por hts signified by 1" and | abel ed |[|'MCF
from Phaé°C0 correspond to measurements on the mxfure as it exits |the
fluid Ps; Ot Sograve an—average Tygt ue—of—45—ppmy and a
st andard er a antw mr?%e%a?/n%rlzﬁrhegsde data clearly s\r?ow t hat an appdratus
according® FIG 3 is effectr ve fo dramatically reduce the concentjration

Of rreth | hh| nvnf or rmj'r\ FHOEESS n+rnr\nn
y Residence Time t between ﬂash vessel“ A 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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Table 11l Conditions Ex. 7 (FIG 2 Control Ex. 2 (FIG 3 Configuration)
Configuration) Mass Ratio MeOH 02/CO 0.7/0.06/1 0.7/0.06/1 Catal yst

Cont ent Fwwed/oki2ied Reaction Tenperature (C) 133 133 Rea&ctiusn2/Rriessure
(barg) 23 23 Tenp. of Pre-Residence Tine Heater 60 -- (C) Tenp. of Acid
Col um Feed Vaporizer 90 90 (C) Residence Tine between flash vessel 2 0.03
and aci d eeliwiied 16Xkd pshibgabehbodiment djclostalak ehd b’esCanfdlegumhipmecafber age
chloride concentration standard deviation_ (ppm (corrparl son)

671370 Frarying epht@esnpv%ma@zshqto%@yewlwlltln@w%%ﬁmb@wnﬁw falbiag
descri bed mhwthgg&ﬁ; %ﬁ%&?’ g% rc%ﬁlrred embodinent, it will be understood
t

by those SKi at various changes may be made and

equi val ents nay be substituted for elenments thereof w thout departing from
t he scope of t @DG3hWeémre omot Ispecﬁiﬂdilllyi @nﬁnethﬁwrm,ditédlmmal owsnsray kismade to
adapt a part| ular situation or rial to th eachi,ngs of. .t he |nvent|on
wi t hout ﬂ'@”?%’d?‘ﬁ‘@?%ﬁ?péfw% igg &0 Fﬁ%’]‘élﬂg ﬁa’fﬁém@‘feﬂ}’%‘ﬁ Digtiqnary. nt ended

t hat the |5rh\égnmc@,}awqq,n B WO 03/ 016256 PCT/ US02/ 24150 be limited to the

particul ar enbodi ment di sclosed as the best node contenplated for carrying

out this invention, but that the invention will include all enbodinents
falling [0064] All cited patents and other references are incorporated herein by

reference in their entirety.
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wi thin the scope of the appended clains. [0063] Were not specifically
defined herein, technical terns in this specification may be interpreted
accordi ngvoe3m@s and Hach's Chemical Dictionary, 5'h e@&Cr/usbiz4ase Hil |l ,
Inc. [0064] All cited patents and other references are incorporated herein
by reference in their entirety. 23 WD 03/016256 PCT/ US02/24150 CLAIM 1.
A nmet hod of pregagkivg di net hyl carbonate, conprising: reacting nethanol,
oxygen, carbon nonoxide, and a catalyst to forma m xture conprising

di mret hyl carbonate, methyl chloroformate, hydrochloric acid, water, carbon
di oxi de, and cdrbon ABE8ieded prepating dwmpediaxlicagpore LOMPISIEE to conditions
conprising a water concentration ([H20]), a nethanol concentration
([MeOH]), ate - : ' a.t

baramet b1 x cal el o iffibh ox7Re, PubFFLRA0ERe bl colfin (FRAD 308148

109) e( _" 3&bmpTiping Hmethy4catdonatel Ohehgl <iBr&bmhatp Ma@tothiori dvak watesl ue | ess
than about 0.9, wherein said water, concentration and said net hanol

concent rat%fﬂ‘?“é‘ﬂ‘@“&ﬁ?‘é%@ ﬂ“l”r‘?“%p%‘sanaer mlliliter, said tenperature is
expressed in degrees Kelvin, and said residence tinme is expressed in
mnutes. 2. Theupetdd stld HiRlfe o WMEIRND SMshsRAr aMaeh Jomasraional ue

| ess than about 0.2.7 3. The method of Claim 1, wherein said paraneter X
has a val {B7i@3%s mpthanolaioneentratian ([MeOfHe, avsmpotrtwt (B, andra Tesidgne? BM§ sai d
paraneter X has.a.value |le th bout. 0, The nmethod of Claiml,
wherein sa(f)dsuﬁgrt]%lar%ﬁtnga"ft?{zicaécu@%F%gcclggcégg fohtgér”leggﬁsosﬂﬁl 0.01. 6. The nethod
of Caim1l, wherein said water concentration is about 0.1 to about 50

nol es per |itery =exp{—[(2.09%x10°)e" ™" D[H,0]+(4.14x10'")e" "' D[ MeOH 1)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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7. The nethod of Claim1l, wherein said nmethanol concentration is about 1
to about 25 noles per liter. 24 WO 03/016256 PCT/ US02/ 24150 8. The net hod
of Clai mwpo oshes266 N sai d tenperature is about 30C to abowCTAR0E24190 The
met hod of Claim1l, wherein said residence tine is about 0.5 hour to about
10 hours. 10. The nethod of Caim1, further conprising renoving

hydrochloric gcid fhem&RsH oMOMil €; whéreinT8d MBhPQ&uRS isChsputmdee wwherein
sai d renovi ng hydrochloric acid conprises reducing the concentration of
sai d hydr aehltdBd¥C.acid to | ess than about 1x103 noles per liter. 12. A

met hod of preparing di nethyl carbonate, conprising: reacting nmethanol,
oxygen, carbon_nonoxj de, and catalyst to forma m xture  copptising

di net hyl car bofat e, hﬁf’m]?c’%c | OpBR 2&'&?@‘,“ WﬂngeStf’ﬁP‘E?rti"Peésc?tH’}“ T " car bon
di oxi de, ahghsuli®asusonoxi de; subjecting said mxture to conditions
conprising an initial concentration of methyl chloroformate ([ MCF],-0), a
wat er concentration ([H20]), a nethanol concentration ([MeOH ), a
tenperature (T)J0. and'he metiocderfcelaimple forther enmantisingarcraevipe hxdrecklprig

cal cul ated .accordi.ng.t.o the expression Z = [ MCF]i _0

exp{-[(2.6§}§§£ es%‘%g‘é’&?ﬁ H, O +(4. 14x 1010)e(-7673/ T)[MeOH ]t} has a val ue
| ess than about 5x106, wherein said initial concentration of nethyl

chl or of or mat e, 1$ai d Thatmé¢thed e atihiiat D owheritd sddi rdmoeinpanalrochbmmentid at i on

are expressed in noles per mlliliter, said tenperature is expressed in
degrees KEPWPHSeSFRAICIAGhE FTERENI0R ¢ i i%gg@fb#onggsaéﬁ i85 thAneaboui3. The

met hod of | @ fofkdneiM¥grein said initial concentration of methyl
chloroformate 1's about 5x] 0-6 to about 5x 104 noles per liter. 14. The
met hod of Claim 12, further conprising renoving hydrochloric acid from
said mxture. 12. 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;

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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25 WD 03/ 016256 PCT/ US02/24150 15. A nethod of preparing a dial kyl
carbonate, conprising: reacting nethanol, oxygen, carbon nonoxi de, and a
cat al yst wo oBotézs@ m xture conprising di nethyl carbonat e pcmatsayk4150

chl orof ormate, hydrochloric acid, water, carbon dioxide, and carbon
nonoxi de; and maintaining said mxture at a tenperature of about 50C to

about 80C for jgboufs thethOdbf prepahput didRyh@ibsnatel Bompiigngret hod of d ai m 15,
further conprising renoving hydrochloric acid fromsaid mxture. 17. A

met hod of preparing dinethyl carbonate, conprising: reacting nethanol,
oxygen, car bonragsikingdangnexygeegagopshonexide apd a caplysitodorme @ mpxius ng

di nmet hyl | ey Y. r i i d,.: , carbon
i oxi do, PO QBN K MEETbTorall? hkbhIAR deidtBhitn | one
conpri si ngarbon divkidepandtiameinhybnosédebamit e concentration ([DMC],-0), an
initial water concentration ([H20],=0), an initial nethanol concentration

([MeQH],-0), an initial hydrochloric acid concentragion H 0), a
tenperature (7MANHANG SRESMPEHEAE HREReratureqfcaboph af %t‘béﬁ(’éﬁgﬁolé{:_f 2

| cul at j i X = -[(2.09 109 '-638I1 T
fﬁ, ((:)]urioe%%zq%&gy&%&%ggfe%%%?l‘?’)ss'[(I\)/EG-I] 1_8Xft§ Lgs a v)a(tl ue I)egs t han

about 0.9, and a paraneter Y calculated according to the expression 1l -
[ H20] 1=0 Y [ DMg] , =0'he methddDMCTClaid EX pfu(tBer6compirGir® teaxpiing BBd6cklony ) [ HC
]t=0 [DI\/C%i.gQ &L%]’ -1t = (10 26 WO 03/016256 PCT/US02/ 24150 has a
val ue of AP9TORLYdMEC) 9 wherein said initial dinethyl carbonate
concentrati on,

17. 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 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

[1 - [Hﬁ%}[exp((m x10'* Jexp(- 6636/ T)[HCI], ,[DMC],., [LH_Q_];) _ IJ,M

[DMC], [DMC],_,

Y=

26



said initial water concentration, said initial nethanol concentration, and
said initial hydrochloric acid concentration are expressed in noles per
mllilitewo aieséenperature is expressed in degrees Kel \wor/usagds4isai d
residence tinme is expressed in mnutes. 18. The nmethod of Claim 17, wherein
said paraneter Y has a value of at |east about 0.95. 19. The nethod of

G ai m 17, hyhevShdofsRichsPdoai®h Whefeinagidaniial dignc@ifyl @irbohfe@sdnceR@ation). 99. 20.
The nethod of Claim 17, wherein said initial dinmethyl carbonate

concent r atdi¢nnitial whiguconcestrationaisaidt initd! msthagopepndeptraion, and sqiganiidt hod of

Claim17, 1n sakd initlal I i C ' I s, about
1103 o WEGHAYE &3 SoldBhdtn P ELRERLEYh Aot pbr mBRRGRILIRBRabS: 2P0,
conpri si ng dxprassedng depdesaCIv o, htd sadd fediden@mimaistxpiessadrie midi@es. A net hod of
preparing di nethyl carbonate, conprising: reacting nethanol, oxygen, carbon
nonoxi de, and catalyst to forma mxture ¢ risin i met hyl car bonat e,
met hyl chl or of §$-nat Lhe ggthodcofi e lgc?vﬁi?reWafaé‘?ggraE‘ﬂ%g}ﬁﬂ%ﬁ 'i'))‘(?] ‘é,‘ﬁéhd car bon
monoxi de; ja8d L5 @cting said mxture to conditions conprising a water
concentration ([H20]), a nethanol concentration ([MeOH]), a tenperature
(T), and a residence tine (&2, such that a paraneter X cal cul ated
according to th® exphessitmd of Glafm]l[7, wherein said parameter Y has a value of at

+[ (2.09x]09).e.-6 r)[H 0] +(4. 14x1 010)e( -7673/ T)[MeOH ]t j has a val ue
| ess than%ﬁ%)t(?gf’mgf#‘l wherein sai d water concentration and said nethanol
concentration are expressed in noles per mlliliter, said tenperature is

expressed in gdegr ethe Kedthod ofaidims ai 1] wigseid esui@® ihitiak dirsetRylprabsek i n

m nutes. 27 o .
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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