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DI ALKYL CARBONATE CROSS REFERENCE TO RELATED APPLI CATI ONS This application
cl ai ms t hwoleeowdontse of U.S. Provi sional Patent Appli cat ipam/iSeoissaossNunber
60/ 391, 389 filed June 25, 2002 and U.S. Provisional Patent Application
Serial Nunber 60/401,916 filed on August 8, 2002, which are fully
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Use of a ne process for” polycar e syn SIS requires anindustrially
ef fi ci ent herpindyasferdmee. produci ng di aryl carbonates. There are several known
processes for producing diaryl carbonates. One exanple of such a process

i s descri P 4,182,726 to Illumnati et al. In this
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carbonates can be reacted wth dihydric phenols to produce polycarbonates
(see Scheprepeities.hVleihpds for Wiy prparation 78 obCTiY8216087i03 d8dele mtarfaciah | Ol +

nHO Ar' - %oggsséscan-'a %@I%‘rp%_cleggeg.) In interfacial processes, as described, for example, in
U.S. Patent No. 4,360,659 to Sikdar, a bisphenol is reacted with phosgene in the
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

with dihydric phenols to produce polycarbonates (see Scheme II, below).



ArO- QAr (Ar_0On A preferred process for nmaking dialkyl carbonates is
illustrated in Schene Il11, below, and described, for exanple, in U S

Pat ent NowoO 25040978943 to Rivetti et al.; and 4,218, 391ramds40i308938%62 t o
Romano et al. 0 CuCl catalyst 2ROH + CO + 1/202 01- C + H2O (I11) ROB FOR
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the dialkyl carbonate process according to Scheme (III): it produces water as a by-

product. Also, hydrochloric acid (HCl) may be continuously added to the reaction
mixture to maintain a desired molar ratio of chloride to copper. Therefore, HC1, CuCl
catalyst, and water are typically found in the stream exiting the reactor vessel.
Hydrochloric acid and .copper chlorides are very corrosive in the presence of water, so
equipment made from corrosion-resistant materials, such as glass-lined vessels, must
be used in the reaction section of a chemical plant making dialkyl carbonates by this
process. As corrosion-resistant equipment is expensive, there is a desire to minimize

its use in the plant.

A plant for preparing dialkyl carbonates according to Scheme IIl may contain three
sections: a reaction section for converting raw materials to dialkyl carbonate, a
separation section for isolating the dialkyl carbonate from unreacted raw materials
and by-products, and a purification section for removing water and further isolating
the dialkyl carbonate. If the reaction is run with an excess of carbon monoxide, the
separation section may contain a subsection, hereinafter referred to as the “cold wash
unit”, for removing organic impurities from the mixture of carbon monoxide and

carbon dioxide exiting the reactor. The mixture of carbon monoxide and carbon
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that described by the ‘943 Patent -- removing HCl and copper salts by treatment of a

vaporized feed in a column using a counterflowing azeotrope fluid from the reaction

mixture -- failed to prevent corrosion in the cold wash unit.

There is therefore a need for a dialkyl carbonate process that recognizes and

eliminates the cause of corrosion in the cold wash unit.
SUMMARY OF INVENTION

The above-described and other drawbacks and disadvantages are alleviated by a
method of preparing a dialkyl carbonate, comprising: reacting an alkanol, oxygen,
carbon monoxide, anda catalyst to form a mixture comprising a dialkyl carbonate and
an alkyl chloroformate; separating from the mixture a gaseous fraction comprising

alkyl chloroformate; and removing alkyl chloroformate from the gaseous fraction.
BRIEF DESCRIPTION OF DRAWINGS

Referring now to the figures, wherein like elements are numbered alike:



effluent into a gaseous fraction and a condensed fraction and renoves al kyl
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One embodiment of a method of preparing a dialkyl carbonate comprises: reacting an

alkanol, oxygen, carbon monoxide, and a catalyst to form a mixture comprising a

dialkyl carbonate and an alkyl chloroformate; separating from the mixture a gaseous

fraction comprising alkyl chloroformate; and removing alkyl chloroformate from the

gaseous fraction.

It has been discovered that dialkyl carbonate synthesis can form an alkyl
chloroformate by-product that leads to problematic corrosion in the cold wash unit.,
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 present inventors have found that when reactor
effluent is separated from a liquid fraction and a gaseous fraction, the gaseous fraction
may contain a portion of the alkyl chloroformate. This alkyl chloroformate in the
gaseous fraction may react with alkanol and/or water to form significant amounts of
corrosive HCI, which corrodes the cold wash unit. Therefore, it was determined that
it is beneficial to remove alkyl chloroformate from the gaseous fraction before it

enters the cold wash unit.



There is no particular limtation on the al kanol used in the nethod.

Suitabl e al kanols include primary, secondary, and tertiary Cl-Cl2
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forms being preferred. Suitable oxygen sources include, for exanple, air,
and oxygélfheomismi partingplagy dswisativawinne atkahelased irathommaﬁﬁi weiitphte gikanoént

nol ecul ar, referably | eas o] nt nol ecul ar
oygen. -t B Re SicBh iy vayrr ot e Hlsngtin et T ot api o
oxygen- C%hfg'ﬁ}!eﬁﬂeﬁla dﬁbl%fé‘r%mlééﬁof’s'lhé’luéé’ﬁie{}ﬁ%le from for example, Air
Products. Carbon nonoxide is preferably supplied as a carbon

monoxi de- cont ai ni ng gas having at |east about 60 weight percent,

pr ef er ablQxygen neyshe prowided 90 amefyght, Wit gasaeus feunebeipg efeferasl. yslatablleeast

about 95 wei ght perce arbo nOXI based .on. t he t t of the
car bon moSkr b REhIEe, i e e R e et et Toll Gases
are commebeiabb yweighd beédob:e ﬁfowasulafr Qfxygmnple&-;ab@y rat Regd ubbat 9Buwtight e

catal ysts may conprise netals such as iron, fp ni ckel , cobalt, zinc,

r ut heni urBereeRbatolesulap Lxyeee, (aseds P g tOt@a‘M?ﬁ%}@In‘? R PRYBPR-COIE NG 2357 i di um

pl ati num t S I at | east
one of thSeL% %%r égg{;glélﬁg&}r{rael{l gﬂ%dgag%e lJFerre g@%agﬁngﬁgcg&np%%lg%gﬁ;é%%per
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rati o of about 0.5 to about 1.5. Wthin this range, a nolar ratio of at
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Suitable catalysts may comprise metals such as 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

(HCI).

The catalyzed reaction of alkanol, oxygen, and carbon monoxide may be performed
under conditions selected to maximize the yield of dialkyl carbonate while
minimizing the degradation of dialkyl carbonate. Preferably, the reaction is

performed at a temperature of about 50°C to about 250°C. Within this range, the
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the reactor froma hydrochloric acid tank (not shown) during the course of
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by the addition mass rati o r eed to total liquid
feed is e(bloxuitO.@a(ak@ﬂt@.OS)a@buut Bx 10"3. Figure 1 illustrates a dial kyl

carbonate plant 10. The reaction of liquid reactants 510 (i ncluding
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ethers. -%'u H{E &i’) }"atl%n, fhe LYRI y%falln ymltlally be added from a catalyst tank (not shown).
Sufficient HCI is preferably added to the reactor from a hydrochloric acid tank (not
shown) during the course of the reaction to maintain a molar ratio of Cu:Cl close to
1.0. The concentration of HCI is preferably continuously determined and controlled
by the addition of HC1. A typical mass ratio for HCI feed to total liquid feed is about
1x107 to about 3x107.

Figure 1 illustrates a dialkyl carbonate plant 10. The reaction of liquid reactants 510
(including alkanol and catalyst components) with oxygen and carbon monoxide in
reactor 30 produces a mixture comprising a dialkyl carbonate and an alkyl
chloroformate. The reaction mixture may further comprise water, carbon dioxide, and
residual alkanol, oxygen, carbon monoxide, and catalyst components, as well as side-
products such as alkyl chlorides and dialkyl ethers. The mixture is typically
withdrawn from the reactor 30 in a gas/vapor form as reaction mixture 520. 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 “vapor” refers to fluids having a boiling point of at
6



wi thdrawn fromthe reactor 30 in a gas/vapor formas reaction m xture 520.

The term "vapor"” is neant to refer to gaseous organi c conponents of the
m xt ure sworzoagroofsor exanpl e, evaporated dial kyl carbomratrdasomlocsiol s,

al kyl chloroformates, etc., and to water vapor. That is, the term "vapor"
refers to fluids having a boiling point of at 6 WO 2004/ 000780

PCT / USZOGBds@ 193869t dieastinospidie. alln cosiraat, S pdier €gast fis aealitr asiefer tthehd er m
"gas" is nmeant to refer to the gaseous aoxygen, carbon dioxide, carbon
monoxi de, S2APRYS OSY S &HOAR fiogiflencartpmmonaxid¢, gad opaenal nEpgen, Ehatds they 1 ui ds

havi ng a L.|hg S r r may be
at | east glgllrlt %I F‘gf%%:sg‘lr?d‘léﬁéiﬁé‘nﬁg qb? 91%&% (I:Igﬂ es?}té%?-%@ a‘?o eg}g S\téggrg first
gas- | i qui Thesepar abpbe 501easT rp@nﬁnp@bﬂddﬁsedmxa fast dondahdey 4@, fﬁmi%!d ® SfiRkgl e
gas-liquid separator plurality of (i.e., at | east 2: preferably 2,

3, 4, 5, Zs-lagidesengebon $Qquﬂale apAEREs BRY optiprallyi eaployzas singleugas- ligighr at or 50
may be Kk p i r rsef) about
T of trnapyRorit SRR AT BRI nidHb RIS £ oP PR N, o 750

separ at esseparhiorsst Thé fjuit ag-tigaidi @parati sandayabé kelsttat gasesuse Withmtdbont 540.
The first liquid fr ctlon 30 roc 2ds. via a liquid fraction ﬁll k%!tsb
an acid

chl or of orlrpe(t’ MO RBIFERLLY et T5heprah Pressurs @A tthe LeRion gar
removal ¢ 1dls% araaﬂ%oase &5@95&9&% R 4B8on 530 aﬂhta'ﬂ??ttgglké/oue ﬁ%@éﬂ&i ng an
al kanol / aI yl rbonat e azeotrope 720 hat is recycled to the reactor

30, and a54®at%ltd ﬁlnsallqulki feaotibo it eoroderduvie a [T@0d thaatiop rlkyk ellsrafornamte
purlflcatlon ectlon ur|f| atlon ent
Phvent or Seinupecdut ) R Ad Tt SkotianierdR0uBue! sid Shdik sabTul LB ede
direct!y 4 s aaddropBSibliah 2100 ulliReRObGIUERH 4hfkard)/dulkiIetaFomas 1 OSi on.
Ext ensi ve studi es reveal ed that the corrosion was due to a byproduct,

al kyl chlageetfaneri@pdhat i mcvreléd tnthereacte 6t @ird Bwatengialkyd cmé)smt’p@nxwm ure 520
s S oPar Al RaRe SR d bl o £ SRALALES sy RuBALL ROl G BY Y

chl or of ormate rese ase t| on, egradation in
the cold washflurdforrred hydrochlorlc acrd Ieadlngto corrosion in the
col d washThaypresed0invahtoes uehixpeavdyifognd thatsif p]neageiseuwd frastioneiOgro@seded pr obl em

appar at usSeSHY EAUOIRYeE) RYY 20h 6rOH b ARt BH RO JREEouS. RGBT Yon ¢ o

M ni M Ze gpydies revealed that the corrosion was due to a byproduct, alkyl chloroformate,
formed in the reactor 30. As the reaction mixture 520 was separated in a gas-liquid
separator, a portic;n of the alkyl chloroformate was present in the gaseous fraction,
and its degradation in the cold wash fluid formed hydrochloric acid, leading to
corrosion in the cold wash unit 20. After discovering this previously unrecognized
problem, the present inventors devised various embodiments of a method and
apparatus for removing alkyl chloroformate from the gaseous fraction to minimize

corrosion in the subsections of the plant that handle the gaseous fraction.

One embodiment is depicted in Figure 1. The first gaseous fraction 540, consisting
mainly of carbon monoxide and carbon dioxide, enters the gaseous fraction alkyl
chloroformate removal system 60, described in greater detail below, which produces
an alkyl chloroformate-depleted first gaseous fraction 570. The alkyl chloroformate-
depleted first gaseous fraction 570 proceeds via the chiller 110 to the cold wash unit
20. The cold wash unit 20 comprises a cold wash absorber 130, in which a cold wash

fluid physically and selectively absorbs further organic contaminants from the alkyl
7
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gaseous fraction 570, and a cold wash regenerator 140, where the cold wash
fluid is Tedtwperamreohihecatewasiellod gattieccoby pregualsbses 980 nwhyitereborute sent to

an inciney, r (not _sh . Jhe tenperature of the cold wash flui.d in the
col d whst 2o Lora 50 W inuBaEb Tmapke PETEI B8 WAPRFHIE AT £ r ango.
|t may DaeRf i [RAC! MotofrofrdiYRAEA UpGuOf s/ | east about -20C, more

preferably at |east about® -15 tenperature of the cold wash fluid in
the cold wash regenerator 140 nay be about 90C to about 125C. Wthin this
range, i tTheaymperapredthe edld washsidint thepeldavasheegehemtor 148asay ttedott 100C,

more preferably at |east out '103C. . The purified carbon nonoxi de/ carbon
di oxi de r%%x‘FEﬁ’ abpgd2o s@ﬁ{f%ﬁﬁﬁaﬁ%ﬁ‘eéﬁaﬁly ?H&%ﬁ”&?ﬂ IR Y5 AR %R ts the

col d was [ 1B I YVinbe treated to renove carbon
di oxi de g?a%g%tﬁ)yg?{)oﬁ%cgﬁﬂl I oépl ceg?zég&c%glr) ton03rr§hoxi de before optional
recycling to reactor 30. The cold wash fluid may be continuously recycled
bet ween Thegueified cudoh nabeaidetraribd@ianide tiveurmaicd, eashiiallydferarfatgmid 40 vi a
cold wash recycli

recycl i ng°p@ q”ésgg%g; Qg‘?r)nrcg dfggg’géﬁ% ;?%%%ﬁ%g,f(%}gpa gcﬁ:ﬁo%galt;rlgi{]i on 530
o581 B 1i el B oL pLAC Rk T AT 50 o
| i qui d f rregicliog té 8@ctar 30t HBheagald washnBival mey bareontig@®uslyhiccyrled estwoers
hydrochl Otflei: Coftf iW%S N sg%tef'i |1|3- Carilml'!cr ic:ét)li(ieévaghr ?erzgeglgr%tclri FA’U %iJ rcgi%t {Nggh to the

recycling from absorber to regenerator 670 and cold wash recycling from regenerator

to absorber 700. The first liquid fraction 530 proceeds to the liquid fraction alkyl

chloroformate removal system 150 and the first heat exchanger 160, which may at

least partially vaporize the liquid fraction 530, to the acid removal column 190, which

removes hydrochloric acid and metallic impurities from the liquid fraction, to the

azeotrope column 210. The azeotrope column 210 produces an alkanol/dialkyl

carbonate azeotrope 720 that may be recycled to reactor 30 (via combination with

liquid reactants 510) and a water/dialkyl carbonate mixture 730 that proceeds to a

purification section (not shown). Various methods and apparatus associated with the

liquid fraction alkyl chloroformate removal system 150 are described in co-pending

U.S. Application Serial Nos. 09/682,284, 09/682,285, and 09/682,286, all filed 14

August 2001.

The gaseous fraction alkyl chloroformate removal system 60 and the liquid fraction
alkyl chloroformate removal system 150 may utilize any technique suitable for

removing alkyl chloroformate from the gaseous and liquid fractions, respectively. It



azeotrope colum 210. The azeotrope colum 210 produces an al kanol / di al kyl
carbonate azeotrope 720 that may be recycled to reactor 30 (via conbination
with |igwbcosgmersants 510) and a wat er/di al kyl car bonaPeTrtiszeasngo3380 t hat
proceeds to a purification section (not shown). Various nethods and
apparatus associated with the liquid fraction al kyl chloroformate renoval
syst em 15@illdreeuntesstoadothdt the temspaemovey, “tgn®vingyphnd feinomalSén refbrehios .

09/ 682, 284, 09/.6812 2 51. afd 09/ 682,286t all filed 14 Aug st hé?Ol. The
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fraction praddsy lth&hlegh@dsothaBiRcaRABYR| ofSthe t HRtidS Gn NRY mikhdré.Z ETIRNYIKYECHhNI que
suitable for renoving alkyl chloroformate fromthe gaseous and [T quid

f ract i onschlgrefpestei may pe remova fgnabe 425005 SoctiaTa depol Gag®n By | | be
under st oaod_t hat, t.he rng _.renove:, ."r.e i ng" nd.."rempval " in reference
to a par ta?lg u]ing% Oghe%&glgl Pig {)eérg |Hg 61'ihﬂdsa f?ﬁ”g%?‘gn% r‘i@eo r?%(gl sc@ﬁéflogﬁﬁtﬁi ‘?;Val or
physi cal chpim@eS8adtidat inckdydestifid) ene@Aden prakie) itdredshig fRRIeh®StiinR, t he

m xture. The al kyl chloroformate may be renmoved fromthe gaseous fraction
and the |3ddiigd PPIAE 6olgpNth XPOSHNE thedt HBIGhIOBHIC FRagenly PERPSWEIA GdtalBic r enpvi ng
t he al kyl 0 b Leal, r | 'Q&LHQ j ‘il easi ng
pressure,re{i‘%ltl:l?élgéshl %\Sgﬁg)gi%&glrl]%%gglésﬁr%andgg%?lkg’%gdpo argast%ﬁ\%tglr)@,gﬂ%& %{si ng to a
st oi chi ortedst bae oEhgdntegoiax pahnigges Bancabiret inethsdagerinoyimgthaslkgh i on
exchange resip, and the like, an onbi nations conprising at . | east one of
the for egﬁﬁapqr@éwnibé(uég?ar%% lagag%r?%{nﬁet%erésmsr PFSHHBG AgshBEal kyl

chl or of or Rk @iy &%@éﬁs@ﬁg,o&p'aﬁﬁhg'd\%itﬁoéﬂﬂlé‘xﬂbraﬂ@P{iﬁ&ﬁ&iHQ sCardfquid
adsor bi ng, absorbing, condensing, separating with a nenbrane (including
gas and |meubdne seprsation, peparaaitingn ppd per bep emdtdontbinagiods complisike at and
conbi nat i ons con};ﬁili ing at east one of the foregoing techniques. In one
enbodi mentaSt PRgO E?‘i’re HIBIUIBHE e i s renmpved by reaction with water (see
Schenme V) or al kanol (see Schene V). O U+ HZORCH + CO2 + HO: (1V)

In one embodiment, the alkyl chloroformate is removed by reaction with water (see

Scheme IV) or alkanol (see Scheme V).

O—=0O

+ H,0 ——> ROH + CO, + HCl (IV)

RO/ \Cl

+ ROH —

RO/ \Cl RO/ \OR

QO=—0
O—=0

+ HCl (V)

A preferred embodiment of the method and apparatus is depicted in the simplified
diagram of Figure 2. In dialkyl carbonate plant 10, liquid reactants 510 (e.g., alkanol)
enter reactor 30, where reaction mixture 520 is produced. The reaction mixture 520
proceeds via a first condenser 40 to a first gas-liquid separator 50, which produces a
first liquid fraction 530 and a first gaseous fraction 540. The first liquid fraction 530
proceeds to a second gas-liquid separator 80, which produces a second liquid fraction
580 and a second gaseous fraction 590. The apparatus may employ a single gas-

liquid separator, or a plurality of (e.g., 2, 3, 4, 5, or more) gas-liquid separators. The
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enbodi nent of the nethod and apparatus is depicted in the sinplified

di agr am oWwoRoguoe7s8. |1 n di al kyl carbonate plant 10, |i quca/useasioassss 510
(e.g., alkanol) enter reactor 30, where reaction mxture 520 is produced.
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of the pressure o the reactor 30 (e.g., preferably less than 3 bar gauge,

more pr eftee abikirebeur a0patigfhi congsnisd) form (heefatdetst ¢ %Huoé/w@ogtqnafrdém on of
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rerra|n|ng ga ure. referre e vapor

m xture tmtdrmgahepﬁfst ead-liyuié esdensesD, and betwees the Aifst ga@asc}ulcab@atatdﬂ%
condensed), g@;)r eferably a fully copndensed form | east about
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separat o rst ‘gaseous fract second gaseous
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alkanol used in dialkyl carbonate synthesis. In the second absorber 90, alkyl

chloroformate is removed from the second gaseous fraction 590 by absorption in a

second fresh absorbing fluid 600, which represents a portion of the alkanol/dialkyl

carbonate azeotrope 720 produced by the azeotrope column 210. The first fresh

absorbing fluid 550 and the second fresh absorbing fluid 600 may preferably comprise

less than about 100 parts per million by weight, more preferably less than about 10

parts per million by weight, yet more preferably less than about 1 part per million by

weight, of chloride ion, which is a product of the degradation of alkyl chloroformate

prior to entering the respective absorbers. The first and second fresh absorbing fluids

550 and 600 preferably have a temperature of about -10°C to about 40°C. Within this

range, it may be preferred to use an absorbing fluid temperature of up to about 30°C,

more preferably up to about 25°C. In general, the absorbing fluid temperature will be

below the atmospheric boiling point of the alkyl chloroformate, but above the

atmospheric boiling point of the alkyl chloride or the dialkyl ether derived from the

alkanol reactant. In this way, the alkyl chloride and the dialkyl ether may be

separated from the gaseous fraction in the cold wash unit.

10



al kanol used in dial kyl carbonate synthesis. In the second absorber 90,
al kyl chloroformate is renoved fromthe second gaseous fraction 590 by
absor pt i owoi2a04000econd fresh absorbing fluid 600, whiclrCTas2EsOM?3389 a

portion of the al kanol/di al kyl carbonate azeotrope 720 produced by the

azeotrope colum 210. The first fresh absorbing fluid 550 and the second
fresh ab&dictﬁrstgusmdmbambm ﬁmsl ﬁ@ﬂe&nérthbIsycqxidnqmedgibsorbmsﬁmﬁaﬁioamwh 100

arts per mII|o eferabl | ess ut 10 arts per
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second f chlorofapsae Mbserbed Jius thespseavs Bawiops af ethamisplladestrayedeiper at ur e of

about - 188{{3893?%%%49%00}4\'& mer})l%l}ﬂ' For B%?ﬁgnéétdeg@/edb f lj?%l.ﬁ‘g orhe q‘lrg 0 use an

absorbin u rature o toa nor e pr era y up to

about 25Gsed absgebigs ﬁtu,d 56loe°rca1b$‘@s“tbbmbéﬂmlday padaeatditetheifirst daelighel ow t he
at nospheri c boiling ch] orof ormat e, but above the

at mospheFFRATEEN P9, r?gldﬁa? ﬁﬁcoa@ uﬁqéeabépxéwg deoéllod%merse@crx@ Fhsarory PO gayer
derived HEQm-EAR 1o ﬁlek&%{d gch@g%mm%ﬁ $U. STH®Yirst PE‘& ?dsl%%ﬂm%ihhﬂréé%e and the

di al kyl ether may be gaseous fraction e cold wash
unit. 10fN!hﬁﬂ@é%@ﬂ@ﬂgonﬁ@ﬁkUE&ﬁ@ﬂh@ﬁﬂBﬁ@3OThe first used absorbing fluid
560 and the second used absorbing fluid 610, which conprise absorbed al kyl

chlorofo are ea b ect.ed .t o oi strean1of liquid
Fract | on EATYH Uhtespay apRube DG Atk Shiortidste-B b b0k BREOH

chl or of oxyietieh 8DGH &ﬁﬂpr%gs@amu@nﬁ@%@@yso@ k@ @tpreRerel Wit BbeaD 'bxrgd&st royed
in a corrosion-resistant section of the plant. For exanple, as depicted in

Fi gure 2thathd the radleyl Odib@@foabé@vd@phgedf fitst @aBO0S fiaghor ﬁ?%texamgdﬂlbe?rsm may be
d ted d
a'b;gfbfnsﬁﬁrﬁé}e@lgﬁ e 985! neﬂué ¥l %1‘%18%) ngaé ﬁgg/ﬂetgg egag?cﬁls ﬁ&g

uid rom secon LbSor e second

gas- | i quipebcsepataad oiiill80110Taehé icokst washachittd® ortichn g dilihdtoShet de‘sélﬁlsadf irst
absor ber 70 may be directed to reactor 30. Exiting the second absorber 90,
the al kyRPRYR &Tof tRtle MiBpIvER sdce¥ieBhd E;léséeélﬂ?s cold; wash dhidzempEsesonpr essed

via conpLassenaidRYl tauBndE SSSHe dohivhiaP Rt Rorb@l Ot Ue alkanol/dialkyl

carbonate azeotrope 720 exiting the azeotrope column 210. Second, a portion of the
cold wash fluid, designated cold wash fluid to second gas-liquid separator 710, is

directed from the cold wash regenerator 140 to the second gas-liquid separator 80.

In the embodiment illustrated in Figure 2, the first absorber 70 and the second
absorber 90 collectively constitute the gaseous fraction alkyl chloroformate removal

system 60.

In general, there is no particular limitation on the composition of the absorbing fluid
using in the first absorber 70 and the second absorber 90, except that it absorbs the
alkyl chloroformate. For simplicity and efficiency, it may be preferred to employ an
existing process fluid from the plant as the absorbing fluid. For example, the
absorbing fluid may comprise the alkanol that is used as the starting material for alkyl
chloroformate synthesis. The absorbing fluid may also comprise the dialkyl carbonate
product, alone or in combination with the alkanol. Suitable absorbing methods and

equipment are known in the art and described, for example in R. H. Perry and C. H.
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that of the al kyl chloroformate-depleted first gaseous fraction 570 exiting
the first absorber 70. The conbi ned al kyl chl orof or mat e- depl et ed gaseous
fracti onswb63004/@nmoeed via a chiller 110 to the col d wa®leTars2e03d0935nhi ch is
simlar to that described above for Figure 1 with two exceptions. First,
the cold wash fluid conprises al kanol/di al kyl carbonate azeotrope 680,

whi ch i s Ghilpwr, tEdsn “Berry’s eClankieal of dginee s yiflandback G aE ditiand oV icOpeav-FAD, exi ti ng

t he azeo e colu 210. cond, a tiaon .of .the cold sh fluid,

desi gnat ééS@opﬁa%gﬂmf I]c?ﬁsdgg%)rgté%ﬁﬁ‘?gflfﬁilrlﬂ?fai%VSEaé‘eré{gB‘r W&%‘,mqr%‘al directed
fr om t he sGolidrBe b PBRRREaATen HLILR, 1 cRAARINGRS- LG Ains cRRER! or 80.

In the enbodinent illusfrated in Figure 2, the first absorber 70 and the

second A&B¥sphb&regatProdidis Raskigl AG candsY ¢reimi gie-Fhdkgrnerelbabsiken &¢FFon al kyl
chl oroformate renoval system 60. In general, there is no particul ar
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chl or of orga®doas filaoiorSbypartial éondamwatieh.f iFer exumyple,ids ilgtrabel iprEE@erneehd o enpl oy
an existing process fluid fromthe plant as the absorbing fluid. For
exanpl e, cPmBIneg sy Apctenry 6P nHpmcBsEesdiguidhieraatoan B1aytieapasied vided as t he

starting fRf.g I’li.lglto fa%ogif QGL 9{1&22?%?& %E}gﬁgtg 1Y Db MRRL et aligﬁec}ﬂ&%%rMa fluid

may al so conprise the onat'e roduct, alone or In conblnation
wi t h t he vdlikaerating $wi thédl gasadsofridtion v wideh amdaine qaibprentnaxide &krbwn i n
the art and described, for exanple in. R H Perry and C H 1

2004/ 000 7EGOPETINILS (b 8 Eps e d-.pw%ﬁ.}/ offaock oysEriys L2k ek 2ah 4E gi neer’ s
Handbook v Flore 1Stk du BrumdYGyA% Hhbioyed. LPRenBBARE bf #1588 ofbgarPt i on and
Gas- Li quid System Design. "Cormercial” suppliers of absorbing equi pnent

i ncl ude, 1201ns prefarphle abouit-6@1C E©raponteiG. nyithikothis ragé,titwhy bd pegferedrooduct s,

Rashi g AG d Vi inigte-Fiillk - Fabri VFF) . f d
Ao s S A R RN L8 S AR PR b T el
fraction Byipafil 1A e,qulgggtég}efeﬁed &)q;se%xt@,tasgéﬁmrééfﬁﬁ{_ LAl Rec] Aokl gure 3,

the conbi ned gaseous ons 635 fromthe gas-1iquid separators nmay be
passed VipgefarabBhig loeibolil20t©. Sukitie komiehsidg vguip2ent i kaepanatie drhendcondensed

al kyl Chldggc?}cbgé,n?c;[reexample, R. H. Perry and C. H. Chilton, Eds., “Perry’s Chemical
Engineer’s Handbook, 7™ Edition”, McGraw-Hill, 1999, Chapter 11: Heat Transfer
Equipment, and commercially available as, for example, shell and tube heat
exchangers and plate heat exchanges from Alfa Laval Thermal AB, API Schmitdt-
Bretten and Kurose Chemical Equipment Co. Ltd. As shown in Figure 3, the third
liquid fraction 650 produced in the knock out drum 120 may be sent to the second
gas-liquid separator 80. Alternatively, the third liquid fraction 650 may be sent to the
first gas-liquid separator 50 or combined with the liquid reactants 510. In any of these
cases, alkyl chloroformate present in the third liquid fraction 650 may be removed in
liquid fraction alkyl chloroformate removal system 150. Second liquid fraction 580
proceeds downstream as described for Figure 2. Alkyl chloroformate removed from
the gaseous fractions is sent to the liquid fraction alkyl chloroformate removal system
150, which removes alkyl chloroformate from the liquid fraction. For example, the
liquid fraction alkyl chloroformate removal system 150 may hold the second liquid

fraction 580 at a temperature of about 50°C to about 80°C and for a residence time of

about 1 hour to about 10 hours.
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while leaving the third gaseous fraction 640, which contains carbon

nonoxi de and carbon dioxide, in the gas phase. A plurality of knock out
drunms 120wQeogreoo®p 3, 4, 5, or nore knock out druns) may/useosepdsyed. The
tenperature of the knock out drum 120 is preferably about -50C to about
OC. Wthin this range, it may be preferred to use a tenperature of at

| east abdutthe £0GodimEme ijustheedainl Figate 3.ethstknatiootit d3MC.12@Alcoonstituies bihen t hi s

range, it may he preferr tp use a tenperature of up to about -10C, nore
pref er ab|%?S‘if%‘S?@C‘g%ﬂfyl.%%%ﬂeémn@%ﬁﬁ@ﬁ Ong equi prent is known in the
art and described, for exanple, R H Perry and C. H Chilton, Eds.,
"Perry' s 1ChayibedrefelmitioNe/ovE aﬁ%ﬁ'ﬂté@@l!ﬁtdogie'r'ceﬁghlﬁdré’ﬁ};efel%@l@'aj%\f{é‘a's'ﬁ dbout 199

91
Chapter 11: at Transfer Equipnment, and comercially avail able as, for
exanpl e, ¥hpdrceninyktiagre treterablyrt heasigahant Q8 depteat, esvisr anorexubigradbs af r om Al f a

Laval Thernal, AB,.,APl Schm tdt- Bretten and.Kurose Chem.cal. Equi pnent Co.
Cra- As SROGATR S stseB T Pl hr Tl o9 R st oG iob bl 1 n he
knock outentiodithddOit ey Bepie@ited © febifcestie ANE1 cBRSofbimAtE os@RpataéPMm 80.
Alternatively, the third liquid fraction 650 may be sent to the first

gas- | i quithe gayrapafisetionotoolest Hiepiabedt o PAM: Fore PEaleiablyelass Bak ¢beutol0 | n any
of these I ent inthe third liquid fraction
650 may ng%?z/%n?)@g%&%ﬁeral%?%%lggﬂch%gﬁlﬁ&ﬁgpg{?kyl chl orof ormat e renoval system
150. Second liquid fraction 580 proceeds downstream as descri bed for

Fi gure 2.WAbkyite dhjlochdbroforataee rsephysedlly ranovet heorg abe gasofis iattiensnd s sent

to the liquid fractiqn Ky hl oroformate re | syst 150,.. whj ch
Femoves. S RIEHDGHRBTERRY KD ATGHIG R Rl PR BHIOMEB Bk BN | he
liquid fractibRmyad kihdahinat afifiiBdseioseeP YR dsned %ﬁalﬁy‘iocag%ﬁa&g%r@dﬁ&e second

liquid fraction 580 at a tenperature of about 50C t'o about Cand for a
r esi denceSperifisaldy, it mbpbe pleferoed totremabe lass t@nhkbownts] 0%4.2nWe 20LHOETS0

/ / . 11 the enbodi n in Fi 3, .the knock
arum 120 BBRACTT Vs A CRERG nrscPrbavamicse ofits SRiS e Patoual

syst em 6QaltHdughBle Rty tRddseribRNBY ereflovingdsts MaaWbod01@Rrsresaid nore
preferablra/ at | east about 90 percent, yet nore preferably at |east about

95 per cerfialkplyeaibongies, Breflebupndergpod 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
alkanol forms dialkyl carbonate faster than dialkyl carbonate decomposes due to other

reactions.

In a preferred embodiment, the cold wash unit 20 and portions of the plant
downstream from the azeotrope column 210 are not corrosion-resistant. The reactor
30, the first gas-liquid separator 50, the second gas-liquid separator 80, the first
absorber 70, and the second absorber 90 are preferably corrosion-resistant. For
example, these components may be glass lined. The term “corrosion-resistant” is
meant to describe a material capable of withstanding an HCI content of 2000 ppm at a
temperature of about 50°C to about 135°C in the reaction mixture without substantial
corrosion in a relatively brief time period (e.g., six months). Glass lined vessels,
precious metal (e.g., tantalum) lined vessels would be considered corrosion-resistant.
The term “medium corrosion-resistant” is meant to describe a material capable of

withstanding an HCI content of 2000 ppm at a temperature of about 0°C to about 55°C
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| east about 99 percent, of the alkyl chloroformate fromthe gaseous
fraction. In one enbodinent, it my be preferred to reduce the al kyl
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faster than dial kyl carbonate deconposes due to other reactions. In a
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react or F}g Fh_h first gas-liquid separator 50, the second gas-liquid
separ at or 6 e first absorber 70, and the second absorber 90 are
preferably corrosion-resistant. For exanple, these conponents may be gl ass
lined. Thim 4 dhmthplocarb@iadmp}aas ilsfcarpt 4 megns wf asmoving destbyl bidomfomtage i al

capabl e dgr hst andi an HCl content of 2000 ppm at e e of
Sbout S0CTYE b BEEOTS Bt SRS BHETIBI VA REUFE P HSE G B R 1

corrosi Oneﬂcﬂar%efseb&ﬁﬁg/%hbl vRFib&f canhﬂmeﬁ%mcéo(aewgsh urit. XTHDBSMsslon whass | i ned
vessel s, precious net (e.g., tantalum Ilined vessels would be considered

COr r osi orswsewrsttlaimthese wrés,mmmof medihuwiere debhrseiedirare sirbomateel, needadémt t o
descri be able a hstandl ng an HGO content of 2000 ppm at
a tenpera PR Ay GERR Rl R s N 2004/ 069760 PO US2003) DLba5e
W t hout substantial corrosion in arelatively brief period (e.g., siXx

nmont hs) . Sgeeinglto Figure 2, but with the understanding that the plant lacked any gaseous

fraction alkyl chloroformate removal system, methyl chloroformate was detected in
first liquid fraction 530, in cold wash recycling from regenerator to absorber 700, in
second gaseous fraction 590 (1320 ppm), and in first gaseous fraction 540 (86 ppm).
The chloride concentration in cold wash recycling fluid was determined to have a

mean concentration of 748 ppm with a standard deviation of 365 ppm.

Methyl chloroformate was detected by quenching 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 was equal to the methyl
chloroformate concentration because each equivalent of methyl chloroformate
liberates one equivalent of ionic chloride upon derivatization. Alternatively, gas
chromatography was sometimes used for direct analysis of the N,N’-diisobutyl methyl

carbamate using an internal standard.
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steel s such as HASTELLOY(r) and CHROVALLOY(r) woul d be considered nedi um
corrosion-resistant materials. The azeotrope columm 210 may be nade, at

| east i n wpawe4/00hT80m medi um corrosi on-resi stant nat eri alP€T/US2008/0p238% er r ed
enbodi nent, the bottom of the azeotrope colum 210 may be made from a

medi um corrosion-resi stant steel, whereas the top of the colum can be
made frorBX0AMIPIA'Y stainless steel. The invention is further illustrated by
the following non-limting exanples. EXAMPLE | In a dinethyl carbonate

pl ant | acki ng a neans r emovi ng. net hyl .ch] or of fro gaseous
fracti oncﬂé‘e é’f’tewélér”flﬁs‘glﬁ Bth TRefs COBLRTRHER iU Frt%Jﬁ%l{TS Ctﬁ‘ﬂu’r’b? 1g. hg
exchanger;s|RiBh W 2 @By 316 AW 1&18@1?%@8?&11 quoa 'PI?J %Y@xﬁ*ﬂ% Pg&?d The

corrosion was So severe that these parts, abri cated
f r om car bombstededasenBetionn63h e atept 4tEd Téarclo;nbnrredt gwséaus eiqpionse6B S
lifetimes. Referring to Figure 2, but with the understanding that the plant

| acked anWergthisadugherrqogledi t@ﬁbaultk%@ ch 258t vPmat dr RSk ASeRk-OHbt hy |
chl or OT ord;@&e bofare %%Ee?g‘%eﬂle{ rabs coiu%ﬁ%q)ff {h%crcbl(a(llag’?osgst'e& CO#X Sh

recycling fromregener o a secon g8ous fraction 590

(1320 pprijnpleatehtdtionf ihle&hlc@ﬁlseonl&nfrﬁt&ﬁi mcmlcﬁwash(xeﬁqum@fmm fdpenahioptd de
concentration in cold wash_recycli gﬁ fluid was determ ned. to have a nean

concentr e?PFthero?OWWQS Bishced Eha anean o4 PR PRI WSk FéF?néPrdS@B’l%iﬁPr]Ofl\}’gt%yl
chl orof or s Oogl {e4 Ry, AEBGH ﬂgcmhp %ﬁ%ﬂpgﬁaﬂ 4164 1 sfonvert

the et te to N, N -diisobuty carb te. The anount
of N,N - pdleint ﬂmlkutgydnynmdmy lof mdamgathethwhdﬂommmafrgmehle gasaousi fracéibnon with a
standard silver nitrate solution to quantify the anount of ionic chloride

present. t of nethyl chloroformate could then be inferred by
anal yzi nf?ﬁm& nal sanmple for ionic chloride. The difference in

chl oride concentration was equal to the nmethyl chloroformate concentration

because eaelpl@guiasahedificdbyraithidtios bifarfatoiyreiter 70 iabesadond BHabeqe0 val ent
of i1onic chloride upon derivatization._Alternatively, gas_ chromatography

was sonetil feenfigwatien pingiiar de thah paawrsinsFigs 24 Fer Rotky aba@rbéréb@wbsquﬂw
car bamat qlqldﬁil 0ds 31 dz@&t%ﬂ]@lmﬁ{ﬂggﬁ'ﬁgnetﬂlﬂl carbonate and methanol. The liquid

discharge of the first absorber 70 was sent by pumping to reactor 30, and the liquid
discharge of the second absorber 90 was sent to the second gas-liquid separator 80.
After implementation, the chloride concentration in cold wash recycling from
regenerator to absorber 700 was reduced to a mean of 0.25 ppm with a standard
deviation of 0.57 ppm, confirming the near elimination of methyl chloroformate and

chlorides in the gas streams treated by the cold wash unit 20.

The examples above show that removing alkyl chloroformate from the gaseous
fraction 1s an effective means of preventing corrosion caused by chloride ion in the

cold wash unit,

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
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WO 2004/ 000780 PCT/ US2003/019359 EXAMPLE 2 The plant was nodified to a
configuration simlar to that depicted in Fig. 3 by installation of a
chill er 1WO 200u0kT80ck out drum 120. The chiller 110 coolped/ushen3/ocessdi ned
gaseous fractions 635 to about 5C. The conbi ned gaseous fractions 635 were
then further cooled to about -20C to about -30 C and sent through a

knock- outpartggulan dvatfooiimemndisnldsad as e bdss orode icontenplaterhfon featrpimg el dhvies h
system After. inpl tation, the chlorjde . concentration i.n _cold wash
royert ngrysibise BRURER: BieRin solobliar b tRdatel il el drsavds 0. 7
ppm W t h F thé aidads dewisat i on of 17.4 ppm corresponding to a 93%
reduction in chloride concentration conpared to the plant |acking any
means of renoving nethyl chloroformate fromthe gaseous fraction. EXAMPLE
3 The pl ahl cited Pasrfss padent spriicasions. laad oder a¢fereneesrare ingomsrated howimbyl second
absor ber .0 ; nfi.gyration simlar to that shown in Fig. 2. For both
absorberé?ﬁ¥%ggg€g%§S%P%#9 liquid was an azeotropic m xture of dinethyl
carbonate and nethanol. The liquid discharge of the first absorber 70 was
sent by punping to reactor 30, and the liquid discharge of the second
absorber 90 was sent to the second gas-liquid separator 80. After

i npl ementation, the chloride concentration in cold wash recycling from
regenerator to absorber 700 was reduced to a nean of 0.25 ppmwth a
standard deviation of 0.57 ppm confirmng the near elimnation of nethyl
chloroformate and chlorides in the gas streans treated by the cold wash
unit 20. The exanpl es above show that renoving al kyl chloroformate fromthe
gaseous fraction is an effective neans of preventing corrosion caused by.
chloride ion in the cold wash unit. Wile the invention has been descri bed
with reference to a preferred enbodinent, it w1l be understood by those
skilled in the art that various changes nay be made and equivalents may be
substituted for elenents thereof w thout departing fromthe scope of the
invention. In addition, many nodifications my be nmade to adapt a -
particular situation or material to the teachings of the invention w thout
departing from essenti al
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scope thereof. Therefore, it is intended that the invention not be limted
to the 15 WD 2004/000780 PCT/ US2003/019359 particul ar enbodi nent

di scl osedwe=0t4mwotsest node contenpl ated for carryi ng outPcrhisoosiomssnt i on,
but that the invention will include all enbodinents falling within the
scope of the appended clains. Al cited patents, patent applications, and
ot her ref@AMdBs are incorporated herein by reference in their entirety.
16 WD 2004/ 000780 PCT/ US2003/019359 CLAIMS: 1. A nethod of preparing a

di al kyl arbo risi Ctl an_al.kanol, oxygen, carbon
nDnOX|de %gf%P Pgﬁ‘P%BﬁQi % EPBPIYBeor i si ng a di al kyl carbonat e
and an aIkyI chlorofornate separating fromthe m xture a gaseous fraction

conpri si Ngackinkyin @Maﬁdspfo@pg@lg eartdROmoh@Tey,i & aldallyse b dfoth of wakerd rom t he
gaseous fraction. An apparatus for preparing a dial kyl carbonate,

conpr|5|ﬁ@nHWﬁHW§Hﬁ6&Y}%@@ﬁ%ﬁgméﬂnémﬁéﬁbbﬂﬁbﬁvﬁén carbon nonoxi de, and a
catalyst to forma mxture conprising a dialkyl carbonate, an al kyl

chl or of ord rﬁmné‘ﬁgﬁﬂﬁ%%hfé aa%i g?us ﬂ% i&h corﬁ Qﬂgalﬂgpem&l%fo gu"i‘ci bon

nDnOX|de ans for separatin e m xture” a gaseous I on
conprising carbon nonoxi de and aIkyI chl orof ormat e; and neans for renoving
al kyl chhemmﬁm@nﬁnéchbuﬁbnmﬁeQaﬁﬂhagmkpamﬁhdhm*3.The nmet hod of Caim1l or
apparatus of claim2, wherein the al kanol conprises nethanol. 4. The nethod
of Claim.j, or the aggaratus mhereln renovi ng al kyl

chi or of oraP EPREAW? é%qﬁ?PEFéPﬂ%ﬁé?ﬂ¥@3§t”8W@“P&%hn.que sel ected fromthe

group consisting of condensing, adsorbing, absorbing, separating with a

menbr ane, medeX o6 rd@tih® ad aStadbL ix§pEd, Idathonamnen&add)ianatd e4slysio@plonsi N9 at
| east one of the
mixture comprising a dialkyl carbonate, an alkyl chloroformate, hydrochloric acid,

water, carbon dioxide, and carbon monoxide;

means for separating from the mixture a gaseous fraction comprising carbon

monoxide and alkyl chloroformate; and
means for removing alkyl chloroformate from the gaseous fraction.

3.The method of Claim 1 or apparatus of claim 2, wherein the alkanol comprises

methanol.

4.The method of Claim 1 or the apparatus of claim 2, wherein removing alkyl
chloroformate comprises utilizing at least one technique selected from the group
consisting of condensing, adsorbing, absorbing, separating with a membrane,
exposing to a stoichiometric, and combinations comprising at least one of the

foregoing techniques.

5. The method of Claim 4, wherein absorbing comprises contacting the gaseous
fraction with an absorbing fluid capable of absorbing the alkyl chloroformate from the
gaseous fraction and further wherein the absorbing fluid comprises the alkanol,

dialkyl carbonate or combination thereof.
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foregoi ng techni ques. 5. The nethod of C aim4, wherein absorbing conprises
contacting the gaseous fraction with an absorbing fluid capabl e of

absor bi ngwoleo4lokyso chl orof ormate fromthe gaseous fra®Cirars2ens®d193ast her
wherein the absorbing fluid conprises the al kanol, dial kyl carbonate or
conmbi nation thereof. 17 WO 2004/ 000780 PCT/US2003/019359 6. The net hod of
d ai m 1 @ ThidhmetpdasfaCldin df octhei appdratwhel§ dhimn 2embeiang rdrheviag kiyd alkyl

chl orof ormat e conpri ses feedj.ng the gaseous fraction to_a knock out drum
(120). 7.0%0#?@9?1%&0%1@5&??41&5 g1 DIA T Hag 98B att BBH L0k ho al kyl
chloroformate is renoved fromthe gaseous fraction. 8. The nethod of C aim

1, furt he}r.Tl?é’H%fHo(ﬁjid?%blﬁﬁ?ﬁi, W%elte'i}?atgﬁéﬁ%%utf g(lﬁ’/ﬁtdeHe Taf(?(giicﬁl‘al-djforn‘{ﬁéﬁ"s nit

u
(20). 9.The nethod of Claim1, wherein the al kanol, e oxygen, and the
car bon nosorvekiromtis gasewtsdhctiona nol ar ratio of (about 0.5 to about 0.7

al kanol ) : (about 0.04 to about 0.06 oxygen):(about 0.8 to about 1.2 carbon

id 10. T d of im1l or. ; f claim.2, .wh i h
o omua i B TR Oath Lol Sudofle B3R08GR SEELS 1
fracti on wanhen (p®noxide is recycled to the reactor (30). 18

9.The method of Claim 1, wherein the alkanol, the oxygen, and the carbon monoxide
are reacted in a molar ratio 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).

10.The method of Claim 1 or apparatus of claim 2, wherein the gaseous fraction
further comprises carbon monoxide, and the gaseous fraction carbon monoxide is

recycled to the reactor (30).
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