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di al kyl carbonates, particularly Cl-C3 dial kyl
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It has a pleasant odor and, unlike ethers, is more readily biodegradable.

In older commercial processes dimethyl carbonate was produced from
methanol and phosgene. Because of the extreme toxicity and cost of phosgene,
there have been efforts to develop better, non-phosgene based processes.

In one new commercial process, dimethyl carbonate is produced from
methanol, carbon monoxide, molecular oxygen and cuprous chloride via oxidative
carbonylation in a two-step slurry process. Such a process is disclosed in EP 0 460

735 A2. The major shortcomings of the process are the low production rate, high
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aliphatic alcohols such as methanol with urea (1) in the presence of various
heterogeneous and homogeneous catalysts such as dibutyltin dimethoxide,
tetraphenyltin, etc. See for example P. Ball et al, "Synthesis of Carbonates and
Polycarbonates by Reaction of Urea with Hydroxy Compounds",C71 Mol. Chem., vol.
1, pp 95-108, 1984. Ammonia is a coproduct and it may be recycled to urea (2) as

in the following reaction sequence.



1, pp 95-108, 1984. Ammonia is a coproduct and it may
be recycled to urea (2) as in the follow ng reaction
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2 NH3 ( 1) al cohol urea dial kyl carbonate O 2NH3 + CO2
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HyN-C-NH, + ROH <=====> RO-C-NH, + NHj 1
alkyl carbamate
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RO-C-NH, + ROH <=====> RO-C-OR + NHj; t
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As noted the above two reactioqs are reversible under reaction conditions.
The order of catalytic activity of organotih compounds is R,8n < R3SnX << R,SnX,,
wherein X = Cl, RO, RCOO, RCOS. A maximum reaction rate and minimum
formation of by-products are reported for dialkyl tin (IV) compounds. For most
catalysts (Lewis acids), higher catalyst activity is claimed if the reaction is carried out
in the presence of an appropriate cocatalyst (Lewis base). For example, the
preferred cocatalyst for organic tin (IV) catalysts such as dibutyltin dimethoxide,
dibutyltin oxide, etc. are triphenylphosphine and 4-dimethylaminopyridine. However,
thermal decomposition of intermediate alkyl carbamates and urea to isocyanic acid
(HNCO) or isocyanuric acid ((HNCO)s,) and alcohol or ammonia (a coproduct of urea

decomposition) is also facilitated by the organotin compounds such as dibutyltin
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extraction sol vent. Because of the highnelting point
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extlhe disly! carbonhatssisganeaeitoin.the reactor in an amount between 1 and
3 weight % based on total carbamate and alcohol content of the reactor solution to
minimize the formation of the by-products.

In U.S. Pat. No. 6,010,976, dimethyl carbonate (DMC) is synthesized from
urea and methanol in high yield in a single step in the presence of high boiling ethers
and a novel homogeneous tin complex catalyst.

(NH3),CO + 2 CHzOH =====> (CH30),CO + 2 NH,

The ether solvent also serves as complexing agent to form the homogenous
complex catalyst from dibutyltin dimethoxide or oxide in situ.

The separation of materials involved in the DMC processes is very important
for the commercial production of DMC for economic reasons. EP 0 742 198 Al and
US 5,214,185 disclose the separation of DMC from a vapor mixture of methanol and
DMC by using dimethyl oxalate(DMOX) as extraction solvent. Because of the high
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(i) reacting water with urea to form ammonium carbamate,

(i) decomposing the ammonium carbamate in the feed and the
ammonium carbamate from the reaction of water with urea into ammonia and carbon
dioxide, and

(c) removing ammonia, carbon dioxide and said alcohol from said first
reaction zone as a first overheads;
(d) removing urea and said alcohol from said first reaction zone;
(e) feeding said urea and said alcohol to a second reaction zone;
(f) reacting said alcohol and urea in the presence of a homogeneous
catalyst comprising an organotin complex compound of dialkylmethoxide’in a high

boiling solvent to form dialkyl carbonate and
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a simplified flow diagram of one embodiment for producing DMC
according to the present invention.

Fig. 2 is a simplified flow diagram of a DMC separation unit.

Fig. 3 is a schematic representation of a one embodiment of producing DEC
according to the present invention.

Fig. 4 is a simplified flow diagram of a reaction/distillation column reactor
embodiment for the present process.

Fig. is 5 a simplified flow diagram of a catalytic stirred tank reactor with an
attached distillation column embodiment for the present process.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTThe

water inpurity in the urea and al cohol feeds is
woenwsvezbsby reacting the water with urea in a PCT/US2005/004087

prereactor while amoni um carbamate i s renoved by

deconposing it to ammoni a and carbon dioxide in the
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over head pressure is determ ned grai nly by the desired
0
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but the reaction is faster in the presence of a .
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of the overhead pressure of the prereactor is from about 30 to 300 psig. However,
the overhead pressure is determined mainly by the desired temperature of the
prereactor column and the composition of the liquid in the reactor. Reaction (4)
proceeds to equilibrium in the absence of a catalyst, but the reaction is faster in the
presence of a catalyst such as dibutyltin dialkoxide complex catalyst and weakly
acidic or basic heterogeneous catalyst such as zinc oxide, tin oxide, titanium oxide,
rzirconium oxide, molybdenum oxide, talcite, calcium carbonate, zinc carbonate
hydroxide, zirconium carbonate hydroxide, etc. supported on a inert support such as
silica, high temperature (>850°C) calcined alumina. The preferred concentration of

urea in the liquid phase in the preliminary reaction zone under given conditions is
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rea?rlomzéﬁ%asl%gég%, nore preferably from 250 to 350 F

andwhereirethatimprovemintisdhgbes of a Pretisinah reaationzbhe before the
rea_and ,al cohol react to form al ky carbamate

.of th
prifiany; FRAGHPE] 79 4P yTereaq WaST Gl aRVBPBILEH c@dbamate from said
rea@!ﬂh@' B'Sﬁféeo%g RS rEAGARES fitQ" tb Bfe PrafHENP fefltion zone under

condltlons to react said water with urea to form ammonium carbamate and
decompose ammonium carbamate to ammonia and carbon dioxide and removing
the ammonia and carbon dioxide from said reactants prior to feeding the reactants
in step (b), preferably at a temperature in the range from 200 to 380°F, more
preferably from 250 to 350° F and preferably in liquid phase. Preferably a portion of
the urea and alcohol react to form alky carbamate in the preliminary reaction zone.

A preferred embodiment of the process for the production of dialkyl
carbonates comprises the steps of:

(a) feeding urea, C,-C5 alcohol prereaction zone;

(i) cleaning the impurities in feeds in the prereactor;
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carbonates conprises the steps of: (a) feeding urea,

Cl-C3 al cohol prereaction zone; (i) cleaning the
wonmsriozdses in feeds in the prereactor; (ii) reROVIUSZ05/004087

amoni a, carbon di oxi de and al cohol as vapor stream

(ii1) reacting a portion of urea and al cohol to al kyl

carbamate; and (iv) renoving a liquid stream

cont ai ni iy al kephoving hamadra, careen dlbdld@lamdla:cllioﬁgiasvaporstream
introducg.to a primary reaction zone eedi n
or ganot i e onfsGGHBRY #RPTHOR (G HreRANA r?éccé‘loié‘? Al e@h@mate and

at om CO”{J\%‘ ni Rﬂné\ﬂhd %r]fqaﬁdjst?‘é‘éﬂ ARG él Q:talr&{}n%fén%rea and

(c) concurrently I n sal react rron
react| ng Cl- CalcaholdbohtrodlmmtcaaqbrlaiekyIrezw:trdmazm*tes in

bot {49rBEaELR? SOLISNr ST B b A G R HY RS0 eEsleoiren conor atom
corﬂém«g?@mdeﬁﬂt’@yslau@ehhfm#@actmdz&dé) renoving t.he

di al Kyl carbonate and amoni a, et her, carbon di oxi de,
N aﬂoaworwumanﬂum Baiferrémandrealiyh zoae bamat e from sai d

LT GRS 2 %0l 0 R0 e prsonce

stream fomm@brgmfdymrmmwnmw s&idﬂn@ﬂ'@blhngble@&bh%ﬁor atom
of liquid reactl on medi um from prinary reaction zone

to said Fitaingeelventionyedres d(a(lm@@y@natwde Ris H
or CnH2ng; iré?ﬂgvﬁ fhe]dlaﬁ(yfélarﬁa)n%%yﬁcagprtnl%ff ﬁ{eeraéerBndIOXIde

reacti on zone an conve ng a

di al kyl Nealkyaitybcarbajnate and atikyl terbematy froimsaid primangiseaction
in the streamfromthe third reacti on zone as soli ds;

(ii) ret&H A% VERE" @88 ng 1iquid streamto the
Pri@@ry ESAREHIRNNCARG ARG éat‘rBaﬁJ @egﬁgﬁé‘@%wpﬁé%&r stream

and (iii) renoving afmmonia, alco di al
fromdqrivoarytreactor ane inrmesmall amﬂtrearm efliguithresactioh amdmmfrom primary
pr.ovi des |nprovenents whi ch include the use of

reaﬁpgnp ZRANA 4P §akde'%?TQ9HCiﬁb‘P@“P@UF@$rdU% wiers When) RisHor C nM2ns1

R N R N —

to d8kQFcarbbhate;
(i) removing heterocyclic compounds in the stream from the third
reaction zone as solids;
(ii) returning the reaming liquid stream to the primary reaction zone
and the clean-up reaction zone, aﬁd
(i)  removing ammonia, alcohol and dialkyl carbonate as overhead
vapor stream
This embodiment provides improvements which include the use of a
preliminary reaction zone to remove water, and ammonium carbamate from said
urea and alcohol, preferably at a temperature in the range from 200 to 380°F, more
preferably from 250 to 350°F and preferably in liquid phase and the use of a clean-
up reaction zone to convert the by-product N-alkyl alkyl carbamate to heterocyclic
compounds at a temperature in the range from 300 to 400°F in liquid phase to
remove as solid from the system.



preferably from 250 to 3500F and preferably in liquid
phase and the use of a clean up reaction zone to
woamsanss he by- product N-al kyl al kyl car bamat eCT@s2005/004087
het erocyclic conmpounds at a tenperature in the range
from300 to 4000F in liquid phase to renove as solid
fromthe system The preferred prereactor is double

di Wﬁbfér%‘@brérééﬁbpfs dde‘P@Gla%eﬁ@Hcﬁ\yer&babt@Wlder diameter at

section). The urea f solution in alcohol is
lowghsediiined The tiea faﬂdumluge@rlea@@@holars infredrted|te the column

oo B R S TR REERE ly 2RERe Phonu

carlfdiflafAinbpe wheaxeede is dbeoinpaped & anenohiatdrel catborndiogide. The
mai ntai ned at a tenperature from about 200 to about
tempeWrraAtiEe ¢alemn=o m%nt@wdp@ﬁ 3! enrﬁ@ratw@qffom@muﬂ 890 to about

380%%‘6%?%#?33‘96‘330 déol tﬁjéé’éﬂo?ln ro8i&s oh Wcﬁﬂa%her@arbon

e colum as an ove por str ama

diovadle ohiel rarapesd fidnedhe m:otdmn fasealn stvedsead sapart strearst glong with
partlallyﬁonvertedtoa car rmte|nt

alcqhicd v@ger-ort rephinsthesfRad § eg%" @??ﬁ cParEI"ﬂB’ converted to alkyl
cartﬁé’rﬂﬁ% i tﬂ ;9%6%;5&%' $hidirgaefior! Eaékojd%/ﬁm@r qfh%riﬂﬂv)érsmn of urea

er t e conver si on urea to al
is hcgi‘rdmahamelo%,npneéemblw higleotitan 50%heThemmer31®n oiferea to alkyl

ex cat al th the ¢ st
caraBte Gan Beraartiedaibi e dhsbBFe SR iRk rtab B Rk ENith the
catalfBUhbidopSetdion Reteli€pskter r eans sol ves the probl ens
aSssoci ated with keeping the catalyst in the active

st at é%emowngavatehgnd)emm@’aumm%b%mate B1puriies in the feed streams

s34 06 Ay 0 S KOG, B, BP9 Bl st

contlonipgidvieptiead pisse0rY ofithe didisatdrecolGheaahd plugying of dibling area
inmpurities in feeds is carried out in a prereacto

of Queidiears vapao sheayifiaret RIMans reagtar ikyn deppsilian of ammonium
carlf)gﬁ\%k r c@&ﬁmy Lg%?egﬁ (b tlds! RSrekBs |§%af*n‘r°&ij ﬁf frﬁérﬂ?ereactor

€ prinar the prereactor.
whichnis a\deiubie dissneteddistifjatadn t¢aasin eactaral Rgarrmmgem ingpurities in

the feadeiSais 1§ nd BIABLeIPERYe onB BregRgtatc  Fiha dmggavement s
magﬁbg%ﬁ‘ t bArt W cBﬁwﬂﬁﬁ% uf &R Aky Ic@rﬁé?ﬁéﬂétlh@l*?eﬁfereactor which

eycetot rlrraryreactor from di al kyl
resulés boiaster reectnmrgtemﬁlpurodhwla@siallgﬂ caifyinate in the primary reactor,

a regﬁ?:ggﬁqto% % %?)hgefcé{g‘eﬁg%e pﬁ%@?gpagq or f@ﬁ!@ﬁﬂgﬁﬁgﬁ%ﬁam recovery

un|f39éé‘é1ﬂéi-;t 8f hiyhk BREcMPARANGT dibikgN cafbotia®é kY the audpRati&stream
in the overhead streamfromthe primary reactor

frometheceimanereaster atn mekingsdialityl gpenanate.camighritencentration of
dialkyl carbonate in the overhead stream from the primary reactor reduces the

separation cost of dialkyl carbonate.

The primary reactor, where dialkyl carbonate is formed, is stirred tank reactor
equipped with a heat exchanger to recover the latent heat of the product vapor
stream from the primary reactor. The recovered heat is used to recycle alcohol from
alcohol recovery column to primary reactor. [tis not necessary, but optional that the
liquid reaction medium is mechanically stirred. In the present invention, the

reaction/distillation column of the primary reactor is operated unconventionally so
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The primary reactor, where dial kyl carbonate is

formed, is stirred tank reactor equipped with a heat
wexaeisanzss to recover the |latent heat of the pPOTWSR2005/004087

vapor streamfromthe primary reactor. The recovered

heat is used to recycle al cohol from al cohol recovery

colum to primary reactor. It is not necessary, but

that‘l’lﬁ’é H&@éwe‘v{ﬁ%ll&‘ﬁeh&?%r@dﬂ&@%c@ RIMOREH f¥dmnithe liquid reaction zone

an cal stirre present invention, the
as ptaeta@lf ownhelaslmrd)dimnstmalmwmm alfowsiaipiainingythe bydqreducts at the

rat conpvent | naI | vy, sot hat n
minia) YA deeBeb e s o b SPab e ATRAE Yquig leyel without
flllmbﬁtﬁé‘htqﬁlﬂ réaBforRSoR@ith Hderied hgastopuodifer aﬁteb(@mied period of
| ows mai ntaining the by-products at

he
reac:tonomtlpemuhoybammtterrwlqr\e érdtl%ls hdghly sl@sw@féleé%weaaucaessful

conf QBRI Mol ot a8} Lot RS of wrca, o

carlfarherdgsd gk ¢adboriztedi e tiqmdahe@lunmtdnotlhzeih’go minimize the
interruption. This is hjghl | blefor t he

rat%@fdbéé@,m@tl%ﬁ%‘r%kﬂﬁ %%GEQCM% & i RGFOBRINSRHRLUSIng a

hlg}té?%cﬁﬂf?ﬁﬁ bf | > thgegi’)l@ént %\dﬁ’és Hatl-?ov@é\%r if the alkyl

car bona medi u are uti | |ze
carhﬂamam genderdrationeis dbo tidw a‘muammtqe@tahiy low sblge yield of DMC can
products, which is acconplished by using a higher
OCCHgncentratl on of high boiling solvent such as

U1 i1§) ABid aEQRYREion b?tl'ferlﬁ/ @o@ﬁbts‘é@bh%@&l-@kyl alkyl carbamate and

concentration is too |l ow an unaccept aﬁngf/ ow S(g
hetgnoeydnodcommn@m irpdwuprintey seaster, dcvamdisgavere thatﬁbe N-alkyl

alk)ﬁ)é@@.{aggé@ltqc’ éﬁ% ‘@rﬁtﬁ%s"i\{ ﬁg dhsglllgéf yrgﬁggil uﬁir\%atctlon medium,
whifé cﬁﬁ@\d%ﬁﬂY béﬂbrrﬁn‘ﬁg the alakiil carblsihteqrbbasing eeactidndby controlling

cont i nuous distilled off fromthe |iquid reaction
bothéempetatuie; al’@ @r@ﬁéuﬁer@‘ﬁhegi stilatiasy GalwHNG él'lepléI]n@{]y reactor vapor

s AR A GRHELTE SERESAE, EMGBURLBL AP erguea as

solitlB €rop thessystaraani Omer&mds stwmcme@mat@wmy @xhceatrations
heterocycllc conpound mhlcq can be npved .as

of Nl @yl spshahate ANG NSLSroGYs igscompo H 2 VR ﬁgwd reaction
voI%rﬂgtC}}‘Stbﬁaﬁjr}fngl@nfé%ﬂl&ﬁtioﬂgsc&ﬁd 'N‘e%bmtalﬁbhyund@ré@f@éd? station

erocycl’i ¢ compounds 1n a given liquid reaction
reaetdr usyesrafion reonglitionar y It wastalen discoyeced|tdabenaintaining the skin

tertelie 65 ¥ N g ALT B0 AL 6 BFBTY RGE R B RTHAGA L Delow

abcﬁh'S@Ot’ferﬁf@fe?'ény%e%wﬂBY) F Tétrﬁglﬁ@de@ﬁéblb‘-’w nithinkiRe€ the formation of
rimary reactor at a tenperatuie bel ow about 5500F,

hetprcmyehcabompbede|mﬂme primarnreaatipnozasie. adThe eenvaraion ofdN-alkyl
a5 AR oS el LS IBE) PR l By RE 4 loan-
up reaction zone.

The preferred clean-up reactor for this purpose is a stirred tank reactor
equipped with an attached distillation column, a condenser and reflux drum. The by-
product N-alkyl alkyl carbamate produced by alkylation of alkyl carbamate with dialkyl
carbonate in the primary reaction zone is continuously removed as a part of

overhead vapor stream along with other products by operating the vaportemperature
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al kyl carbamate to heterocyclic conpounds is carried

out by enploying a third clean up reaction zone. The
wonrefsanzasd cl ean-up reactor for this purpose i BC®US2005/004087

stirred tank reactor equipped with an attached

distillation colum, a condenser and reflux drum The

by product N-al kyl al kyl carbanmate produced by

frond ke hﬁﬁn‘a@y‘ réctiohkoneCat’ ek Wnijerdivat kigheranherabat 255° F

int primary reaction zone is continuously renoved
pref@safélwb‘dﬁherdlﬂa@‘zéﬁﬁgad vapor stream al ong with other

product s by operating the vaport enper gty refromthe

primary rea%-l&on zone at a colum tenEerature hi gher

than ab E pr%’(;{z%i%‘ yOhl g %{11&65 FEQQT

NaﬁH@yN Ak Bl é‘ér%%’ét@ i §e|§é1ﬁ?éo&&8|% thé@%m@aopy@éém%m the

streamfromt primary reactor and introduced to the
pnnmaargameaotmrrambmdumaé toltbarclean-upaeaetori sl efeanawp yeactor is

pre b5 oPPrited Ao HIRGA Bk Gr Yo bl Hdttod ri&Bi BRangg rom 330

to AJURFCOk WTTnpEERR Y ke BRI GorAPEIHTNeON R hﬁ@@olumn overhead
pressure are controlled so that the overhead vap

pressureie ¢oBkOlR: se Hintdhe ommelasﬂlva@pkﬂreem%ﬁﬁam@ quﬁam N- alkyl

b o081\ AP 18k RREER S ot g roacton

tenmpedsture 2ndrapovefhazsl grebigreeadt, éth@aistlih’d"sand)ﬁ pfslgemghenmy\ those
reactor. The techni que of renoving the by-products
of tae PEMAEIEAGOE-hi s i nvention can be extended to the

S/ i BhpRbEd oo e 2% o3 By A RE enion can be

extariBRB 89 thQ ROy aut sdctt iasgUd.a6 RED, &8 Ban2062) amh W@ 05/17369

o8 72 ST 2090 S MBS APl b Sonat
frorﬁ‘?freé %@d @n%é@ﬁél%g@fdIMh@t‘heﬁb‘%ﬁv&ﬁéﬁ%@i 8r BOGA t1AS primary

car bonat e, di butyl carbonate, etc., renoving
reat&tcmlanydlthaldk@an uarrbmtate fromthe primry reactor as

f- the o er head stre beco
P BlecbroGuBlgh 5 a5 R P e uichi i Ulgropycarbonate,
dlb@fyl cabynaRABiD frehﬂ)vﬁrﬁ{ igefkyl eyt cdrbaihiaté frenttherintery reactor as
reactor. N alk al k carbamate in this sllliJstream
Iq

parfsottheveverbgad @tr%ma app@eidiffichlsi Thegefese.n liquid slip stream is
taken out of the primary reactor in larger quantity to the clean-up reactor. N-alkyl

alkyl carbamate in this slip stream is converted to separable high boiling point
materials in the clean-up reactor as disclosed in this invention. After removing high
boiling waste materials in the bottom stream from the clean-up reactor, the remaining
liquid stream may be returned to the primary reactor and the clean-up reactor.
Various physical devices may be utilized as the prereactor. These include a
distillation column reactor, a stirred tank reactor, bubble reactor, tubular reactor,
boiling point reactor or any combination thereof. The preferred device is a distillation
column reactor, in which the reactions are carried out under reaction/distillation
conditions. Despite the equilibrium nature of the reactions (1), (2) and (3), employing
the distillation column reactor allows driving the three reactions to the right, that is,
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materials in the clean-up reactor as disclosed in this

i nvention. After renoving high boiling waste material s
wonoashe2dset t om st ream from t he cl ean- up react oOPCTAUS2005/004087

remai ning liquid streammmay be returned to the primary

reactor and the clean-up reactor. Various physical

devices may be utilized as the prereactor. These

completaignavalios Watéedndameminiom deBsinate mathetfeéd %ﬂeéﬁfsk Urea is
reactor, bubble reactor, tubul ar reactor,

bo
parﬁaliwoa\é%m%.to GkyhGpreasisien iy fhénprererelsr acpﬁr:plmg 5 1o equilibrium
rea \AL(% ﬁi q’@)ﬂ&ﬁ\%ﬁnﬁ‘n&ﬁ ﬁtffdrjnqge ?&%Hj%né SRCLTovetibad gas

he'reactiohs are cartie
mixtwrec theorgdadtiohi() edn be fowsditd itle sighDddpiof thd feaction as well. The
gui | i brium ature reaction
parfia

hCONVRIFISN P lgre@ﬁ%aﬁﬁyg?@r Paﬁtewcas%@iﬁ(ﬁ{%%%t@@&ﬁoawram of alkyl
cargéﬂn‘é'té‘got &@u rvi;rc%eodﬁaqét.h% bﬁ reh8iek artd'®sults in a higher

IS, conp nmoval of water ammoni um carbanmate I n
cortcleetrabeld o;f,tileél@rir@arbmeée lthwerbeaq streaveﬁromdheq)rmhaxryl reactor

oo R i SadPr AP G A RERRER B B B et bilrs in two

ste @6ﬁd&§a@ﬂbﬂ(@ﬁ@ﬂﬂﬁfn@@§téﬁ xture, the reaction (4) can
forced to the rlgf;ht side of the reaction as well.

TheT'pfadta”&{l cagirnate fgming reactiontis agl fellowsar bamat e
|ncrease the rate of conversion of al kyl carbamate to
di al kyI Eljr bonate in the primary reactor and results

over BRI ENeam W Hork RREHTTTEFY (RAbCel *hRkasto) he

over
reaction of urea with al cohol to produce di al kyl
carFB@a@tm &)darcgrrled oublnsﬂvep@.rlraaw Faestar larth@zgresenqawef a high

rem‘ov%ll Nﬁale(ll@l calﬂ@(mette(fmrﬁ e reactn’ mediugnasi sn)dhh@s it is produced.
imary reactqQr in the presence of a hlgh boi | i ng

The @t@@iﬁorrwner@&alkﬂacarb@m gila the PemMmashr iBaneiecsansitiye to the
corfd'éﬁgr‘é glb gf %mﬁ%ri %g{]refa%'fl B?ﬁédlﬂﬁﬂﬂ\fﬁe ‘#%?éé%r than the rate of

car rom FeaCr! On fedi um a8 soo
form'mghlkydd:arﬂ'dneataheh@pre‘reaaongueltcaiHe}dhemcbldhatmodynetrhles The
e to the concentratjon

ratbpt G Gy e Pis Persan Ao oAt Sivah pongelesion of alkyl
carbBRTAtd, 'iﬁefeai"s% IBfvef QHE&QaQJo'ﬁXEnﬁé‘t" &?Wﬁ@ ligDick rle%ctlon medium in

prer eact or due to the chem cal her nod ynam CS.
thermmarzyfrefaoﬁom nyedemperdtursaeiiba aieecttmrm&dmnﬂ msitherprlmary reactor

o B o e g BRI bRty NP ARG L B, mos
pre@ébmrbﬁl about 330 to 360°F under a pressure from about ambient to 150
psig, preferably from 30 to 120 psig. Any combination of desired temperature and
pressure, which results in high selectivity of dialkyl carbonate, can be obtainable by
choosing a proper high boiling solvent and controlling the concentration of the
solvent in the primary reactor. It is highly desirable that the primary reactor be
operated to have the temperature of the overhead vapor at least about 300°F,
preferably higher than about 320°F for the recovery of the latent heat of the
overhead vapor stream to be used for the alcohol recycle as super heated alcohol
vapor to the primary reactor and prereactor.
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the primary reactor. The tenperature of the reaction

mediumin the primary reactor is fromabout 300 to
wahost10280 OF, preferably from about 320 to 400CDRES2005/004087

nost preferably from about 330 to 360 OF under a

pressure from about anbient to 150 psig, preferably

from30 to 120 psig. Any conbination of desired

t enpsingt high l@(ﬁiﬁn@rs@%emﬂm thbi grimagstddcton alldswgh:arrylng out the
selectivity of dial kyl carbonate, can be obtainable

reaghiRibdndey law pressare ﬁngip%@@mquaélen@éﬁ@rb@ﬁwtemhedﬂulchrgactlon
melififn. Cg@@?iﬂ@ééﬁﬁ fﬁyoﬂsggstﬁp HNalld? tdﬁa{lﬁyl QEPWaYe from the liquid

react esira etha
reatf@at hoedibem tuptheat/apiort phaseerestiéing dndewat lmoecerhtraﬁms of dialkyl

h I 00 OF, f ) .
carpp ey Al isb (aclisD BRARE (Th8 Iobies B¢ Foganlrations of dialkyl
car?é‘ﬁﬁt@t ah&aéarﬁfapﬁéi@/u?é riRedd M Grre“afcl|8§ coLﬁ@1 uged lower the

or the alco recyc e as super heate vapor
undezsnrebldayppnqmm:gs assiated dodN-phetatieotand tlm d@cdmghsition products
oili solvent,in t ri tar carryin
of Wk, Al FOATEte AnfiT-Pidted b dREs dh ReufihaifTdacd?  The
prefé?ﬂé‘cﬁ%lﬂléht fit tRE s‘g}/ﬁﬂh&%@éfﬁ‘dlbmyl &@rbbhgtésdsﬁcﬁ.ﬂ@wa\?é the following
medi um Lower preSsure favors faster renoval

progedidsy (1) Bhe saimeat shewidt bl 2 lgast 208Bdigber mwmur@ than the

ol p AP AR oo RN B 32 E ARy leotropic
mixt@eewith italky reebbnatel. 0MTheoéxathplelydf mhb@@at\@na@de high boiling
carbamate/urea in the |iguid reaction nedium

ethptindetans, ydEasarbant,anst @%t@& 6" FKOts s pbiass; insihylene glycol
dlrr{%'tﬁ\(/ke\é H ] ‘Pé‘tr?&ﬂcyjetﬁ%N_ggfég | at ' Sfhel! %%ﬁsdtﬂﬁe’w&? benzene,

carba products
dinmathoey tpluetec tiky o@atepdedahneekdztmhha,mﬁlerfe}ldeblaae etc. or mixtures
nt hesi s of dial kyl carbonates shoul d have the
Oftf‘éfs?ovm ng properties: ( 1) The solvent should boil at

| eagtsupl Hiatbh HI&ShdI S/ER8F 3irkbfm Fshé"ﬁeétﬂlel)n%dhbéé iR the liquid

of the dial kyl carbonate product; and
reagtion fzon@ntcaau pRly dhe bpatofrerctiorefonthehcameriiph of atkyb naltb@mate to

dla&yﬁgp@ eéﬁ@fghslﬁ%rs@‘gﬁﬁ | é%@%tl’?é{ﬁ'n@ %gptggrbrarﬁc?)aim éagf dialkyl
carBbnifee afd éﬁin%ﬂﬂé'ﬁﬁfh %é/CFIQMdd'réEﬁti@Y\' nfddi@h. as soon as dialkyl

tetraet hyl ene g et her, anisol, dimethoxy

carbenaigrie prafiuasch oflye d@sslt@ht@%/al aPReantetionafe Kyl eadiamate and urea

ool HsP Ko oS o 307 B0 FRuf o tERFably from

abouttisad wbedt 60twt. Yhef thiedotiatmaesdls imthadivgid mﬁ@ﬁ'medlbm The
heat of reaction for the conversion of alkyl carbamate

desiedranoeptragian o dilley Arkanate indhgl regakiory n@%wn%frﬁnbabout 0.5
to AT Y LW %2 BPerSABIPABH atBiA!t¥ bbout 9 wt.% based on the total content

of the liquid reaction medium. The mole ratio of alkyl carbamate to alcohol in the
liquid reaction medium is from 0.2:1 to 2:1, preferably from 0.3:1 to 1.5:1. The
concentration of organotin complex catalyst is from about 2 to about 20 wt. % tin,
preferably from 5 to about 17 wt. % tin based on the total content of all the materials
in the liquid reaction zone in the .primary reactor. Note that the catalyst also
catalyzes the undesired side-reactions discussed above. Carrying out the reaction

at lower temperature reduces the side-reactions. However, the rate of producing
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carbonate and amonia fromthe liquid reaction nmedi um

as soon as dial kyl carbonate is produced. The desired
woav@ltozsncentrati on of al kyl carbamate and ur ea@rT/US2005/004087

conbined in the reaction nediumis fromabout 10 to

about 60 wt. 9% preferably from about 15 to about 50

w. %of the total materials in the liquid reaction

dial§H cabonate iFasbr 8¢ et ONERAL hal it 1f agiadtible @arﬂb@@ehﬁnemlal
in the reaction nediumis fromabout 0.5 to about

progjuctioq obPMCer Ebe;derswadrpaa@@ntrazlqn@f@mbmbng\@ow@atagélme reaction

meluh el RERI i ol dhout A BB S W By from 2.5
to 5% ati B o*fethetdﬁahmmdmaurtm itise fergmtio.Rediubm 2: 1

referably from0.3:1 t 1 . The concenfration of
or gih%wqt%ee rﬁa‘@xsfclat%ﬁry%@adr’xsst@t% FRanbientconditpnsyis an erganotin

corm;}ex &tél{/‘st &g Het‘«t{é%% frgm@h%férg?%ﬁﬁéorﬁét Ao Weontfiduhd of dialkyltin

on"th total al's 1 n the

dialkiogided R pacSndOR)pixk. (VidhérteeRpisi atkylygroape tiof or loalkyit draup; R =
the cat al yst aI SO caLaI yfes the undesired . .
alkyl 9= d &iioms! ar Scubdeglegon or@grqigmn%otﬂgmlnggtonodentate or

' bldéﬁ%géh nd@t ﬁ'ﬁ&’%rxa\t,@\!gérebﬂ %F@efe%%ﬁ%nto?g%and ?L{(l?/? such as

actlons the rate of pro C|ng
ethess,bestats kefonkso aldmwdesmmgztmcrmhawhlm accmpdtlaiekseof these;

vl BT A B S Syt SRl Shr ety

oxana@ Ucﬂ"rrhéth?lh@nélbhﬁﬁ;f Ydfn‘?étﬁglorsubéméf@”hﬁﬁept d@néﬂoﬁ?oHénzene
W. % preferably from . % of the tot

dmﬁh@xi'altomertehe ebwianan g‘v}é@ﬁlumcamlmoﬂk%tbomeﬂy&-dlol 2.

el LS O 2 PR,
m rekyé ﬂé(rﬂeruﬁﬁergflpiﬂid‘s!{ihirld1 efh. a1h|é0?6nfﬂ@ger%o‘hs_catalﬁst system

nSn( OR) n Wher e i s al kyl grou aryl or aral
is agq%eqmllbrlgmwmur@ of varigys Qrga)ao ngpeeies; Suitagle catalysts of this

I t
P EEEP RGO AR AP TRIRERTY 8 BeBloe, pot0gTO an
6,39ar0x8 \tvh@hraiemmd:cn”pbtaied $ecdinas trdihentiretyest er s,
t( ﬁé‘gﬁe V\fqrﬁl den tglgét’ @YSSI an| rgqe?fgga)%?e yigt,%gte rrnea)l(cgtllg)rneg’ondf|t|on is a
mi%&lﬁFé é‘iﬁ\; Hu%r!s%ll%l¥Qﬁgaﬁbﬁfﬁﬁfbﬁbn?érhﬁfmetdéﬁ?&f‘%c}m@?(éﬂ)é’tfl@s which

mal onat e succi nate, anrs
aredpnodtibeck by lsempeber, omm&albiexgacttmnse néhess hanli@rseogapotin catalyst

ST oI BeRe s s i e d:ilibRuim Siate undera given reaction condition.
D.a%xﬁnm%&éteaiaﬂ%m 3ralidBS h)ﬂﬁél@ltrﬂfbié’@%eme?ééton tegtand dialkyltin

tri phenyl phosphi ne, etc. eous cat
carbpyyletasi sueh @aa@bua«itm lduamatatm nhlatkylm axplatey dthmyltin malonate,

Y SR R SR B S BY 2egeb o BE 5hm tne
solDBR: tirPeShpxERalfBbspecies in situ at the start-up of the primary reactor by
reacting with alcohol in the presence of a high boiling solvent such as triglyme. The
alkyl groups attached to tin atoms can be the same or different. For example, the
catalyst precursor can be dibutyltin, butylbenzyltin, butylphenyltin, butyloctyltin or di-
2-phenylethyltin dialkoxide, dihalides, hydroxyhalide, diacetate or oxide. Water,
carboxylic acid or hydrochloric acid co-products are continuously removed from the

liquid reaction medium as an overhead vapor stream in the presence of high boiling
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6, 392, 078 which are incorporated herein in their
entirety. The working catal yst system under the steady
webeaisaozasact i on condition is a mxture of vari 8a%/US2005/004087
sol ubl e organotin nononer, dinmer and ol i gonmer species,
whi ch are produced by a number of possible reactions.
These various organotin catalyst species are nore or
solV@stsunderdld@s preguid.i bThansitadle temgerataredforether €aalysPforming
condition. Dialkyltin oxide, dialkyltin halides
reagfian ks iremabgau (Zé%’é?)ﬂb%bﬂ%eﬁ and @r@sS@rr@Ifrram @bﬂut ambient to 150
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psif I AIRY R P Tedt MEald R HeRG b ipelbRcidig on the
intetfideatt dibikyncarbsifateqirptactds ODamra)ousﬂ)Cpumped lirto dise @ritr@ary reactor.

Eithgt PRARALOr AN 1S RS RR o (HELBOBHOH PRI G nhe catalyst
formcgp réé&m?Phs bavém% Bo6 |§;§§mea &Jthlrgﬂq@gﬂrééé}%égf]vcﬁme alkyl

as triglyme. roups attached to
caraaorate cliralkyd alkyd caabmne’re di ﬂi‘aﬂqyéaolutlénnn ébt@mpmarytreactor It'is

uncgq!'?%c%ﬁbﬁ%l?ﬁrﬁg O%Féﬁaag'&? ﬂr{q":"ﬁg% 6|‘<‘I§|10rf]1 tEe ﬁ%enzﬁ%faldﬁstlllatlon
coIGhﬁh' “ouldDe Shératddandendnamional wish Qll&ﬁ@éﬁb‘%lr@ co-products

oxi de. Water, carboxylic acid or hydrochloric acid
waies, qarbexdicacit @ hygregeneiierige asan ouerheadmtiens aloggiwith alcohol

as SFEUbAAE B, UG “20EE, LGB Hiobf corvonate
prodbetisniithe bbleblesrpanatinicemplix dabsty stalsleysis fo@had Bgsimply mixing
reaction i s fromabout 200 to about 400 OF and

dleWétgz;@r@e#hoaqﬂeawhh tr@%ﬂenfa& 8 to0Pe goenhfe the formation of

oro g LRGSR (T RP0 1, FIRRR, Pl ARAR i e
diamght:ammm&z yorpmngedacmmm tree prasemcg ofembighr boiking lsetvent. For
die{}?y ,\Q%Efg)(laﬁfﬁrg Ert ggfylgq acclﬁ e? glgjg?e(r{ h qt;é]r%p%rxoggt%‘ys?nsystem is

; .
preAA) RERRAEY (] Lot e kBRI SRTRGNAYe Splihancl i &
pnmerwltea@hon nAs ltlee pedatianyproesextsythe hethexyugrdeps tomotietdadalyst are

ur i this catalyst form ng reaction the operation of
rep? CG‘%E?l ety RY é%l umm shoul d be operated under

conlistdrAAg :noW & IFigl | GWefe P ¥hH@NCH-sthPRREd SoWwedRigram of one
carboxylic acid or hydrogen chloride as an overhead

embpivaentaoidhg invention. c diiel 1 dkisiates,/dehitaw diggraoc of theoimproved

o S BB B, S R T A8 oy s st

in BigsPemA ﬁeefcmbﬁﬁﬁlstmtlsh elymAInshb®rditausyidddas the prereactor to
di met hoxi de. with trig Gﬁ}/% (as a conmpl ex agent for the
e

remeyats s Wities g A ¢ RPNEaNeaios fgﬁspyrt@haomrﬁmdpf urea to
el BT Urd 85860 R R84 L U951 5 b pid e rer
1 ahdinhethgneldtream 3. Fdve methanol stream is comprised of the fresh methanol
feed stream 2 and a methanol recycle stream 4, which is a portion of the methanol
recycle stream 30 from the DMC separation unit. The methanol recycle stream 30
from the DMC separation unit (shown in Fig. 2) splits into three streams (4 and 33
via 31, and 32) to be used for the preparation of urea solution, the primary reactor
112 and the clean-up reactor 113. The urea solution feed 5 from the drum 131 is

introduced to the middle of upper narrower column section of the double diameter

16



di et hyl carbonate production, the soluble organotin

conpl ex catal yst systemis preferably forned by using
wdizbostip2ass n di net hoxi de with triglyme and et harol/uSmo08/004087

primary reactor. As the reaction proceeds, the nethoxy

groups on the catalyst are replaced with ethoxy

groups. Referring nowto Fig. 1 there is shown a

tower ngddtbi £ .f Tawrdactgr & Qérveeasezrﬂleﬁbdm@rttodeetr’r@ the |mpur|t|es
i.nvention o1l str}]e Iowdlagramo
(wattie @m?@eg*sgar@ﬁm &1 inghé feetBReoL &k pist teedanped t partally
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reacti on/ at'i on c umm reacto i's use
ammlq;rcmfbantohmxmcej androethanbk iThrucietined mixed roldteadof MC and

uroB PR e PBIOV BP0 o PESREOp ddars it Ryeam 7 and
coribineY Wath th rBtydI8 Gquit etrebReER ﬂroanmer@idnﬂgmneﬁgyﬁém ?33 via the

The nethanol streamis conprised of the fresh mnethanol
liner 2 tp thersiegam Sanbiggichieckelesireast 10 feors theeeoling/filtsr sistem 133

spif5istREb suSart: (A Euire) e RE RN B L Bctean-up
readforfriam tie Edvibpedastaiane ismitrodwdeime he ;ﬁilrﬁaryzr)eactor stirred
splits into three streans (4 and 33 via 3 1,

tank gegrdorRreeptionally Rabplesolian reacter) 1d2e aTls%raWPlgrmethﬁ@ol stream
e T P

hedted niethandidiapoof Thppeeried reopele sn‘eﬁmﬂ 4ot the {I@fsh tbRimn 132
| e di tertower reactor 111. The reactor

is 'rg dti@@datg?ge © BrIEIar% £2340% o TP SHRAND 14 ecqmpiised plemostly MC and

mi urRB G NTWIIEWREL e'ﬂ??\?éle)ThQ VBRJRSE V %t@é% 9 from the

urea feeds, and to parti y covert urea
primapueastqréam@cémpnse&ef amenrarea,t©O,, dimetlsy| ethgrpowmethasfol, DMC,

iy A, arbndi ide a net hapol ., Th ean
Mc RGP 8 sk BTt TBbRo i eatlvs. (LR ahEnsad stream
9 fiohPfAd PEmBIHE F&REH101 14 slcahb PRl With e 888théad¥ream 17 from the
conbined with the recycle liquid stream 22 fromthe

cleaysipi Sitjred tankreagior dis 13 the siseamel Q.i Ndexgraamtlffgs comprised of

am BRI P B SFE SR GP AR BEL i Grping sspm 107

intreddcé® Yo tive rd&ctmgh@n tc@lu@ﬁrh M&rytor s&sdrate ﬂhﬂe?c@mboﬁbﬁ%n dimonia,
reactor 113. nmbi ned stream 8 is introduced t

COprinmathviegtyer g@@,thaﬂol(am PMErom o reskal heayier components in the
stréth] O@g%ﬂh\éae%*?@agg‘?? Lﬂg)w Ecl'?]eg@t%k@r? 1845 cd rﬂ&neﬁﬁ%ﬁ'ﬁ# {S?le overhead

met han stream separatl on uni

stream rﬁofzdometdelme:eadtm neacmrly 1riedicd etreéﬂn22:as Thegpesmbined stream
over head recyc

23 BriRaureHo AR CISSTIARRT alomnd Fin SUSRAGE Sisamhes Fomiaeolumn
134 R&&hPlo th&nsbhRAAcAtbdnTate PaRV AR RteBSE! YhMe ABStream 25
is suitably cooled to cause the reaction of CO, and ammonia to ammonium
carbamate and precipitation of solid ammonium carbamate. Solid ammonium
carbamate may be removed by using a filter or hydroclone. Stream 27 from the
ammonium carbamate removing system 135 is introduced to the distillation column
136 to recover ammonia. Overhead stream 28 from the column 136 is sent to an
ammonia storage tank. Bottom stream 29 from the column 136 is organic waste,
mostly composed of dimethyl ether. Bottom stream 24 from the column 134 is sent
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m nor anounts of N-MMC and net hanol. The overhead

vapor stream 9 fromthe primary reactor 112 is
woaopgriossd of ammonia, CO2, di nmethyl ether, nmeroawskqos/004087

DMC, MC, NNMMC, TG and a snmall anount of organotin

catal yst. This overhead stream 9 fromthe primary

reactor 112 is conbined with the overhead stream 17

to tihe DNIC Bepattidan-unit stowr iadigaell. r sretmr24litTdnapriderl of DMC and
stream_10. The stream 17 is conprised of anmmoni a
lqﬁ%ﬁ 5%%8

coe,
methepgl h Pottephetreamesthiiam thace eahio thedlash colimn 132.
et hy . and Ve
strk3nh $3 At %%H@gﬁ% R rﬁ?fsﬁ,aﬂbﬁtl\ylt N—N%Cq’g‘%grjils eaillﬁ%rrn,ount of

separat e onen armoni a
catatgsth aBottomrstrdavt 16rfrom tineflasistolofmnEiis eonymigeoafiN-8MC, MC

(MG BBt bR G A1 Ena TR STHONA Of PSRRI FoiAdte  Stream 15 is
corfbiREG ARt éﬁl_@ﬂtlE{uidL%ﬁpétFéénh‘el1S¥rbﬁﬁ!ﬁe|2%rim-ré“r? e@eRirne to the

stream 23 is |nt_roduced to t‘h(_e distillation colum
stree®d 160y efhre gdmtimechsireBnf 16ns infeodisiednto the4clegnagnteactor 113

(oreRgiRC e SRBET) TodBTR S B AL ARV Bfocuced
to tk6%o @B setiBMbReitiferdABWAI LN A8 AMEBY. Bttom stream 18 from the
precipitation of solid amoni um carbamate. Solid

cleanriprieanics drigaiseaillathip peciniigts the botaiesyrliccompauidsosuch as
, | one. i b
soBAE A8, L 84 AR R R B TR o ana e

precipltatans isfhoved freaothe filkatiornsyste Vi wsisblizl thesug2thd t@mLiquid
the colum 136 is sent to an a{gg)gi@@tsstorage tan

filtrgir $tERAN (ARG er Ao By ey itQ tWPg%{Fﬁaé“gvgétaé‘,d 2210
rec étda%ESS?gW r%ot@% 85 ¥g ﬁééﬁ%pﬁ%@&tb‘?mﬁ! ream 24

rom-t 4°1s sentto the separation unit
sholime prinfeirgveact@r c&h beansigdlel dirsahianksedctofr dbmatiiple stirred

tank EeRCIDGsStE JSRBELY G Rmdiaivagapaat & dekhedaenate. For
exdPhplBEf ﬂfﬂ‘&limamea&d\"}%orﬁgrié&ﬂoﬁa SERed oRtFRIEEtIrRd tanlé reactors,

catal yst. Bottomstream 15 fromthe flash colum 132
theidearmthalkylezhrbamiate/vsa faed(stieaon 7 draon thg prereaalod 141 is suitably

. sl | nt, of arganotin_catal L o Stream 15 |
o BERGRATaR TR A iy plionDbRi e Ry IF tkge reactors.
A lighidveaytioe 8ebam bIWithdralviersh 2@ ré8ctof BRJARIIBHNESH to the next
stream 16 is introduced to the clean-up reactor 113

reactgst i Drriliqyidraactiorastream figs ihedhird readior iseerpite g frst reactor.
A SEERAPS AT ARE AT G ES g ol MR 04 Bfiedomoines

with tree Bbtten-sirzanedStfesm tbRinns 182itd krdaho1rweisichiis aéet tbleean-up

het er ocycl i c compounds such as isocyanuric acid,
reagtas 19.3. t Theraloppp! kacyals sieam sueh apirapiangt kecyelg stigam 33 from

theslﬁl(/l%;ag?eﬁé\%tibﬁ%nit is introduced to the first reactor as super heated alcohol
vapor. The overhead vapor stream from the first stirred tank reactor is introduced
to the second reactor. The overhead vapor stream from the second reactor is
introduced to the third reactor. The content of dialkyl carbonate in the overhead
stream from each reactor increases as the vapor stream moves from the first reactor
to third reactor, resulting in the highest concentration of DMC in the overhead stream

from the third reactor. Overhead stream 9 from the third reactor is combined with the
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precipitate is renmoved fromthe filtration system 133

as solid through line 19. Liquid filtrate stream 20
wobnramwtmsefi |l trati on system 133 splits to two BCTAAR®SA04087

1 and 22 to recycle back to primary reactor 112 and

cl ean-up reactor 113. The primary reactor can be a

single stirred tank reactor or a nultiple stirred tank
overbaad @treayrsll 2 nodepleadiumreactd il ad}ocm%aam 40, wajuhos intrafuced to

di..a carbonate. For exanple, if the primary reactor
the; GsHf PI &5{“8?153 series o?pthree stirred tank

I eapbAbm stidin QUTRAIME BisHilkiidn Gélhmﬂs%é?ﬁ tb gﬁ?oﬁﬁc‘f §8F4ration

7 fromthe prereactor 111 is su di vi de
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wi.oh D¢ rigspeyaleminreiegh lingi3@ in Biged | Bettet steeam rS@ms irfieoduced into
ext%éﬁtfvgé %ﬁtoi%déi/ ;E{Buﬂ%ﬂ bsh tﬁ‘ﬂ bal ot & §R] ht 5anlsole is

rom CO ream I's Sent

recolverat- wbommsmrealri% fidra calmﬁrlﬂdt38reﬂ?1dyr@b9clétj RS ¥elumn 137
recycle stream 33 fromthe DMC separation

thrGHgh TS9P UIEaH Sipanhar fiora colEae 38 Reesarpanct DIC, which

JLPRAK The overhead vapor stream from
s éé%ﬁ&?r@tneg%}?tar ed tank reactor is introduced to the

secbiadhyl ezerbonate TRE G eah dred pvahmedsinr 2 aimfaomariner Tdhescnbed
[ d d t.he th re e
ab @ BES BReRlion Y DA HoMEEE the iNGre ob pihaie! SpadiEs does not

forinl finagasthop & ank WepafSHARSEDETS frbRfel@R8l cah HRAM HBY St with a
fromthe first reactor to third reactor, resulting in

singleedigfiligiientcobnaent r ati on of DMC in the over head

e B AR BT b Blaiadi il SR8 sRbFESTo2 e Bffduction

of DECK. r The creasoliionds preparbdIn dpust Tﬁﬂlimlxm@ur@é feed 101 and
i nt ducedtothe distillation colum Bott om

ethgpplsifgam 103 mEdhang! streeny 02 ds gampirisad of fsesh ethanohéeed 102

R o e
Ethianpl mbycledstredrn 13teisecdmpridadvef overhehd %tneﬁm ¢0¥ g H?silllatlon
coliugnp et BPHaBLsian (a0 fromyAeWialoh MRS (ethanol regovery
coll). 'Esthéﬁé]%bf]‘éi H'EQH{HBCB 5PifRs Ao tho! s'tr%aggﬁ 15 %158 Y56, Stream

stream36 IS | uced i nto extractive
152 isreoynigd totleam-up3Bactbind 28 x tStea=rm v 66 splitseatjain wiwedteams 155

and 36] R BB AT A SRR sty 2B 2B o
rec§IERaBRAY157 RIMFGH Y th3BindryrEEctBF P8ICtrhEVirea WOILEBN 104 from
drum 141 is introduced to the middle of upper narrower column section of the double
diameter tower reactor 121. Reactor 121 serves as a prereactor to clean up the
impurities (water and ammonium carbamate) in the feeds, ethanol and urea, and to
partially convert urea to EC. Vapor stream 105 from prereactor 121 is composed of
ammonia, carbon dioxide and ethanol. The cleaned mixed solution is removed from
prereactor 121 as bottom stream 106. Stream 106 is introduced to primary reactor

(stirred tank reactor or optionally bubble column reactor) 122. Recycle ethanol
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is sent to a DMC storage tank. Diethyl carbonate (DEC)

can be produced in a sim/lar manner descri bed above
woanostilospr oducti on of DMC. Since the m xture 8ET/US2005/004087

et hanol and DEC does not form an azeotrope, the

separation of DEC from ethanol can be carried out with

a single distillation colum. Fig. 3 illustrates the

stre2ini b7 (tad stleam i tagrragjopipottivh of Bresthahor rddyele stream 130) is
production of DEC. The urea solution is prepared

intrgWach info Bhe mrimary repeterteeldias supsnieated Aibanal Y@‘}] A small
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ot 43 SoH S ASRPTL AL St o0 S5EReB B13anl, oy
carb&FRESt NMhy cdrbBaReé, TECHrldetrats emodits cbecatagyé@dU@}érhead
to primary reactor 122. The urea sol ution 104

streg@nutP@4rom cleanriti dgtasd 23ds crentisediad a0imopise £O,, diethyl ether,

o5 BYFERSEL RS0, e AR BB 18 Btompris

of etmancanbahiate] rtriglynid, eNl-¢thalt ethyndadamadatel nethandianeétejocyclic
in the feeds, ethanol and urea, and to partiall

ConpRRIKIS ang Eﬁ@@ewu%%n%ﬂﬁémioﬁﬁmﬁ freame 'gf{&féq?m reactor

1298 bk REE AR nBRALR BN Seobinge system 14
Thqapeec&p@tersdlbpprdmmt dgsnreioeedn fidb . syStare ain8LbFough line 124.
iyt oo TBIuS e a8 Seuunk id sBapBclad 81 127 18 recyole
to ﬁr@é@?h@édtﬁﬁ%é?nd cliah-@p fréé&bkﬂztshe G@éﬂ{eaﬂoéﬁéé’rﬂ Pé? from

anol recycle stream 130) is introduced Into
pripaiymeagtaretid isrcarbinad witlpevérbenddstesenal 60 fmpmiearﬁup reactor

12{%&%&@%{#\ %)[br ea@}/ggﬁe\a@{ }%n% '] mar%r L(ﬁ? %@%[1 r;irﬁ'ﬁgrlé(fgpactor 122 is
corﬁ;%ééﬂ“oﬂé%rﬁ@néocm Sdlém%rlemop@iml%@b%é@m &hyl ethyl

is introduced to clean-up reactor 123. Sl |8stream
cartnemart%, Rbpdéeandtrase paneint ofmatalyel, Streany0éisepmbined with

I e, A
overliva Shotin £ BARTRan Yefertior (8o ARRRTIDAT, gYSinead stream
1 6011530&ﬂph8e@td11)dmmbhhz i0®;, AidthOr &thiepnethaabcard®EC. Combined
organotin conplex catalyst. Stream 120 is conpri sed- of
strear sl is iatraguced to distillation column 142.  Overhead stream 110 from
column 142, which is composed of ammonia, CO,, diethyl ether and ethanol, is
introduced to distillation column 143. Overhead stream 154 from column 143 is
cooled to cause the reaction of CO, with ammonia to produce ammonium
carbamate. Ammonium carbamate is precipitate in liquid ammonia and removed as
solids through line 115 from cooling/filter system 144. Liquid ammonia stream 116
from cooling/filter system 144 is sent to an ammonia storage tank. Bottom stream
150 from column 142 is composed of DEC, ethanol, ethyl carbamate, N-ethyl ethyl

carbamate, TG and a trace amount of catalyst. Stream 150 is introduced to

20



carbamate, N-ethyl carbamate, TG and trace anounts of
catal yst. Overhead stream 160 from cl ean-up reactor

wa26051192980npri sed of ammoni a, CO2, diethyl ethecT/us2005/004087
et hanol, and DEC. Bottom stream 159 from the cl ean-up
reactor 123 is conprised of ethyl carbamate, triglyne,
N-et hyl ethyl carbamate, ethanol, heterocyclic
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IS C ottom stream 129 from
sepdirgtei rebatdrgmotcsklown). THEs exbhargesraadtien incartied evibby uging either

colum) to ethanol, recycle stream 130. tt stream, .

a S BEOG R BT oS L A Strobaine B SiaoRs, BRSE Bacite, etc
or aoh&%géﬂéo&%télgwww O - IV eb nelsr @R bt Stitanium
I's the product DEC, which is sent to a DEC storage _
tetraetioxidsotaroathexyeaionatest oo rdigtyliifin compougds osttheés alkoxide,
diaWyftirr]] r%e%nc%!yl alkyl carbonate, dialkyltin carbonate, or the organotin complex
catalyst system discussed above in the absence or presence of a solvent. The
suitable solvent will have a boiling point higher than about 265°F. The examples of
such a solvent are hydrocarbons such as decaline, decane, xylene, diglyme,

triglyme, etc or mixtures of these.
Fig. 4 illustrates a reaction/distillation column reactor using a basic
heterogeneous catalyst. The DEC feed is introduced to the reaction/distillation

column reactor 153 through lines 221 at a position of the top section of catalyst bed.
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slipstream 108 from primary reactor 122 and conbi ned

stream 161 is introduced to stirred tank cl ean-up
woeenst10298423. Over head stream 160, which i s CORPDASN06/004087

amoni a, CO2, diethyl ether, ethanol and DEC, is sent

to colum 142 through line 109. Bottom stream 114 from

colum 143 is sent to distillation colum 145 to
ThedphlCafieedds #ttoduced e d 58 mbenpesitiandielow thdeatslyse ey tioagh line

228, TOE SRtk Compserd Bhmosy PN AseINE. iths stream
2238 & §8MadMEC WBpSFatioh U ﬁ@ym@%rﬁﬁe@t&@&bggﬁe R&@ﬁﬁ;%gal}@éreaction

and primary reactor 122 through I|ine
zonrg i§l Ikgintainpd omatrangadipraabaet 200 teabguit 450 Yo paefefABICfrom 235

| [ i table. m. 0 t hanol an
to 480uR oeEEy i HE bPBT ol B Fesloe Bh i preactor 155,
a setdillembuiesd battbﬁ*ﬁimvt'imdrb\mdhwmlghqrnetm.IOf eparati on of

ur e ,sgl_ uti on. However, the overhead streanms fromthe

pri wgr y ilbistratascneatalytic stived fankyeacter i 58 wvid Mftmdmﬁﬁmation
' pti r.om.t he
coll e85, | @Rot oMo, CECLA B BpOSAN BbATS Moo,

prefiE@riEnedamiceot ofih Homayesepas @hmlyaastb%rgbdqmcﬁ’@@b%b)hr 158 prior
hi , L. t] [ [ out . usi ng either

to Gihing Pl e Ginctigaseh Bued PEL/DMER 1660 i nodspen do rondipr 158

thr&ig Rl 3®¢.S,Tt’i@é\'/%hb§8 %'tr\b/%m $0FrBMm %i‘%@ﬁgﬁ% mostly DMC

catal yst such as oup | VB conpounds s _
and atgra@it amouné ob MEC e recyatedoratiet reactbiral 38,1 tA side draw stream

I koxi di al kyl t.jn. nmeth Kyl
30% o PBRIRIE Sl ke, WA B ardm HistlislioTocglige 162 is sont to
distiRitheoiah 36336 seyalRIMEC FHRSOMEDINE dviridi & 984 from

or presence of a solvent. The suitable solvent w
colmpe163 ioraayetpdobach tohregistor t3fan B botteBEMET stieam 305 from

CoBHETER Ay LA e TR U6 0 catav
reattioi woas [©MaiNasod i Arard frbMSABAItED(Rto about 450°F, preferably

reaction/distillation colum reactor using a basic _
frorﬁ‘ef%’% Ryefbos Faedepge ofthe ovethgasbprassureof edudet 168 is from

o020 59510 9860 150 okl PRt 888125 S BpblLPAF . e
thelerides DeSshimsaf dodumnt162dsl deEarlmbnécﬁBy e %@ﬂ:ﬁed ﬁeﬁrﬁbeéature of
. bel ow.the catalyst bed through |ine 222. The overhea ,
ioulf rekiipn e dtufibige: Besampantian of BrsasiiorEed umeind whether
a s6VERE 2R3 drshgtent to MEC separation unit. The _

tenperature of the liquid catalytic reaction zone is

mai ntained in a range fr éxeatpdeitt 200 to about 450 OF,

pr eﬁ% faebalc\fiolaro?r\pva%g’é3 with urea is carried out in this example. The following
materials are charged in a 500 ml three neck flask equipped with a magnetic stirrer
and water cooled reflux condenser: 229.67 grams triethylene glycol dimethyl ether
(triglyme), 1.58 grams of water, 2.06 grams of methanol and 15.89 grams of urea.
When the reaction temperature of the mixture in the flask reaches about 100°C, 3.2
grams of additional methanol are added. The reaction of water with urea is carried
out at a temperature from 128 to 140°C for 0.92 hours under nitrogen blanket. The
analysis of the sample taken from the flask are carried out by GC and HPLC. The

analytical results indicate 22.4% conversion of urea and 45.2% conversion of water.
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to 380 OF. To prevent the build-up of heavies in the

reboil er of colum reactor 153, a small anount of
woabdsaoedss Wi t hdrawn t hrough line 224. Fig. 5 PCT/US2005/004087

illustrates a catalytic stirred tank reactor 158 with

an attached distillation colum 162. A honpbgeneous

catal yst such as dibutyltin dinmethoxide is used. A

predeterm ned amount of d&xzonplgeneous catal yst is

charged i.nto r tor 15 r|or to carrying out the
GeP@Eﬁ,‘th‘{féﬁ”ptK’r}ﬁﬁ tfeed is introduced to

reagtde I%térgst‘irlf‘éd’blgfbél \)ées%gés F)S/T%?/‘E é)’ﬁa Sm%ﬁ@?éﬁcﬁl%ffor the

from 162 is conprise
rea@tlowﬁﬂstlll@tm@cqlumeaatk wblchwmm‘recléxsto a1 Fichaliamater x 3.5 feet

g GFTHRRE ooy o 488IEN P res Gret Fape bRSlasp Jyfich are

|ndé§§n§é’nt$)ed§kﬂ’ftﬂilléd|\/5ﬂ1é mmr@\éa vaki seandfafh ﬁmtercﬁé\ma%%ﬂ column
fromcol'um 163 is recycled back to reactor 158

is gjttedwittee nitregemsBeant (& eeMminhanddher pastialiyt oodewa@ about

208524856t Bler TRCHBRERAL 9 ol Qe B B85 B cooes
to drabieinotemg&atie to prafeait ¢y plufgiam rp?(SKiIelfrpo’r'»%%blg'E:po’fl'éi‘rfl?d overhead
range of the overhead pressure of colum 162 is from

dsassye rseulptetn a%{lqwécﬁtﬁ%arg frqméh%%ﬂ%se%«s»a&dma small
ove%ﬁeé&hé?@%&ﬂdv@@rﬁ' Qheﬁgﬁpﬁep%{e | nﬁ e@lrrgﬁﬁk'aﬁj fs maintained

col um I's determ ne enper at ur e
at amuerrqdempe@ute onTrnmﬂowrmﬁ thellsfiid pl’r&jmbrﬁmssrthe onediead reflux

S5 R TR o el B8 W S5 v o
ovérAbRH f&fBUdrunahd e @d@@@bﬁ of@c?ee[(rﬁ fa}' b R85 £ %@Hﬁchstream

are charged in a 500 three nec eqU|ppe
from thegaactian/distiltation r@aqtqmatSamptml are taleém foc anaiysasse tetermine

e oA AT 580 b B off D cotrm. - Ao

ocd&ﬁ&ﬁﬁl?'sa@ﬂ&e&%r@ﬂal@hw%e Wé@éﬁler%%ﬁbﬁlf& tlﬁé‘@éFﬁp@Bntlon of the
enperature of the mxture in the flask reaches ab

llqtu@me@@lorem@ s V\orenayer the samtes e ke Eromalti@dreboﬂer the

e S Y B REIL by lpo ctve

During ltlwepelwtlankftthe Wé}a&;t@mﬂiey ﬁqLﬁd CDévdI ¢ iy RPodkeR maintained
fromthe fla are carried GC and HPLC. The
at %ﬁan%a.n& !ﬁve} es% Nﬁ@%hél@@hgt@SﬂS @%‘@6%@&@ e rehsilen a‘@raithe visual

atfch %%ﬂ@ﬂg&[ﬂ%é\?é] lﬂgld‘@atth%r reB5A8PlGridy Fd'eb8lation.  Also the

escription of the
reboiler is equipped with a lquId Ievel dlgltal monitor for the automatic control of the

reactor during the night and weekends for unattended operation.

To carry out the operation of the primary reactor to produce DMC‘, a MC feed
solution (methyl carbamate in methanol) and a methanol feed are pumped in and
combined into a single stream. The combined feed stream is passed through a
prereactor (a vertically mounted tubular reactor up-flow) at 300° F and 230 psig to
remove water in the feed streams and then introduced to the primary reactor. The
temperature of the liquid reaction medium is controlled by adjusting the overhead
pressure of the distillation column and the concentration of high boiling solvent in the

reboiler of the distillation column. The products DMC, ammonia and other light by-
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A one liter stirred autocl ave serves as the reaction
zone and reboiler for the reaction/distillation colum
woeasi102986 Whi ch is connected to a 1 inch di amrerPer/us2@5604087
feet long distillation colum. The distillation colum
has three zone heaters, which are independently
control |l ed. The overhead vapor streamfromthe
praogiusts suckt aodincethyinethesani Q@ carevbdiledafhirbmapetigaid metium and

SR 3 O AL T 0 B S
cartibe gt ifigRa&icorRehtshdl %&!@foﬁé(j@ﬁdrﬁﬂﬁ@r‘ti@l éﬁr?de%}r%agéﬁ\ﬁ?fﬂe vapor

t he pl gg ing problemof a cold spot and overhea
COTpIAH i medatna in therebpilequvithasit iquidvéfuxfrarméhe overhead

. head li.quid,refl ux .
GRIASREE EREnt 3 0Bt o BHS AR WUt [ omtoting e
zoneatemhpenadurestof ahdcolimi enitpethpdalcSlumihgoid RvaREs Wiigle the vapor
i quid product fromthe overhead reflux drumis

s GRIFINGoH dhevaistilatioErplummyui i W diseeverad theidheiupsoaventional
colStnSHBrhfiGkdd)ss 1RY ?r‘indg?rﬁg g'bﬁfeanﬁ tﬂ%g%%cgﬁpaﬁcf@?rﬁﬁ\%loﬁglg removes

vapor streamare co as pro reamrtrom

thertwaprdduet &i-BM C latarigowith &4C tham tigaliplidseactort alealiurheis a part of
an t he over head

the) QS8R BaEohiRY DIeiveothe: RESIEdon . e Epctor for an extended
persE astipral 1Y is Ripldehathe I][cﬁikﬁgeffl.f)@ﬁbﬁhﬁwer hbg§ rgﬁ% drum is

. monitor the conposition o Iquird reaction e
higilye pesferredhén sampnizingarteet tkeatibnoof tthe bghpootect, N-MMC and

netBREGH bRl yfE- 1Al BHE 0 SpafatRaNe rescipprdiedlgHop column

reatte? nicreahan 1000 RoliisAuitHbUL RiterubisH Gt bgK sResL /Y ni?ré envalve
mai nt ai ned at a constant level. A vertical sight g ags

to the rgbpiehwasascideatalibepenad.  dPpetadingi thealistiletion\caluron in the
cosel i, fatRshen BBl of "PuloBalict Toatiela e T rgpoter

SO theé T eboil

bedamsel ofdhgiavetflowof ther reboller ige titrama¢dumgiandn of e rddigion by-
reactor duri the ni ght, and weekends for unattended
PfOQH%‘iSa%lﬂ%thaST'}rﬂﬁ\éM  \PYUTIE REIb g8Aat T br{ 163 Sitrmehyl éazine-2,4,6-
trioh8REH@r to produce DMC, a MC feed sol ution (nethyl
carbamate in nmethanol) and a nethanol feed are punped
in and conbi nedOinto a single stream The conbi ned
feed streamis passed through a prereactor (a

ver ti cal3gHMiHICed-CHbu-a—+reapt ofCHR:-NE a3 SA%H
and 230 psig to renove water in the eq‘:ﬁ:s reans and
then introduced to the primary reactor. The
Otheg grjtical faetersio mingmizedhe ¢ideseasctions miilieumaintaining an acceptable

OMEEBR LB s ST B AaE RH e B ey, e
terip@ratuig of dhuINfnetiunt BAd the overhead column pressure. The range of
optimum operation for the reboiler temperature and the overhead column pressure
is from about 330 to about 355°F for the reboiler temperature and from about 80 to
about 110 psig respectively.
Detailed description of the Experiment

The reboiler of the distillation column was loaded with the following materials;
285 grams of triglyme, 100 grams of methanol and 100 grams of dibutyltin
dimethoxide. A steady state operation of the reaction/distillation column reactorwas
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reboiler of the distillation colum. The products DM,

anmoni a and ot her |ight byproducts such as di nethyl
wethesriozasd CO2 are boiled off fromthe |iquid Rediusn05/004087

and carried away along with nethanol vapor. The

operation of the distillation colum is carried out in

t he unconventi onal node to performpartia

obtenmdjemmé ipansihg il eV ERS vt CHMCBohutiordih rhBhahof+280 ppm H,0)
min _the reboiler wthout I|qU| d reflux fromth

at @Ué@%@éa of 8¢9 Lixnligmin mnsyakasrit!: ¥ Mimniaiengthgop! (~80 ppm H,0) at

345%%?&?&! i ré%&tl@ﬂ ﬁédlﬁl‘?ﬂﬁtipé/rq‘;b%qﬁf AP0t g véﬁ&etemperature
enper at 0 colunmn W t ree col unmn zo

in thedoe sectlmfnof thet diistiletioorcalsmapand @0 psigefod thsd bvératadrolumn

col um s di overe t hat the unconventi gnal
preggitim ohes Jive oo Bl amethandl g ER0et MdntHie @ constant
[
ten'i;félﬁﬁ% o?ﬁ%eff’fﬁrtﬁ]é‘ﬁ’ﬁ.ﬁb)‘?éqcﬁfl&@‘fﬁédlhh‘? We%gﬂ%gé\g%reboner

rom-t reaction nme
wap@ﬂo rpfn t hinder dhisexeratiored epnditivo hthe! d\erhead @roduct stream was

coriBi&8d pf Anfhpi gFREY Hef: cAiPaN PTG PP e NMMC, water,
unwﬁseaﬁd raetfréwaﬁfduml(smmcgbbw) 8f & Mt%gs‘{fd AN9PE Mol bR%tream

the formation of by- product N het er ocyclic
timgothiscRiaibeads amaéh@@gﬁpmSesar@pl@p@v%reéakm The analyses of these

s RS B AL R B R DDA, % s
on MCrargeCH/aH & thte li@idrrabaiunein Wes reastod ard a|(b‘b/ and 4.49 wt. %
opened. Qperating the distillation colum in

resesﬁv\éqw,.vﬂwah mﬁpesélaeb/é@r@war@dﬂm or1G @i at 3 wt % claimed in US
leical o4 {

patEft G et {20! ERXCHI ), PR EHIR fing PRpRER Rffesponds
to beé’mthamgbmqrbe SeatME mL[WCasTINs MMﬁermmlmjrdad:a souskdeodarry out

TTT, tripeth triazine-2,4,6- trione), etc. O
CO@@?E?S ﬁl@@a&’@f@r {5%( eRCEFIIR- 3 CHBOH TTT Ot her

critical factors to fLpkM ze the side-reactions while

mai nt ai ni ng an acceptabl e DMC production rate are

bal anci ng tlf@m@lﬁcentQﬁHDons BfMsol vent and cat al yst,

the te [ a of liquid nmedium and the over head

col u '55{5 The range of optinmum operation for

the reboil ercogrrper at gri® and tg@4 over head col umm

pressure is from about 330 to about 355 OF for the

reboiler tenfbgature Qﬂ@ fromOaMbut 80 to about 110

psig resp y. Detgij,ed de ption of the

Methanol 90.45 11.02
DMC 8.15 1.67

MC 0.36 26.17

N-MMC 0.17 1.88

TG 0.00 40.89

Unknown 0.01 0.31
TTT 0.00 3.66

Water (ppm) 87 -

Sn (ppm) ~1 14.35*

* as dibutyltin dimethoxide
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The reboiler of the distillation colum was | oaded

wth the following materials; 285 granms of triglyne,
waQmsgozass of net hanol and 100 grans of di but yPCTAS2005/004087

di met hoxi de. A steady state operation of the

reaction/distillation colum reactor wasobtai ned,

whi | e purrping inthe 13.3 wt. % MC solution in

met hanol (-280 ppm H2O) &xamplé 8ed rate of 3.01 m/min

323%%383@ SiTeg TPt SRRV P S BEoPBgmarwas used to
rerr%ﬁ/% ﬁ{: iﬂéFhﬁ a\‘la@@BtW/gru?éé“ég%h gn |H$nét?@néleﬁﬁa @BnPErt urea to

ation columm, and
metb\yécalé)amaiel uNo gatalgstuwas cﬁhregeﬁltoﬁhe aieactof Metehaex@ariment was

cartied o0 RES) 5 PRS0 st AR HndeE R A4 b atlndifa in the
* ureh NRIRIOINKS th&Vd8aciBP at RMnl/MEQVitht ihieScaReaRe b&testh flow rate at 2
condi tion, the overhead product stream was conposed of

mi/eimtoni2d, haurseneld méfmie withdhelsonsianbhetiem flovorateat 1.5 mi/min to

the%& %@{s oﬂ%@&%ﬁqﬁgﬁ:}gﬁ @}éé ngﬁ@#ﬁ@laﬁpﬁ %(Purﬁﬁtfg operated

witlPveehradsreiog, t Iy trcarbpémr@heshdvewerﬁe@i@efnowm@s adjusted to
anal yses of these samples are listed in Table 1. The

maipggia %ﬁn%araif iovig/ leMeb %rfallbmhwaut% B ed hencalimareperation
waBEH Wl i) o iy By REeAR Rend Syl 27 i

conoehirafion wiﬂheatmitoln str@awt fror%tbb auteclavewdS ghaué0%b0n @lerage,
94 (1996, Ch The resul of the experinent
whigh GQItsSIRGSTTS BROVLE! Vi SANYSISI & di5R CMGy. DUHE rea foed
con-’f@hé %Bﬁf? b?hn fatst. | $nd %Ferﬁﬁqu:Ys EdtitafrfdpPitis m water
SI rru ation process SI gn. Table 1 Sanple
at HBVFAarad §60 QP(T\IWVate%at@ZB B.ar0agerageNH3 0. 73 0. 00

(CH3) 20 0.04 0.00 Met hangi( 90. 4% 11.02 DMC 8.1 5 1. 67
MC 0. 36 26. 17 N-MVC 0. 17 0. 00 40. 89

The purpose of this experiment is demonstrating a primary reactor system,
which is composed of multiple reactors. The same experimental set-up in Example
2 was used to demonstrate the performanée of the second primary reactor. The
experiment was carried out in the similar manner to the Experiment 2. The present
example differs from the Example 2 in that the 8 wt. % DMC solution in methanol is
used herein in the place of pure methanol in the Experiment 2 and a slightly lower
overhead pressure (88 psig) in the present distillation column.

The reboiler of the distillation column was loaded with the following materials; 285
grams of triglyme, 40 grams of methanol and 100 grams of dibutyltin dimethoxide.
A steady state operation of the distillation column reactor was obtained, while
pumping in MC solution and DMC-methanol solution to the reactor. The reactor
operation was continued for more than 1500 hours without interruptior; at 345°F for
the liquid reaction medium in the reboilér, the distillation column temperature of
~278°F, and 88 psig for the overhead column pressure. The average compositions
of the overhead and bottom products from the reactor during the 54 hours from 1428
hours to 1482 hours of on-stream-time are listed in Table 2. During this period, the
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Unknown 0.01 0.31 TTT 0.00 3.66 Water (ppm 87 - Sn

(ppm - 1 14.35" as dibutyltin dinethoxideExanple 3 A
woneosliozass stirred reactor (autoclave) with a PCT/US2005/004087

distillation colum was used to renove inpurities in

an 8.03 wt. %urea solution in nmethanol and convert

urea to nmethyl carbamate. No catal yst was charged to
purtpifig rARGI 22. 5. SXINET sdTatién (B0 aHin 18D ouas AkedabF.97 ml/min

under 200 psig and 328F under 230 psi g by punping in )
andithe purmging te of 88 Wi loDiMfe spdion 48 @pnnHm@f e aftih3.2 mi/min

e-C t t t o r. 2%
at34gers T fitle BT e S5l SauG Bhp e ardicill Erison
in tHE Hduid migdidirén thedrebt iy dne 0r$! Samds6 Meavh ¥ repeciiveine The result

run. The distillation colum is _oper at(id ghéh &v%head
of the pxpaiMBNt ferEeIRRRdserbaticsthan Be nedlerh M ¢ ite s

adj usted to nai nt aigp@oconstant liquid level (50 %

full) in the autoclave. The colum operation was done

with ove3draple refl ux fr@vithe over headBTHf | ux drum

he 2/0 \(B/Jncentrati on in the bottomstreamfromthe
AnaiyRip&Whve) was about 20% on average, which corresponds

to aboutc87% conversion gf urea to MC. _The urea feed

cont ai ned about 2000 ppm wat er. The bottom products
cont ai nédH375 ppm wat er0.88 3 150F and 300 ppm wat er at

328 0 verage. Exa 4 The purpose of this
expermg}?ai S dem)nstrﬁbﬁg a primary reactor system

whi qfletranepnposed of mg4.opl e react or s13.3pe sane
experinmental set-up in Exanple 2 was used to

denonstPMC the perfornbhéd of the secdR8 primary
react or .p,khe experi nment s carried o kR the simlar
manner tl\gét he Experi rrenl'w; The prese%sggan’pl e
di ff N-pINICom t he Exanpl®38 in that the2.28w. % DMC
solution_in nethanol is used herein in égg pl ace of
pure methdnol in the Epr:rimsnt 2 and 3 ightly | ower
over headpressure (88 psjg) in the pregent
distillatron colum. The reboiler of the distillation
col uRatalpst*f oaded with the fol |l owi ng nt2.88i al s; 285
me, 40 ms of nethanol and 100 grams

8?\%%&{3%)‘ %l éi met hoxi te.
Sn (ppm) 0.6 -
* HC; isocyanic acid and 1,3,5-trimethyl triazine —2,4,6-trione
** as dibutyltin dimethoxide
Example 5

The purpose of this experiment is demonstrating the production of diethyl
carbonate (DEC). DEC was produced by reacting ethyl carbamate (EC) with
ethanol. The experiment was carried out in the similar manner to the Example 2.
An ethyl carbamate solution in ethanol and ethanol were used in place of MC
solution and methanol respectively in Example 2. The reboiler of the distillation
column was loaded with the following materials; 180 grams of triglyme, 100 grams
of ethanol and 100 grams of dibutyltin dimethoxide. A steady state operation of the
distillation column reactor was obtained, while pumping in an ethyl carbamate (EC)
solution at a constant flow rate and adjusting the ethanol pumping rate to maintain
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A steady state operation of the distillation colum

reactor was obtained, while punping in MC solution and
wOoRWsmerdsanol sol ution to the reactor. The rea®CoOMUS2005/004087

operation was continued for nore than 1500 hours

wi thout interruption at 345 F for the liquid reaction

mediumin the reboiler, the distillation colum

a cdrif@eitaperatofe o?ﬁ%qaqmdeﬁﬁnomnedm tTiee mewtdsrembranon was
col um pressure. The average compositions of

conuehid S48 usewitbavpntiiitionat sredonke of mﬁ:lt%#'é Eﬁ?ﬁqﬂﬁg medium
in th8&: ?&lgro B &fsﬂlrgtf'q ?ﬂgﬂf r%agbfa"tﬁée rb%u §82"? @and a constant

onsream e ar e rrng
ovefiegadogresishep witgorgsigatvith afn auﬂﬂ‘.léle/\/stlrri%gl\t@tesadf L&OOorpm The

UG (3G o Bt 1556 V5 % 3 38'@:?9%% B s frsdatg.69 mifmin
E f
ot Athe B 20 ISR OT Y S0l 2. T
ovelhiend hpoedireani at thadop eﬁtthemolwme V\ﬂasgmimdazvith witregendiluiton gas
(604 §efER) ndithan @SR BpddiT: B BitetSt B BALERRIRE" The
ve@%&:cﬁﬁf%ﬁﬂ@hé’ oF tne Werh%d gﬁ%ddcté aNthQ 0891 the bottom
0.6 Meth

anol 84.91 13.32 1.41 28.58
producisfootheeettiresurareliged s Tedte 8. 37472 ngm gfspotid mategial were

rem\j/?\?/tgfé gfrcﬁrﬂoﬁgt ) r} %gﬁf% g?\dﬁruE g’ﬁéiﬂﬁ 3&%&%’ %{‘hﬁgﬁ% %f arﬂ—:‘qerocyc:lic
contpdutdg! &mad c@htﬁhé@ﬁ?d%;ﬁh@f@'b@ Wweight. The analysis of the bottom
product in Table 3 indicates that the mole ratio of EC/C,H;OH and DEC wt. % based
on EC and ethanol in the liquid medium in the reactor was 0.939 and 11.08 wt. %
respectively. The mass balance and urea mole balance for the entire run were 102
% and 101 %, respectively. The run result indicates 57.5 % conversion of EC and
91 mole % selectivity of EC to DEC. The experimental result translates to DEC
space yield of 1.60 Ib/h/ft’.

Table 3
Sample OVHD BTM
Analysis' (wt. %)
CO, tr -
NH, 0.50 -
Ether 0.02 0.11
Ethanol 90.21 17.60
DEC 7.30 5.50
EC 1.74 32.00
N-EEC 0.15 1.75
TG 0.04 21.05
Unknown 0.04 9.34
HC 0.00 0.95
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The purpose of this experinent is denonstrating the

production of diethyl carbonate (DEC). DEC was
wonoduozde by reacting ethyl carbamate (EC) w t RCT/US2005/004087

et hanol . The experinment was carried out in the simlar

manner to the Exanple 2. An ethyl carbamate sol ution

in ethanol and ethanol were used in place of MC

sotg&@9§ﬁand nmet hanol respectivelyy. 70 Exanple 2. The

reboil ér of the distillation colum was | oaded with

VWetef (IRON ng mat ddiBal s; 180 grams of triglyme, 100

gr et hanol angd 100 grans of _dibutyltin
di%gf%%&?he. A stgégy state operation of the

* Hi; sitoydeatic asidcandim3, 5-edathpirtrinzine 6 46reidnewhi | e

s pungln%_ln an et hyl carbamate (EC) solution at a
gsodieubyfiin dimsthedde and adj usting the ethanol punping
rate to mai ntai na constant tenperature of the |iquid
reacti on nedium The reactor operation was continued
for 340 hours without interruption at ~345F of the
liquid reaction nediumin the reboiler, the
distillation colum tenperature of ~282F, and a
constant overhead pressure of 66 psig with an
autocl ave stirring rate of 300 rpm The punping rate
of a 15.35 wt. % EC solution (-275 ppm H20O was fi xed
at 2.69 mM/mn and the average punping rate of ethano
(~106 ppm H2O was 2.36 m/mn. The overhead vapor
streamat the top of the colum was m xed with
nitrogen dilution gas (600 cc/mn) and then cooled to
about 200 F in a water cool ed condenser. The average
conpositions of the overhead products and the
conposition of the bottom products for the entire run
are listed in Table 3. 74.2 grans of solid nateria
were renmoved fromthe reactor at the end run, which
was a m xture of heterocyclic conpounds and contai ned
670 ppm Sn by weight. The analysis of the bottom
product in Table 3 indicates that the nole ratio of
EC/ C2H50H and DEC wt. % based on EC and ethanol in the
liquid nmediumin the reactor was 0.939 and 11.08 wt. %
respectively. The mass bal ance and urea nol e bal ance
for the entire run were 102 % and 101 % respectively.
The run result indicates 57.5 % conversion of EC and 9
1 nole %selectivity of EC to DEC. The experi nent al
result translates to DEC space yield of 1.60 Ib/h/ft3.
Tabl e 3 Sanple OVHD BTM Anal ysis' (w. %
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C®2 tr - NH3 0.50 - Ether 0.02 0.1 1 Ethanol 90.21
17.60 DEC 7.30 5.50 EC 1.74 32.00 NNEEC 0.15 1.75 TG
w0 2005/182986 05 Unknown 0. 04 9.34 HC* 0. 00 0. 95Carairyust00s/004087
11.70 Water (ppm 148 Sn (ppm 1.7 HC, isoycanic acid
and 1, 3,5-triethyl triazine -2,4,6-trione * as
di butyltin di nethoxi deThe invention clained is: 1. A

ThePhQ8®foh Elaimédes: production of dial kyl carbonate
conprising the steps of: (a) feeding a stream

conprl sing urea, al cohol wat er and ammoni um car bamat e

o APk SRR CENeRSLCAERER Yo Pt tops of

f org) areadihgna Csifé%aﬁlﬁaécﬂnpl(lmhéj a0 Ieshdlg watEP BindMbmmonium
carbamat e into anmoni a and carbon di oxi de, and (c)

carhamale e Biskeeaaionczanesn di oxi de and al cohol from said
Fi rn} rﬁ%ﬁ%c—:{n?lgtﬁ%gﬁi fu!sg}eafc?gﬂ\ﬂo?g urea and al cohol

reaction zon €) feeding said urea

and al cghobadtingawates avith mmactblfonnmf og(ufh) cagathatey

al cohol and urea in the presence of a honbgeneous

cat al yst(% g%%ﬁmewagaﬁna”ﬁaawm Fﬁr%ﬂ%qee%t‘é@ﬁﬁﬁgﬂ@ amd carbon
dlo)g(géll%?q al koxide in a high boiling solvent to form

di al kyl carbonate and (g) renoving dial kyl carbonate

andchalremiovingf ammaria dearboo riioxida @ndoal calooldfrom said first reaction

zone;

(d) removing urea and alcohol from said first reaction zone;

(e) feeding said urea and alcohol to a second rea'ctionv zone;

(f) reacting alcohol and urea in the presence of a homogeneous catalyst
comprising an organotin complex compound of dialkylalkoxide in a high boiling
solvent to form dialkyl carbonate and

(g9) removing dialkyl carbonate and alcohol from said second reaction zone.

2. The process according to claim 1 wherein alcohol and urea react to form
alky carbamate in said first reaction zone.

}

3. The process according to claim 1 wherein said alcohol is a C,-C3 alcohol.

4. The process according to claim 1 comprising:
(a) feeding said stream containing urea, methanol, water and ammonium
carbamate to a first reaction zone:
(b) concurrently in said first reaction/distillation zone,
(i) reacting water with urea to form ammonium carbamate,
(i) decomposing the ammonium carbamate in the feed and the
ammonium carbamate from the reaction of water yvith urea into ammonia and carbon

dioxide, and
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2. The process according to claim21 wherein al cohol

and urea react to formal ky carbamate in said first
woeaastiozse zone. 3. The process accordi ng to cl &CmUS2005/004087

Iwherein said al cohol is a Cl1-C3 al cohol. 4. The

process according to claim1 conprising: (a) feeding

said stream contai ning urea, nethanol, water and

amoni Umu?%béf’é?dn@ the amrhbhit cém@ﬁtm@lﬁbﬂ@@ ahd dthanol from the

concurren insaid first reaction/distillation zone,
Ure@laﬁdrfé/a@ﬁt"}ﬂjlqmter with urea to form anmoni um

r 0

¢ ndcF EBBny Ao SRtE okiE TPl RENTEERA frs Poaction

dlstibrbtlmtzehevastmﬂwt@&erhﬁadsammnl a and carbon di oxi de,

and(iii) separati anmpni a, \r bon and
rret(ﬁérﬁ%mof’m@d"lr?ﬁ@n%r t?“@ﬁ@ 9%%%5 ﬁra?a% Wf‘?(é'%‘)%%“on zone as a
first’ &g ammoni a, carbon di oxi de and nethanol from
iTst reaction/ distillation zone as a first
ovdehdadding(stid fissthotiognuard nitdanatthansdcdndomeastionl/distillation
first reaction/distillation zone as a first bottons;
zon(ee) feeding said first bottoms and nethanol to a
Qneoﬁaﬂ%m%h@aﬁ 5ééaid %cﬁ@ﬁﬁilstﬂlﬁiloﬁ%ﬁér rently in
sal second réaction/distillation zone, (i) reacting
met hanol (aneactingameathamy gnceyeaecin e raras@n@g@ﬁ@h@mogeneous

co AP Ao PR ATBE P RGO Ty RTRRAHRE i i

boiltHgredlbyht eFoharMhetNdafdonate apar at i ng di net hyl
carbonat e and ammoni a from t he honogeneous cat al yst

di sti | | dif} on.sepgyatinchodingfhii rearhgnaigarashat@meria ffom the
horﬂgég@émséégfggtsg% glﬁm reaction/distillation zone
ver

as”a secon and (h) renmoving a second
bot(gdns rémoningaidimeévdndaiontis | amd ometimdnoin froeacsaid. second

5. The process according to cl ai erein the
reaa'iwgﬁ'yﬁam%%?ﬁa@% ERIEY g‘ﬂd”@é'& rheads is
Zieg(tﬁ? %Eﬁvg rfﬁbé%&%ﬁ%@'fro@ﬁ{ sﬁﬁtéé%hh\b‘?stlllatlon column reactor.

5. The process .according to claim 4 wherein the dimethyl carbonate in said

second overheads is separated from the methanol by extractive distillation.

6. The process according to claim 4 wherein an inert diluent is added to said

first overheads.

7. The process according to claim 4 wherein the methanol in said first
overheads is condensed and a portion of said condensed methanol is returned to
nearthe top of said first distillation column reactor as reflux and the remainder of said
condensed methanol is returned to the lower section of said first distillation column

reactor.

8. The process according to claim 4 wherein a first portion of said second

bottoms is fed to said first distillation column reactor, a second portion of said second
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6. The process according to claim4 wherein an inert
diluent is added to said first overheads. 7. The
wonoesasmsaccordi ng to claim4 wherein the nmet haaoiusews/004087
said first overheads is condensed and a portion of
sai d condensed nethanol is returned to near the top of
said first distillation colum reactor as reflux and
botté8 iﬁ%eycné’&rto @i abbiParginsesh BBluRgMendi & tified woRRsh of said
to the [ower section of said first distillation colum
secarehioitoms ds ferhie athikdistillationraplugnireasionfon catalyal ieggngration
dfirst p?r%$ﬁ¥ of said second bottons is fed to said
an Pﬁﬁngdfg iTMation colum reactor, a second portion of
sai d secondbottons is recycled to said second
distillation colum and a third portiog@g{ésaid second

boBt ohbei RFOFess Ascarding e A'gt f VAT RROPG Qvepheads is

cond&seth Rl }éjﬁorggrg%%éi@tc}d?ﬂeﬁggd hea¥hg DvehEaiis rturh8g to said
ording to alm d

process ac c wherein said secon
secanvdititation solommdeastd asmdflaxporti on of sai d condensed

second overheads is returned to said second

distillation colum reactor as reflux. 10. A process

fogpth 9%@%#% ddEtmH Sbdinfelin @B ch=#6 BBRIpFistg the steps
thgoétlg\ﬁ)gbo © (a) f'se}gdi ng a strearr?cont ai ni ng 15)‘r;’e21,g P
of: met hanol, water and amoni um carbamate to a first

distillatjion colum r , en i Sai :

241 A S AP BRI B, PRASURHE by A Bhfnonium
cartthtead Pfirst digdillaticcyfubih Reaeeort i on of said met hanol

to produce nethyl carbamte, reacting water with

ur €d) @Qnﬁ@mﬁﬁwi@ﬁfﬁﬂiﬁﬂﬁﬂéé%@nﬂm yegfdelbnposi ng t he

anmoni um\c nat.e L L : j : t
car barramé r%%ﬁghagplr)@gb?? oé;]a‘?&;gj r‘\%\ﬁ’ é%h%\npt% ﬁ urbegg%lgtrgethaml ©
produgemiethylrdrissmbien di oxi de, and (iv) separating the
anmoni a, _carbon nonoxi @_(‘e and qrrft hanol from the urea

and net ) reagHRANR(Y W H'ed 19 105 YRMQYMGEHBINA
R e ARG
ammonium carbamate from the reaction of water with urea into ammonia and carbon
dioxide, and
(iv) separating the ammonia, carbon monoxide and methanol from the
urea and methyl carbamate by distillation;
(c) removing ammonia, carbon dioxide and methanol from said first distillation
column reactor as a first overheads;
(d) removing urea and methyl carbamate from said distillation column reactor
as a first bottoms;
(e) feeding said first bottoms and methanol to a second distillation column
reactor,
(f) concurrently in said second distillation column reactor,
(i) reacting methanol and urea in the presence of a homogeneous
catalyst comprising an organotin complex compound of dialkylmethoxide in a high

boiling solvent to form dimethyl carbonate and

32



(d) renoving urea and nethyl carbamate from said

distillation colum reactor as a first bottons; (e)
wobeewdimzpssai d first bottons and net hanol to a BET@S005/004087

distillation colum reactor; (f) concurrently in said

second distillation colum reactor, (i) reacting

nmet hanol and urea in the presence of a honbgeneous

cat al ystjjConpgp safiflg 2 Hipedanotamar@i®! exdcamewnt ofrom  the
di al kyl met hoxi'de in~a high’boiling solvent to form
homdigenebys$ catalysirat @istdlaioni ) separati ng di et hyl

te .and,. ia.f . .
o ) TarapyBR O PEIRF G A afT i ARAGTa g b R aitiation
coluffl Rat®dbr 4 a8esand oveawadisdi stillati on col unmm reactor
as a second overheads; (h) renoving honbgeneo

h
Cadlal ySmaingoRIQgenERyR e, TPRY $a Teonindistlatiogy column
fea&éfﬁ%ﬁgﬁ%@ﬁdw onE; (i) separating the dinethyl

car romthe’met hanol in said second overheads

by (ipxsepatdting thiestlinmétayli carpoaats {rom tleedheihaaok i said second

portion of said second botfons to said first
OVemes'%jﬁlQYaﬂtEﬁ’Pt'é’@ICﬁﬁﬁlaﬂ%%’cﬁ‘ . (k) feeding a second

gg:(jZi‘éE?iir?%a 3R D oPRGPOG RPES DRI Btting B §4ld st didtlliatidrPBolumn

m reactor where the catal yst is regenerated and
reactbeaned up of heavies; and (1) recycling a third

G 46) el 3 N B BaR o 41 <Rl SR aRR A 4 fhirg istiation

coluPhi? Felsdtb P hefe tHeabdtulysERr Rsyetiepstelyaridelehined ipwf favies; and
reactants conprising urea and al cohol havi ng water

. . . and .
amfip necyelivg ebibirdtporiien phpridisecesd boipnssiongaid secene gistillation
feeding reactants conprising urea and al cohol

COIL?réh 5é%c?tpﬁ1ary reacti on zone; (b) feeding an organotin
compound and a high boiling electron donor atom
(O e ORCBFERIHOT i1 K SH PRy 3 U e BTGl R &y thp 8acton of
rea%t?ggs; %c?ﬁﬁﬁgiﬁahe}eaagﬁd HicBRol Favif§ wei&SEAE 8nfthosiBhflcarbonate as
impurities comprising the steps of:
(a) feeding reactants comprising urea and alcohol to a primary reaction zone;
(b) feeding an organotin compound and a high boiling electron donor atom
containing solvent to said primary reaction zone; and
(c) concurrently in said primary reaction zone
(i) reacting alcohol and urea in the presence of said organotin
compound and said high boiling electron donor atom containing solvent to produce
dialkyl carbonate; and
(i) removing the dialkyl carbonate and ammonia from said primary
reaction zone as vapor, |
wherein the improvement is the use of a preliminary reaction zone before the
primary reaction zone to remove water, and ammonium carbamate from said
reactants, by feeding the reactants, first to the preliminary reaction zone under
conditions to react said water with urea to form ammonium carbamate and

decompose ammonium carbamate to ammonia and carbon dioxide and removing the
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conmpound and said high boiling el ectron donor atom
contai ni ng sol vent to produce dial kyl carbonate; and
woOi0)s/mwzasevi ng t he di al kyl carbonate and amoniarfusemws/004087
said primary reaction zone as vapor, wherein the
i nprovenent is the use of a prelimnary reaction zone
before the primary reaction zone to renove water, and
amanomba ench czabba iknaédd from saiddepetaniaptisr tdfeddiaglthvegradutants in
reactants, first to the prelimnary reaction zone
Steﬁzg)er conditions to react said water with urea to form
anmoni um car bamat e and deconpose anmoni um carbamate to
amoni a and car bon di oxi de and renovi ng t heanmoni a and
carbbn Thexpreecss @mecetding rteadant 1 prhere the teregerajure of the

prefi § e A BB bER o Bherah e R, B8R TREn 25656 HBPYF i iui

phdseaction zone is at a tenperature in the range from
200 to 380 F in liquid phase. 13. The process
according to claim 12 where the tenperature of the

pref{4 m Y, i L Sathida t eqf
Po Lo, Ee JoyoBRie £of g 16%cialin; 1 IRHEUR (o BReREe, of the
prefimireary ireactadn tdree ivdh hiae chndecedfrome23GtoB50° B. porti on

of the urea feed to formnethyl carbamate in the
prelimnary reaction zone. 15. The process according

to 4 afke loMaas &icBordiy tBlchliin™ mwreriﬁggd'rﬁwh 8ang né&tflanol feed

primary reaction zone "are operated un distillation
reactsndlith iaopertion&f tiaeirgs dessbto taroomditing cacbarhatenin the preliminary
1@\/\,herei n the water is renoved fromthe feeds by
reap %F?'ﬂ%‘ it with urea to form anmoni um car banmat e which
in turn deconposes to amoni a and carbon di oxi de. 17.
The process according to claim16 where the _
t en’dgr-ﬁhﬁ PéOQﬂ‘SSt&‘;‘QOFﬁ%@Q fonelain ¢ 1 vérareindhepaléminarateagtion zone

and SHTREY oot b Mt NaR) iR sbadonbrci

t he ammoni um car bamates are renoved fromthe feeds by
deconposition to ammpni a and carbon di oxi de. [ 19. The

. | h
pr ot sEh@prRsess RgCrwiing t9 Gty 1 hmdyesein the watesipearag\adrom the
feeB5 by'&eacting it with urea to form ammonium carbamate which in turn

decomposes to ammonia and carbon dioxide.

17. The process according to claim 16 where the temperature of the
preliminary reaction zone is at a temperature in the range from 200 to 380° F in liquid
phase.

18. The process according to claim 11 wherein the ammonium carbamates

are removed from the feeds by decomposition to ammonia and carbon dioxide.
19. The process according to claim 18 wherein the temperature of the

preliminary reaction zone is at a temperature in the range from 200 to 380° F in liquid:

phase.
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prelimnary reaction zone is at a tenperature in the
range from 200 to 380 F in |iquid phase.20. The

wonroesasmsaccordi ng to claim 11 wherein the sai #Chiug05/004087
boiling el ectron donor atom conmpound conpri ses
triethylene glycol dinethyl ether.

20. The process according to claim 11 wherein the said high boiling electron
donor atom compound comprises triethylene glycol dimethyl ether.
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