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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 111, 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.
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al so states t e operating conditions enployed are preferably adjusted
such that the gaseous mxture fromthe reactor does not condense, or
condensesA typligal plank forgeirfoginbigepreparegt 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
1solating the dialkyl carbonate. The ‘943 Patent teaches that one can minimize the
amount of corrosion-resistant equipment required by removing the HCI from the
process stream immediately after the reaction section. This eliminates the necessity
of using expensive corrosion-resistant materials in the separation and purification
sections of the plant. The ‘943 Patent further suggests that removal of HCI and
possible copper halide salts from the stream immediately after the reaction section can
be accomplished by exposing the gas-liquid mixture produced by the reaction to a
liquid stream consisting of one of the process fluids. The ‘943 Patent also states that
the operating conditions employed are preferably adjusted such that the gaseous
mixture from the reactor does not condense, or condenses only to a negligible extent,
before the acid removal section in order to avoid the necessity of having to reheat the

mixture before removing the HCI (col. 3, lines 17-30).
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dialkyl carbonate, an alkyl chloroformate, hydrochloric acid, water, carbon dioxide,

and carbon monoxide; and removing alkyl chloroformate from said mixture.

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

steps were needed to remove MCEF 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.



FIG 1 is a diagrammatic view of a first enbodi nent of the apparatus. 3 WO
03/ 016257 PCT/US02/ 24364 FIG 2 is a sinplified diagrammatic view of a
conpar at iwe cappasat us that is susceptible to corrosion. PCEUSB224648
sinmplified diagrammatic view of an enbodi nent of the apparatus in whi ch
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the fl ui g]sp%ﬁm@va)ym@lbg conprises four holding vessels 120. FIG 5 is a
sinmplified diagrammatic view of an enbodi nent of the apparatus in which
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an enbod arat’us 1 n whi 'urd passageway 110 conpri ses
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in which e fluid ewa edes t irst gas-liquid separator
90. FIG ! h@d] d gassp %yflls@ ompﬁ@qs;fﬁwglgqel\ “W'@W’Gﬁzén enmbodi ment of the

apparatus in which the fluid passageway 110 foll ows the azeotrope col um

180. FI GridG iss samgiiﬁéd 8 gGhinRic A8eve 8N&:€ BinbadihRASofthe hﬂﬁlreﬁ@é fnOfhieh an
azeotrope colum 1 as a function of apparatus type (FIG 2 and FIG 3)

and ti methedlu@] passageway IJ0epmptisesex tihrlacsvicipd #-nat e concentrati ons entering
and exiting the fluid passageway 110 as a function of tine for an
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ENVBCODI VE npri1 si ng: Feact ng kanol ,
oxygen, canpising amhmmxdhangamdlmbezht%)l yst to forma mxture conprising a
di al kyl carbonate, an al kyl 4 WO 03/ 016257 PCT/ US02/ 24364 chl or of or nat e,

hydrochl g4 & B! Jnp Rl e Gimnt Hew St 8 emBosinial SPfe Tomeihe's: whlf
the fluid passageway 110 comprises a first gas-liquid separator 90 and a second gas-

liquid separator 100.

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

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

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

the fluid passageway 110 follows the azeotrope column 180.

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

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

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

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

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

monoxide, and a catalyst to form a mixture comprising a dialkyl carbonate, an alky]l



removi ng al kyl chloroformate fromsaid m xture. There is no particul ar
limtation on the al kanol used in the nethod. Suitable alkanols include
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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
chloride being more highly preferred. During operation of the process, a suitable
chloride ion concentration may be maintained by the addition of hydrochloric acid

(HCD).

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
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step should be selected to maxim ze the yield of dialkyl carbonate while
mnimzing the degradation of dialkyl carbonate. Preferably, the reaction
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by the addrtion of Ircal mass ratio eed to total liquid
feed i s mbsuetivay10A hiphipprdferBedlholar ritie of ekahéolanypemcurbes mpnokiie us e
conprising a dial kyl car z?g)nat , an al kyl chloroformate, hydrochloric acid,
wat er, c@PewD-@F@RwE.05xP85hon nonoxi de. The nixture may further
conpri se residual nethanol and oxygen, as well as side-products such as

al kyl chipr i 065120 dardiyad deuh r@hhRy 6 thd Rotihts bHN @epéndianpihe addnyitybftthelr awn from
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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
HC] 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™.

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

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



6 WO 03/016257 PCT/ US02/ 24364 "vapor" refers to fluids having a boiling
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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.

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

liquid membrane separation), pervaporating, passing through an ion exchange resin,

7



preferred nmethods include heating, increasing pressure, increasing
resi dence tine, adding a polar solvent, adsorbing, separating with a
menbr ane Wonsludsng gas and |iquid nmenbrane separation), Pparosapa3et i ng,
passi ng through an ion exchange resin, 7 WD 03/016257 PCT/ US02/ 24364
exposing to a i.chi ric.reag . S| 0, t | G.d gpgent, and
the Ii ke?ngﬁlﬁg%c(gzg T qlﬂg{;i?%tﬁlg ?%agﬁ%r’ ?gédﬁaﬁgt? %l 6as Ecorr?ggeglﬁ a?l hgﬂéf o? égg(?ng
t echni qu&snbihatichs progieisigdat lendyatienehihe fobeoitigksekhwitphear ofron matferred r enoved
frommxture by reaction with water (see Schene 1V) or al kanﬁ)l ‘quee Schene
V). O Usmbedimeniothealkylehlorpjormate g renmsg drommixture) by, repgtiqn) with wajggy (v
ROB d Id YoraliSiol gkgkRgd to renove the al kyl chloroformte
wi t hout aes%%r?g et]ﬁ/g OImi xtﬂﬁgeﬁcrough an ion exchange resin, because such
resins are expensive to install and operate. It may be preferred to renove
at | east abou®) 50 percent, nore preferably at |east about 90. percent, yet
nore preferablly at | east ut 95 percgpt, n e fer y at | east
about 99 percgent, of 'Ethe ILg"ll&ﬁyl chl or of or matlgeﬂ rgﬁ{)ﬁg ﬁcﬁt ur(gxé?j In one
enbodi ne b/lt \maé( be preferred to reduce the al kyl chlorofornate
concentration in ]the m xture to | ess than about 500 ppm nore preferably
| ess than about 100 ppm yet nore preferably |ess than about 30 ppm In
any of these @Inbodi ments, it may be preferred @o renove | ess than about
10% nore preflerably | es an about 5% yet re pr e% ﬁgly l.ess than
about 1% of phe dial RLyI SRc(gﬁbonate. Al t hough t met ho H y QQ descri bed
as "renoy S fhan about 10% of said dk@l/l@l\o@r%bonat e", it wll be
understo t hat t(}%e concentration of dial kyl' carbonate need not be reduced
and may even increase. For exanple, the concentration of dialkyl carbonate
may i ncrkamey aldfo bberSetredrdo \femese tthonllofi dildyformhteowshoutnpdseingi thh et hanol
forms dialkyl _carbonate faster thanb di al k%l carbonat e deconposes..due to
ot her r e®&ft lg}ntg;oug an 1on exchange resin, because such resins are expensive to install

and operate. It may be preferred to remove at least about 50 percent, more preferably

at least about 90 percent, yet more preferably at least about 95 percent, even more

preferably at least about 99 percent, of the alkyl chloroformate from the mixture. In

one embodiment, it may be preferred to reduce the alkyl chloroformate concentration

in the mixture to less than about 500 ppm, more preferably less than about 100 ppm,

yet more preferably less than about 30 ppm. In any of these embodiments, it may be

preferred to remove less than about 10%, more preferably less than about 5%, yet

more preferably less than about 1%, of the dialkyl carbonate. Although the method

may be described as “removing less than about 10% of said dialkyl carbonate”, it will

be understood that the concentration of dialkyl carbonate need not be reduced and

may even increase. For example, the concentration of dialkyl carbonate may increase

if the Scheme V reaction of alkyl chloroformate with methanol forms dialkyl

carbonate faster than dialkyl carbonate decomposes due to other reactions.

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

methanol concentration, and hydrochloric acid concentration, the present inventors



Through extensive kinetic studies of the dinmethyl carbonate process
utilizing variations in factors including tenperature, residence tine,
wat er corwenBoa2sobn, net hanol concentration, and hydr ochlPeTIuSozz4i364
concentration, the present inventors 8 WD 03/016257 PCT/ US02/ 24364 have

found that the rate of nethyl chl|oroformate deconposition may,b iven b
the equuve dhpndthat thepgte pr%thﬁﬂ%fofm%f %@%ﬁ%%}miy&e o Byfk,\e%: is t%e

rate of ef\é)@ e(lzf the noles of nethyl chloroformate (MCF) per unit vol une,
[ H20], [ %5}1?) nd [ MCF] are the instantaneous concentrations of water,
met hanol , and nethyl chloroformate, respectively, in noles per unit vol une,

and k1 -ane K& O] rdt.pMeORBY MY t h4l) vary with tenperature according to
equations (2) and (3), respectively k1l = kie 638 T (2) k2 = k20e7673/T

(3) where k1 = 2.09x109. i/ nol-mn = ' Ahd Tis
the tenpefairelsite @ieg?fecg%%ee f&%%“°?e§%r§3’ne§!h%§§%°g‘}fgf‘% gpﬂ vaF :[ gm% 0 assune
that theydane g, AL M8 HPS andeleCFpie the inbedmtdneoad doncehieatiban of twataf t he
solution are essentially constant. Wthin these genera.lt Wlé]iruneti C

const r ai methanali fiicemethy] khiseafounaisFeassingiy Hdyolse PesBY! V8 fidkent
process and ARRALAlHSahy Rﬁ?t'sva}l# Wk Rapberge oelortifig 1bRRuaR (eNei cal

reacti ond'‘a rate —constan ovided'in this application, these
expressi(g?l,sresrj%yti\kwyreadi |y derived by those of ordinary skill in the art.
For exanple, in a batch process, the rate of nethyl chloroformte
deconposi ti og _may- be_expressed as a function of residence time, as shown
in equatlflcfhk'(‘?l): -d ?&CF]Idt = (k,[H20] + K2[ MeOH])[MCF] (4) where t is
residence tinme in mnutes. The residence time t nmay be defined as the total
time spept—py.#Pavesyage nolecule in the fluid passageway 110. In a batch
process, at |east about 50% of the nethyl chloroformate nmay be renoved by

mai ntaining th m xture under condifions conpri S) ng a vvatgr conﬁent ration
([ H20] ) , whemgekihand}.09x10 mL/mol-min, k,° = 4.14x10"" mL/mol-min, and T 1s the

temperature in degrees kelvin.

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 = (ki{[H0] + ko[ MeOH])[MCF] )]

where # is residence time in minutes. The residence time 7 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 (T), and a residence time (f), such that a

parameter X according to the equation (5)



concentration ([MeOH]), a tenperature (7), and a residence tine (t), such
that a paranmeter X according to the equation (5) 9 WO 03/016257

PCT/ US02/\R0384162%7 = PCT/US02/24364
exp{-[(2.09x109) e(-638"T)[ H20] +( 4. 14x1010 e(-7673/ T)[MeCH ]t} (5) has a

val ue | ess than about erein the S&oncent ration_and the met hanol

0.9 e
concent r &t otp {al(@ 08X pP'9es ¢ i[ﬁz@dﬁé@-lﬁér@%@{_i i 1110M0H e (Dnperature is

expressed in degrees Kelvin, and the residence tinme is expressed in

m nut es., The val ue of X.ma refera be | e han re

pref er abldy 4 ¥alue qu‘?éghaé‘o?)kmU¥6’.'§,W] é?m%%(év a?eﬁrceoﬁ gernga y" %§8ﬁé§sgje?hag§pabout

0.1, eveqnthiftibh aFfeEaRtkel 88 MmdlbaPerdiaulited). 185 teripérbiurd iy expr@gsef &r abl y | ess
t han about 0.01. The water concentration nay be about 0.1 to_about 50

mol es pedegrdes del\inmandLthe residancn titei is expragied 1n pEnyas efhe brlBeAf £d08%n may
pr ef er abl t least abou . 5 I r r r Yo at about 1
nol / L. A?%%r%?X %Ie ne Shﬁ’san ai%gﬁ{gg;%’trﬂglg ljteggﬁg%ﬁ%sgntfﬁ IF‘rgtalﬁg‘!rl{t (r)r'gil ylE)t‘rae ger ably be
up to abgferadfly B®lekd-thafi@beut OpY, el e Alokeypreferdbdy Ebothn 2Boutdl.03, stily etoreror e

preferably up to about 10 nol/L, even nore preferaply up to ahout 5 nol/L.
The met heiafsrabdy fse Hianabosh0 by the %ﬁ%@onfe&t@tlaﬂaﬁ%ya&?gb%g|0f } to ﬁaw inthis

range, the net g?gfr?ﬂg @91?159 tW"i’tMnotﬂLs ge'i g@fﬁtﬁ%%cgﬁrﬁton I SASfrefeibPHt S

nol /L, nore pr at” | east about no Al'so withi'n this range, the
met hanol b stnesntiba@it idchmioll,, poed prefishbly beleag dboutabomel/L2 0Alsolvithin Hos e
preferably u

p. to about 18 nol/L. The. resigdence ti be about 0.5 hour
t o about2ee,hiBEr Water \FPRFFIHAtAR é“?yalﬁ’ﬁeg?ragﬁeg? ¥ &ﬁggug?%fremﬂlé@’ BI%S erabl y be
at | east 1, PESHSe PRl ¥radly Upad Sho@b@uhoRL Naeh fordl SO
W t hin t%@gé%rﬁé}r’éé?pﬁ%t?ggifog/eﬁge ti rre%%rrar;;1 yprpg?ergbl y b(e) U{)bto glgout 8

hours, nprefergnefiptapbopt Gpneld..abbemetaholgoncentigsion sy about bthehpube about

30 to about 0G,,. Wthin this,ran he tenner r e ly be at
| east ab {noi/gCSVﬁgvpe @f“g?’a%F y’egﬁdqogﬁ%rfce%%oﬁﬁé&,&éﬁ¥u p%eegtq%a%gf erably
at | east ;RROYIMEAC. md¥eSRefoiably & leliit abs@n@emol/be Alesrpathart thierangy, ther ef er abl y

be up to about 110C, nore prefer ablg up to about l?OC, yet rgwqg)r ef erably
up to abwethapdCongentratien mayi prefsrably be 4R 4 akqud ZGymelatTaors) m@g?qb eact or,

o0 22U T SRR GRS i Wbl M otk TEUR
Within this range, the residence time may preferably be at least about 1 hours, more
preferably at least about 2 hours. Also within this range, the residence time may
preferably be up to about 8 hours, more preferably up to about 6 hours. The
temperature may be about 30 to about 130°C. Within this range, the temperature may
preferably be at least about 40°C, more preferably at least about 50°C, yet more
preferably at least about 60°C. Also within this range, the temperature may

preferably be up to about 110°C, more preferably up to about 100°C, yet more
preferably up to about 90°C.

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

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

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

methyl chloroformate is given by equation (6)
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according to equation (3), with t representing residence tinme in m nutes.
For an ideal steady state continuous stirred tank reactor (CSTR), the
concent r awpan/oof257 net hyl chl orofornate is given by equati ®aT(UB)2/20B64N0

03/ 016257 PCT/ US02/ 24364 [ MCF] [ MCF1, O (I'l1(1+kt)) (6) where [MCF],=0 is
the initial concentration of rrethyl chloroformate in noles per mlliliter,
t is thelMe&] deMHe& i FliOMDutes, and k is given by equation (7) k = ki
[H2Q + k2[MeOH] (7) where k1, k2, [H20], and [ MeOH are as defined above.
I n anoth ' kyl
chl or of oglhglt%e (?%q% ﬁ%é]?nﬁlg%lﬁlf@%gtr&%ns%ig%ng{] %tcgfogg?iﬁhna‘}%gﬂfnﬁﬁ)tgft}gr‘%} under
condi t i omslliGieenyris thie Aesidence timietin ahmtten(aeailknaguvembpéqmmm;w) chl or of ormat e
([l\/CF]t 0), a water concentration ([H20]), a nmethanol concentration

([ MeCH]) _%(L}; erat and a residence tine (t), such that a
pararrete“ thgtothe equation (8) Z = [MCF], =0
exp{-[(2.09x10)e(- 63811T)[H20] +(4.14 x10'0)e(-7673/ T)[MeOH ]t} (8 has a
val ue Ie&gegeh@%,a{?g@tj YO £6 8§ ddtinédlaB&e. t han about 1x10-, nore
preferably |ess than about 5x10-7, even nore preferably |ess than about
5x10-8, wherein the initial concentration of met hyl chl orof ormate, the

wat er cohcenthestembadingnd thah aelaies ﬁ%ﬁdqatchcr@wé@rmr@ra@wa& alleyd chleprfadaadel i n nol es
per 1 1| bLil @F mikhife LOHBRIRtH Gl LHRFSARE uhdbr HRGHBES cKifbiiifle afNd L e
residence tinme i's expressed’in mnutes. nperature, r nce tine,
et hanol it cedceratation, ofansktivat eflowbnraerd r(@tICE]) d) natWaer eopc@ssiion are  as
descri bed above. The initial concentration &;é 3 | orof ormate will

i

depend oflZ. ZQﬂl)ealné’g@f‘Blr cnsriratiog{gMe@ i), p tterméer?%‘)fﬁ LIFSIHENSHABe 3 1ol es
per Ilte Lhidh dghi s range, the initial
concentr | on o?ﬁn%éﬁ;l% Icéﬁ?{cl)lf%gerd%%%rhlngas the\ééllqat 1 e(gtgzt about 1x10-2 nol es
per liter. Also within this range, the initial concentratl on of nethyl
chl or of ozrea{ By, &g {+02.00x aout “15eF, 0] rh a4 xpel )d TTEP [ MeaH (&Y er r ed
enbodi ment that relates to a batch reactor, renoving al kyl chlorofornate

conprises subjecting the m xture to condi t| ons coniprl sing an initial
di met hy| hassa bdnatess then ebeutrad 0SnprefeDNety Jesohanahoiinixl03) mess BefesdiEent r at i on

less than about 5x107, even more preferably less than about 5x107%, 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 5x107 moles per liter to about 5x10™
moles per liter. Within this range, the initial concentration of methyl chloroformate
may be at least about 1x107 moles per liter. Also within this range, the initial

concentration of methyl chloroformate may be up to about 1x1 0"! moles per liter.

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

([H,0]~p), an initial methanol concentration ([MeOH];=), an initial hydrochloric acid
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([H20],0), an initial methanol concentration ([MeOHi=0), an initial
hydrochloric acid 11 WD 03/016257 PCT/ US02/ 24364 concentration

([ HC1] 1=0Wp oa/ot@aperature (T), and a residence tine (t), ®arhiSvhatzes
parameter X cal cul ated according to the equation (9) X = exp {-[(2.09 x |

09 -G381 / - = ' = 1643 T): 7o Lt 9
ha)sega va?ug ellltg%uso[n'lt_ﬁg(n&]éﬁgu{ t%&%e}égﬁad E@’ %3%1 :a(mg Sgdreﬁgfe 2[:13# (I\:/Et ?’;%Jg% tggtc%r Ezli ﬁ]g) to

t he equaparametef Xplchlated dd2@xlikeCo the ¢utidbn € = [ H20] 1=0 [ex[(. xI O 10
exp(_ 66361 T)HA _ ]1-0[DMC],=0 [H2]1=0 -1 t [DM],=0 [DM]],=0 (10) has a
val ue of at |east about ()(_.Gi%,/T)\Aher ein the ini“}ingghrretqr}]);l car bonat e
concent r &t FEAP I {hOXH 94 al whl e@l.aoncehtf dt Den, t H&aGii Liodl (Bt hanol
concentration, and the initial hydrochloric acid concentration are
expressed in les per mlliliter, the t rature is expressed in degrees
Kel vin, Bdt Yaiee legsihaeaaut 0iopan %p@ﬁﬁw&eg?e%@t HEPINE Fpiibe CHEFIGR of v may
preferab{m be at | east about 0.95, nore preferably at |east about 0.99.

Sui t abl e anal yti cal techniques to determne initial concentrations of

wat er, nethanol, hydrochloric acid, and dinmethyl carbonate in reaction

m xtures are well known in the art{ “initial concentration”
refers to the concentration of a spgeci ‘ ofe intentional renoval of

al kyl chlyct of ormate. The-initial—we b1 hang concentrations—are the
sane as the{waf eg. anc t hanol nce s descri bed el _(un

typi cal reaE]c'TEta c D"%IE@E ,-676@%?@?6@@6T MﬁﬁndpﬂéGh@EMm@H\{ die né}%}
| arge are Ss Irafty\const ant during al kyl chl orof orna r r%‘i/a .
initial dinethyl carbonate concentration may be about O0.5(%® about 10

nmol /L. Wthin this range, the initial dimethyl carbonate concentration may

HERE TS ST Tt EERRERE

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

[av.

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 leést 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
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carbonate concentration nmay preferably be up to about 8 nol/L, nore
preferably up to about 6 nol/L. The concentration of HC in the mxture

wi || depewo osnid2be type and concentration of catal yst enpCoyesd2/24Bhe
initial hydrochloric acid concentration vvi II depend on the type and anount
of catalyst.: but it i.s typical abou 3/016257
peri Usoz) o omtes pep it MBUER b iy Inh ) b BRRL gl e R P o
hydr ochl ggi ﬁ‘aré}&laﬂlycl%"@tel@ﬁdt %'bd)LQleUﬁmweqfrefe?dﬂlyyatb}‘éa@tabbﬁaﬁ(tl oémme 5x10- 3,
nor e preferabl | east about 1x10-2 nol/L. Also within this range t he

initial Alparsi Ddhliscfalégf-i thecipitisd hydrachloric agidl qoneendrasion ynayeprefepatiy babout 1 x
10-1nore, Jb%h?i%l 'tﬂPcﬁéBre?é%QM% F{%&&L@ﬂ%-‘hol/}?he met hod may be operat ed,

for exanple, 1n a continuous rmanner. In the

particul ar enbodi nent shown in FIG 1, the m xture passes through a first
heat exThangsiiodldytise apgrbtet], fdn&:xhﬁlmstneriatwbacmf senfi ébarahx tou rcentih@ut 30C t 0
about 130C. Wthin this range, the tenperature may preferably be at |east
about 4082MYPre preferably at | east about 50C. Also within this range, the
tenperature may preferably be up to about 80C, nore preferably up to about

70C.  Thep BE Partheht enfObERRNI ShowHBSEGE. Rethean Wik phOeWMhrSRN L£8isf REat heat i ng
chemical reaction streans, typically by exchangl ng heat between a thermal

ener gy sowhergefd4(.tp asljusati)e temgerature o ter mottenei abalit B@ébtq r{hmusﬂB(é’éim but it
i s understood that other types of equivale q heat er s el ectrical
heat er s) Wathan 4his Jangfe| e aMPIRRIE Site RsATaP a8 B é‘??éteab‘?%t‘@ & DRITE d

Passagegrdd HLGH SBINC0o | ARECRRRAL R, SRLACRES AIRAL bap M xture

to maximze conposi ono whi |l e

m ni m zi %sy@féilﬁg?msecw {ol spdupBow ahdﬁylpr&afalbgn 59 aﬂ'chﬁ Tweodersaten Fhyat _
preferab remain fully condensed within the fluid passageway 110. It is

desi r abl @ioﬁléng@é’é;dewi@es congBhsare deyideyfos disdbng @hem@@hmtlm sfreast sone
al kyl ) 0 0Ll finf ngal By AHLRLPLOLID Bl @' € ongsl gl g 1 Lhe

vapor phé’ ase un conditi‘ons process.

The resi eMerecHehiidal ae@btioﬁrmeam; biiteit iif uhhk&stbbdl itiht paﬁaagpasayf éqlﬁ)vaadsrﬁ
preferably sufficient to renove enough alk chl orof ormate to. prevent
unaccept bistess Fosneleptaigah heaters) are also incfuded. T e 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.

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

passageway 110 are shown in FIGS. 3, 4, and 5. In a preferred embodiment, at least
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corrosion, but they should not be so excessive as to cause unnecessary
reductions in the productivity and yield of the desired dial kyl carbonate
product. WD@3/0B2shows a sinplified process di agram repr ePemtisnt/vsent a
conparison process. In this process, the mxture flows directly froma

first gas-liquid separator 90 to a first heat exchan then to an
aci d renthpst %@él inthe 128kl %?r@@%&ﬁsfm’@%%dﬁ?rﬁéﬂ?g agfy la'htﬁai‘tl 8% 1s

passage di ment ,
A R L S L i R Sk

chl or of ofeduaded to $ess erm\abdut 5 earispef wili (ppat) HyeesphiBO8drd preferrfé:ﬂpibesj In a
hi ghl y preferred iment, the al kyl_c r of te ncetratron IS
reduced a0 pRAY lpﬁﬁﬁm prggb@etdaprpé%?fgrram}ﬁﬁsl tg?pr} WHELS hor e
pref er ablted 65 $he troréﬁ“@ve?é?ﬁlétf tﬂeoxguﬁll%nah& M@&l%ﬁoro%@ha@%ﬁm%]efﬁkﬁﬁhd’ | ess

t han about 30 ppm by weight, based on the total weight of the mxture
af t er al pasbagebprld0os peferablyrreleated stlethat thedotab sessdegestiyne beOvées the ef er abl y

sel ected such_t hat he t ot al sidenc n the tor 50 and the
oot dor onsacet b e e il B TR Frolis e e R oo asbE 16 Rbny i <
range, themieaidemes, the fl"@sﬁl@d(:eﬂfn‘i’e!c A?lpkéfelﬁslyaﬁe hi€iesdt 28bOUT hdudeldre NOre
preferably at |east about hour s. Sso wthin this range, the residence

tinme naypre&réﬂreraawa;zt b‘eou!ipz heurgbodvlso gvithem this Thigce thy s¥sedeapt mgpmey about 7
hour s. uid passageway 110
conpri segre %gggrgﬁ%%é%élhg H%?%‘ ?ﬁ;ﬁr%fgéa%#ﬁ;ﬁt n%do\l}{ezgg{uls 120pma gf ory

exanple, maintain the mxture at a tenperature of about 55C for about 2
hours. Eprn&ehﬁbmglanesﬁlerlstrétB&) in G, gt elfice flabd padsag&weg/ llb(hgbimptlsrswbl ume
ratio (L/V). less th

refer ny | ess bout hol di ng
vessel s 1gging, sl §9r a?g € ol lﬁgs"eﬁslegf %&W*We %r F%arﬂ%le B’ﬁrﬁ?lﬁm?
limtati i i geway
110, 1t R PRI BE IR, MERRRY 2 IR BaCihiolnd 559200
conf i gur aky paferablynipviesi lRggth, todioltime fatiodl/Vipless thahdi, preformbbeless th2® may al so
be preferred. In _anpother enbodi ment, il Igﬁtrat din FlLG 4, the fluid

passagewdPui 20 rr"%‘eé‘o@mgﬁ?ﬁﬁ?lﬁdz@e%% wtipisg inTihiss S2ys) thefy 'V B%sel s 120

may, for,exaiR fmidBéNbAIthe Bhﬁlbeﬁbf(ﬁ&ﬂﬁlga\tes%ﬁ @@@% A8 dOpasHeWhy 70C for
about 4 hours. Each hol ding vessel 120 "may preferably have a length to

vol une r &tQ. o It(ibAY pel merieddn WBe apilaaste? Ablding wessels HAA, and configurations

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

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

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

or more narrow sections having L/V>5 for at least about 50% of the total residence

14



about 2. In yet another enbodinent, illustrated in FIG 5, the fluid
passageway 110 may conprise a section having L/V of at least 5, preferably
at | east wbw®awie87 For brevity, this section may be refePCedSID24864 a
tubul ar section 130 Such a tubular section 130 having L/V>5 nay pronote

lug flow of the, re throu fluid pa 110, the
e Tct entiy e I e ear Soh e LMt el Dr gy bedcAbouhB0% o fhe”

chl or of okdiRit EsiddriRe tiHeSpBMMA M BN patdgdy, @ preferred that the mxture
reside in one or nore narrow sectionsS having L/V>5 for at |east about 50%

of the total residence 14 WO 03/016257 PCT/ US02/ 24364 tinme spent in the
flui d pafshgevmypean o Fior & qft@feecttm the dluid p@sagmml%@% wixteiegnay, ot al

o o Bl B et £Seshhd b BRORATE 0 0 W1 co R ooB 8K e [y

pass thr guglira SIS eswdntigrht GecthaRger0 hRY Haoe atredi@ait tm@erbmbd thayapori ze the
m xture. This second heat exchanger 150 may have a residence tine of |ess

than 10 nHIWeE eBhis TAPYIARHRR siep a0dYoss be peovaiplishesowitbowechnspPrabregerwi t hout a
heat eXCB?ﬁg%lr%¥1%éng¥¥§Eer%£§% RE &R g%ﬁde%%%i drf O \gép b§r| g&’sﬁfﬁ%@ m xture

(e.g., by’ passi con e |n an acl renD that is
kept at aotidehaité \ietbyarl @wiel rempoves siohemn 160 ethwiaoikiepted: @l welativelyniyver hen,
optionally, be treated to_renmve HCl preferably by injecting it into an

aci d remBUEEFTo| TR VARSEIZod ARXEET daYetheRatPtioaplbmPe Ueectis remas Belp renove
any entr feri*égbl %ﬁé@t‘ing(l?ngo an G rbmb Aot %(PtﬁferM@ m&v‘aﬂ&ﬁmﬁt eto

downstre m cor?abgl on. I'n the acid renoval colum 160, the vaporized
condensatl éO meay Pscehdpabpvenoyp entremed catalylsﬂt Gre.f Du@i)n@xat copld dtleuppki ed by
count er - sévitnﬁ Idi @w dline 170 tPtI% her qu nt in %Ge col um é{e. g., the
upper thF?%Hl Ut i JOWBRIFREE CHT B hg!™ g arH THEY 4 u“E“P\é VAPHECHC and

ot her regagid®Abats makifrbrerimyy Qﬁcouh%V&ﬁmfeE-QlMﬁ?hgﬂﬂtsQl Béd bieoaed renoval
colum 160 and reciml ed to the reactor carbonate m xture

may be r 8apinmliquidmne He0ttop bigheheoiaicindhe eplumm (e%,otheamer thnd).odaE| y,

P | g PRSP FaBDI lf Bl SELETST 120
or at anyer@évedrfropogietbodondefihs atidasmeldl Ro@EPesl addoreti@edid lle F@Yal col um
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.

In a preferred, embodiment, the method comprises reducing the concentration of
hydrochloric acid in the mixture to less than about 1x107 mol/L, more preferably less
than about 5x10™ mol/L, even more preferably less than about 1x10™ mol/L, based on

the total composition after removing hydrochloric acid.

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

the azeotrope column 180, and the purification subsection 40 are not required to be
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160. It may be advantageous to include an optional ion exchange resin bed
190 after water is renoved fromthe product dialkyl carbonate streamin

t he puri fwoaBionssection 40. In a preferred enbodi nent, the/sppasat us does
not include an ion exchange resin bed 190. In a preferred, enbodinent, the
met hod conprises reducing the concentration of hydroc ric aci.d in the

T xtur e PORTTETERERE aBaaPIER s e 91 the dgsdiope P BREL IS0 i EeRTiiun about
5x 10-4 Mdsﬁon—ﬁgﬁﬁnﬁ%ﬁbxﬁﬁ?ie@Et&ﬁé}ybé £188s AN TAB @t deo¥rodindediMbdtl, based
on the total conposition after renoving hydrochloric acid. In a preferred

enbodi neistmeanhéo gesetibonmatstial papablepdraithsemdagcn Bel sotendwh$00 epmatr om t he
azeotrope colum 18 an urifi Loh suphsection 40._are not required
Co be 16 GBrgut PR CBo skl 1o  BeRnterediy eiinfiné ifbosfont

upst r eamyMstahgl @#RBIHARA reRLVED bERP tinke rﬁfdﬁ(@.%b,'s%( nfoRfHsPS (P4 N@ed st ant |
for exanple, it may be glass |ined. The term™corrosion-resistant” is neant

t o descrvesecls, precous ahetelapapl dagplupt hsedaneisply and BiBiciad gvieadntsudf a500 ppm at

a tenperat f out 35C.in the reaction m xtur i t hout
o ubet oot s B gBOMy THROYAIMYE Snd tbel Psl R sffolbiteligl! [ oMl
G ass | i hatkriakeshat srdifieelailsss RRERI nof ehcdlified ta Rhddrdedkcotrbsleal rasasmet s and
speci al steels such as HASTELLCN(I% and CHROVALLOY(r) woul d be consi dered

cor r osi oWorklsiad g gensidasedeeqregsion-igpistagt. oF g argpijons eolyine d 80 serbe Madet
nodi fi ed_t n rQsi resi |.d |
corrosioﬁigggiE?Q%?fﬁgééggggg?g%%%ﬁgo g%#'?@ Ekg%%%g ngggaiggﬁﬁgggt in part
f rom cor betsim f ks isbaope teltainsl 80 mag hprmbdy frem £ ohxockioerdsistanhetechot t om of

t he azeoth%pe ol umm_ 180 may be nagg from a corrosion-resistant steel,
wher eas PREFCRDINCAPP effle eJpimneae BR OFEnyY §laies; Skfhi nl ess steel . In one
enbodi mrent of the apparatus, illustrated in FIGS. 1 and 3-6, alkyl

chl or of opM&i@ EeMmbbERRUE DS hed a{awhfdlépaﬁmee&ayn IS, | 0 aRptgr Jagpodi nent
of the apparatus, illustrated in Fl 7, the mxture is present i'n the

gas- | i queldorpderarase is semeedsnladluddpasseigey@y f16r sufficient residence time and
at sufficient tenperature to renove al kyl chloroformate. In other words,

the {1 Ui g DARS AFBHehdOr GOTRNAES, i85 G IS RRALAL BRs¥fise! S 90

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

unnecessary.

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

vessels 90 and 100.

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

may be removed from the mixture before removing the alkyl chloroformate. In this
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exanple, the mxture may remain in the condense phase in the gas-liquid
separation vessels to be substantially deconposed by reactions with water
and mnet hawolo3/olarsthis enbodi nent, the first heat exchang@CTA®02/ad t he
hol di ng vessel s 120 may be unnecessary In another enbodi nent of the
apparatus, ill ust

i th of or ma, renmoved
in a fl&mgodigsahd 9\& <Yii@°f(ﬁ%ﬁmg¢ qd e 1S OVe h heiNe ltsag’ﬁé;ﬁ% @ﬁ vessel s
90 and %89;]6@1 Asd. hF§r SAbpH i@mmgqaw@fswtthe ﬂahpyaesargeway onehayefohiaivques f or
removi ng ‘a | orof of mate may be rrpl oyed upstream of the cgas l'iquid

separ at ﬂmmzevtes}ﬁecmmﬁﬂ 18&scfon ermple, ibmsyHheringsitsd dRtadhR 2Z5PUPPRCAPHAr at us,

| | ustrat ed he h hi th
i xt ur o VIR GRE a0 e PR e Er gt e B Bt e e D AR ENAT, ) 76257
PCT/ US0%424136fb0 arkesicABntREIGt Bemalkyd ot oﬁlommiatembasamm menﬁmld in the

vapor, rather than the 1|iquid phase. For exanp %ﬁ)errln FIG 9, the
fluid pa@&sagfé’wa{ylllmwameﬁeﬁlb%ﬁ?mf’%@ Ay apRygpe S‘éléﬂb T gEovig a ]é¥<1arrpl e, it

may be ipserdt O exdsh bﬁ%gSlQ, Anthls
embod: menproipiet Hofh B3 a8 BPAHERG H0h s hunke R lbrkbR®edidapd” 0

i 11 ustr ghe®k mémbrafes, tclypandtke sl ¢m@tofdrmatm®danbmmmémsedx he fluid
passageway 110 may preferably conprise an apparatus suitable for renoving

al kyl chloroformate fromthe 0 hase (e. excha e.r.esins,
absor pt Yo Rresead el@gﬁ‘@mempﬁa?s@eﬁ’@ﬁb &Ranng & d?alk%{ OREEH CRYPTIRAE o r of or mat e

need not.hg,condensed. ofyg%ef:ﬁbbﬁ%m At 2 icBtaBysiTed HOwh of mpttagari ng a

di al kyl carggnate conprising: reacting an al kanol, oxygen, carbon
nonoxi depmarising a:aluaé]kyglsctarbamafeo M elknh shloroformadeypidsschiprie él"?léal WFerac ar bonat e,

an al kyl chl or.of or mat dr ochl o Cl wa, : £ and
car bon . [fB1P4R; Jfgxi Snan‘iﬁg?%ﬂgm%%ﬁx I]t% P%'S{ réoagcE leﬁ%w&% passageway 110
at a tenpahalyieph aeQQ&h%éQchetef MtSO%Qoaﬂbautf g0°Caaridefrdensidendd e of

about 1 hour to about 10 hours. Another preferred enbodi nent is an
appar at usnd eff abouephaountg abowil@lhkyts. car bonat e, conpri si ng: neans for
reacti ng an al kanol, oxygen, carbon nonoxide, and a catalyst to forma

m xture P(Er?o erri Sriepegre% éjrnlgic!dlﬁXenth’g rQ‘P Qﬁl)a?atugr}otalpk%griﬁ? laocﬁigfk?/[ B%HBnate,
comprising: means for reacting an alkanol, oxygen, carbon monoxide, and a catalyst
to form a mixture comprising a dialkyl carbonate, an alkyl chloroformate,
hydrochloric acid, water, carbon dioxide, and carbon monoxide; and means for

removing alkyl chloroformate from said mixture.

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

110 for removing alkyl chloroformate.

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

Scheme II, above). For example, dimethyl carbonate prepared according to the
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hydrochl oric acid, water, carbon di oxide, and carbon nonoxi de; and neans
for renoving alkyl chloroformate fromsaid m xture. Another preferred
enbodi merwoiog/oansappar at us for preparing a dial kyl carbon®Ce&/USorpisps i si ng:
a reactor for reacting an al kanol, oxygen, carbon nonoxi de, and a catal yst
to a produce

a mxture conprising.a dialkyl. carbonate, an,alk
chl or of dRHRAE Mmay R Bﬁ?ﬁiegr‘iv N pBeny: “%attoe&fma‘#faﬁgﬁ’ 58 .OB?th}VH{:?!" lént ™2 fluid
passageygy bl b@hidUipAd Rldwhm aiiopjaivng@te. Dialkyl carbonates
prepare ccording to the nethod are useful for the preparation of diaryl

carbonat es. For exanple, diaryl carbonates may be generated by the reaction
of a diTiekyventian ofwather ilivstiatehbuthg follgiing pioadinisias e |, above). The
diaryl carbonate may in turn be reacted with a dihydric phenol to forma

pol ycarggg@g@ ((?siae Scheme 11, above). For exanple, dinethyl carbonate
prepare C rLlng to the 17 WD 03/016257 PCT/ US02/ 24364 nethod may be

reacted with phenoxide to form di phenyl carbonate, which in turn my be
react ed Aviptdnt hespbmpab simpbfiédFIa.22 pak podt bod aperate@itte rrodwatdimethys f urt her

illustrated by the followng non-lLimting exanples. E LE 1. _A.plant
accor di fgroo8a%; nisPIPTeY demage VaRRDSERY P tlg_a?ﬁ‘g %’@Piﬁ@ﬂ (’?gi\{grﬂé%‘ﬁ{:oé’légi net hyl
car bonat @y, /{1 RES| AferdANBLR VBPARSRENGH it WaRlABteAAMRE thRAMR Bbrrddith _
azeotropic colum 180. Arter extensive experinentation, it was determ ned

t hat t helaoage osdsocausddimgmethab chlatndenndiy passitgy ithrohglo tlst aeifreseparptéieisi ng

th h t rd ti | LS i.fically, hyl t
Found ¢ 5B, Saesireany. sk s Dot TRaRE mriTa Y i eBiBhE "o 300
parts pedohfhh 8@ 4 &ikntbationRif b0 partifvlifiond ppm) be waghonposi ti on Kineti cs

of nmethyl chloroformate were studi ed under four different conditions. A
procedure for determning nmethyl chlorofornmate in a sanple was as foll ows.
For Exanpf&MPLED2@i[liliters (nmL) of dinethyl carbonate, 10 nL of

di met hyl carbonate containing 50 ng of a bi phenyl internal standard 63 nL

gf et PANO e o ARGsiRo kintlicdGHiéth Wehforaf tfdtetitrd staftdBndéd Bakdiferenpped with

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 nitrate solution to quantify the amount of ionic chloride present. The amount of
methyl chloroformate could then be inferred by analyzing the original sample for
ionic chloride. The difference in chloride concentration is equal to the methyl
chloroformate concentration because each equivalent of methyl chloroformate

liberates one equivalent of ionic chloride upon derivatization. Alternatively, gas
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18 WD 03/ 016257 PCT/ US02 364. chro o raphy.can be, used faqr rect
hal vei SRR, R faiig, ¢ SR HRDRYE 1 Bl S o Gont s e

st andar dymdiplog Naté?%é%%a@r@@éé’dtﬂ&l 9@7091%@0@/9 dBE QERAS lafd /ihAiRd BRI ants (k)

at 50C for various

condi ti ons.

Exanpl e 2

corresponds to the case described

above. Exdpled-3 has added hydrochloric acid that is generally present in
the authentic reaction mxture. In Exanple 4, the effect of a small anount
of sodi ]ﬁgfarbonate was tested. In Exanple 5, the ratio of dinethyl
carbonate to methanol was held constant, but the anpbunt of water was
increased from5%to 10% The results are sunmarized below in Table I.
Tabl e || DMC MeOH [HIKAQ Wt %) |Teie@H( C) Kk Ho0i(w%) (Webhp (C@% X ki )45 pO 5 50
0.043 [Ex.3* 45 50 5 50 0.043 Ex. 41* 45 50 5|50 0.480
(wt%) (Wt%)

Ex.2 45 50 5 50 0.043

Ex. 3* 45 50 5 50 0.043

Ex. 4** 45 50 5 50 0.480

Ex. 5%*%* 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.

Plots of the logarithm of methyl chloroformate concentration versus time were linear,
fitting a pseudo-ﬁrst-ord;r kinetic model. This behavior was observed even in the
presence of hydrochloric acid, and therefore this method can be used to determine the
concentration of methyl chloroformate in a particular sample. Comparison of
Examples 2 and 5 indicates that only minor variations in the rate coefficient, k, are
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Ex. 5*** 43 47 10 50 0.055 *ldentical to Ex. 2, except that it also had
1000 ppmof HCI, which is simlar to the effluent fromthe reactor 50.
**| denti c&ibD BO1Ex7 2, except that 1.6 eq. of NaHCO3 rel at ip¢a/usSo2/24364 1000
ppm MCF were added. ***ldentical to Ex. 2, except that the % water was

i ncreased b 0% but. the ratio.of. DMC/ MeOH was not .changed, j.ust reduced
overal | .%F%’Fé “éllenjtaﬂélypéléaﬂaﬁpbﬁ'?\wl%‘?ﬁ?fl Co@ﬁ%ggsr e ANA 3%3%‘%11‘?“& i on
versus tEaRpMRbs ofiEx@aiples X hid B REoWs, ReAMERETY, tedt-asteHA Idehbicaffedel . This
behavi or was observed even in the presence of hydrochloric acid, and

t her ef ortae ohbegvedetatrodf mafybehlogdermate decospesitient Keompesisere af Fxamples of net hyl
chl or of or ma in a rticular,,saml e, LS f ample d>5
i ndi cat eigs a?(%gtSh%Wt AiHBE A ra}la %ﬁgo$%?ﬁ§gr%%?§ ﬂgeoreeﬁﬁ(m elrtl l?y ﬁj,()?é;re 19 WO

03/ 01625(hakteh-fdR) 2 A2 43pdcticab s@fes thowest, anahy Be desitdipiesyoidvirdiglyat er
contents varying by a factor of two. Conparison of Exanples 2 and 3 shows,
sur pri si pagicycondiiions baepyge gy alsamaytinggedse dhe deqomnosiionvats ofdimedy! net hyl

chl or of ogarfr@(;n%edeconposi tion. Conparison of Exanples 2 and 4 shows that even
a snmal | armun% "of base increased the reaction rate by nore than ten-fold.
As a practical matter, however, it nmay be desirable to avoid strongly

basi ¢ coRHAMURILS 6 L EOMPBER AREVE &D&MIRRY 1i ncr ease t he deconposition rate of
di ret hyl carbonate. EXAMPLE 6, COVPARATI VE EXAMPLE 1 These experinments

show th the fluid passageway 110..is effecti to tfeduce th

concent ?iﬂ]P?SS rFXB‘?mH’E{tEfﬁOW ﬁtﬁgtr ﬁ}eoéwgt ROSHAREY 2L am o r'd ae(ffecg?se ?% d ?ﬂeulgf:l the
downst r egfficerftRgibh WTSmethy! BEloRdfofhate \Wdt eah b edteBCRIMOHEI Ga dbwnbtt€nsanpl es
wer e obtained b sanpling the process fluid at different 0Boi nts in a

di net hyl sestiesonphithe pleaht Withi rsference conkfliGy Ut avioo pargples vepre jobtained el

exchanger_ 1 d di ng. 0, (i | |

cor  esporigehe piotls gt Atk EATPolus 8P iy ALERL AN,

t aken | nymdigatatiby Wief arfrst heatfdxehingbead) and handgeidihg OzessEhe 13k ¢ianda sanpl e
(Exanpl e 6) was taken after the seconﬂ hol di ng. vessel 12%nlé)i(.e., after the
fluid peesdiggeiay corespontingifo e Ihad he Ak Fample Heompasativedaxannle ¢k or i de

content Was AR LGRAAy e fBre’ HRCEP Mol exlchiffzef! 120S €4nt BB RAHERMING. The

results are presented | X
(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

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

160, thereby preventing downstream corrosion.

Table 11

20



Table I'l. The Ex. 6, data show essentially constant |evels of chloride ion,
indicating that labile, chloride-generating species such as nethyl

chl or of orwatog/oane7 not present in the sanple. In contrast pCrhmsoziagied f or
Conp. Ex. 1 show an increase with chloride |evel over tinme, consistent

w t h preseprce—ofrethyt—chhergtormtetn-thetnitta—sampte—and—T1{s
decorrpos?“lt“i‘eoﬁl over time to [fONAIAGHPISBRAFOEPRY | de i on. PThus, t he| dat a
coll ectjvely show that in tlhe absence of the fluid passageway 110,
substanfial chloride Torngtp,p may take place [igpngWistream (posttacid
renmoval | col um 160) sectiorns of the plant, causing corrosion, but|the
presence_of the fluid passgageway 110 is effectilve to deconpose alkyl
chlorofpfrmate to chloride ijcf4before the acid fd#Bval colum 160, |t hereby
prevent| ng downstream corrgsion. Table Il 20 WD 03/ 016257 PCT/ US02{ 24364

Ti me ( hjz€htoride—Concent t-lgll (ppm—Ex—6Cor .2Ex. +—06—374—189] 2 408
312 4 B%4 339 8 372 368 |{0°372 357 25 381 3(% EXAMPLE 7, COVPARATI VE
EXAMPLE| 2 For Conparative Hxanple 2, a dinethyl| carbonate plant acgording
to sinmp|afied FIG 2 was dpmeuat ed accordi ng to33he conditions des¢ribed in
Table 1|1, below. This plant was simlar to that shown in nore detail in
FIG 1,|lwth the exceptionlithat the first heatt exchanger 140 and the fluid
passagejy 110 were absent.|Xrrosion was obseérP$8d in and downstream of
the azeptrope colum 180. Next, this plant was| nodified to includ¢ the
first hegi—exchanger 140 ard-HLwo ot dimg VESSel 20 Were added 1
increaseg residence tinme (i.le., FIG 3 configuration). FIG 10 presents
measurepents of residual idnic chlorides found|in sanples taken fromthe
bot t om p$5 381 368

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. 3 configuration have an average of 35 ppm chloride and a standard deviation of
25 ppm chloride. The data thus show a dramatic reduction in chloride levels for the
FIG. 3 configuration vs. the FIG. 2 configuration. It is predicted this reduction would
be even greater for the configurations ac'cording to FIGS. 4 and 6, in which four
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the azeotrope colum 180, conparing the FIG 2 and FIG 3 configurations,
each over tinme. Residual chlorides were determned by titration using a
silver niwpas®i@st uti on, as described above. The data foPCrhso2a364 2
configuration have an average of 671 ppmchloride with a standard

deviatio f 370 chl oride, wh .t he

confi gurg‘?lgl&g ‘f‘?é%? aé?/@?%fgté’ }gfw@g a %5 11600(;[1 @Hﬁﬁ%}ﬂ%?ﬁdar gﬂgevi ation
of 25 pppelbiAg hfé@sméﬁ'i@ltéj@f ﬁeﬁlk}ll@hﬁ%@cyﬁtﬁltéjéoﬁﬁaﬁfa@loﬁ eeiecihk @Ad exitiapl or i de
| evels for'the FIG 3 configuration vs. the FIG 2 configuration. It is
pr edi ct ethetfiid massgevionl Qwdithe Fie. dweoncentwtionr Ingrtherheorssnihiegeniaisi ons

ol di ng 9BGER %35 47k st { N b BrpC Pd I e S R Rour s ot

70C.  FI Gnedshr&h@8€ 0h Stheeauire e nit Swaf eft@inyy thecfihiar fseigediag Clonakstr ati on
entering and exiting the fluid gassglgewa 110 of the FIG 3 concentration.

I n ot her peipisakavet ye aprspgn yalugigfn?3q partpper milligadby Avseshd PPy #¥kd t o Phase
0" in FI t b tec entering
the fluit nd]aai'%ggvel\%\tg @@@2 é%ﬁ%\gg%ﬁw‘&g?gfnaav 12%&32 er‘ag{elg\llﬁ‘%hég 0 30 parts
per m || from Byasaeo gbblréspbm)toanebsarensdnmdartﬂe dﬁmuaélasnltoéxmﬁlﬁhemmw And t he
points signified by "s" and | abeled "MCF from Phase 0" corres%i 9
neasurenﬁaf@%ge&ﬁym& HhSRE (rodtadaye ag,aveRee nelye of 40 HPAYE 296vh§21498Y t hese
points h v r tgranyof 77
ppMw. Thgéég gﬁt a cI %ﬁ&v@ﬁ Eahégargﬁmggg{ggta&% %bgl%g%ragf%ﬂﬁ%go@gll% 33 i's
effective foncdvamratlrauahbg/lly sduce theheoncemcation ertmeihylocfhlcpmfmmateciml ibeof or mat e
in the Brocess stream Table Ill Conditions Ex. 7 (FIG 2 Control Ex. 2
(FIG 3 PE6FFiSgE#ati on) Configuration) Mass Ratio MeOH 02/ CO 0.7/0.06/ 1
0.7/0.06/1 Catal yst Content Fixed Fixed Reaction Tenperature (C) 133 133
Reacti onThslesgure (barg) 23 23 Tenp. of Pre-Residence Tine Heater 60 --

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

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

Catalyst Content Fixed Fixed

Reaction Temperature (°C) 133 A 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)
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(C© Tenp. of Acid Columm Feed Vaporizer 90 90 (C) Residence Tinme between
flash vessel 2 0.03 and acid colum, excluding both (hours) 22 WO

03/ 01625WDB@3hU382/ 24364 Table |V Configuration average ekirarson:364
concentration * standard deviation (ppm FIG 3 (conparison) 671*370 FIG
2 (invention) 3525 Wiile the invention has been described with reference to
a preferred enbodinent, it wll be understood by those skilled in the art
t hat various changes nay be nade and equivalents may be substituted for

el ement sTidhgrgof w thout departing fromthe scope of the invention. In
addi tion, nmany nodifications may be nade to adapt a particular situation
or material to the teachings of the invention w thout departing from
essent i pConSgwpigort her eof . Thewrefgere, it ichloriiegnded that the invention not
be limfted to the particuljar errbo%i.i ment Fi cl.gsed as the best node
contenpl ated for carrying ouf°PCHITEUON e aina?fd but that the invention wll
includel al | enbodinents fal|adghtihippm) t he scope of the appended claims.
Where npt specifically defijned herein, technicdl terns in this
specification may be interjpreted accarding to |G ant and Hach's Cheni cal

Di ct i ongFIG. fcomparisone G aw-#F1EB70 Inc. Al citled patents and ot her
references are incorporated herein by referencg in their entirety. 23 WO

03/ 0162 SRR 0| 35223

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

of the appended claims.

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

Inc.

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

entirety.
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CLAIMS 1. A nethod of preparing a dial kyl carbonate, conprising: reacting
an al kanol, oxygen, carbon nonoxide, and a catalyst to forma mxture
conpri si yoasdia@bkkyl carbonate, an al kyl chl orof ormate, hydrasht/asL aci d,
wat er, carbon di oxi de, and carbon nonoxi de; and passing said m xture

t hr ough ngSd passageway 110 at a tenperature of about 30C to about 130C
and for i"dence tinme of about 0.5 hour to about 10 hours. 2. The net hod
of Claim1l, wherein said al kanol conprises a Cl-Cl2 al kanol. 3. The nethod
of daiml, V\’_ﬂ.ere'Rlﬁé\t'hdd@Hﬁ@ﬁ'&lng@cﬂ'ﬁﬁl‘k}ﬁ@aﬁb@qa@,c&@prisﬂﬁg:mﬂy al kanol . 4. The
met hod of Claim1l, wherein said al kanol conprises nmethanol. 5. The net hod
of Caim1l, wherein said al kanol, said oxygen, and said carbon nonoxide
are reacted i¥eaglinglagralkapol.oexygeny( apbon WoBPRide, apdue w@tajyst 4pk@Hsl 3 : (about
0.04 to l?gplt‘ - en) .8 t b . a ide). 6. The
nmet hod o ai %m%?r lsﬁ%rgedl?%k@gl& Catal 95@1(}210%;%0%05@%’ ﬁ?@ﬁﬁgggﬁgc ed from
t he gr oupatfraitwhidigkiod, and oarbolcopRexide;inekel , cobal t, zinc, ruthenium

rhodi um palladium silver, cadm um rhenium osmum iridium platinum
gold, nmercury, and conpi nation fﬁﬂpri sin east one of the foregoing

at

metals. 7. The*STPER8Y BrUEE Srpy idmasiresury 1 Lheta (yapeiRBip P Wt copper .
8. The drod abu[d R £ i i sehRLYsE i ochloric
aci d. 9.n?él'he r?etﬁodm o?aéij a%q{i,ﬁh%gﬁfé% n sai h (Z'ath gﬁr;rtgtab@gsnlgp%gésé
hydrochloric acid and copper in a nolar ratio of about 0.5 to about 1.5.
24 WD 03/ 016257 PCThtJ36Zh&U 864 1aihD.1, Tieremt saotl atifandll eompriseswh€h€lp sai d
fluid paégag)?way 110 conprises a heat exchanger. 11. The nethod of Caiml,
wherein ¥4 f | ui d passageway 110 conprises a hol ding vessel 120.

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

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

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

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

6. The method of Claim 1, wherein said catalyst comprises a metal
selected from the group consisting of iron, copper, nickel, cobalt, zinc, ruthenium,
rhodium, 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 copper.

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

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

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

24



12. The method of Caim1l, wherein said fluid passageway 110 conprises a
plurality of holding vessels 120. 13. The nmethod of Claim1l, wherein said
fluid paswagemses110 conprises a section having a | engt hPCa/usot/eases rati o
of at |east about 5. 14. The nethod of Claim 13, wherein passing said

1 Xt th ' 10. TPk i id mxt
i ough at 1 e2gt - onte SRS R A8 ERIPRL B BRERe 1T Pt °f Sast

about 5 fbeatakcHamgeit about 50% of the total residence time spent in said
fluid passageway 110. 15. The nethod of Claim1l, further conprising
condensing said mxture prior to_passinhg said reaction m xture through
said flui g palgageﬁi?/ methpd %élamhéo YWaeREsagt Teidnagsagewaut 1 heampréiopr i si ng
removi ng; RyMiRchk@iigo, acid fromsaid mxture. 17. The method of C aim 16,
wherein said renoving hydrochloric acid conprises reducing the
concentration of said hydrochloric acid to |l ess than about 1 x 10-3 noles
per liter. 1812.TheThentethbdaif @hiai b WhereihuaichBuidpasgagewiaynil (vepoprises ng sai d

m xture f i-d. renov hydrochl oric acid. 19. The nmethod of C aim
18, wher® nrég%fa?@%g% ivzeissf?bgnlg)‘gid m xture conprises heating said mxture,

reduci ng the pressuré applied to said m xture, or both. 20. The nethod of
Caiml, further cOhphiegioddpfr@aByi Ngh&anhan GhidpadBeeid] KAshRRisapnoxi de
fromsaid m xt ﬁre_. 25 WO 03/ 016257 PCT/ US02/ 24364 %1. The net’hod of O aim
20, wher®$Sstige hpdang e lepgdhto whymeratioaf gt keastisbputdi- oxi de and at | east about
90% of said carbon nonoxide are renoved fromsaid mxture. 22. The met hod

of C aim 20, phereife §RHA'ETMIE JapNe I ahd - noxi de
conprises passing said mxture t rdﬁgﬁp‘g Sﬁéusgﬁ %?dyﬁ’gg‘“geg@‘f":ag‘g&@“é)
separ at i massageweg|l40 cadprifdseaseiderdd ofixiGheaihnou, at Wastr @iersestidrchavigci i ng i s
conduct eld af, 1 fi rst_ . _

ength t0 volunie ratio of at least about 5 for at least about 50% of the total residence

time spent in said fluid passageway 110.

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

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

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

acid from said mixture.

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

1x10” moles per liter.

18. The method of Claim 16, further comprising vaporizing said mixture

before said removing hydrochloric acid.

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

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

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

and carbon monoxide from said mixture.
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pressure, and said plurality of gas-liquid separation vessels conprises a
first gas- |iquid separation vessel having a pressure within about 10% of
said firswomsesesTe, and a second gas-liquid separation Pesash2/hgei ng a
pressure | ess than about 20% of said first pressure. 24. An apparatus for

preparing a d I kyl . car bon conpyr i ans for cting an al kanol ,
oxygen, car bo %k?ﬂ%eh%ﬁﬁfgla&@t Q@Fr‘%’aa W%P%%Q%P’Ee ‘gﬁ‘ﬁgf’gi ng a
di al kyl Gi%&l%nﬁ{oeat RAsehiott Jobl QF %ﬁré@l&ﬁa nmﬁ@&%hérerrbﬁov&ﬁﬂém vager,
carbon di oxide, and carbon nonoxide; and means for renoving alkyl

chl or of ommettiee. f rom sai d mi xture. 25. An apparatus for preparing a dialkyl
carbonate, conprising: a reactor 50 for reacting an al kanol, oxygen car bon

nonoxi de, and ca u t.ure conpr|5|n di_al,kyl
car bonat e, anQ%I kyfrﬁ%%?eg?oc# 8f %’3?3% P«j}ﬁFe& ﬁ? rrlelcpoé{@igacar %Pmdgﬁadcar bon
di oxi de; cabéh androwidd m@@%&%nﬂgl&ld Pixfuedioigh al ﬂﬂuﬂah@hbp%@tmmt e. 26.

The apparatus of Caim25 rein said fluid passageway conprises a
heat excPRAEEPN voseelsThe apparatus of C ai m 25, wherein said fluid
passageway 110 conprises a holding vessel 120. 26 WO 03/ 016257

PCT/ US02/ 2436%3 287 d NErRRPEY St 29fw9é1?hﬂ§afcgrea\éﬁ & &nﬁﬁ'&tg%;ﬂ %S?StThe

passageway 11 corrprl ses a pluralit ssel s 1
appar at upresdur€]l @idnsa2d plwhbtyeon ga;saluqindl |sepaatatpas seﬂgelwaoprrﬂplﬁes edirptr g&es a

section ving a length to vol une ratl .of . at apbout 5. 30. The
appar at uLUR St R TEE A e thia st SRR RS PEBME Puds

section B@&do"ﬂ@ g%slli%l[iﬂi & TaﬁhtMﬁ'vHé’E%l h@lih® a PresBhirel 18RSthaR RBMI 2%)% maéaldThe
apparatus of Caim25, further conprising a condenser 80 in flu

comruni cérst preswire-h sai d reactor 50 and said fluid passageway 110. 32. The
apparatus of Claim 31, further conprising a gas-liquid separator in fluid

comuni cat i on i t N x5l g, SARYEN5E R At oRAsaAgewey 110

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

acid, water, carbon dioxide, and carbon monoxide; and
means for removing alkyl chloroformate from said mixture.
25.  An apparatus for preparing a dialkyl carbonate, comprising:

a reactor 50 for reacting an alkanol, oxygen, carbon monoxide, and a catalyst
to a produce a mixture comprising a dialkyl carbonate, an alkyl chloroformate,

hydrochloric acid, water, and carbon dioxide; and
a fluid passageway 110 for removing alkyl chloroformate.

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

comprises a heat exchanger.

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

comprises a holding vessel 120.
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33. The apparatus of Caim25, further conprising an acid renoval colum
160 in fluid conmunication with said fluid passageway 110. 34. The

appar at uswofos@asm 25, further conprising an azeotrope colPamusod8064 n fl uid
comuni cation with said fluid passageway 110. 27

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

comprises a plurality of holding vessels 120.

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

comprises a section having a length to volume ratio of at least about 5.

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

comprises a section having a length to volume ratio of at least about 10.

31. The apparatus of Claim 25, further comprising a condenser 80 in fluid

communication with said reactor 50 and said fluid passageway 110.

32. The apparatus of Claim 31, further comprising a gas-liquid separator in

fluid communication with said condenser 80 and said fluid passageway 110.

33. The apparatus of Claim 25, further comprising an acid removal column

160 in fluid communication with said fluid passageway 110.

34, The apparatus of Claim 25, further comprising an azeotrope column

180 in fluid communication with said fluid passageway 110.
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