METHOD FOR PREPARI NG A DI ALKYL CARBONATE, AND I TS USE IN THE PREPARATI ON
OF DI ARYL CARBONATES AND POLYCARBONATES BACKGROUND Pol ycar bonate resins are
useful nmawermsal@syal ued for their physical and optical proparso2/es3t Met hods
for the preparation of polycarbonate resins include interfacial processes
and nelt processes. In interfacial processes, as described, for exanple, in
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presence of solvents. In melt processes, as described, for example, in U.S. Patent No.

3,153,008 to Fox, a bisphenol is reacted with a diaryl carbonate. Melt processes are

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

Use of a melt process for polycarbonate synthesis requires an industrially efficient
process for producing diaryl carbonates. There are several known processes for
producing diaryl carbonates. One example of such a process is described by U.S.
Patent No. 4,182,726 to Illuminati et al. In this process, diaryl carbonates are

produced by reacting dialkyl carbonates with aryl hydroxides (see Scheme I, below).
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U.S. Patent No. 4,182,726 also demonstrates that diaryl carbonates can be reacted

together with dihydric phenols to produce polycarbonates (see Scheme II, below).
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A preferred process for making dialkyl carbonates is illustrated in Scheme III, below,
and described, for example, in U.S. Patent Nos. 5,527,943 to Rivetti et al.; and
4,218,391 and 4,318,862 to Romano et al.



) A preferred process for making dial kyl carbonates is illustrated
Schene 11, below, and described, for exanple, in U S. Patent Nos.
5,527, 943wom3miezeg ti et al.; and 4,218,391 and 4, 318, 862 PCa/URore4161 et al .
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A typical plant for performing preparing dialkyl carbonates according to Scheme III
may contain three sections: a reaction section for converting raw materials to dialkyl
carbonate, a separation section for isolating the dialkyl carbonate from unreacted
monomers and by-products, and a purification section for removing water and further
isolating the dialkyl carbonate. The ‘943 Patent teaches that one can minimize the
amount of corrosion-resistant equipment required by removing the HCl from the
process stream immediately after the reaction section. This eliminates the necessity of
using expensive corrosion-resistant materials in the separation and purification
sections of the plant. The ‘943 Patent further suggests that removal of HCI and
possible copper halide salts from the stream immediately after the reaction section can
be accomplished by exposing the gas-liquid mixture produced by the reaction to a
liquid stream consisting of one of the process fluids. The ‘943 Patent also states that
the operating conditions employed are preferably adjusted such that the gaseous
mixture from the reactor does not condense, or condenses only to a negligible extent,
before the acid removal section in order to avoid the necessity of having to reheat the

mixture before removing the HCI (col. 3, lines 17-30).
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After considerable effort, the present inventors have discovered that dialkyl carbonate
synthesis can form alkyl chloroformate by-products that lead to problematic corrosion.
For example, in the reaction of methanol, carbon monoxide, and oxygen to form
dimethyl carbonate (hereinafter “DMC”), methyl chloroformate (hereinafter “MCF”)
may be formed as a by-product. The MCF may pass through the HCI removal column
into the separator and purification sections, where it reacts slowly with methanol
and/or water to form corrosive HCl. Therefore, it was determined that steps were

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

Other embodiments, including an apparatus for preparing dialkyl carbonates, are

described below.
BRIEF DESCRIPTION OF THE DRAWINGS

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



into the separator and purification sections, where it reacts slowy with
met hanol and/or water to formcorrosive HCl. Therefore, it was determ ned
t hat st ep@owsne2sseeded to renmove MCF prior to the separatPcorusangiisi
purification sections. Qher enbodi nents, including an apparatus for
preparing dial kyl carbonates, are described bel ow. BRI EF DESCRI PTI ON OF
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enbodi ment, of .t he apparatus in which the fluid passageway 110 precedes the
first gasis fifﬂiiﬂa%é&éh‘aé(t P coppripgsg tubulpgsegtign 420 fi ed di agr ammati ¢ vi ew of
an enbodi nent of the apparatus in which the fluid passageway 110 foll ows
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the fluid passageway 110 comprises a first gas-liquid separator 90 and a second gas-

liquid separator 100.

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

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

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

the fluid passageway 110 follows the azeotrope column 180.

FIG. 10 is a plot of chloride concentrations at the bottom of an azeotrope column 180

as a function of apparatus type (FIG. 2 and FIG. 3) and time.

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

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

One embodiment is a method, comprising: reacting an alkanol, oxygen, carbon
monoxide, and a catalyst to form a mixture cdmprising a dialkyl carbonate, an alkyl
chloroformate, hydrochloric acid, water, carbon dioxide, and carbon monoxide; and
removing alkyl chloroformate from said mixture.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS One enbodinent is a
nmet hod, conprising: reacting an al kanol, oxygen, carbon nonoxide, and a
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chl orof ormat e, hydrochloric acid, water, carbon dioxide, and carbon
nmonoxi de; and renoving al kyl chloroformate fromsaid m xture. 4 WO
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cat al yst ifi98) defexeRpe AdbRiotrePng i ron, copper, nickel, cobalt, zinc,

rut henium rhodium palladium silver, cadm um rhenium osmum iridium
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one of the foregolng metpa S. refp rreg ca%al ysts nmay conprise copper. A

hi ghl y pr eteentegrefaraitlzlay Bhstcbopt 95 esighoppeentamdreceferabdy at lsastiahowt 990l ar
rati o of abo 0.5 1o agbout 1.5, ythin this range, a nolar ratio of at

| east aboﬁ‘fel%llt.;[ P lfé‘ﬁ’;ﬁ’r“e’?’@?’%ﬁe.' g’uétgblﬁ/icta o4 mpﬂg’ga?‘ﬁ?fﬁ%lfll% #5FRFA S ati o of
up to abodbmercidBYavadatle &logl Hexatdpt) A PlcRh&Er ed catalysts include
cuprous chloride (CuCl) and cupric chloride (CuCl2), with cuprous chloride

bei ng nore hilghly preferred. During operation of the process, a suitable
chl ori de PYHaRi®nedalytatichiflemilosse compting nsen.bygopnee adediel.i épbad zinc,

hydrochl O?&tﬁerﬁﬁling rhghﬁqﬂ,' palladium, silver, cadmium, rhenium, osmium, iridium,
platinum, gold, mercury, and the like, and combinations comprising at least one of the
foregoing metals. Preferred catalysts may comprise copper. A highly preferred
catalyst comprises copper and chloride ion in a molar ratio of about 0.5 to about 1.5.
Within this range, a molar ratio of at least about 0.8 may be preferred. Also within
this range, a molar ratio of up to about 1.2 may be preferred. Highly preferred
catalysts include cuprous chloride (CuCl) and cupric chloride (CuCly), with cuprous
chloride being more highly preferred. During operation of the process, a suitable
chloride ion concentration may be maintained by the addition of hydrochloric acid

(HC).

FIG. 1 illustrates a dialkyl carbonate plant 10 having linked reaction section 20,
separation section 30, and purification section 40. With reference to FIG. 1, the
catalyzed reaction of alkanol, oxygen, and carbon monoxide may be performed in a
single reactor 50, or in two or more reactors 50. The conditions for performing this
step should be selected to maximize the yield of dialkyl carbonate while minimizing
the degradation of dialkyl carbonate. Preferably, the reaction is performed in a single
reactor 50, at a temperature of about 50°C to about 250°C. Within this range, the
5



FIG 1 illustrates a dialkyl carbonate plant 10 having |inked reaction
section 20, separation section 30, and purification section 40. Wth
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hi ghly pr %bé)lriltr]gg) ﬁa%%“%lélé% (a{g@ﬁ[clintratl on is about 140 to about 180 grans

per liter of reaction mxture. During operation, the catal yst may
i nitiallyThe aaddedoff cacitysa usat @layist td tielkedantSuflf ﬁap'eﬁdilbnlt-]@ identity pif éfeer abl y

added to reactor_50 fro ahyd ochloric acjd urln e course of
the react PHAYPo FRIi FeEPIF Itg? cataly St OFPTeEs PEEI dPr‘i @eé] fealyst

concent ra(:bz‘iHénf?IitldﬂqS abb8t PJ(?foeé%Qu't YS@%Ms“Wqﬁéﬂoidr%B&fdﬁ' AsGaNDGaptrol led
by the addition of HCl. A typical nmaSs ratio for feed to total liquid

feed is abpermtiey thotatalyst migoumitiaky beoadfled Trom a@af@tylsbﬁanbﬁad Gofecient Gt ur e
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the reaction to maintain a molar ratio of Cu:Cl close to 1.0. The concentration of HCI
is preferably continuously determined and controlled by the addition of HCl. A
typical mass ratio for HCI feed to total liquid feed is about 6x10 to about 8x10™.

The reaction produces a mixture comprising a dialkyl carbonate, an alkyl
chloroformate, hydrochloric acid, water, carbon dioxide, and carbon monoxide. The
mixture may further comprise residual methanol and oxygen, as well as side-products
such as alkyl chlorides and dialkyl ethers. The mixture is typically withdrawn from
the reactor 50 in a gas/vapor form. The term “vapor” is meant to refer to gaseous
organic components of the mixture such as, for example, evaporated dialkyl
carbonates, alcohols, alky!l chloroformates, etc., and to water vapor. That is, the term
“vapor” refers to fluids having a boiling point of at least -50°C at one atmosphere. In
contrast, the term *“gas” is meant to refer to the gaseous oxygen, carbon dioxide,
carbon monoxide, and optional nitrogen. That is, the term “gas™ refers to fluids
having a boiling point less than -50°C at one atmosphere. The vapor may be at least

6
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phase. After the second gas-li1quid separator
separator 100 may be in a single liquid phase. After the second gas-liquid separator
100, the mixture may proceed through a fluid passageway 110 that removes alkyl
chloroformate from the mixture. It will be understood that the terms “remove” and
“removal” in reference to a particular chemical species encompass any chemical or
physical process that reduces the concentration of the species in the mixture. The
alkyl chloroformate may be removed from 'the condensate by any method. Some
preferred methods include heating, increasing pressure, increasing residence time,
adding a polar solvent, adsorbing, separating with a membrane (including gas and
liquid membrane separation), pervaporating, passing through an ion exchange resin,
exposing to a stoichiometric reagent, exposing to a catalytic reagent, and the like, and
combinations comprising at least one of the foregoing techniques. In a preferred

embodiment, the alkyl chloroformate is removed from mixture by reaction with water

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



100, the m xture may proceed through a fluid passageway 110 that renoves

al kyl chloroformate fromthe m xture. It wll be understood that the terns
"renove" wWod3/oiesesoval ' in reference to a particul ar chempcalussperses
enconpass any chem cal or physical process that reduces the concentration
of the species in the mxture. The alkyl chloroformate nmay be renoved from
the condensate gy any nethod. Sone preferred nethods include heating,

i ncreasing prejrure, i ncreasi ng residence tine, adding a polar solvent,
adsorbi ng, sepatating wthHOmenbrame—i7rcl uROIg gaO0andHAlI q¢i\d menbr ane
separation), waporating, passing through an ion exchange resin,

exposi ng tROa st oi ¢hiometric reagent, exposing to a catalytic reagent, and
the liKke, and combi nations conprising at |east one of the foregoing

t echni ques. @ preferred enbodinment, the al kylO chloroformate is renoved
from mxture bgLreactr on with water (see Schene R(HHV) or al kanol (see Schene
V). 7 WD 03/016258 PCT/USORM731 -©O—t++>+ H20 + CO2- H¢Cl (V) ROB d

00 Il + I + HO (V) ROB RCBCRIt/@aIsobepreferredto
renove theR@lkyl clWlorofornmate w thout passiR® the "@Rxture through an ion
exchange resin because such resins are expensive to install and operate.

|t may be feélégq)e Eferge%v? ?ém(l) ?1?0 1oro E&entl,t%oglglﬁasgrefgrabl y

at | east a ou m)re pre ercent

even nor e mipteé e}rrabgry aﬁtloﬁ eﬂ&Ian@ebﬁHstn PcaeE @@cﬂi resﬁrfs aedrexnkivk t6 hl')&@ilpf or mat e
fromthe m'ature In one enbodinent, it may be preferred to reduce the
al kyl chl GP8PBFRE: ot BN OeHIigHEd # remwmélenﬁtﬂberl ¢ perredsmeRaneERlY 500

ppm mor e RIEEELARN O f3Ser A Q%ﬁgglyp&meastyaﬁBu@ﬁ BeREft, 8VaPrd s

t han about 30 ppm |I'n any of these e I"ment's rred to
renove | egsefetably atteast ab@%99nm®nproe°fth¢ a]ﬂxl;rychlesﬁorrﬂmframahb ni%urg.ein nore

0,
ﬁ;? Lg:’jabl yonle %?n oEiQrzlier}ltai %“Jy b]é {orel%'reé to re uce h%é alky? cg%rc?tlormatélcggc%lfll Qtl(gnhe

in the mixture to less than about 500 ppm, more preferably less than about 100 ppm,
yet more preferably less than about 30 ppm. In any of these embodiments, it may be
preferred to remove less than about 10%, more preferably less than about 5%, yet
more preferably less than about 1%, of the dialkyl carbonate. Although the method
may be described as “removing less than about 10% of said dialkyl carbonate”, it will
be understood that the concentration of dialkyl carbonate need not be reduced and may
even increase. For example, the concentration of dialkyl carbonate may increase if the
Scheme V reaction of alkyl chloroformate with methanol forms dialkyl carbonate

faster than dialkyl carbonate decomposes due to other reactions.

Through extensive kinetic studies of the dimethyl carbonate process utilizing
variations in factors including temperature, residence time, water concentration,
methanol concentration, and hydrochloric acid concentration, the present inventors
have found that the rate of methyl chloroformate decomposition may be given by the

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

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

volume, [H,0], [MeOH], and [MCF] are the instantaneous concentrations of water,

8



may be described as "renoving | ess than about 10% of said dial kyl
carbonate", it will be understood that the concentration of dialkyl

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

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

met hanol concentration, and hydrochloric acid concentration, the present

i nvent or s "W/ Y%und that the rate of methyl chloroformate deconposition
may be given by the equation (1) -rnckF = (ki [H20] + k2[ MeOH ) [ MCF] (1)
wher e rnC&laxﬂJ@&Vatggof change of the noles of nmethyl chloroformte (MCF)
per unit volunme, [H2 f, [ MOH], and [MCF] are the instantaneous
concentrations,of .water, 8 WO 03/016258 PCT/ US02/ 24731 net hanol, and net hyl
chl or of or Kafe: erespecﬁ')vely, in noles per unit volume, and k1 and k2 are
rate constants that vary with tenperature according to equations (2) and

(3), r esgﬁ@% %‘?q ¥ 5%)9)%Mgehﬁ,g@éi[lrlilf,) 2= .:4.5(%?1 0/® |/;s¥log_§%ainy\/tg§& & Ifs]‘ the 2. 09X

109 nl/co k2 = 4.14x nol -m n, and nperature in
degrees kaédmperatutennriegrecchdes, it is valid to assune that the
concentrations of water and nethanol, and the density of the solution are

essential Ly constant... Wt.hin thes eral kinetic. constraints,, different
ki netic &%P’é‘&%%ﬁ% lﬁﬁyvaﬁ)‘g tﬁ@%ﬁfﬂmﬁ?ﬁ]ﬁggﬁ? fB¥ ?QIBPB(%%“%F’I mghanelagifs types.
Wth knowhedgensty étheher ll@¥@NbreChRBitedly d@aGht ONFitRRdiHes GenctANBhatl S
provided in this application, these expressions may be readily derived by

t hose of &PeRtiady diferant | lnetire cypressignsr may abmplveed ifpr glifferenthpiseesesnd t he
rate of n%f)]p%gtus 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[H20] + ko[MeOH])[MCF) 4)

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

parameter X according to the equation (5)
X =exp{~{(2.09x10°)e" [ H 0]+ (4.14x10")e ' D[ MeOHT)} (5)

has a value less than about 0.9, wherein the water concentration and the methanol
concentration are expressed in moles per milliliter, the temperature is expressed in
degrees Kelvin, and the residence time is expressed in minutes. The value of X may

preferably be less than about 0.5, more preferably less than about 0.2, yet more

9



chl orof ormat e deconposition may be expressed as a function of residence
time, as shown in equation (4): -d [MCF] | dt = (k 1 [H20] + k2 [MeOH])

[ MCF] (4)watvenes2s8is residence tine in mnutes. The resi dectasv/mg3t may be
defined as the total tinme spent by an average nolecule in the fluid
passageway 110. In a batch process, at |east about 50% of the nethyl

chl orof or af@r\?g?/ybqussrtﬁﬁyﬁﬂlt By %&ggﬂeﬁrggmkgﬁes% Wdut B.’b@e&ilfﬁg j tions

conprisin er concentration hano concentration
([ MeCH] ) , peefereblydesatthareation 0.0andha wagsicdecrnaationmayg by abau Ol toldbutas0

aranet er X.accordi t he. equation (5) .

B expt - [( Bodaea i iR eeraBrorsyonsmrato) REGTPEPY(S) has a
val ue | esgt ldagnaRedts tholiL, Wheé ShdtelaBs MabRl SONMCEMJIIAL | ARG igTet hanol
concentration are expressed in noles per mlliliter, the tenperature is

expr essedrange, degmedey Renoghtiatioanthay hprefesalilyldrec apt forrabaug 3k pradd s emtoien
m nut es. 7 | u f eferabl vy be .l.ess .t han out. 0.5, nore
pr ef er abl r%%%r\églytl%atﬁ a&ﬁ@%f)@;’ %/egfn Ortr%gleﬁt? RAAIB LY gﬁi%‘égg IRt BEEP9F7 31

pref er abl yrdferablgap tohdouedeist/L0. The BmbimdIRbEceptefi®! @Y Ve lhBs 1tldamoabout
0.05, still nore preferably Iess than about 0.01. The water concentration

may be abdotm@/lz Withipdhis rapge, thy wetharel qanearatingimay) prefsratiy he lahli@Str ange,
t he wat er t] f ea 3 , nore
pr ef er abl ?B%%F@tggtﬁ’ a geu erQn%?ﬁ ﬁ ie%% %bgg\?vil(t) %lsor%h‘t hlﬁssoe\?l(aﬁlﬁ%et?lsf} %@%\,’\é}%eer

concent r ametimnohyorpeefrarabingy beeferpbly bealpototabd0t 2@ kddlL, mwre proferablerbl y up

t bout 20 |/ L, ferably up.to abo 10 nol /L, even nore
p(r)e;;i e(r);bl Vd aggl{tollgaﬁ%@ﬁ“' g? {ﬁ%F%id%nﬁ%gnﬁépﬁgﬁﬁlab%%@érhotuétt‘i) 6‘{%0%1)9 B¥r&bout 1
to about v2%hiBhis lranddl Y ﬂgsﬁi@ﬂ& A8 %B, proRrabB} BaROlead l%BGl?cnf P@\Irk,orﬂoﬂiay

preferably be at least about 5 1lnol/L, nore preferably at |east about 10
mol / L. Al geefeieblyi ai letst 9bpuingdiourshe Alspewithimothic omgenthe aesidencadtimpmesfyer abl y

be up to 1120 / e eferably u to about, 1 | /L. e

r esi dence%{)e?ér{réb%a?/yg}g la“b%ﬁ?‘{tos g{ our't's %rl%geﬁ bl%dlphgou 291% %%fsh Ehes range,
the resi defigerdthiEmaRYe Bl 80 abhoRe304C.| PaGin BROMhed thORhDeraiRE Snay
preferably at |east about 2 hours. Also within this range, the residence

time may pmfetklyaid gt bestupgbdud 4066LmBe Ipoefesblynatr kagr &foat A0PE, yg moreabout 6
hours. The

preferably at least about 60°C. Also within this range, the temperature may preferably

be up to about 110°C, more preferably up to about 100°C, yet more preferably up to

about 90°C,

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

according to equation (3), with 7 representing residence time in minutes.

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

methyl chloroformate is given by equation (6)
[MCF] = [MCF]= (1/(1+ke)) (6)

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

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

k= k][HQO] + kz[M@OH] (7)

10



tenperature may be about 30 to about 130C. Wthin this range, the
tenperature may preferably be at | east about 40C, nore preferably at |east
about 50Gyvoyamiarmes e preferably at | east about 60C. Al so wCrhisn2/24185 range,
the tenperature may preferably be up to about 110C, nore preferably up to
about 100C, yet nore preferably up to about 90C. In the limt of an ideal
st eady st u i onstant density of the

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

met hyl chhgfigf esneeh@ation BPlBShpehlofdfbinkdté t@F/C ,=j)2),s 4 Retdresdrdemneioni me in
m nutes, and k is given by equation %Q] k = k1 [H Okh; k2[ MeOHl (7) 10 WO
03/ 016258 ([FEPiusorsthaned copgeairatiqn ([MePH]), lpiompeafide (e and 2 dpsideage Haki ned
above. In i I ; eactor, renoving

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

chl or of or patg Chép (ZAR.09& 108 COME eyt @t 1140401 0'°0 & HEA )| Ae® RS h@ol
concentration ([Me ), a tenperature (T), and a residence tinme (t), such
that a paraneter Z calculated according to the equation (8) Z =[ MCF], _
exp{-[ (2. 68x b0y &lire@284 tHa1h Ot G410 AxAfeIpbly TésdIhin[ MMestt] 11108, 6Bjrehas a
val ue | ess than about 5x10-6, preferably |ess than about 1x10-6, nore

pr ef er abl prefesbly pess theoaboskaol07, evgr marsmrefarablyrlasn thanabout AxH0Sbout
5x10- 8, erein the.initial concentration of t.hyl. chl orof.ormate, the
wat er  coNcERt at6n T4R f‘?féceﬂg‘iaﬁgﬂolotfcgﬁectgm @Tlf%‘#ogp@? X ees‘é’égeri n nol es
per M|l pbide@livatidhe A-RIMRRS AMdthendiS SHRNEISBH ARk Begesss Kelyims apd the
residence tinme is expressed in mnutes. The tenperature, residerice tine,

met hanol nddlilitentthatteniperatnde Watepresont éntdegtdearkKelnin, hirgl expradsddae are as
descri bed
time is expressed in minutes. The temperature, residence time, methanol

concentration, and water concentration in this expression are -as described
above. The initial concentration of methyl chloroformate will depend on the
reactor conditions, but it is typically about 5x10- moles per liter to about 5x10-
1 moles per liter. Within this range, the initial concentration of methyl
chloroformate may be at least about 1x102 moles per liter. Also within this
range, the initial concentration of methyl chloroformate may be up to about

1x10-1 moles per liter.

In a preferred embodiment that relates to a batch reactor, removing alkyl
chloroformate comprises subjecting the mixture to conditions comprising an
initial dimethyl carbonate concentration ([DMCli=0), an initial water
concentration ([H20]i=0), an initial methanol concentration ([MeOH]:=0), an
initial hydrochloric acid concentration ([HCl]i=), a temperature (T), and a
residence time (f), such that a parameter X calculated according to the

equation (9)
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above. The initial concentration of nethyl chloroformate will depend on the
reactor conditions, but it is typically about 5x10-3 noles per liter to
about 5x1WO 03/0n@2bes per liter. Wthin this range, the iniPcalusoparentrati on
of nmethyl chloroformate nmay be at | east about 1x10-2 noles per liter. A so
within this range, the initial concentration of nethyl chloroformte may

be up to out | essi1p ter ! $L@ﬁﬂ t that
relates t a‘%@éﬁﬁgﬁ%%ﬁgﬁf ﬁé@cugoﬁﬁﬁ fX?% orofoﬁ%ﬁ?gaegﬁp rses
subjecting the mxture to condltlons conprising an initial dinethyl
carbonate i ~ r
([120) t zof FRRAIL I AR abp D, o BhipBiindh  ERLy IR RigrrGRR SO TEBhARR,
hydrochlo(ﬂb acid concentration ([FKU]t-o), a tenperature (T), and a
residence tinme (t), such that a paraneter X cal cul ated according to the
equation (9) 11 WD 03/016258 PCT/ USO /24731 X zexp{-{(2.09x100) e(-6381
I TY[H20]r _o +(4.14x10'0)el-7673/T)| t |} (9) has a value less than
about 0.9, and a paraneter Y calcula (10) Y=
- OQ O /

| [H2 0], o=
R ﬁfsﬁgs Sl SR B Be  5L2 i

initial wate

ed @Mm]r_gl ng to the equat i on

the initial nethanol concentration,
initial : (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
carbonate concentration may preferably be up to about 8 mol/L, more preferably up to
about 6 mol/L. The concentration of HCI in the mixture will depend on the type and
concentration of catalyst employed. The initial hydrochloric acid concentration will
depend on the type and amount of catalyst, but it is typically about 1x10™ to about
2x10™" moles per liter. Within this range, the initial hydrochloric acid concentration

may preferably be at least about 5x107°, more preferably at least about 1x10 mol/L.
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hydrochl oric acid concentration are expressed in noles per mlliliter, the
tenperature s expressed in degrees Kelvin, and the residence tine is
expr essedwprsiaisgt es. The value of Y nay preferably be atcCrassr24about
0.95, nore preferably at |east about 0.99. Suitable analytical techniques

to determne initial concentrations of water, methanol, hydrochloric acid,
and di net onat e art. The
Ao ol AR Bl BB AR LR TR phd b et

before i openiboanakl(enstefabbiglupytb abdilitdbcd)f)&hﬂﬁ/(te The initial water and
met hanol concentrations are the sane as the water and net hanol
concentratjo cri bed abov under typic eactjon conditions, the

wat er and T h%t’%%{h?ff MEYnle RPFatlofY H1%1r15 g’F@E’ SLRIbAFTL | 9Ty ConGRUUsh
during al kyhnghl oroformate renoval ). The initial dinethyl carbonate
concentration may be about 0.5 to about 10 nol/L. Wthin this range, the
initial dinethyl carbonate concentration may preferably be at |east about 1
mol /L,  mbr depasicataiismpodiméns ahewmiiobiG.2, mlmmthurAl}%smﬂtrhugh ¢ hirs heainge, the

ol /L moPETpP APy fi CETE ataps Bt ghabit sdara 190 Fer
the m xt u%he Itinsdxeclﬂ Qdy nte%ﬁ@rah}f@%%?%ref&%ﬂ B LattRp agfuiltC@@c@ Yifibre

enpl oyed n|t|a ’hydrochloric acld conc tratlon W depend on the

type and prefierably af leagtadbyts30°ChWlso withih thispiasgd, khe ibpuatuty iy prdferablyout  2x
10-' noles per liter. Wthin this range, the initial hydrochloric acid
concent r ab¢ @p to phgutpti8Ce meisé yre&;abgly upetg gboab ITC. sXhotermibeat %ﬁ]@@@@abl y at

| east aboyt 10 2 625 PCT/ USO 473 thin this
range, g Sicﬂ ¥ %Jwﬂlj){ﬁ‘? o\@rl"nld(%?(]c% {haajtglgn% eml?%tm T O% 1rep é’?’ é%m‘// up to
about 1x1@xc1ﬁﬁg1ﬁg pegf tednya therhl sdbaytsodict(ed., rmiaﬁql) and he;omat bl@edmﬂﬁly be

operated, for exanple, in a batch, sem-batch, or contihuous manner. In the

parti cul aFeachiebdiraens behawis Prerstend that qibernivRes 8 couyalest hrrteigl-2 fir st
heat 4 t 30C t
ea excg@&g@élt &I a(%ex{sﬁla?éjjaﬁ% ine e 8MREE AoHAGs2E 1th§ ﬁ%ﬁ@g?;@ ofllgoﬂ{ud 0

about 130C. S range, the tenperature nmay be at | east
about 40Cpassegesvaypl i€ evlath yerats tcea&teaadadm re50iEnceAtise ofi tlhhimixtdne sindemge, the

Lemper at ure, Y PLEEraBY 08 R 000U P Bl SaR SHAL BihimiiRd © 00Ut
decomposition of dialkyl carbonate. The condensate may preferably remain fully
condensed within the fluid passageway 110. It is desirable to keep the condensate
fully condensed because at least some alkyl chloroformates (e.g., methyl
chloroformate) are more stable in the vapor phase than the liquid phase under

conditions used for this process.

The residence time and temperature in the fluid passageway 110 are preferably
sufficient to remove enough alkyl chloroformate to prevent unacceptable downstream
corrosion, but they should not be so excessive as to cause unnecessary reductions in
the productivity and yield of the desired dialkyl carbonate product. FIG. 2 shows a
simplified process diagram representative of a comparison process. In this process,
the mixture flows directly from a first gas-liquid separator 90 to a first heat exchanger
140, then to an acid removal column 160. Three specific embodiments of the fluid
passageway 110 are shown in FIGS. 3, 4, and 5. In a preferred embodiment, at least
about 50% of the alkyl chloroformate is removed, more preferably at least 80% is

removed. In a highly preferred embodiment, the alkyl chloroformate concentration is
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describes a well-known device for heating chem cal reaction streans,
typically by exchanging heat between a thernal energy source (e.g., steam
and a coowero3ohens cal reaction stream but it is underst @od/ushzae476t her
types of equivalent heaters (e.g., electrical heaters) are also included.
The condensate may proceed into a fluid passageway 110, which serves to

i ncrease imze
deconposi {eilag%gdgt 1%% E?) %%ﬂg?%q %&rrgn;bte{en]@l:épzpm ﬂiﬁ};mwglféﬁ %Cgé @geﬁnr%%@ '?i?%n of

di al kyl canabebattelOOIalpm byawdghﬁ@zeemeﬁyprefe@tbey Rebd manebmrtmfppiﬂb'ywerghdensed
within the fluid passageway .110. i s desi | e to keep the condensate
fully conbrsRden t %eet?aaﬁgge 1ght qfé%&m@w tef R@‘I‘/{ éﬁ?f@f%?%@fr@ya k el 1 mﬁet hyl

chl or of or ﬁ% @Qewagq 160 eréf&amkeseleeteh h&cly %@ rthe%@a% ‘?estulf@m@e R bdrgblizFrhase

under tions used for this process. The residence time and tenperature
in the flmactopéﬁw@eﬂva;acmﬂﬁelml polefrer A6 ys alsut f0i. T ihewrt tot @bauértbvimuenough

al kyl chl gr.of.ormate to,prev. ynacce t abl e corrosion, but they
Shoul - nol S UER ke o sS4 B8 RS HER ARk bO e AL IeF 3ol L 6% Afore e
product i VpfeYeradlg ayil€@dsd abdutt h@odesi ARE \Qlitlﬁhkﬂ/ﬂs BAED) AR &sidineél wigite HE&G 2
shows a sinplitied process diagramrepresentative of a conparison process.

In this ppiséegly betingo oyt Sheurs, s piFreEably yp fa dhwuh’ hpwst gas- | i quid
separator 90 to a first heat exchanger 140, then to an acid renoval col umm

160. Thre L fd 0 ferhe f Ui shown in
Fios 3, o SR Shibobi R OBl aRaLE BIr Oy bl fhic BReRRaa P 3 e
al kyl chl beldingr vasels |1§0r emhesedl;olmmgevqsseéﬁ élzabhzyy, aor leranple3ahintsin thenoved.
In a highly preferred enbodi nent, the a chl orof ormat e concentration is

13 WD 03/ mwzeaatrﬂc@ms@vrzﬁ@howe‘eﬁ@e@r %outé’s%mtrhaﬁa@lbb@@lreo‘mffér £8 per
mllion ( r
wei ght , HI[BQ?‘?W e p e%aab@é@etg s\’%{l a%péa%o{%%z&)es%)g%% bﬁ%\%eyéeﬁa%%epﬁgﬂggd on the
total wei gjsttutdf Widlenriwd hokligf vesselal 19l are hllostefalr imathes lﬁgtm:yaﬁere Theaoflui d
passageway 110 i ref erab se ect such t eto esi dence tine
et woon ¢ bt bSert oathe mHE RS PP Moo Biin 160 tid BSHHENGY s hour
to about iﬁ).h@tuﬁﬁ% beWrbfekRd thige raﬂ%@t ZtHdelﬁﬁ%s@@BC@Ot bﬁ'i? cBi?ngul%tﬁJn@r ably be
at | east about 1 hour, nore preferably at |east about hours. Also within
t hi s rangeqmprireng 3st, deﬁ,c,fé mgredoldang vessels 120 may also be preferred

In another embodiment, illustrated in FIG. 4, the fluid passageway 110 comprises 4

holding vessels 120. These holding vessels 120 may, for example, maintain the

mixture at a temperature of about 70°C for about 4 hours. Each holding vessel 120

may preferably have a length to volume ratio (L/V) less than 5, preferably less than
about 2.
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preferably be up to about 8 hours, nore preferably up to about 7 hours. In
one enbodinent, illustrated in FIG 3, the fluid passageway 110 conprises 2
hol di ng Wee3l$62320. These hol di ng vessel s 120 may, for eramisez/247ai nt ai n

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

pref erabl y, l_y?tf] ﬁ?ﬁ?égn?qlg&ﬂﬂ}en@ & irdokding iﬂ\ﬂﬁﬁ ?iﬁéﬁlé%eixt?a? ME may,

illustrated ure, there 1s no particular on on
nunber of chrapdsengsecess bbeingd 20V iofi at leastfd, praferpblysa densayboul 10. Fbt bmmity,be

preferred to use at |east 2 holding vessels 120, and confjguratio
conpri si nan%,secﬁl,of] gnaygoe fﬁferﬁ@rt@ Ko &bﬁgr vedwg églzﬁjcgé\/mg}d?g S?Féloﬁrlg'zer red.
I'n anot heﬁaﬁﬂ%@?ﬂfﬂ? May }bﬂoh{&é {il%%vb R f fthCmirure! ffoughthd fﬁ?cg PRAYENRNAY110

conprises 4 hol ding vessels These hol ding vessels 120 may, for

exanpl e, il ntlwrabyt klicientlyt utibzing thet msjglencet wnee dbr aboaval70C thorallout 4

hours. Ea hal di n essel 120 ) r ef er abl a a length.to. vol une
oo (o ol B S el e TR B a8 i S b p e
PCT/ US02/ i #dte nhfow @bctdn@thaeiganivodi OB B leaét! doust s@ad thé tdthlGesiGendehe fluid

passageway 110 may conprise a section havie‘?ﬁg’;p L/V of at |least 5, preferably
at | east HBSwpenton theofuidpassaggvay k1R mosepiefesiblyghictst abar SPyerf thotodd a

tubul ar s i g L thgn 130 having L/V>5 nmay pronote
pl ug fIow?e:)é%deg%e&gn‘g)s(?%?%pﬁh%rﬂgu%gﬁgs%%?&:1?{ passageway 110, thereby
efficiently utilizing the residence tinme for renoval of the alkyl

chl or of or Refeering hgrit ho F1@nboaiarentting the fayd paesspgetagr Ildd thehatixtttremay,xt ur e

reside in one .or nore narrow sections’ havi L/ V>5 for . | east about 50%
of the t oPBROTAUE RASHEEOUE 3 SREORDBFA SHAAAY (0P JRASSRRHRl, Yopotze fibre

pref er abl yhighrd. efsik s8RRUIhcBO#Bnd 50 PhA have @Sksl@ake tihd'Bf REEHanil0 t he
fluid passageway 110. Referring again to FIG 1, after exiting the fluid

passagewayinutes. Thie vapsiaation wiep mayopsd bnardoyplished withewugheah exdvoged heat
exchanger, 150 to at, | t rti-all par. | h 1 re... This sgcond heat
exchangerbﬁgawérrélﬁ/g trtlléevg’gegsurr ggﬁpaielgck:égttli{%ec B?ezrﬁ%%&ss?% £ ngh)t%'g"eorﬁ %ﬁstsglg. 1%%hi S
vapori zat c@itleatatp inmyalsi banaet awhirs el Wat ho Wepa ahaatelfikeRangedr by

| owering the pressure applied to the condensed_m xture (e.g., by 8assi ng

t he pressure). The vaporized mixture may then, optionally, be treated to femove” HCI,
preferably by injecting it into an acid removal column 160. The acid removal column
160 may also help remove any entrained catalyst (e.g., CuCl) that could otherwise
contribute to downstream corrosion. In the acid removal column 160, the vaporized
condensate may preferably encounter a counter-flowing liquid supplied by counter-
flowing liquid line 170 to a higher point in the column (e.g., the upper third). The
counter-flowing liquid may trap the remaining HCI and other reactants, which may be
removed from the bottom of the acid removal column 160 and recycled to the reactor
50. The dialkyl carbonate mixture may be removed from the top of the acid column
160, and, optionally, passed into an azeotrope column 180. As shown in Fig. 6, an
optional ion exchange resin bed 190 may be included after the acid removal column
160, or at any other position downstream with respect to the acid removal column
160. It may be advantageous to include an optional ion exchange resin bed 190 after
water is removed from the product dialkyl carbonate stream in the purification section
40. In a preferred embodiment, the apparatus does not include an ion exchange resin

bed 190.
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condensate into an acid renoval colum 160 that is kept at a relatively

| ower pressure). The vaporized m xture may then, optionally, be treated to
renmove HONVO 03pr@berably by injecting it into an acid renowall/usot/eursl 160.
The acid renmoval columm 160 nmay al so hel p renove any entrai ned catal yst
(e.g., CQuC1) that could otherwi se contribute to domnstrean1corrosion In

the acid pe 'JDC% Tg? ?1?%0&1?19611 the 91%85'%38% d;s%é’?&ﬁl@ﬁlgt ﬁ’:e”fcfﬁcé’ﬂt%fn%

encount er OW Nng i qU| suppli er - OW Ng fll qui d l i ne
170 to a hy@hﬂﬂorﬁmacﬂiﬂ in thethixtwelteiiass (angboutt lhﬁ 0t ppsifL, toore @)efer'ﬁb@ less
counter - flomnng | i qui,

y trap the remaining HC and reactants
whi ch rmaythsg ab?@r?ef\lﬁd g émev%msmrsfﬁragﬁy %eﬁ%g’éeiaéo‘i‘telﬁ%g q%/& Bassd P80 and
recycl ed ’Ekf%t&ﬂaﬁccfﬁ?tﬁhﬁfn afef) ell:l_(nﬁ?néi%@drgédh dgnate mxture may be renoved

fromthe top of t aci d co optlonally, passed into an
azeotrope colum 180. As shown in Fig. 6, an optional ion exchange resin
bed 190 nhyab@ﬁﬂnﬁkmdgﬂua@ﬂdmemhéumsw@ﬂmenpwammtsKUQm30ﬂawnﬁmmnaﬁomny ot her

D avant agelRe Ry PRaP U M ST Pl o L iNer B s FOUER ast pcE Mater
i's renovegortdstn-fekigtant. 0@'qa%pncynahjsweaﬁaa@bmaaézeotsaﬁee@mmﬂ 18bes @wfhfabgzat ion
section 40. In a preferred enbodi nent, the apparatus does not include an

i on exc ha?@@si*cé}sieﬁﬂﬁaﬁbéoﬂwmpi% e by elespBEdPdreusmn I ersion igsigtapt ef er r ed,
nbod
erod merks bR IR, SHREIASHERHEL R EARELORRIAT B ppm e

preferabl y fegpsrantrbasy abouit 567CLAo 4abdaat /135°€ VN thDrecpbef abahtywithos t han
about 1x10-4 nol/L, based on the total composition after renoving

hydr ochl ofybstagtalecoriosion ipractelatively iddumaBeiod (e BOMNEs. cﬁlai’tSH@Gd
separat i 0g. et gfé&o%g’ 88%?%%2%{@1{1@9 1th&F R% gﬁt E&g%pgﬁéluéf@@d}%%ch apd the

purlflcatlon subsecti on require corrosion-resistant.
Equi pment HASSIHIGDW ®f atidh ECHR@MADD@Y@)IMMd 180 cossigered efoatokipn-resistant
corrosion-resjistant; dor exa

g or

it my b ass_ lined. The term
"corrosi ofarER[ss WhH ordipary ?Sstsaee qﬁiﬁ% PeFTBARCE) CopQsioR Tesigpnce

Wi t hst and%@ldax{bt @Q%oﬁé?@ér@&‘%ox%mé@%sﬂ% aT?l“he %&%P@Eﬁhh‘ﬁ)el S‘chaﬂtib‘é%ac’féoc to
about 135C in the reaction mxture wthout substantial corrosion in a

rel ativel gt Ipast &f part frempeeriosigniresisfant métlsnibma heferred eashwdimenidthe bottom

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

the top of the column can be ordinary stainless steel.

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

chloroformate is removed in a fluid passageway 110.

In another embodiment of the apparatus, illustrated in FIG. 7, the mixture is present in
the gas-liquid separation vessels 90 and 100 for sufficient residence time and at
sufficient temperature to remove alkyl chloroformate. In other words, the fluid
passageway 110 comprises the gas-liquid separation vessels 90 and 100. For example,
the mixture may remain in the condense phase in the gas-liquid separation vessels to
be substantially decomposed by reactions with water and methanol. In this
embodiment, the first heat exchanger 140 and the holding vessels 120 may be

unnecessary.

In another embodiment of the apparatus, illustrated in FIG. 8, the alkyl chloroformate
may be removed in a fluid passageway 110 that precedes the gas-liquid separation
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vessels, precious netal (e.g., tantalum |ined vessels and special steels
such as HASTELLOY(r) and CHROVALLOY(r) woul d be consi dered

corrosi onwpagiosi2asmt materials, while ordinary stainless PCFaise2/ngsl

nodi fied to enhance corrosion resistance would not be considered
corrosion-resistant. The azeotrope colum 180 can be nmade at least in part
from corr %As&@'doeﬁa'dslt@”tIn”EﬁIsaelbn%odhgelﬁ BEELLRE %Gox‘?efli?x%ﬂﬁ&?eﬁ.tteclﬁﬁlﬁxepg’éﬁ om  of
t he azeotrope columm 180 nmay be nade Troma corrosion-resistant steel,

wher eas tdieovingalifl ¢Herof@inarmmexpibe bmphuyed npstyeant afi the gssligiidatpardtionone

enbodi nent of the gﬁgératus, illustrated in FIGS. 1 and 3-6, alkyl
chl or of or ¥&¥F&ls P8 ap ed in a fluid passageway 110. |n anot her enbodi nent
of the apparatus, illustrated in FIG 7, the mxture is present in the

gas-|iqui ¢ seRBEAIMIBHINESSE! e Wpaahs 1PRskaEd $1Fid Co,ant nyeRcHBAE Acid me and
at sufficient tenperature to renove al kyl chloroformate. In other words,
t he fl ui dmagdssagevey om0 theonpitirs dsiary sergagng ithpudliylsdpenofaringte. viesthisl s 90
and 100. Fo xanpl the mxture may renmain i-n t condense .phase in the
gas- i1 qui 6 oeBERER: Bt bl Solotb ey Y BETEIT el PG BB SLEE BT PRact one
wi t h wat efigaiachhasd, hE(ﬂQixalﬂ%ﬂb, réfefingeBlrOdi pemE fuldpassidesiayiaatmaxiianger 140
and the halding vessels 120 nay be  unnecessary. I n another enbodi nent of
t he appar Htewgeotronecolymap dd§0; yor examplg, it mpy by ivgdrted iptorthe dzqpiiore colgyinhe

renoved i L yi S QUi ration
16 w0 03/ S1ssst i PR I BB L r b Rrich? en CRRERER T MRl LR R TRRAT ™ O
of the abewselseltli dhwttateéchniIGues nfagrbe peuittad. ndn dhik ydmishlioewf drenfitel may be
enpl oyed upstream of the gas-liquid separation vessels 90 and 1Q0. In
ot hor - e RUSRASTEN: | K &GS RbAC S S Soatae SHIAE for ey Akl

hydr ochl oghierd¥sinthie FaYh B vaBomMRSk (o O MohRACcIHNEE WshisPSsBERioh HIBY ivagort he

al kyl chloroformate. In this ‘enbodinent, the al kyl chlorofornmate may be

renmoved i phashenaralpencs, etg)hand thhallryk ¢dorofarppatechept agebe adersrdnpl e, referring
to FIG 9, the fluid passageway 110 may follow the azeotrope colum 180;
for exanple

210, 1t A LR B ACL £ B Lo PRaRERCh BB R e, KERRESR T
reacting an alkanol, oxygen, carbon monoxide, and a catalyst to form a mixture
comprising a dialkyl carbonate, an alkyl chloroformate, hydrochloric acid, water,
carbon dioxide, and carbon monoxide; and passing said mixture through a fluid
passageway 110 at a temperature of about 50°C to about 80°C and for a residence

time of about 1 hour to about 10 hours.

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

removing alkyl chloroformate from said mixture.

Another preferred embodiment is an apparatus for preparing a dialkyl carbonate,
comprising: a reactor for reacting an alkanol, oxygen, carbon monoxide, and a
catalyst to a produce a mixture comprising a dialkyl carbonate, an alkyl chloroformate,
hydrochloric acid, water, and carbon dioxide; and a fluid passageway 110 for

removing alkyl chloroformate.
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vessels 120 illustrated in FIG 3 may be omtted. In this enbodi nent, the
fluid passageway 110 may preferably conprise an apparatus suitable for
renovi ng wbkglo1626%11 or of ormate fromt he vapor phase (e.g., PCarusexetrange
resins, absorption beds, vapor phase nenbranes, etc.), and the alkyl

chl orof ormat e need not be condensed. A preferred enbodinent is a nethod of

preparing BafhRLihbnRar HOOALE acbAITRE i RGneinbLAELIBG A1 1B #%gQﬂgﬁgzlﬁ’gf' Ryl

car bon nonoxi and a catalyst to forma mxture conpris
car bonat e,diayl edrkgrlateshlFor exanplat daryhyabowidsonaycbeagindratadbltyethe reactiotofi

Dassagonay’ T b ean St i ok PEROHRCSOR Sshutibd: Sho®andhe gan! ¢
resi dence cafioiBteQhayROtin Be RAbfed vatlAd @ity dAO phedl fo fof0d PEIYcRBReY (68

enbodi ment i s an apparatus for preparing a dial kyl carbonate, conprising:
means for Ydg@eihgakeveal kBerorxamnly.gemetidr ¢sobpnaten osdpaied asdrding 4@ dhg/st  to

forma m ri sl . adj n n K hl,or of or nat e,
hydr ochl oﬁ%%ﬁg%lﬁqgﬁ\?\é?aecr i \glg?%@r? %%E‘?g‘g% %hﬁengg?abr%naﬁ%r@%h e R rT%]rreans
for renowengadddyith disphéml or toeben b poicadoaaten xt ure. Anot her preferred

enbodi ment is an apparatus for preparing a dialkyl carbonate, conprising:

a reactor for. reactin n al kano xygen,. carbon nonoxi de, and a catal yst
to a produdl HYFHIRP it %@%@P?@t\ﬁfgb}éﬁmfgﬁwmg@aﬁ Hhg Xaupplst Ky

chl orof ormate, hydrochloric acid, water, and carbon dioxide; and a fluid
passagewaygXANHigr; renoving al kyl chloroformate. 17 WO 03/ 016258

PCT/ US02/ 24731 Di al kyl carbonates prepared according to the nethod are
useful for the preparation of diaryl carbonates. For exanple, diaryl

car bonat es? ipdapt secqidingrtatsempbijed FEG.r2aes ibyHt end opergied| tRyiroduse sbmatha! wi t h an
aryl hydr p@éﬂ%ﬁat%.seé 1§8§]81[{'Pdaln'a 9%%6()15861:59(? iﬁ"a%yd wn%@rgg rb%ttﬁe IE%X thd ict urn be
reacted with a |hy8r| C phenoig to forma pol ycarqbonaf’e (see che I,
above). Faolexanpl.e A fiirnstdnglve capbdmaiietiqr, épatedeaaimeditng the cémesiomet hod

may be reacted with phenoxide to form di phenyl carbonate, which in turn may
be react edlailiaeh Vmssﬁlé?fgﬁ)w#&m shlmoéorﬁ&t?/@a%%ﬁtreughrﬁ@ 4J SRPATBHCT s

further ildoyghs abpetiBoallyNmel9) LAV nRRNwWhE FouhliNG bEHAERLER the azeotrope

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

The decomposition kinetics of methyl chloroformate were studied under four different
conditions. A procedure for determining methyl chloroformate in a sample was as
follows. For Example 2, 32 milliliters (mL) of dimethyl carbonate, 10 mL of dimethyl
carbonate containing 50 mg of a biphenyl internal standard 63 mL of methanol, and 5
ml of water were added to a 250 mL flask equipped with a thermometer, a condenser,
and a port for sampling. (Toluene may be used instead of the methanol/water
solution.) The resultant homogeneous solution was placed in an oil bath and the
temperature of the solution was held constant at 50°C. At time zero, 81.7 microliters
of pure methyl chloroformate were added to the solution (1,000 ppm on a weight
basis). Samples were withdrawn at various time intervals and were quenched by
reacting the methyl chloroformate in the sample with diisobutyl amine to convert the
methyl chloroformate to N,N’-diisobutyl methyl carbamate. The amount of N,N’-

diisobutyl methyl carbamate was then analyzed via titration with a standard silver
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EXAMPLE 1 A plant according to sinplified FIG 2 was built and operated to
produce di nethyl carbonate. Corrosion damage was observed in and

downst r eawpa@B/014288 azeot ropi ¢ col unm 180. After extensivePexasot/engat ati on,
it was determ ned that the corrosion danage was caused by net hyl

chl orof ormat e passing through the acid separation colum. Specifically,

t hyl ch to t 180
2t & conoti i, TS TRl e ol BF FAEE i de e RREP B R fiilizs 57
The deconpegiy cldmdfonmmm cmxld)fheﬂmfehiyﬂerredhbpmélmmgt}& onpirenl sartiple €6t ivnider f our

different caonditi procedure for determ ning nethyl chI oroformate in
a sanpl e fI8"Ss I 6\}\@6161?"& ey gliipride ocongentyation; fis teéli“%l (AL sheomediet hyl
car bonat ech i3 sim el _nt&idbn 5 c n ny|
i nternal gtandard 63 v (;f 1rrlét har?g%nagg% &ﬁ\%ﬂ&t ?f\/\ﬁgtetg?] %}(@Ogﬁgﬁ to a
250 L fl hb«afeqmnpp@muwetrh o iohier ddmecﬂeempom @nndmasem Alerdatavehorgasf or

T e i S S LR R PR LT

t enper at uggbhatt ging @h Whte@Al Waklaf®l d constant at 50C. At t| nme zero, 81.7
mcroliters of pure rrethyl chl orof ormate were added to the solution (1,000

ppm on a wei ght _ basis) npl es were withdrawn at various tinme intervals

and wer e Ea‘éﬁéﬁélewww“/r@a@bﬁwq@%wnﬁ@wwn EH¢ PstainE at PNCtipevariasl e with
di i sobuty t h o] i1sQbut yl
met hyl ca% a@adt}lg %@%E?ﬁ%ﬁ ﬁﬁe mgl %E%E)HS?JT eHBa‘io % éi}!’araﬁl}rea eﬁa\%as t hen
anal yzed wddedthytiroghlooie awidtthatais gela?mamrpkesanltMethemthémlaﬁdaeﬁﬁa?ﬁ&ture. In

PCT/ US02/ 473 rat sol.ution to quantify amount of ioni hl ori de
present . éﬁD{} {h CMWFm8“IW§P6M°€1“1% iDL V38 tFSrW‘ngIBd by

anal yzi ngEmﬁ 1ers gh@aéuosamineetﬁﬁrcamah@ to%bmaﬁ&ewasmad FohdtatteB&CmHEN

chl ori de concentratl on is equal” to the nethyl chlorofornate concentration

bec ause edvhUBQIiwe¢rewies wfreassdHyom 05% o7 69%r rlteeresulisree stremanpel o val ent
ionic %hlL %ﬁé Ple upon derivatization. Alternatively, gas chromatography

can be us€d Tof direct anal ysis of the N, N -diisobutyl nethyl carbanmate

using an internal standard.

Table 1
DMC (wt%) | MeOH H,0 (Wt%) | Temp (°C) |k (min™)
(Wt%)
Ex. 2 45 50 5 50 0.043
Ex. 3* 45 50 5 50 0.043
Ex. 4%* 45 50 5 50 0.480
Ex. §%** |43 47 10 50 0.055

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

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

changed, just reduced overall.
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Tabl e | bel ow show t he observed deconposition rate constants (k) at 50C for
various conditions. Exanple 2 corresponds to the case descri bed above.
Exanpl e 3wbas/ni@eiled hydrochloric acid that is generally pCce&asnt/24781 t he
authentic reaction mxture. In Exanple 4, the effect of a small anount of
sodi um bi-carbonate was tested. In Exanple 5, the ratio of dimnethyl

car bonat ePto?s gp@\?ﬁ%'ﬂi A)%f ?rﬁééﬂ;] %g{}?%i%%ate %%ce‘i]t}g‘%i%ﬂ’gg& ttir% V\%’éﬁet ﬁéﬁ) ) es |

i ncreased from S ‘are sumar el ow
Tabl e | DhEingnd 93dveOHirk26démk i Te mpdelC) Khismbahavior (Wils99bséxved 24&bQH 0. 043

Ex. 3*45505500. 0 . 4**45505500. 480 Ex. 5***434710500.055 *l dentical to
Ex. 2, exe@ﬁ?n%wﬁwﬁx cBlegp awéda%%ereg%%ﬁ o G Erops s Retpmine S ¢ ne
ef f| uent E&Rﬁb&h%nr%QQnggthkm&%ﬁgﬁchC§lp&ﬁmﬁ&'s%ng%xc &?%B%iﬁGZGQ- of

NaHCO3 rel ative to the ppm MCF were added. ***| 'ntica?. i
except thExamples % anet Bindicates thet exds extinby vaddgonbut thehmte avdfficiedt, BMIeMeOH was

t ch d. j.ust reduced 1]. .19 03/ 016258 .PCT/ USD2/ 24731 Pl ots of
Che | ogar PR hset RAVZGH SHEISH WapeE 281 SROPER BRIUEPLaS AR a! Mipe
linear, CohiphR®nioMSeueed D sl 30dhdess, &lrﬁ?&ihgﬁlymﬁﬁhddeﬁmél ARy lagectnas

C

observed even in the Tggesence of hydrochloric acid, and therefore this
nmet hod cahewbsgsedrateoigastiyhsherofaimatecdssemnesiagn orowpanisen ey Exemplss 8f or nat e

in a part hr?ctul @i’iov%atﬂvgtlt «ﬁ/eenr agpa?lrain’? %{ﬂt 8; basg1 Asgg t}% r%%cgiog r&tg %&k%zg(;[rg %ha’ilh at_only

m nor varirations 1n e coefficient, k, are erve n-anal yzi ng
sanpl es hawifol. wat arpreaitbenbgery howeng, hyndy badésitablefto tawdid stGaplyasasizon of
Exanpl es 2 and 3 shows, surprisingly, that added HCl . did not affect the
observed FARAIYS ReseHsA thayl alser Br¥aihereae difp Sesampnsitians ke r 9fs BunghylEx anpl es
2 and 4 sheysid hat even a small anount of base increased the reaction rate
by nore than :

EXAMPLE 6, COMPARATIVE EXAMPLE 1

These experiments show that the fluid passageway 110 is effective to reduce the
concentration of methyl chloroformate that can react to form HCI in downstream
sections of the plant. With reference to FIG. 1, two samples were obtained by
sampling the process fluid at different points in a dimethyl carbonate plant having a
configuration with a first heat exchanger 140 and two holding vessels 120 (i.e., a
configuration corresponding to FIG. 3). The first sample (Comparative Example 1)
was taken immediately before the first heat exchanger 140. The second sample
(Example 6) was taken after the second holding vessel 120 (i.e., after the fluid
passageway 110). Each same was taken to the lab, and its chloride content was
determined as a function of time elapsed from sampling. The results are presented in
Table II. The Ex. 6, data show essentially constant levels of chloride ion, indicating
that labile, chloride-generating species such as methyl chloroformate are not present in
the sample. In contrast, the data for Comp. Ex. 1 show an increase with chloride level
over time, consistent with presence of methyl chloroformate in the initial sample and
its decomposition over time to form additional chloride ion. Thus, the data
collectively show that in the absence of the fluid passageway 110, substantial chloride
formation may take place in downstream (post-acid removal column 160) sections of

the plant, causing corrosion, but the presence of the fluid passageway 110 is effective
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ten-fold. As a practical matter, however, it may be desirable to avoid
strongly basic conditions because they also may increase the deconposition
rate of dwoeBlyd2s8 car bonate. EXAMPLE 6, COVPARATI VE EXANVPPETIISIII2ES1
experinments show that the fluid passageway 110 is effective to reduce the
concentration of nmethyl chloroformate that can react to formHCL in
downstream ;s %@% '089%1%%{ chie fﬁhﬁ!&%-to %ﬁ&‘qeejfogrb%?&g.tbg ab1dGentoval ¥uHAMP! s
wer e obt ained f sanpl ing The process F1°ui°d at ity éren pornts’in a

di met hyl ¢60,hlsredyepipvanting dwnsgeam carusidngur ati on with a first heat

exchanger 140 and two hol ding vessels 120 (i.e., a configuration

correspon iqg.to FIG 3). The first sanple (Conparative Exanple 1) was

t aken i ahl5d ly before the first heat exchanger 140. The second sanpl e
(Exanmpl e 6) was taken after the second hol ding vessel 120 (i.e., after the
fluid ppggRogYay 110). Each! eapedvedniak@fiot @pgale Tab, and 1ts chidride
content was determ ned as a|function of tine elapsed from sanpling.| The
results are presented in_Table 1. The Ex. 6, data show essentially
constantklevels of chloride jbr,6indicating thatCompike,l

chl ori det generati ng species such as met hyl chl orjof ormate are not prgsent in
t he sanmple—tnA—contrast—therdatafor—Conp—EBEx— L showan—inereasewith
chl oride|Fevel over tine, cpﬁgﬁstent W th prese;¥§ of nmethyl chlorqformte
inthe ipitial sanple and ifs deconposition over tinme to form addi tji onal
chloride{pon. Thus, the datal4gpllectively show fthiat in the absence |of the

fluid pagsageway 110, substaptial chloride fornation may take placg in
downst r eam \Lnlroc'r-ar‘irl renn\ colum 1ﬁﬂ\r secti usi ng
corrosiop4 but the presence p374 he fluid passageywd® 110 is effectivd 20 WO

03/ 016258 PCT/ US02/ 24731 to pdeconpose al kyl chloroformate to chloride ion
bef ore t hg—acrd—Trenovat——cuot u&72 160, —thereby Tpre 6= tT g downstTeam
0}

corrosiop. Table Il Time (h) ri de Concentratijon (ppn) Ex. 6Conp. |[Ex. 1
10 372 357
25 381 368

EXAMPLE 7, COMPARATIVE EXAMPLE 2

For Comparative Example 2, a dimethyl carbonate plant according to simplified FIG.
2 was operated according to the conditions described in Table III, below. This plant
was similar to that shown in more detail in FIG. 1, with the exception that the first
heat exchanger 140 and the fluid passageway 110 were absent. Corrosion was
observed in and downstream of the azeotrope column 180. Next, this plant was
modified to include the first heat exchanger 140 and two holding vessels 120 were
added to increase residence time (i.e., FIG. 3 configuration). FIG. 10 presents
measurements of residual ionic chlorides found in samples taken from the bottom of
the azeotrope column 180, comparing the FIG. 2 and FIG. 3 configurations, each over
time. Residual chlorides were determined by titration using a silver nitrate solution,
as described above. The data for the FIG. 2 configuration have an average of 671 ppm

chloride with a standard deviation of 370 ppm chloride, whereas the data for the FIG.
21



0374189 2408312 4374339 8372368 10372357 25381368 EXAMPLE 7, COVPARATI VE
EXAMPLE 2 For Conparative Exanple 2, a dinethyl carbonate plant according
to sinpliwoadok2& 2 was operated according to the condi tPcorssodeseri bed in
Table I'l1l, below. This plant was simlar to that shown in nore detail in
FIG 1, with the exception that the first heat exchanger 140 and the fluid

passagewa . ) I ) ed, i ngd_ downst.r.eam of
Phe azeot tooETEHRLem RO webRE! BRn 2 PptEd oS e e T R PR a5 T he
first heappexdhaiige Tht4@taahds shooy hdtashanig ry@rseh & ddorideleeels & dREFI®.

i ncrease resi gence time (i ﬁ FIG 3.configuration). FIG 10 presents
measur emertONHEUARSR yodhe FEHi ¢ cepligriins K dtnsdicedshipreductioniuauld bsm t he
bot t om of . K : j t L 3
cont i gur at| ng e ea (8 SR ind Blor GOERPEIGNE 4 48 8 bRt hoing®,
titrati onvesselng28 atlused toipredte asesidéncenime a$ fo@shairbad 700V &1GThe dat a

for the FIG 2 configuration have an average of 671 ppm chloride with a
standard BEVFHE PEASUEFMETY ohsihyheldpiofemalieoneenirating cpsting pedt exitieg theg. 21 WO
03/016258 fi ' L m
chl ori de gﬁ?@%ﬁﬁ%ﬁ?géafe%eg??b%gg]?&%{g%bﬁlg%ﬁgﬁ or“lﬁ’ ‘égs{ a%ﬁ)e&&%? %n fus show a
dramati c betttandiabelad EMCH fede td Blrask 9 finFIG.hid deln@spond to amfabgamahtson vs. t he

FIG 2 confiqguration. It is.predicted this r ction wuld be even greater
for the c ]r?f‘%’gﬂl‘fr&af gn‘gasa%?ﬂf% tﬁ@ ﬂt“Bie lﬁarsfﬁewﬁyzg@ t%?seiﬂ?l%ké‘f? Foiferags| gi ng
vessel s 128uarog %S%rﬁs%e@rrﬁl\ﬂii&ﬁbﬁ WEStABPMS ) tdnlBa Sand LY debRAMPS RW4130C. FI G
11 presents neasurenents of nethyl chloroformate concentration entering
and exiti RMPheAnd theingipasisalieddy “mGndflabeled ‘MCF f@ne Bhaser reattiespond| n ot her
words, th i Lognl fi "+" and l.abel ed "MCF fe to Phase 0" in
FIG 11 cgor@géssg%eﬁnﬁ#%&n@gtsdyél?%% % epélﬁs t%? ﬁgl‘ﬁ?affa@?\éva%\%{(ﬁﬁgﬁggogﬁs[ Yfng the
fluid passagewaye 1A dfhvesepnei Bid ahamelaandengiondef 77 ppmw. These data

—t

clearly show that an apparatus according to FIG. 3 is effective to dramatically reduce

the concentration of methyl chloroformate in the process stream.
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val ue of 930 parts per mllion by weight (ppmw) and a standard devi ati on of
412 ppmnv. And the points signified by "*" and | abeled "MCF from Phase 0"
correspormo oBolaregmsur ements on the mxture as it exits theclusoz24sassageway
110; these points have an average val ue of 45 ppnw and a standard
deviation of 77 ppmw. These data clearly show that an apparatus according
to FIG 3q,§.8ffective to dramatically reduce the concentration of mnethyl
chloroformate 1 n the process stream 22 WD 03/016258 Table |11

PCT/ US02/ 24731 ConditionseEx. 7 (FIG 2 Control Ex. 2 (FIG 3

Conf i gur atGoodiyi@enf i gur ati on) Mass REkiD(FMeQH 02/ COO. [/C&nt@BEAQ.(FIA 306/ 1
Cat al yst |Cont ent Fi xedFi xed Reacti o Tenperature (C) 133133 Reaction Pressure
(barg) 2323 Tenp. of Pre-Residence Ti ter 60-- ( . Qf Aci d| Col um
Feed Vaporizer 9090 (C) Residence TF%ﬁggga’?]\%@en fIashC%/oen:sE%é ation nd acid
colum, excluding both 20.03 (hours$) Table IV Configurati onaverage chloride

Mass Ratio MeOH/O,/CO 0.7/0.06/1 0.7/0.06/1
Catalyst Content Fixed Fixed
Reaction Temperature (°C) 133 133
Reaction Pressure (barg) 23 23

Temp. of Pre-Residence Time Heater | 60 -

(°C)

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

Residence Time between flash vessel | 2 0.03

and acid column, excluding both

(hours)

Table IV

Configuration average chloride
concentration =+ standard
deviation (ppm)

FIG. 3 (comparison) 671370

FIG. 2 (invention) 35425
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concentration standard deviation (ppm) FIG 3 (conparison)671370 FIG 2

(i nvention)3525 23 WO 03/016258 PCT/ US02/ 24731 While the invention has
been descwDlwadiazss h reference to a preferred enbodi nent, PCT/Us0Y/247BE
understood by those skilled in the art that various changes may be made and
equi val ents nmay be substituted for elenents thereof w thout departing from
the scope wpgie Hl'@%{zéh\{l%ﬁtﬂag’ Reed Beseflgid { M%H 1ef$?é?1>ée g gfréfeﬁéd 91% nP§t made to
adapt a particul ar tuation or nmaterial to the teachings of e invention
wi t hout de\pﬁﬂmumgelfsmd\ has‘élesﬁ sldlled sribpert thetr ewfous Tharges oray, be Ilnatﬂesandwt ended

that the invention n ited tot di scl osed
Lo he pesvingnS duicts st bl B chiehbing Bt v o Her TR b e S0t ha
the invenbrap méﬂudnnqhbuaaltainl nRAP e diationd Alal ibetn¥det Biddapthepsaong of the
appended cl ai ns. \Where not speC|f|caIIy defined herein, technical terns in

thi s specistypasioniosmaignel e the taachinss of d lazé@ﬁmvw@q% depasiing e eseeokiak
Chemi cal B¢ g)ré' ROALY: PhdleB it N&?t% A 1!hlc11bth Ihf%enﬁld n6t nghrﬁ?éde% %ea”d

ot her reféerences are 1ncor Orate erence in't

24 WO 03/ paGi2bBr BRAbbaISEM ZﬂsZIMed:hsNh%esﬂmo@e oeithaplatdd for epayihgguiathid al kyl
carbonate, conprising: reacting an .al kanql gen, carbon nonoxi de, and a
catal yst YPpinbat Pﬁakflmlaver@@ﬁﬂvlilgv%?eaalh?lab@meeférfﬁléiﬁ&tvet hiny e S oA

chl or of or , |c acid, water, carbon dioxide, and carbon

nonoxi de; %Pﬁﬁa?gﬁg%?ﬁg&g kyl chlorofornate fromsaid mxture. 2. The net hod
of Caiml, wherein said al kanol conprises a Cl-Cl2 al kanol. 3. The nethod
of d ai m Wheshewespecsiadally adefinnd herompeihnesl derGs- B6thpy spesification may be

interpreted according to Grant and Hach’s Chemical Dictionary, 5™ ed., McGraw-Hill,

Inc.

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

entirety.
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al kanol . 4. The nmethod of Caim1l, wherein said al kanol conprises nethanol.
5. The nmethod of Claim1l, wherein said al kanol, said oxygen, and said
carbon rmwomsidesare reacted in a nolar ratios of (about @CH/USe2/2a56ut 0.7
al kanol ) : (about 0.04 to about 0.06 oxygen):(about 0.8 to about 1.2 carbon
nonoxi de). 6. The nethod of Claim1, wherein said catal yst conprises a

met al sel eet ghvigf rom the group consisting of iron, copper, nickel, cobalt,
zinc, ruthenium rhodium palladium silver, cadm um rhenium osm um

iri d| um platinum gold, nercury, and conbi natl ons conprising at |east one
of the forlgoi ngmshcsd of praparige dialkYiodrbonate) eimprisingsher ei n sai d cat al yst
conpri ses copper. 8. The nmethod of Claiml, wherein said cat al yst conprises
chl oride i t f [ rel sai t conm rlses

chl ori de |rgér{1!:t%1l d* Qﬁ‘(aHE’] Q&gg& % n%% | 0 of & u%atag)é oéli.ltm .

The met hoccoafprilmai mcﬁalkymealebmntesamﬂ a]‘l@ﬁ@h]dﬂ@f‘ofrﬁat@ehild}béﬂﬁﬁrnt Rck, Svl'aﬁ!@l e
reactor 50. 25 WD .03/016258 PCT/US02/ 24731 11. The method of O ai m 1,

wher ei n seﬁaﬁ’qnéjd%’ﬁlfi?rjm SAVSRMYIREYSi #da corrosion- resistant reactor 50.

12. The method of Caim1l1, further conprising renoving carbon di oxide and
carbon nongxicde amgm@@fd%omfé Hb &y safkBmixtag, method of Caim 12, wherein at

| east about 90‘Vgof said carbon dioxide and at |east about 90% of said
carbon nmonoxi de are renoved fromsaid mxture. 14. The nmethod of Caim 12,
wherein sa&-d renmoVhagmeddaditlaiimok wereingaideditapohcammioes d €1 capgkamds passi ng
said mxture through a plurality of gas-liquid separation vessel s. 15. The
met hod of Claiml er e C S ed at

pressure, and sai g‘ }ME d {}1;/(%%1;19 f%e&éﬂ%ﬁfdsaeng%{{agt%?% rl§/eessasel ? 6 B lfﬂ?ﬁ ses a
first gas-dikagol.d separ atl on vessel haV| ng a pressure within about 10% of
said first pressure, and a

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

5. The method of Claim 1, wherein said alkanol, said oxygen, and said carbon
monoxide are reacted in a molar ratios of (about 0.5 to about 0.7 alkanol):(about 0.04

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

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

combinations comprising at least one of the foregoing metals.

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

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

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

reactor 50.
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second gas-liquid separation vessel having a pressure | ess than about 20%
of said first pressure. 16. The nethod of Claiml, wherein at |east about
80% of sawo oalokeebs chl orof ormate is renoved from sai d m xtramaisod/Z473iThe

met hod of Claim1l, wherein at |east about 90% of said al kyl chlorofornmate
is renoved fromsaid mxture. 18. The nethod of Claim1, wherein at |east

about 95%dﬂf sal dTﬂtlﬁeth LI QLR 9T I%mis%dl%aa /@tﬁmlﬁaw&%g 19.
0

The met hod of C aim ereln at’ least a out 9 sai d al kyl
chl or of or matigtantsreacdordled from said m xture. 20. The nethod of Claim1,
wherein said reaning al kyl chlorof ormate conprises reaning Iess t han

bout 5% of, said dialk 6 WD 03/ 016258 PCT/ S02(.24731 . 21. Th
method of Gra m 11 nare eed oL R o BT ISP LR QY BE PR S OHaA] cos

rses

renovi ng h%%%ﬂﬂﬁ%b#ﬂgﬁ@m%&mq&xﬁﬁgd di al kyl carbonate. 22. The nethod of
Claim1, wherein said reaning al kyl chloroformate conprises reducing the
concentration of said al k chloroformate to | ess than about 500 parts per

mi | 1ion byl3aei ght Tho3net qfe@ Ba 1% haapim at legiertouh 99 efﬁét%%rh@* al kyl
chl or of or "BbSiae GRAT AR RED 18 6090t gagdcc%%%% ofbKAR o reifibAalrbot saig

chl or of or ess an about parts per I'ton by weight. 24. The
met hod of ralxauren 1, wherein said renoving al kyl chlorofornate conpri ses
reduci ng the concentration of said alkyl chlorofornate to | ess than about

30 parts ight. 2 e nmethod of Cla ein.said
removing a ‘kyl chILr%P Sis) H’Eecéf gt?btﬂpf%’sggerﬁt“l PO iTHEOA e ‘éag%?ﬂ (Sihoé“(g %8 hi que
sel ected f&Q80nt ﬂ)%ngil%lréoﬁ@ﬁ%ssﬁésgﬁgojald ARt throudlCh QAFLRY ¢ B&SlUed
increasing residence tinme, adding a polar solvent, adsorbing, separating

with a nenﬁpam@onpgﬁdaporatlng, passi ng through an ion exchange resin,
exposing to a stoichionmetric reagent, exposing to a catalytic reagent,

15. The method of Claim 14, wherein said reacting is conducted at a first
pressure, and said plurality of gas-liquid separation vessels comprises a first gas-liquid
separation vessel having a pressure within about 10% of said first pressure, and a
second gas-liquid separation vessel having a pressure less than about 20% of said first

pressure.

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

chloroformate is removed from said mixture.

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

chloroformate is removed from Said mixture.

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

chloroformate is removed from said mixture.

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

chloroformate is removed from said mixture.

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

comprises removing less than about 5% of said dialkyl carbonate.
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and conbi nations conprising at | east one of the foregoing techni ques. 26.
The method of Claiml, further conprising renoving hydrochloric acid. 27.
The net hoooB/oGi288 m 26, wherei n said renovi ng hydrochl ori @cagisd2/247enpri ses
reduci ng the concentration of said hydrochloric acid to | ess than about
1x103 noles per liter. 28. The nethod of Caim26, further conprising

vapori zi ngzsai d Mk UmethodebOrRaindild widrei Bgd ooty elkyC catréford®e The
nmet hod of Cl aim 28, wherein said vap orizing conprises heating said

mi xt ure, r@mmswwnpﬁlégw%a%ﬁll/e@f&a@ 1alkyl eArtkendfe, or both. 30. The
met hod of Cl aim 26, wherein said renoving hydrochloric acid conprises

assing s m Xt i1d a 7 6258
PCT/ US02/ 2i 31 1%%{3@%@?%%@0?’% L ‘%qﬁézygl\ﬁ g?é#@é?glkyg%%&%%

hydr ochl or ¢an@cses reduomgr the esngassiiong of aaid abfiyt tchiezofohmategh less tha:n dbewnoval
col um 160_and an io exchange resin. 32. The nmethod of Caim1, wherein
sai d met hod’i RATS PEF Y @8“ gMF¥liousl y. 33. A method of preparing a dial kyl
carbonate, conprising: reacting an al kanol, oxygen, carbon nonoxide, and a

catal yst tzs.form angl Method of @R SI, Ngheteid 8diHl Ylen @@ g0 AR/E ,chRfto fakkite
chl orof ormate, hydrochloric acid, water, carbon dioxide, and carbon

monoxi de; ¢eseRIiSeR GedumEcHA cenesniBliom obsaid Alleyl hlgypfosmptsrieflewrihee abonts aj d
m xture to parts per mllion by weight while renoving
S SRER ARyl ! |

| ess than I'al kyl carbonate; and renoving hydrochloric
acid fromsaid mxture. 34. A nethod of preparing a dial kyl carbonate,
conpri si ng24.react iThg artteldkahdllainoXy geheremasdidnremoving dikyl ahtbrafocmttal yst to
forma first mxture . ri sing a dial, y bonat e, al kyl

Chl or of or nEEPRS HDERER ket nd apid Aol ABr mrals Bl b dn

monoxi de; §£ﬂgﬁ*ﬂgu@hﬁwkmgghorofornate fromsaid first mxture to forma
second m xture;

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

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

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

1x107 moles per liter.

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

before said removing hydrochloric acid.

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

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

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

comprises passing said mixture through an acid removal column 160.

27



removi ng hydrochloric acid fromsaid second m xture. 35. The nethod of
Claim 34, wherein said first mxture conprises a vapor of dialkyl

car bonat ewarnd/oss2sapor of al kyl chloroformate. 36. The net ired/usb2/ed7ai m 35,
further conprising condensing said vapor of dialkyl carbonate and said
vapor of al kyl chloroformate. 37. The nethod of C aim 36, wherein said
condensi ngzgai d vaner nRhddl 3k kylhim C26,baRalkt and sahehiy réthicck éid

chl orof ormate produces a single |iquid phase. 28 WO 03/ 016258 PCT/ US02/ 2473
38. The netdwpiissé p@bhngnsaid, mukisteethioushi eh reidoiemuyabelymne ho®b pod shnighe
conprises using at .| east one gas/liquid separator. 39. A nethod of

prepari ng %f‘%f“ggel%ﬁmbar bonate, conprising: reacting an al kanol, oxygen,
carbon nonoxide, and a catalyst to forma first mxture conprising a

di al kyl caphonat e, Tharm&h&y bf Chlimrotvberiat @id mythoddhdmrated amitohuouwsdy.er ,

car bon di oxi de, and carbon nonoxi de; renoving hydrochloric acid fromsaid
first mxture to forma second m xture; and renoving al kyl chloroformate
from sai d $econd rﬁ‘?}emoé].Oféfﬁ?paﬂn%\%%]ayl8?rbﬁpgﬁa%nﬁﬂlsg1gmet hyl carbonate,
conpri sing: conbining nethanol, oxygen, carbon nonoxi de, and a copper

catal yst tRafd @ dilkdndl, oXYig¥h UELb&P Mtiosiided and \sap&hlysd todFeret Byhig@ebonat e,
a vapor of nethyl chloroformate, hydrochloric acid, water, carbon dioxide,
and car boncoroprdsingie; dielavbarhgnatepentaliod drlorefirmateariydrpctlosiei éd, ayvaten
portion of said.carbon oxi .romsaid first mxture to forma second
m xture; afarﬁ%%gltomggr?l}aa?bilo)%cl%ﬁ%ogrléﬁ’ng sai d vapor of dial kyl carbonate and
sai d vapor of alkyl chloroformate to forma third m xture; renoving at

| east aboutedQ6iYfg afe sanctntretidny bf editl aillofl shimbdferant ihesail tivenreatvoless fanof

said dinmethyl carbonate fromsaid third.mxture to forma foyrfih_.mxture;
and renovi AP yAP GRHS dier Eilliangdy WSHRNS Jhdle remeY e P ?%.ag‘?ﬂ? H)%r‘r‘é ﬁ‘gd of

prepari ng giaggy%éﬂ,o%;ggaat e, conprising reacting a dial kyl
removing hydrochloric acid from said mixture.
34. A method of preparing a dialkyl carbonate, comprising:

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

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

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

dialkyl carbonate and a vapor of alkyl chloroformate.

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

dialkyl carbonate and said vapor of alkyl chloroformate.

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

carbonate and said vapor of alkyl chloroformate produces a single liquid phase.
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carbonate with an aryl hydroxide, wherein the dial kyl carbonate is prepared
according to the nethod of Caiml. 42. A nmethod of preparing a

pol ycar bowetoa/jo1@68rpri sing reacting a diaryl carbonate w PTaSdY/bydri c
phenol, wherein the diaryl carbonate is prepared according to the nethod
of Claim4l. 29

38. The method of Claim 34, wherein said removing alkyl chloroformate

comprises using at least one gas/liquid separator.
39. A method of preparing a dialkyl carbonate, comprising:

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

carbon dioxide, and carbon monoxide;

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

40. A method of preparing dimethyl carbonate, comprising:

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

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

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

from said first mixture to form a second mixture;

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

chloroformate to form a third mixture;

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

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

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

to the method of Claim 1.

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

to the method of Claim 41.
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