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| NVENTI ON Field of the Invention The present invention relates to a process
for the production of dialkyl carbonates, particularly dinmethyl carbonate
wherein the reaction occurs si rrultaneollsly with separation of the reactants
and the carbonate products. Mre particularly the invention relates to a
process wher ei RROGESHAND CATALEET HOR WW%aD%ﬁHfYJT CARRONATEY bamate in the
presence of a novel cat alppsKGROUNDE®F COMP! IISVENTEONOnMDgeneous organic tin

conpound g 180 gl&% rmeql%gg;] oxygen atom contai ni ng conpound. Rel ated Art
D al kyl c Bohates ar e | mportant commercial conpounds) the nost |rrportant

of Whl ch i s Bheetirdsendr bbmegrE YPVCFelBtaet hyP cGar B5AEEES | $o4seBh@s a

rnet hyl at b?&ldé@élsﬁr banykahirgl amboriatte%an pheeiberamed asmatgpivent to
repl ace hal ggenate - solvents such ?s chl or'obénzene. Al tho %&1 th current
price of GPREPRFFECHPBERLE ethe BRBRFHPRI PSP TEX FomdiLFanegy Puel

addi ti ve, sepacatidnbefustt aseantanygenade tiher eherbouhte e@rgdsotsne and an

t I h t (530
Chan MIBE %GR%}F?%?‘?%%& bt %?”2%’%3??%? TR oy ARy P cBEnyl

ether), anBeléice MRthangl v s fiRartes nedddd tWetavéndiersameXetfect. It
has g9 RG\lcaE:baaQtandm Sthésspirléﬁe’ﬂdé eothay &idvear Nﬂ'BsEl)Osft TAMRp1kk has a
pl easant odor _and l% thers, Js bi odeqr adabl e, oL ! der (éomggr ci al
processes 8?“%1"ﬁ§/f‘gca?boné‘f§ NESYSr 080TRRFr ot Het 7 rPcﬁ Chd 2PRos§ene.
Because ofelel&rext dener tasigsn tamd covsaivfinghosyeend t here have been
efforts tq.dq¢ghopPetter, non-phosgene based processes. |In one new
commerci al prqocess, dineth carbonate is produced from nethanol, carbon

monoxi de, noIPERGKYR &@fﬁ@ﬁgﬁ‘ﬁﬁ RUfr CTP TR PR TR d ATPEURLShony | at i on
in aifwo hep st r ympdoeess. ofSuehiah piacehisndthydi sArveadten (BMA) .460 735

2. The t'igxeséﬁg;; COmLBgRaL N PrAcess aLe the AAUKPIACHSE! Oldniate. high
carbonylating agent. It can also be used as a solvent to
replace halogenated- solvents such as chlorobenzene.
Although the current price of dimethyl carbonate |is

20 prohibitively expensive to use as fuel additive, it could
be used as an oxygenate in reformulated gascline and an
octane component. Dimethyl carbonate has a much higher
oxygen content (53%) than MTBE (methyl tertiary butyl
ether) or TAME (tertiary amyl methyl ether), and hence not

25 nearly as much is needed to have the same effect. It has a
RON of 130 and is less volatile than either MTBE or TAME.
It has a pleasant odeor and, unlike ethers, is
biodegradable.

In older commercial processes dimethyl carbonate was

30 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

35 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 cost for the separation of
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formation ofWB)()P/rl){.,qducts hi gh recycle requirenents and the pegdsdoagios
corrosion resrstart reactors and process |ines. Another new process is

disclosed in EP O 742 198 A2 and 5 EP 0 505 374 Bl wherein dinethyl
carbonate is produced through formation of nethyl nitrite instead of the
cupric net hoxychl ori de noted above. The by- p?roducts are nitrogen oxides,
car bon di oxi de, thylformate, etc. Dineth carbonate in th r odugt,
streamfromthé’rroéiéll Sr PBA10TEREERAtRd B¢ BHQHt 2 ttbéchW‘g %’r%’ti I%Ilgf’i on
using di met hyl rexgicatee msgutieensoiteendnd otle eaked h€oazeotrapian Medigtant

Al though the chemsth¥ Laaks Szl el‘."{‘ﬁg the production rate is inproved,
t he process is act uaIIy ver% conp ed’ because of the separation of a

number of the 15 Aexcd&hied] NevwARARESTg ivaddscapsern inakP olis’43 M &dek iddds of '
the process, cowl bcaied process GABLEDL ANHedBdhi NthrMohBtLEhe shamadiRes

chem cal, nethyl nitrit | n anot her commer cj al roce Ojt) car bonat e
i s produced frJmTRRNE AR Vhr BbNMeFRNG et Tl e "'seﬁgp %’ieo

the fist step oycihoxycdnlivorigieenatresl pitasheced The rkq&qmodgc'eqaoa(rdeslmdden
car bon di oxi de cg;! Cl gﬁ%dnn Hl%xﬁ?t en{n% ey Y B6rffde, 4e8al; 555Dﬁﬂgzhyl

4,400,559. Int second step dineth car te I's produced al ong w
gl ycol by exchd?ﬁj%bor"@é@tl o oft"’@yclﬂr@déanoﬁ*a]F%%mvm ﬂP’TQStHﬁt héﬁ%‘thSeésf or
exanpl e Yio &aowepsfaalad" Diuyet hyd 1 €anbonakerReadudd i cals‘mrlﬁxeiorAddnshmqes")

ACS, Div. Fuel e re n (3 868, 1996, h n| f
al, "Ethylene r@gﬁ:eorgqylﬁ Fﬁi‘#éca on% % f’,‘%b‘é%%{?attloon L!trhneal ‘f\}g? cuI ar
Chenmistry, vol tyse .389- 89’9110&9191 tl@O Phehesthe rﬂr@dﬁésssimslq tgnd the

advant ages, thepreacdd h rafee OESeQQ?faleéd W e CREBRBs 4l P Q@taaslls,) oy gnd
requires high pressure. In addition the exch angﬁ reacti on of clic

carbonate with FRTHLIRATSS PETRYSH BY &HGI SPBAF@ML&Rd °ﬁelaha{ﬂ’6] eﬁn Sith& hyl
car bonat e1$ or m mat exziet s ,0 fea Yebrke ingy 3t terfianat iion whfifdueulflowl sediasomeast
known that di al &yl g&?&gé %ﬁﬁlgﬁ‘lggt%eﬁ%égs@ R@S@i “Mragmn@' safatic
al cohol s such as nethano freaint Fesence Of vari ou

het er ogeneous the -hazaxrloys ZierHAGrl, meghyignpBrite. DEC 2002 3

In another commercial process dimethyl carbonate is
produced from methanol and carbon dioxide in a two step

20 process. In the fist step cyclic carbonates are produced
by reacting epoxides with carbon dioxide as disclosed in

U.5. patents 4,786,741; 4,851,555 and 4,400,559. In the
second step dimethyl carbonate is produced along with
glycol by exchange reaction of cyclic carbonates with

25 methanol. See for example Y. Okada, et al "Dimethyl
Carbonate Production for Fuel Additives", ACS, Div. Fuel
Chem., Preprint, 41(3), 868, 1996, and John F. Knifton, et

al, "Ethylene Glycol-Dimethyl Carbonate Cogeneration",
Journal of Molecular Chemistry, vol 67, pp 389-399, 1991.

30 While the process has its advantages, the reaction rate of
epoxides with carbon dioxide is slow and requires high
pressure. In addition the exchange reaction of the cyclic
carbonate with methanol is 1limited by equilibrium and

methanol and dimethyl carbonate form an azeotrope making
35 separation difficult.

It has been known that dialkyl carbonates c¢an be
prepared by reacting primary aliphatic alcohols such as

methanol with urea in the presence of various heterogeneous



and honobgeneous catal ysts such as dibutyltin dinethoxi ’ eryBtDp
etc. é\a‘%%‘r- Exanple P. Ball et al, "Synthesis of Carbgﬁgtﬁg?gﬁ@h € 2002

Pol ycar bonat es by Reaction of Urea with Hydroxy Conmpounds",Cl Ml . Chem,
vol 1, pp 95 5 1d8, 1984. Amonia is a by-product and it may be recycled to
urea as in the follow ng react on sequeldce. O O 2RCH + H2N- G- NH2

RO-COR + NH3 10 al cohol wurea dial kyl carbonate O NH3 + COZ -- ~H2ZN-CGNH2 +
H20 15 ur e8NGartPiIRReaeoNFe BLadYEEE fUCh 1wt RUEyI&r At (LBeFBPKSARd by
product i OntQﬁ:rdbabetLtQﬁl’ banai.es abeBi ghtr beappIat Br.e BaAIh ammoaia bei ng

produced i r1 st.eps 0 F2N- - NH NH3 al kyl
car banat e 2 geﬁbs °|§IH§ Eg)% es anng) byﬁ'\;bcrﬁ%sd? %efmcar olcr%gte 30 As
noted t he é!b‘@\ae Wi r%ﬁmnéZOam@um@\ﬁén@bﬂe_unﬁéﬁ_aeawloh, cepdPbrons. The

order £0f calpgl ytiggsact inpmbyigf i8r gaB9Lbeo&@£moa+msm %8R TeRPSNEy R2SnX2,
wherein X = C i RO, R(C00, RCOS.. A naxi mumreaction rate and m ni mum 35

formation & Weﬁ‘r Gdudhsthe ef PR BSFCtaPR R§EUERTF (1 V) conpounds. For
nost catal ysts (Lewis acids), higher catal pst activity is claimed if the
reaction is carried out |nllthe present of dn appropriate cocatal yst (Lewi s
base). For exa&m®He, +t hH:Nref¥iy ed zoeat &i0r$t-ORor +or§anic tin (1V) 40

cat al}t s such-cahadi but yREed di met hoxi deliadikdt gREPPNISG de, etc. are

tri phenyl phosphi ne and 4di net hyl am nopyri di ne. However, the thermal
deconposi tion of internediate carbamat to isocyani C aci d (HNCO or

i socyanuric a q@ HN 3) and_alc SI al 5 facilitated by the
organgtin corr%’d'\(.j?nds SUCR as m'butyﬁ??% % 00/'22212 4 7 3 D E C 2002

PCT/ 9118108 di et hoxi de or di butyl t| T Soxi de enpl oyed in the synthesis of

al i phatic car t@a!%a‘%%te\éoa%/ H%@%c@ﬁs%lto%e%o@e[” Qéﬁﬁriﬂlreor&qli%ﬁéﬂ di al kyl
carbonate such as _di npth gr bonate i n ﬁ&j rom al cohol s and urea,

utilizing the BEeReRt yO%n 1abky! yg?‘s‘bﬁ%‘}%% MEET EANPSFATYHIE |y the
first step,willcamionia bedogepraditbedr & Harhpisadpse an al kyl carbamate. In
the sggond step, @jalkyl carbonate is produceg by reacting further the
al kyl~carbamate wijfh al cohol at tenperatures higher than the first step.
The HpN-C-NH, + ROH  <«=====» RO-C-NH, + NHj |

alkyl carbamate

25

0 o)
I [ .
RO-C-NH, + ROH «=====» RO-C-OR + NHy |
dialkyl carbonate
30

As noted the above two reactions are reversible under
reaction conditions. The order of catalytic activity of
organotin compounds 1is R4S5n < R3SnX << RySnX,, wherein X =
Cl, RO, RCOC, RCOS. A maximum reaction rate and minimum

35 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 present of an appropriate cocatalyst (Lewis base).
For example, the preferred cocgatalyst for organic tin (IV)

40 catalysts such as dibutyltin dimethoxide, dibutyltin
oxide, etc. are triphenylphosphine and 4-
dimethylaminopyridine. However, the thermal decomposition
of intermediate carbamates to isocyanic acid (HNCO) or
isocyanuric acid ((HNCO);) and alcohols 1is also

45 facilitated by the organotin compounds such as dibutyltin



10 reactions are carried out by enploying an autoclave reactor. M\E&ZUUZ
when net hangq| ﬁﬁggct ed wth nethyl carbamate or urea, N-algyusnpfogducts
such as N-rre‘?’ﬂ? l thyl carbamate (N-MVC) and N-al kyl urea are al so
produced. The dial kyl carbonate is present in the reactor 15 in an anpunt
between 1 to 3 weight % based on total carbamate and al cohol content of the
reactor solution. SUMVARY OF THE IN\/EI\FI'I ON O al kyl carbonates are prepared

by reacting alcgho éh Tv% ?é%?d?gu fylgﬁggg)e em%fgxégn{hlggéhg LReElICC

of a 20 organic conpte as a OXIde
conpl ex wher ei nOlfhélﬂeaéti@)ncasbm@ﬁ%ﬁr-abl o c&ﬁa‘lé@ﬁ%u@ﬁ?ﬂ%@s rebprpeesdf a

distillation stieht W Bauegnitﬁfﬁmyldlééﬂﬂdr@tt@@u%ﬁu talze adnakkyh ea&BeﬂaE@
In a preferred enbodi nent | exi ng agents are high 25 0|I|ng lganlc
Xy

el ectron donor &BnpbUHRdsSHAPEh HaYR oRESoR ke “TFBur YFlfoRan
atons per Bl ectheniptefenabl y,aﬁ:Myetsmpmmxug@nb&tO’mS perl nekecill.e In

preferably pol VQHQC?'HSE@%@FS”&& t“sglx%flel tr| 3tt9ybggg Q %glng me;rpyl

et her), whose boiTing poin 5 pre erabl han ei tn Ranol
di met hyl car bonadkyangavhardtser vEn a§h¢)0$¢pm@caf@|wstdsaéhd lsokhvbanatghis,

the present inv @bagae@rowd%a@&mqpr@u%&r 0¢8%S BYkFPNGWHYRIMAYe with
distilling dial bonat e avvag ghe reacti on)}__ﬁoncurrentl W th_the
reaction and by? éf:@g‘@ﬁaﬁlty §IPRY §‘3r§5e rBReT cGhpPetPig fagétt ST t hede

organoti nleat al yeactThespreferreasreiatt rart danyor englgenngt orkNC oRLZolAge

conpounds usef ul cat d/ o] i i i S
o eh Torm 1 Eeofa: ey A Phet OpkERingP Ty SSact e RHE Cedflee

nonodent at e add FREE3IRPER P?rZSFﬁ@a"(X -a@iyl Ry -PRo@RE:®r SRCBOSFS N-ZefRy!
R zSnO, Ph3_nR @@thywr Riwridete (whenio) Rana CeHAQxyln ur@a lafe 2adbd q

- 2 d h dd h b
i th' S ieter nirSHEER, (THED by ol Ry PRSI REREEN, T et

as dodecarlfe andMxyhenestouBtanpeededst |l gamds wiedhhtor'm bagseli demt &pgal
and/or 1:2 nonodeniahdtaddHets1ovidl Ronsase bactyngderdiatdy | LNt ool

et her, 1, 3-di nethoxy propane, 1, 2-di net hoxypropane, 1.0 dipropylene glycol
di net hyl ether, 1, 4-dioxane, di -W@E—MI ke. One advant age
of produci ng di et I‘Qa.laldz&ﬂbomatb@nfaltem uisa ardparédamyl reacmndjle aefdodtsi on

of di et hy! " car bAA! Guld:0TBd NG AR B! HECROPNGR WALEL S RRE of

copr oduced Feact 1 on nixt ure over oes not fo
a ternary 4¥eot rQ}‘ﬁ@néﬁd GreRee tWe sEPar acerpRlex tﬁéClbr(ﬁﬁJcta dlqrﬁéitl’fﬂhfllf—.ln
carbonate form td‘!@nét\l‘x%rxhaad FngdlEYe WwhetasherltHdanchbeieHr r ot HpEap13l

processes which have to deal. with ' such a ternary .azeotrope. 2 Rl EF

DESCR PTION OF THETDRAWAES 1 gte TSPeiLis bl A Sh hAEaERasdias CHiep
can be enpl oyed cangamentodist hkl priewertf itheediiadkyl axbendtes a pl ot of
di met hyl car bonatenﬂrr O\b‘i-’é!i*@??ec‘{eéﬁ&b%lmts tAB SbhEAEL AP g NBE A

only with 25 met ha +7tri
boiling organlc electron donor compounds which have one,

two, three, four or more oxygen atoms per molecule,
preferably two or more oxygen atoms per molecule preferably
polyglycol ethers such as triglyme (triethylene glycol
dimethyl ether), whose boiling point is preferably higher
30 than either methanol or dimethyl carbonate and which serve
as both cocatalysts and solvent. Thus, the present
invention provides an improved process by concurrently
distilling dialkyl carbonate away from the reaction
concurrently with the reaction and by preferably using

35 specific complexing agents for the organotin catalyst.
The preferred electron donor oxygen atom containing
compounds useful as cocatalyst and/or solvent comprises
bidentate ligands which form 1:1 bidentate and/or 1:2



Figure 3 is a plot of dinethyl carbonate in overhead versus hours o mfﬁxra
conpari ng nethanol only with nethanol + triglynme and net hanol + tri&é 062
DVAP at a 1.5 cc/mn overhead rate. 30 Figure 4 is a plot of nmethylam ne in
over head versus hours on stream conparing nethanol only wth methanol +
triglyme and nethanol + triglyme + DVABEMREDGSHEES 2c/nin overhead rate.

Figure 5 is a plot of dinethyl carbonate im overhead 35 versus hours on

I h | /
over hond 1 od MU | a8 P GRIGERR (Ul bBngte h Cvek headl 98r sus

hours on streamdr, aR5i8Sgk e Rt £En®r OBR§S,R' StiXVWOob0Ph213n2), 3 (BhEr€eiA002
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reaction is prefera‘bl carrie he pr

el ectron dondrhexeafen cdnt addn.hgonotheae mwherlhahssmayebeeadastdemth
conpl exi#gg agefih et tmrtd}% not frﬁpmiép , oy Nng qt-he | er
of distillation still as tc%ggrrgggct #;f'e acthglr%t gggra%&urélzl scéggtelrnol | ed
by changi ng t3eCtfersidt af doslecanef andexvlenes| ati on col utm. The use of

the reboil er a”%;@ﬂrﬁ:&léé df O el dHO Vo & F18at 'me&@qe&ahnef/o&h@ 30
reacti on products met hy| . carbonate and ammoni a, whi|le keeping t

hompgeneous cBRREYARCANR adduckf With R 2Ssdar dmelnde é’éleﬁh“f’flﬁﬁ9 EéY§Plany
convlentl onal té@h@rtsuchla§ @.iﬁdﬁhol&?Ckl péXe Corﬂmbaaa%w&wda@jm aﬁfle

nove ano n ca C X pr pa m Xi ng .or ganotin
conpoun (9 é 3(8]0%'? n%ﬂg) tq’d'?gcd’d’ﬁo ':3'5% c%r‘fﬂi*&ixﬁf’ﬁg %& gHﬁM%,
such as et herst;hejrslm’lclytlm Iridkem terrperature |n Si tu in the reaction zone,
e.g. the reboil t t When
organotin hali dg('ssnéacaé dyor 0 es ay‘l"efg M zﬁeggg?akggﬁ L@Qa
precursors, t3ed c B8p é)’éO?-orlrﬁatJrlbnthay separatriioad QﬁJt dpmebhyloctaw@onate
nitiation of b gha! kiboebfBitird N fiiRle WA UATILC oke RBrdadkeln! o,

whi ch |i$generate in the conplexi react] on t hough i S not necessary

or pref&rabl yei% ’Efoa%‘bl Tk MHeE (EngPEeE’Be%%rﬁﬁ?@ﬁt aﬁ"d’e\ﬂat“&t &PEMedsi | v

renove over headr@hhl‘y n@zédilﬁr@siearinm Heridee aiealdeﬂam&banalfe t:heaﬁaﬁ:bQUctThe
reaction ordeé 0

carb te int esence of ex
2- et hyl hexyl afco%r(')‘f %o @?‘ FSﬁgsggat‘Bvﬁﬁh?%cgdg’dwﬁrresf‘ F&éﬁ'er ?hFESS
t han one. Thetbéoceraeac Ic@marneahambceeaeenmﬁ.tqmrhm ato véeab aighven

concentrati ong@fn NptéWiln£H3F haaRkeopa . expected to be favorable for higher
conver si on rate of nethyl carEbamate The use of both t he

reboi | ef9distillation col JBB &2 at ons) containi ng

sol vent such as Bﬁg\drgl y(ma.s( dae@hnb.maelelwzolaﬂl - ayheeshehae téaml ae
(triethylene g gf C?l met h et h or tetrag ¥ t et raet hyl ene gl ycol
di met hyl et hePP*R¥ES %7 1% CQP H@ BUECERE IRERTR under any desired

pressure while Figure 2 is a plot of dimethyl carbonate in overhead
versus hours on stream comparing methancl only with
25 methanol + triglyme.
Figure 3 is a plot of dimethyl carbonate in overhead
versus hours on stream comparing methanol only with

methanol + triglyme and methanol + triglyme + DMAP at a 1.5
cc/min overhead rate,

‘l.k

30 Figure 4 is a plot of methylamine in overhead versus
hours on stream comparing methanol only with methanol +
triglyme and methanol + triglyme + DMAP at a 1.5 cc/min
overhead rate.

Figure 5 is a plot of dimethyl carbonate in overhead

35 versus hours on stream comparing methanol only with
methanol + triglyme at a 2.7 cc/min overhead rate.

Figure 6 1is a plot of dimethyl carbonate in overhead
versus hours on stream for a single step process.
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concentrati o& {? ctants (methanol, urea and carbamate) ang-p{emaHs{os

(di met hyl car BONE ? in the reaction zone to obtain the best econom cal
result. 5 In choosing the high boiling ethereal solvent the dialkyl
carbonate produced in the reaction is a consideration. For exanple

triethyl ene dinethyl et her is preferred fof the producti on of di net hyl
carbonate, but it i f ] é of car bonat e,
10 because the prodtt } i e and the
solvent is slow ?heomctednt ast rpmiﬂw:la@ﬂe @hae'brhy:ki etterin Aher efresabte

sol vent for diethy r p r t ne

gl ycol diet hyloqzetgh{ugﬁ ngﬂﬁ% éggggéén Q}cﬁ@?ﬂ?ﬁ%ﬁeﬁ boagéfltrlggod %g’tlpgkgf t he
sol vent to methaRBl PASthe Steé'é{@tsl orSnedhem FSMRAYHBY | eIV cl¥dk§i n§hehe
ratio of srethanejariethh ghcbﬁlpldm{ﬁ el egy r oampobyeamlg attrae gl V@BOQD@ﬁenbEatl on
of carbamate %lr% 2 gh\é%noco P d_co centrattl Qn Oﬁ‘h g é__e in the
20 reboiler. THE™A FOPRE A ghaﬁo ¢ a0 r o 8058?‘3 SFVEWP%G Hi8s
triglyme as aisocetmtysiled el | changimpar thef averhesact poessmw upf okbercones
the shortconi raas,-tohw@l&arlesiumocesse@\o Dpspi Lo tNendi ofepdidled. Ofan
selectivity of_ carbonates 25 clained in 95/ 17369 and P. Ball et al (C1
Mol . Chem , 13igFilba%igRg Se3umpi valdpwpol $RERCERERH sTPRRVAo| wier the
Preprintsg 25, re%&;oh98;§lrcaih Ld:dt(é'l, Malime €M c?ﬂ:BBﬂaté/O|andl an[meS | Q@iliet is
inmportant to r.stan e.deconposi tion urea and c AU can
deconpose theﬁ%& I?/1 or%& cat A rIz?’cz‘a’lulsy g?%ﬁgam cgjacgaP %%e

i socyanat e or 4siagiter -( NZNGONFCONM2) mayidee @ﬁean}éagphbﬁntm@ﬁk |ﬁm’§\ @r‘#ﬁlhoyed
to prepare di 3&§<)(:|ra%r beaakesy( DorlcoBel 50 s @herddiem cal Soc. Reviews,

11, 41-56, 1982 Anal ysi.s of the .overhead vent taken durin
reaction indi ca% dae sd'h% Yeds GRS IR Sa YﬁFo&BE‘ggefon?Hoﬁﬁhp’?gpgaB?ﬁgl b¥t  al

stated that alnipfiatg cmpmzeanbt esoramnde wditat hligbd beiilhagt eﬁiectm‘mosﬁctnotrn,

carbamates al s r lytic 0 i G Cr

i socyanuric aﬁ@%&@ﬁ gﬁ:ﬁ%@%&?ﬁ%ig %%t;g é'léi %%%5% Pﬁ%%xgg%;wl%
(J. J. G odf r e5ROM, TempgiiraNo. 18, ifu73n) r FeRGhi®N FEnated -

( ROCONHCONH2)  p4i1RBlrohmtandHa | . lmﬂg&rmnm@m Reve | d1952y151ca14c701r)ate8all
et al stated that tthe t her mal decong lIPO{'I ‘fﬁf t he carbasrratres lB:lt are

i socyani ¢ aci & BAHE I cofdF" cBhParast i PR 1 TR T ofF RSt
However, 206he peagst a4 athe chbrlys$t sprecwornposit ithe dosplest forsagidm ntatye

presence of supd a%%r‘i@ﬁaté\lﬁ’s%%lfo‘%r t?c? neat l WSt i ol | QQGMep@%h&ﬂe and
4-di met hyl am nopyridine are cited a cocatal ysts for organotin

S goo
catal ysts. 10 PAERIMtEXANPLEHSA EAdTERCYRdFRat aCERaPT nERReT it iRiek%e
deconposes thedjeElf&Ha/téH cat &h}étlcﬂﬁﬂﬂl)émmhgt heautdsencelahougganat iis not
catal ysts. bonate is hly_ act e conpo so.in orde o]
i nprove the se ec Slsva}%g/ 5" dl%?% g’rbo ated 5%he sgg%gentbatl%%l&fé
d|nethy|2§arboggmgpn¢ntrmm¢eb@t¢9rare easily remove overhead during the

startup of the dialkyl carbonate reaction.

The reaction order of 2-methylhexyl carbamate in the
presence of excess 2-ethylhexyl alcohol has been proposed

to be pseudo first order, or less than one. Therefore a

30 lower methanol concentration relative to a given
concentration of methyl carbamate is expected to be
favorable for higher conversion rate of methyl carbamate.

The use of both the reboiler-distillation column, and the

high boiling oxygen atom(s) containing solvent such as

35 diglyme (diethylene glycol dimethyl ether), triglyme
(triethylene glycol dimethyl ether) or tetraglyme
(tetraethylene glycol dimethyl ether), etc, allows carrying

out the reaction under any desired pressure while



shoul d be kept as |ow as possible. In the present inver],tCiTer;gg@{S\A&rZI:-}le,C 2002

concentY@f¥br!f di methyl carbonate is obtained by selecting the proper

hi gh boiling solvent and controlling the overhead pressure which is a
function of 20 the ratio of nethanol to high boiling electron donor sol vent
in the reboiler at a given concentration of nethyl carbamate or given

conbi nation,  of nethyl carbamate, and urea. The use of the high boiling

el ect r on BoHBF2EBAPGund as PRt hr 28cafRRFentaRd 198 vétlt i TRATAESSt he rate
of 25 for phexhahial Kyluwss boavat esc{henmitse ofanaf f pebdvet r epdiredthgfl bot h
anmoni a a i yl rhb t 1t he ctign a at_ fhe same
tinme, prec\p/%ailr-f?ésr{’gt.:‘(%f{;> fol(r:ﬂamat1|9r(§}%l g?é%%roonguc Og'%sulgﬁ aégﬁggﬂ k;%'%l kDy sRl'car bamat e,
al kyl am ¢eonemeEaN- 19811 %r ea or deconposition of urea or carbamate at 30

rel agively high @ryeeitg atdnen afigli abkyl i 6@r hamateaiin bBeihereacimer and
over head @roggc&s. HL%)h SO gentrati on of di al lﬂﬁll car bogate in _the overhead
product r@HREEE Lt hETRINDFCseBAPIICRS t HE di B %yl E Rar boREt e *fr oM met hanol
far recyctens B Siticm t heFreaekhopleanrbetbpienedd urtatl |awer pressur es

(1 ess thﬁgrépé)rlpéd 99 ot NEnBeYLPEQSESSH oS ogj]nge%m&f cQEpaHYAD! 30RS 1 ower cost

for the material of construction, [ow catalyst inventory cost, easier
removal ofStREtaRFBAPRTed2 19T tReCPXOENCEigRdo8i AbeRYY L c&RBBPRAYE product s,
andigase pécgasé r alnef grivvivept i BM eaieaiiinageion, ofh NMelckagael étnyihe reactor
far the naéirggma@erret hrﬁi Cﬁﬁgongg V1‘e(r)1rtrrxalt.i on rlatq and_sel ectt__i%ele/ to
di met hyl Carbonate. 5 Fushing 84t ‘the redct or Vreboi YW Th ar i nert gas
such as ntriegenlene hcliggtmot s&dbessary)AbepTetdnagdd asopuentoffdarhe

startup. dfetReltcdasonstdlsabduetibushotie ¥eabail e therhovgidHeLssures
pr ef erablé use én tEh}(eyl present reaction systemallows for the use of a
¢ of 1&g @

bl ower i n¥t¥58" ot'% ff'essor for the inert gas. The preferred range of
readbor tenpénatthe imrdgenh 270veotdO0F, tipr edesabéy fraomc300£38fHe The
pref erredsgygphead, LSS |1§ Whihia i il0+ ' re

pr ef er abl ggget ween 20-200 prilg arlllgda Iﬁng%?g?éﬁggb% lbs‘etcéggﬁgﬂg%ﬁm psi g.
The desir SBRBIWRY girher X302 Df Ohi GIeHENPLng el lekaly oho bl sdRGEFAN t O

met hanol eB1vBALT @dctaorgived r oomdéethtQonl, o &ty %:0.4: divdihe
preferred concen ratiggerq{:ro,g%aj\notci’gl cor‘g)ounds in_the rgactor zs fromO0.5
to 40 wt. G prerer abPYFOm 2550 wiOh bAE H'Y h&2252F8EE &Bnt®M in the
reacor. Thbopieferre@heversradfprorichipht 0did ingntelddsmbrt odbmwe from

4-35 per ceftehy %Eﬁhﬁsdkﬂgllﬂﬂé &I DORR £ha 1081 gEaby1f QEM, Spfpe W . % The
preferred co%ntratl on of r’rg}fwél carbamat e or conbi ned, concen?ratl on of

met hyl caffarfdt%e ERFET¥L A PYSEEDRe25tPS ERONTR®O'YR .96 Preferably

from 15- S5eawntl igrdprongsseat i nuous operation. For the continuous production

of di net hyl t he, :uk e ti i.rectly pnto the
react or or p%?%?gﬁgye%}é c%&%ﬁe%ﬁ%%oﬁ\%rﬁ%iﬁgw%&hy# cgt%%g%ngg%é%ri or 30
to pdnpi ngliadmedt ke Y@aR® 6t 73 8udnd dhvBadiloat call (F heicdcc i shed in a

feed preheateri1084i NaS@PHEE e HRICt 0br THA wRVetied Mrdhe weegnspl ution
can be substantially or. very dilute dine car bonat e

%ur e >réet h%nol t h¥l
sol ution ifFSFELRER0l 2°An %EXanpPé Yoffth& Wi Ut-e “BeRet hyP8Rar BBhat & 35
sol uti on (mrbodt-129%) diinatisylinparbentit €ci nndetseana )thes ddvempoerikhean recycl e

2 port|on o Thel Ll CREARRRRE | SO el o e &k PR FRER CROL, T

i nst¥hd ofcataiptdgpiry1po isocyanlic acid and ammonium isocyanate or
biuret (N,NCONHCONH,;) wunder the reaction conditions
employed to prepare dialkyl carbonates (D.J. Belson et al.,
Chemical Soc. Reviews, 11, 41-56, 1982). Analysis of the
overhead vent gas taken during the reaction indicates some

35 carbon dioxide produced. Although P. Ball et al stated
that aliphatic <carbamates can be distilled without
decomposition, carbamates also can decompose thermally or

catalytically to 1isocyanic or isocyanuric aid and alcohol
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nmet hyl car bawrrBt ﬁ”'BH or to entering the reboiler. In another gabhoshonent
material fromthe reboiler may be added to the distillation colum with the
urea feed steamor at some other point 5 along the columm. Referring now to
Figure 1 is a schematic representation of the experinental apparatus used
for the follow ng exanples is shown. The 358n1l reboiler 10 of the still
equi pped with a stirri bl ade 12 was used as the react 0:7 r‘#o The 3/.4"
diameter distilPafi-on S AFAY20 Gek- &t 040 1/ 8 S1deratle sSal 68T
React ants, sol wlibphadatatal ymicomiooNehar giedd t 0 Bllomr ebod | eB. L0 &ecHebi ent
tenperature (- @F)n -HL[ reafééé)ns yverg%ﬂarrl eggﬁut lejyaf aL éE‘thJEﬁ akebgpLl er
ec

tenperature to a sel ed tenperatufe 15 contro e over
pressure of théheemahdeeempﬁgltm r%faéﬂileoﬁatfhem?‘e%%tbmﬁ% Waﬂ&ﬁpéﬁlﬁnto

the reboiler comd ndodsh¥: Thengeaadd i thpr oEhct S’fo‘f/ﬁé@lbﬂmﬂd d‘arrwasmtalae

reboil er as ovgir'?head prqoduct from the col n@mgg 09 flow |, |tne 3 oes ot

condensed in cONYENEEr AGSWRAPETt fd3ARToRia 1S FETEMRAE SV EPST VWa

flow |line 50 angcprodimt thenephgdenee bofiatea irtameedcacat ]yt | hier 6Gome

During the rea e li e, Lebel t a
g9 Céat%ﬁ?rgttg 'Pﬂ'ﬁﬁe‘ﬁ%&'ﬂﬁgsg}gdﬁg ah&P? Jifxﬂet‘.’ﬁfl%rmﬁ'ﬂ@q.né

preferred constant tional neth
net hanol - sol vert¥eni %t Hed 0?5 t Héoéolmqf’&rﬁ‘él’@ﬁ:surﬁ%r oPTABPRYEN 25 At YStEre i n

nmet hanol 0¢ netp@zents |xMHLEY muraexdt hlfB)Uﬂ‘mlfdaQW |’dhﬁs€t HbtrAS alar@pivate a
portion of the Irea cansbefed isrectly to t\i |IJat1an colg‘ram |%flow
line 90 as showh oIk & 5§ n%:}i‘%xfm Rnet c%?”éﬁ{)% I N f FBf PEBSEISF 15

be fed directl yonqantowerdlogttlallb'atson colum via flow 30 |line 100. Sanples

for analysis were yigrRysd fEOMINR epé)' b €M i\gha f |é¥’¥.1|\)é19c§@po§wp1535 iflnrom
t he overheads (tofal over heaoégﬁpand bot t ons were anal yzed hé% gas
n

chr omat ogr aph. SHET ebBi | BPH¥RpeThft uPBLsREIEHnt r 6P (FHIWF S he
over head pBessutle EEoncanSEathcm 3bft elimertatyar ecatﬂfm:rta\t@r head tee Sl was
rai sed. When thg fi;gh B! |k@ oxygen Rf ogucoplal g sol vent cyas yisadyd he

novel organotin, conpl ex cata st was fornmed by m xing di butylt| n
di met hoxi de andlfi‘f?é‘tsl(ﬂ"\/@tv%mHOHSCWCF%}T%Nm@fo@hE‘ZFEYl10@@?’?“9 is

S99' 18108 2 3 Dokt ogetd@dird ﬁcﬂae ;;ﬁigsaﬂ & hThﬂaﬂeiaﬁ;tlmx&y&I &fd n
the reactor nmay _be ctyalract erized as E | A The reboil ef of

the distillatiof°%% WL Ehar ﬁ‘éﬁr’i}\ﬁ‘ﬂo r%%‘if“iﬁ Vi Hz& unebiein St
113g of tepogl ynehg t magtiy| exfe géyaholdi et hiiligkt ma:ri)lla'rm 23e6great a:lloyrmr

(dibutyltin di nethaxide)ni ppd hgad SDQI gk %nfé,ﬁ'aﬁncsﬁbéhegaéb@nr@p%ée{yl
tenperature to the desired tenperature wth'stirring. Durin t e heati'n

and reaction, SCHEPYMTE 0 Ger BEYR™ t SOFPYRBESER utdfon® e R Ykt R4S and?
conti nuously putrp&d I Mtige tuee rgbahkenigl Wwed ey relmm&banﬁohbqucdmﬂaewmm n

t he reboil er. kﬁeadl eéoéae{mgrs@t uggg dé’éivn%xm " eimrpe%g,tel on.|ere, g@é nt a3 ned

by controlling over ressur nper at Ure feached t he
desired 125 enpépERineg QB@UQFJ) catrh@nwreadfm@ausﬁ qm@ftf\ﬁiéfche&drﬁiﬂaﬂabl of

product was stapbe Ahmdhea 1ar9§3/dmm'é%¥1?lt@5%&@%ﬂdﬂﬂ%h@oreé\'&tibﬁ zone)

begi nning of the reaction, the reboiler tenperature was_ naintai ned at 320F

for an hour and2Ren & §§¥5’-F SATE| MGy - dovRVentie &Der nEREMRr KL urds BY-
320F and 355F atpraﬁucths begh nas ng-aekyel 10kyQ aadbhoGrb, pailgylrenpeetiiandy.

The col um ¢ eMPaLatires YELe 32okdlont sbobhom segbian of hgiaglayin 20d

253F at the top s erature at the
begi nni ng thé'elléﬁé‘t'?bﬁ hm’e evRF R tioas Sdr eil\ﬁéi?yp-oﬁélréena'éet RB poth

conver si on of ur@ac®srt can@t mdezﬁaébanﬁﬁ&iﬁ&gr eSSﬂﬂqh Atcdﬁt%r&.&dt(l@nh%fs

Cenperat ur o vias 385 bt CORESHELT ot sHET | SHF 1o Rr AU 594 <5: EBReoTah
section of the odl usepafaeinyertheaddiabkyd macdboctsewefrzomomeidechadf for
net hanol and recycle.
35 Since the reaction can be carried out at lower pressures
(less than 100 psig) the new process has a number of
advantages; lower cost for the material of construction,

low catalyst inventory cost, easier removal of the ammonia



30 dinethyl carbonate with small ampunt of dissolved amonia. No @r3 gﬂmﬁﬂz
was observed in the overhead products. The change of the conposition of the
overhead liquid products during the run are illustrated in Figure 2. Wile

t he bottom product sanple taken at the end of the 6 hour run 35 contai ned
7.2% di met hyl carbonate and 22. 6% net hyl carbamate, the overhead product
cont ai ned 16. 0o di nethyl carbonate. TheScontent of urea in the bottons
product sanpl e was unknown because urea could not be analyzed b WO

001 12212 12nd dimeehyl 209bPENUSSTBLGLES §88 eRFBnat ofPR 1@% the

deCO”DOSit%gﬂiHﬁmuE%%§E§éﬁggkgnl%me%EHEHHﬂth“@ﬁeC%%&E%@ro%%ﬂ'EHJW

i denti cal nner to wi t hout the cocatal yst. The reboiler was 5

char ged wi PAXIBYMoLimeERylosaFbonaket HEFdRtaRE JRLEy V1Y dPALERy Y by

di met hoxi dgo EhRet8H9I Lsfpdeimer atures during the reaction were nmaintained
by controlli n% overhead pressure. The flow raie of tpg overhead liquid
produ® was 1F¢EPRERY FREiBR aFRPatebndFERPH§HLI WAFRVAD i ID% e X

reboi | er dgtichg dd1enfbRogehr @ Irhbhgnolnsvasn@swgetry nt bet higmolekied exs At the
begi nning of the reactio the rehqiler tenperatur s .mai at ain at 320F
for an houPa§&fd ‘f%eﬁ‘%t sg%g'f:“%mi ﬁ%shllﬂqracoﬁa}s T#‘n% g\?grghé:a?d t:)h'r‘%"shs&qb% at
320F and 3&®PBcdtl erhéhbeowar norewserdsd prarfera®l ypsisgd Thetbel pnesdim:

t enper at ur .342E h o} i of &t he : 5 t he
top secti o%e\g%%tlhé 83?‘&%5,‘ g%ﬂ?ﬁée ftp)%elgszjlet‘(rﬁlél g’{g}’eoprgSEq?gEg}qﬂ'grgg?gﬁp‘g?a ure.
The prlessurcemnpaessairsfcrashehenexthicga®n progresses to mai ntain 365F

reboi |l er tenpeiat he-a ( dvarOf i & Uprorh N7 @20
over head pr esgjh%e'ﬁm%sf%??td grlagal, Thogf (1:1;) urmC&t Celt_:%nfg ature e.\jvalsg 362?:(ﬁ at??t he
bot t om sectti®n 40 %he d¥ ¥ 353Pmat 30Re388pFsect i SRHCof PrRECEBRAM. The

change of tdﬁﬂ%@?ﬂééyﬁr@f isheviewamhead rhgedopr aduets gHighgméhe run
are illustrated in_Figure 2. V\gi I% t he .bo%éﬁm pr.oduct sarrgge %5 t aken at
the end of PFefeale RPtusRlaidicd0f. 8516 ArhJPSEaPRSAEEaPAY DSt Yes et hy |
car banst e, 2thalSvepdibad prThduckesioataiensd ighty raticdiofet highchpbbinge. The
content of urea.in t t o S k cays ea
coul d not bééiea%aﬁofzeaogb@zog%ﬁ%r%m o'é?g%%géﬁuﬁﬁt %Hgoggéggﬁgog?t ?Bﬁﬁof
urea. EXAVALECHA .dehbhst r st aswbdiy ecbrPelly: X he prddiet ried®aredis

removed from{diehdRAGIHIOR 2 0RGahBL LACCBMESEMs | i Hd YRadtorhqwnkamFi gure
2. Wien the reaction 1s carriéd _out fccordl n%a_to t he preferred enbodi nent

of the 35 pteseff i4RelEibn BPEELEFABLYr &y 53 Q nBEpFo d4i PRt AR
carbopat e comt£Nt domtlehe over Brd rageeases r gpedl yraferired iovreghaud@rted to

ey Car DS ehe! 1ol WEReLBA5RRY R S0 ALUB! IV CBLPORRLE. pfecause
of the stilveighe girsitiyl diadndteanhmizmably dorectsi-28l wtr.dnovdbdeas
ety DLFRUELELETCEERgy S LepLedanakecoonumnan ol
nor e concentration of methyl carbamate and urea in the reactor
25 is from 5-60 wt.%, preferably from 15-55 wt.% during
continuous operation.

For the continuous production of dimethyl carbonate, the
urea solution may be directly pumped into the reactor or
partially or completely converted to methyl carbamate prior

30 to pumping into the reactor. Such conversion could be
accomplished in a feed preheater or in separate reactor.
The solvent for the urea solution can be substantially pure
methanol or very dilute dimethyl carbonate sgolution in
methanol. An example of the dilute dimethyl carbonate
35 solution (about 2% dimethyl carbonate in methanol) is the
overhead recycle stream from a dimethyl carbonate recovery
¢olumn. In one embodiment all or a portion of the urea
solution may be fed to the distillation column instead of



5 dinmethyl carbonate (169 in the overhead product than in the bZthDﬁC 2002
product (7.20). J’ﬂhg sanpl e taken fromthe reboil er contai negcgiisbdsigt hyl
carbamate. WEYPd>effecti vel y converted to dinethyl carbonate with little
i ndi cation of deconposition of urea and nethyl carbamate. 10 When the
reaction is carried out without triglyne as in Exanple 1B, |ess product

di met hyl carbonate is renoved as the overhé8d product as shown in Figure 2.
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i butyltin dinethoxi de s a e peak for e.new organotin conpl e
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sol uti onlhas abanfirold liinge thengeverkezdt porssume EI5t68 mdolumn.\Wheburing

di butyl tin di nefhoxd e Was FhXeqelickAnfeXtdes Qinddd U W and paidangl or
pure triglyme (CH30CH2CH20CH2CHZO0CH2CH20CH3) at room t enper at ur e, Ite 5
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i mredi ately ang, C i |t s .analyze t as ronmat ogr a t he
organotin corrpgﬂgn%e}v(\)/asa%g iclolnd&é? %gt abl %?";F%/%%{,g# t“&'gggor?glgnﬁpg??g% %asg

| ower 102Phan ESpRYECedasWYapdrow tdndaem atimm 600 ansi ghro@yctof dinethyl
organotin cat at¥ysforatd heenbverl $0d UEiSN, 11He ¥bit epRkesiPichat sediesd ved
conpletely to {)eco\ﬁ cl.gar solution b stangl ng at roomtenggrat re
overnight. 1f the WARBE9prRiPig at® sthpedBGid6Futiash RALNGAINRA, aEhe
white 15 preci plz.‘emre‘eidrrmﬂisaiaellty lb&ean’eysphmpimg Mheqddﬂtg—:imadl e_athsmd:h,ti ons
vere anal yzed whidh RASSNVUR! QA5RRRY obhend! SBiivl did ¥ Rl Oé&dﬁd% no

| onger detectable. EXAMPL denonstrates or mat 1 on of adduct conpl ex

conpound€3by t RRTRAEEES oh oReBRBNPY | PN MEtHaNRSTEELEVETT ( BAXEHT® VFRTBME) 2)
W t hI t he el ect fg@w dpives elbher iagl HONGHHUIS. a | beforpr@fﬁaheijgyg?t&&?,?ihe
conpl ex conpou re ed.as .catalysts which are the addycts o e
el ectron donor 8§y%?c§:[r§§'rr§%6 g%lﬁt gilﬁittr‘lbxﬁ%ll%u?% uRth e f&ﬁj’aﬁr&f’?ngo as
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di butyl tin di mebhgxj dScta apdqt §i gbyEBy Ofo ﬁ&ﬁ@rdféﬁcltfa%o%owluﬁkh%k/gktmé R

conpounds together 1n the reboiler of the distillation still. E
30 line 100. Samples for analysis were removed from the
reboiler wvia flow line 80. Samples from the overheads

(total overheads) and bottoms were analyzed by gas
chromatograph. The reboiler temperature was controlled by
controlling the overhead pressure. To raise the
35 temperature the overhead pressure was raised. When the
high boiling oxygen atom containing solvent was used, the
novel organotin complex catalyst was formed by mixing
dibutyltin dimethoxide and the solvent such as triglyme



The reboiler of the distillation still was charged wit ByDEC 2002
car bangt@ 9184y net hanol, 100g triglyme and 24.7g di bu?’i/(lzrgr %"%giﬂr‘%ﬁoxr de.

The reboiler tenperature was mai ntai ned at 355-363F by controlling the
overhead pressure. The flow rate of the overhead |iquid product was set at
| .5cc/min. To maintain a constant |iqgdftd level in 35 the reboiler,

m xture qf hanol repar ed b m _xi ng 16509 neth vmth
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t helbot t orempaRire afid e Elas theknovihdraseduse whea ovevhdadol igeidinal yzed

by gas chgpgatognanhy Qdus dqo @efea@pe%&mnré)ée erﬁaoug%5tﬁaelﬁxéNE&E 3A

denonstrates the sugerr or é and selectivity for dinmethyl carbonate of
the presefdt FRGeRe? FeHhW FRaghePr itdte PO ItRE GRRBERGFUESr bonat e
content iwas heanmearhmﬁ atd qswod Fprf@duah wbut hendrgsantati ngenfi anties at

| east 3 t%ﬁétﬁémer trg‘%\l o fh%' né%g Sr‘erO d| ﬂﬁgo(rjna%ﬁe%@ }(Eégrrpl e 3B).

Consequen e Separa car bonat over head product
can2Be achh%v’@@lghmmmﬂ:Welr&/véroocéstanénéloﬁu%hpﬁfE@Iuc@ﬁ%ﬁ‘}'t}m&lm ndkeri al

recycle. ¥heanfntomgBtfanes Weresedsas Lber ol yedor Feéermbe. 38) thé he
i ncrease of _the ov rhead | i quid 35 product rate slowly inproves_the

sel ecti vi GBI didR8t AAS Car BbndE RP r 8RGEERN t RE f‘iﬂlﬁﬂ‘t"r ot of *Bnblesi r ed
byproduct sesathens temfelCathireet &yl tet hyeg Can bagrates) emed mewkyhiam ne)

however, &he GURHALAPTpAdis UGS r@@wQ%eci YO L1 rfon 3eDyFef 2002

PCTI US99/ 18108 products are still abou times higher than the preferred
enb@§ nentCoMSHRYLhEFRATANE | PRRHIISEHRA - TheAF ndheasthdof (§ hBCwyer ABad

product rateesh holrheneoaaim| yske hasefmée.td epe&e@fe ORa$ hes di mpkhyl
car bonat e_sel ec |u\l{1| tlé- The |rncreas \Aerh g rate si.nply.dilutes
t he conceﬁﬁ (L)L Of af“ﬁgfﬁyrl SaVBSnng Fn ghg: &e“fﬁ £ 5?8%&58 éfream The
over head ppbdmot anfdr Addt’fe P¥ esbat tiopy eswcitdongerfer tlhé ycolumtai n Bbe
met hyl am B@e?ﬁeé& niq.%uitdr aﬁ?oéﬁ@’dgt Svere composed of methanol and
30 dimethyl carbonate with small amount of dissolved ammonia.
No triglyme was observed in the overhead products. The
change of the composition of the overhead liquid products
during the run are 1illustrated in Figqure 2. While the
bottom product sample taken at the end of the 6 hour run
35 contained 7.2% dimethyl carbonate and 22.6% methyl
carbamate, the overhead product contained 16.0% dimethyl
carbonate. The content of urea in the bottoms product

sample was unknown because urea could not be analyzed by



EXAMPLE 3B 10 The reaction was carried out by utilizing the di stiZ3aQEgrzunz
still. The rwaowgsicarried out in the identical manner to theTAMAIE 3A
but w thout the cocatalyst. The reboiler was charged with 125g net hyl
carbamat e, 200g net hanol and 25.3g di butyltin dinmethoxide. 15 The flow rate
of the overhead product was set at |.5cc/ Met hanol was conti nuously
punped into the reboiler to miintain a conét ant liquid level in the
reboi l er. The Tabl n he conpositions
of di met hyl o%#gioga}ngrsﬁ%% yldgr?l gg c?%éot’??e th%\q}ergﬁehpe i qui d products
during the run are illustrated in Fi fJ¥P¥P3EQRB 4, respectively. The
overhead pressurmse &te;a?&fnl%hratwatskl.lecmgjeﬂnlolﬁg aﬂdthéelﬁéxdtitl)ﬁla r?afr&e;i- ad
374.4 psig re |ve T colu tyres at e bot and top
section of thé’?}g@% thm 1\%/ere Qi'—‘tangh #Pf §25 btelgl nni fgotaftl 383F and
348F at Phe epdanded 2whbtlur §6gumt T'hleeaanamy@g so6f mtemeabolt@mdprs@dugt anpl e
t aken fromth I &h i

. 9% di net hyl gé]g‘?%?nlﬁen 3«%1&%&&% 2]1% Yo (r%lelé!tb%§ gaggﬁﬁgﬁﬁ%@s 6 ma'?.LanoI
and 0.70 ot hefBe THRAGAheatrD® p‘l‘%’d\f@tln@ént Bne§optod Hinet h9Ye8asbnat e
and 2.50 net hptassnee. Thmhe @licdntratk Uf eghé Noddigdaat u@qumaoﬁhsauwm@ was

unknown because coul zed b s chra a.
urea deconpos?tl%g e Cf rré P‘?ﬁ%ﬁ‘uﬁ’ sél g% 21319 C g‘g‘f) P iﬂ
Trigl ym@Owas dskeikar s@M‘ﬂe’Fﬂ tlee dreni |funsf methendil n¥edypuspedoinie t'ﬁ‘r'ioduct

fromthe reactbppizéne, aadrhle He%@&xhhﬁ@ ¥as taar rrlegetwﬁ bynélt bebging: the
dIStI||atI0n%Stl|| The exper, was carried out he i denti cal

manner to t he "ERARE BHA Yamhd lI"@P %53%915?9%\ﬁnt H°T§5©nﬁeF’P|'§/’I‘ at
carbamat e, 100g5netwanol ,sitg-dicinet Mjikaoveopyad dresstbbBPrtcogat Bl st , 799
(riglyme and 3gsdg gibuhyl Lol dhiRLNXEEe1 6] hs?%ggerﬁg £oN! PHedofplnd 2 10

hours wi t hout i nterruption. talrn a cons | eve

reboil ed> a mtﬁt“B?’éa*a‘I‘r?re‘t’%néFZaﬁdaFrFgﬁyﬁ@t‘é@’épéﬁéﬁl%‘y of xthg gsbawn
net hanol W t hahd2359° ¢ raglm{m WS s(‘e@lﬂti.bﬂueﬁsﬂye pitrmﬂrﬁ\ aft thhaegemm@r
The result is I i %?df" 0sSi thI’l 15

phDE, Ta0LE
di met hyl car b§fara>ahd* RRPAYFAM i p h 1il‘}‘Fe ov e cfelsisaﬁ?dnBFoﬁﬁt?% cﬁﬁl ng
the run are ilthgst rgeetion Fi lgnperssaﬁa 4tor espacitiavel y3I6FhE r ebbolker

tenperature wagngBreta@ioed At B844-SpdF Ol Y -BAR) O¥er p@ﬁd the
pressure. The overhead pressures at_ 35 F at e begi nning and the end 20
were 58.%9 and WPTPEY PERHEIG VRS . 35‘?h8568I'un'ﬁh? &reg@eatattlﬁé ¥t t om

and top secti as20f thethal bﬂ‘ﬂtmreeaﬁr&ﬁ'\ ad thebkaatumhhanBegbanrngt atile 256F
and 245F at t e 2 ho speghively. The_.an IyS| s _of .
Q @%c%&g% o@lg uﬂ% %% g%ngﬁeo£5t oppfﬁ %ours run

bot t om pr oduct arrpl e taken from e 1 éboiler
i ndi cated 0.2 afi méhRy| c¥grbendt eligupds NoxdBicE: 5 dvatingl Géﬁbaﬁmt\e aye. 5%

net hanol , 7. 0%Adiseebbybamhnenyii-di ne, G#id% tﬂde@'b\b‘f‘%oﬁn@r@dﬁ%tmsaﬁ{ﬁe The
over head, prodyct contained 1.4% h car bonat e and ne. The
concent rat i on O &% i etheen%of’? %EQO%BPEdEHP SERERANGAs uﬁl?n nh I
expected to becambopakewand 2 2% DudEHy 12 @£bAM@tE0!1 tR212vERChehdUps88dct8 f
08 contained only 1.5 dimethyl carbonate. The content of urea

in the bottoms product sample was unknown because urea

could not be analyzed by gas chromatography due to
30 decomposition of urea.

EXAMPLE 1A demonstrates how effectively the product
carbonate is removed from the reaction zone in the present
invention as shown in Figure 2. When the reaction is
carried out according to the preferred embodiment of the

35 present invention starting from urea, the product dimethyl
carbonate content in the overhead increases rapidly as urea
is converted to methyl carbamate which in turn is

converted to dimethyl carbonate. Because of relatively low



| vent 100 PEDBEDRQ02
5 10 49 30 35 40 45 Table 1 Exanple 3A 3B 3C So /
% 200 n)é%ﬂa’gvg?lvemmTG 21DVAP Reboi | er Tenp, F355355355CRYI 8108
psiginitial53.4268. 458. 9f i nal 139374. 481Rat e, cggglgi%Si.Sl.SNhss Bal ance,
94.03. 1105. 789. 9Mbl e Bal ance*, % Appar ant MC94. . . 4conv. ,

n095. 993. 298. 9Appar ent Sel ectivities*, gg DMC 90.2 31.8 9. 7N- MCO. 68. 96. 8DMC
renmpvedas ovhd product, g99.223.213.6 *The urea content in the reboiler was
not i ncl udREPTIINEhecEaltbgl Stiidd., "tHEG produghy BNyl carbonate is

4- di met hyl ertepiwrd 14 NBemoved as overhead product from the reboiler
as indicated by the concentration of dimethyl carbonate in
the overhead and bottom products at the end of run; more

5 dimethyl carbonate (16%) in the overhead product than in
the bottom product (7.2%). The sample taken from the
reboiler contained 22.6% methyl carbamate. Urea is

effectively converted to dimethyl carbonate with 1little
indication of decomposition of urea and methyl carbamate.

10 When the reaction is carried out without triglyme as in
Example 1B, less product dimethyl carbonate is removed as
the overhead product as shown in Figure 2. Dimethyl

carbonate 1is accumulated in the reboiler by effective
rectification of the column under higher pressure rather
15 than removed as the overhead mixture. The overhead product
at the end of run contains only 1.5% dimethyl carbonate
which compares with 7.8% dimethyl carbonate in the bottom
product. Undesired 'side reactions of product dimethyl
carbonate and the decomposition of urea and carbamate occur
20 because of the accumulation of DMC in the reboiler and
absence of cocatalyst such that at the end of run, there
are only 2.2% methyl carbamate and 7.8% dimethyl carbonate

in the reboiler.

EXAMPIE 2
25 CATALYST COMPLEX

When dibutyltin dimethoxide (liquid at room temperature)
was mixed together with methanol, ethyl ether or toluene,
dibutyltin dimethoxide catalyst was completely soluble in
these solvents and detectable by gas chromatography if

30 analyzed the solutions by using TCD detector and DB-5 gas
chromatography column. Dibutyltin dimethoxide in
methanolic solution or toluene was detectable (5.38 minutes
retention time) by gas chromatography. The analysis of the
dibutyltin dimethoxide solution in diethyl ether indicated

35 that the organotin compound in the solution was no longer
dibutyltin dimethoxide. The tin compound in the solution
was much heavier than dibutyltin dimethoxide so that the

peak for the new organotin complex compound in the ether



I n EXAMPLE 3C, 4-di net hyI am nopyri di ne (DVAP) was used as cocat al y%ﬁ BEC 2002

di sclosed inf 8’]5 Chem, 1984, Vol 1, 95-108, Ball et soyglbdresi s
fUS9
of Carbonat es Qnd H ycar bonat es by Reactions of Uea with rToxy

Compound”. In addition triglynme also was used to carry out the reaction
under | ow pressure according to the present invention. Since DVAP is nuch
stronger Lewi s base than trigl yme the effekt of triglyme on the catal yst as

cocatalyst is m.ninmal. As shown in Table 1 and Fi gure 3, the.organatin
conpl ex” compo§PdUEAPRI V&S ARPER it hdBGctlGRT ek® éﬁ@ Qﬁwﬁﬁ
wherein x = 1mim.2 .or bottgn hasbueyytnoordﬂeée&bxi/ddyufa}r dﬂmdhy|w1th

car bonat e. Th(;,n mr_yesses 6)} t@f ﬁEﬁgeaadna/apo&%gﬂ%iees ot a%edurﬂﬁgﬂ%&run

confirmed the deconposition Car bah cause as sa
cont ai ned ver Mqﬂaﬁéézwbg%ﬂiﬁo%}é&%@%ﬁmd‘e HOPMEXAWPEE 253G TEhe wri&Pyses

of the owver heettidﬂfqubéeeaewgteawast e-hebt QL BROdYEY ] sk add tdvrerd of
12 hours indicate that di rre%)ﬁ%&} ar bonate was effecti vel%/i__rem)ved frogﬂhe
i

reaction zone B¥c&E&EFhEL i on 16f THEMUDAYE PrECRP s
00! 12212 19 PGRWISIBN18EG8 Liltonat einmed hetelrer hedd theodueta rmai It natees

hi gher than t o} n i

byproduct (N R?ﬁ?té %fngtl ﬁ ‘%I §Qd&gcmaq1b%na hgatﬂll% OQ%XA%!?& %ﬁgp%ﬂj
somewhat bett éf2g rﬁfﬁ-1t1h@eERAWPEEesBa15hBPEBaE ¢ GOBCEBLEATERN |WAS rkaNs¥Fal of
di met hyl 1@ar bafiadre expdcaBapni @it isg dd}ﬁ:éﬂﬁtatﬁmuﬁ 4&@1@&/%\)?! &ONnEhe

t hermal deconpositi on_of thyl ., carbamgie was_ 1 car d out t.h
carbamate (12. FIRE gﬁf‘ p(?gggﬂ}{/?tsollﬂt {Tghewag‘lﬁngarsg §/°1&1 ss%rll?/l nd1 g

net hyl car bamgteedipi2tteg disglyved wompdg@edly roundedmstet omddmskoWtiicm was
equi pped wi th ﬁye%%&lqidlm FQSmSQEHﬁl:éPQEMPé LORIEHXGH W L Stigd i gl 338

to 356F. After 12.45 hours reaction e solution”contained 8.2% net hyl
carbamat e and RESPHEAkEnoFUSPRAARS | AGLEREPHRI WASCONPFRSY i onthE nEtiiA
car bamat €5 Thepresd igri taft es dimmieidda teh gn gpedaiveo s otaitdre .cl aitterat tlidwe belpamni ng

to clear gol deg %ngllo W sg}e L og,nalggiegat wghf or g%tl %ﬁr%a@ﬁﬁyiﬁﬁi{ or@%unds

and very smal | anoun white d was deﬁo at t
condenser . EXM@MB%VPARPS@P‘T%@ ¥a8 Ay tienare ARTESEAPSR - of net hyl

E?(L E/gfgt iAmZ 25 mﬁwpmdbzotae@hﬁteggaé h@;ﬁaﬁsrﬁﬂﬂimﬁm s5@iudp tampr@c
met ar banmat : .ght per utio

was prepared b§° HP%‘%B?&. n8y35 hf?et rﬁﬂa\gga’tgﬂan’é’t ‘#%’ﬁfgkf‘rl gpfl g'H;en

addi ng 1@Q di buByh&n0IH) reCHgYide twithe tbéut edractAbnerddnhourstheam]l on

at 313 30 to 328@0%98550' ut o ai Pé‘ 69)%%98509“&115“ B¥hplex

carbamate, 1.4 welght per cent met noI er cent d| net hyl
carbonate, i ndF@&E?Lﬁ‘gﬁi% reeref a%}‘%lélroit%bcﬁﬁ)o%@'ﬁlbk‘ﬁ‘ﬁt which a??%eﬂhﬁyaéiiﬁﬁ*f%ll tin
di met hoxi detri gtymaeceml:ex@n Thenee! okygbnt At omqlsyt mﬁntahamqumbueﬁh%s

wat er clear at_th nni ng_to [ .orange_and

deposited at t i3 g%?torﬁ tggn 8%1‘ %gndﬁdl C ?n%aggg\;@ %Myoﬁrng)tll‘%‘géncg eaV| er
mat er i al 25whi cRagopirdpaved bbydetiawlad mxinq:]as}lbhtbh’h%!bg@alpﬁt]hoabi@%r ang
hours reactiongri YO RQ/ 1 22312 A& 3 A deteotP0% ol USIREI8488 compounds

together in the reboiler of the distillation still.
EXAMPLE 3A

The reboiler of the distillation still was charged with
30 125g methyl carbamate, 100g methanol, 100g triglyme and
24.7g dibutyltin dimethoxide. The reboiler temperature was
maintained at 355-363°F by controlling the overhead
pressure. The flow rate of the overhead liquid product was
set at 1.5cc/min. To maintain a constant liquid level in
35 the reboiler, a mixture of methanol and triglyme prepared
by mixing 16509 methanol with 142.5g triglyme was
continuously pumped into the reboiler. The reaction was

carried out for 6 hours each day for 2 days, for a total of



the sol ution contained only 2.7 weight percent methyl ga#hag®iges 2.3 Dkl 3002
percent“‘f’r@?hahol and 2. 7% di net hyl carbonate. Visual exam nation indicated
that the amount of white solid material deposited at the bottomof reflux 5
colum was increased slightly conpar ed vvlth t he EXAMPLE 4A. EXAMPLE 5A The

experinment was carried out in the sa Smanner in the EXAMPLE 3A. The

reboil er the distidlatio till arged,. wth yI arbamate
100g net hﬁ%oq 009 )%(5 r glrgy?r)e ancf% %3’ gBquV?F’nS%‘% cﬁ}sr{;l de%

reboil er tmeoélgwengvaslawal bhai naditat wa52-r356Redeont PYringg thise over head
pressure fudignt Rl eaeth@ad Iheuttaog%&tt&sofwetrlaeceteéee@@ idt@liad product
was set at 2.5cc/ mn. met%‘% l_%eba te solution ar ed%rph% di,ssol vi ng
120g net h§#SeE¥ Oddrbanet e Aged ol RS 0B A 0 ﬁet‘h ASt8d 409
trigdyne oveshaadad quiko priceucsbain erthd cesernbarnahietbensteeritdrnyqui d | evel
inthe re oyl r.eact -v!a%srt i r r {4 eam The
resul t of’gﬁérga&fpgﬁ rrtg]ratet nd Qﬂ? edaq{ E)Jﬁ’g ggkghgéﬁs{g? ér prt?a]ssures 20

at the bngW%gi%ddqmt@ﬁd am} g angdivgednd PRBiNg p§1i1‘g rlt%stﬁt?ctl vel y.

The col ungad rat.erewé@s fatmt h@hé)othPﬂ g tom tsl O 1 ta@e?mdlrm were
224 and 211F at the gg Bnl n and 283 agnd 272 t he 0 hour s run.

The anal yIPe BFSthe SRS HE rléﬁéiefiermat &€ 75 end*®f run
i ndioat escﬂar@é anm‘onlta;e léoBppossthansl ) o8. 3Wnditmtlhylcacapbatnat and22. 4%

met hyl cap ik h‘}]/()érté VB, 2 P“@‘%’ g%uf:Iged9¥§hgtﬁ)g . PLggluct

cont ai ned carbonate. The ctonten urea I n bottom
product sam®l él\?oé?ttfﬁl’éﬁém“bec%{%‘ér%réa 2l ¢ nBESBRCBEVAYal yzethdy gas
chr omat ogeapiteatlieptos sineas deconrmsmt ia@N. t HXAMR i rhBgTheh@exfrad | st was
carried out h i the EXA LE5Ab W t hout the
cocatal ys erel'hér’tjrgbollgﬁeg %/rgé C 3&% effgc ?htj’r car ama?g mr2009 35
met hanol &AUPZRBIrel bak ytltltlnb@ltrmmmnddéommecr@m | @f t'-hﬂrpeplaltlmne was

mai nt ai negeat 352- BS8k bé’oc?@“"é@”:h@gb&?ﬁnrﬁ‘{-%r h%%@ Ri@SFULRadYsy g the
reaction. The flow rate of the overhead product was set at

2. 5cc/ mi n2tAthet B ofn AP oBCuFE-TaNy) %m@glgmﬂ% 198 5he pRECIDO2
car bamat epgodudt osappipatebehy fitasote ngef@bheretbyltheardamede 1n 20009
methanol Waspumped; haLo. Ll 608l Lfol £ ] ML ddig, GoRstaRhatLAUT d T evel

inthe re he reaction was term nated aft ours on stfeam The
5 o¢érhead- %e'%'s’@#%s 3i7% Aethydi mRThgrand . t ke ehdrstieancdo7 apdaffl- 299. 5 psig

respecti velYglihe. colfmm beapaeatur@sodiict heohad 1rya ald9%0|ameehypn of the
col um were 17F ggF at the be |nn‘jn and 42F and 331F g he end of
12 hours rcﬁﬁ ?’esp%ctl v “AREAital gi SIS HR $RFp1 BOFEPT aRERPFEm t he

reboi |l er stmphe wad @hknmm nbracatled Qr480 ammm aot6®e8%aét/hadoby 6.70

di met hyl beRat eg_%% MM and 0. 2% unknown.
The overhgaé(% Hodﬁ%%g%ont ai ned 4 7% |nebﬁ Flcar %Ihate and 0.1%
net Byl ani ne. FRANFLE | SA | deBg@nshrakes Taﬂﬂee SUPFE&CT5 Yitdend8f urea in

t he bgttorﬁepléedﬂﬁitﬁaﬂtm eimny(}kmobeeauee i € ap etttk rt@tvehelaﬂaldyzed by
gas chromat ography d tQ,urea _deconpgsitio EXAMPL 4A and 4B:indicate
WREREY Gk | L 825! bamdPs aRCMERAYL | EIBERARSL | n

sl ow t her mal" ecorrpos i on of rretohy car ba
conpounds asatehe 20 efthectéwarkead| ysiaifiorprdduatec ofpothe i greskntet hyl

carbamate ﬁrﬂz@n\éi@ﬁ Wast Re akaerce of i@l enfler TR MA LIUWEALGALI ON Of
nmet hanol |é;1rnt S reacti on, nedi um_can pronote the decorrp05| tion of nethyl

car b e bot HoP 00 (FXAT "hce:?tlt’)ratl onCBRSREUSRTRIY wWtPE sl ow

down 25 tmaepraeatttbﬂnotfatlemanlniyl:auaebhnghereﬁmOt:heprmrr@d/\/rpndmmlI cause

i F11oul el SUNIG. O ndLRELYE-CREDONALE LEQI LR, LEPUEcr esul i ng

in hi gher formati on. There O maintain an
opti mum ¢ emﬁf@‘;tlladn BrCYAkEhanolWhies (e yr emﬁhmlzom used as the

solvent (Example 3B), the increase of the overhead liquid
35 product rate slowly improves the selectivity of dimethyl
carbonate and reduces the formation of undesired by-
products such as N-MMC (N-methyl methyl carbamate) and

methylamine, however, the amount of the undesired by-



30 The flow rate of the overhead |liquid product was increased to 2.25§c|}%1cn2002
in the EXAWP Soozéngnd 5B. Methyl carbamate sol utions were ppopediwiatod t he
reboiler of the dirstillation still during the run to sinulate the

conti nuous operation. Wen the reaction was carried out as 35 at the high
flowrate there was little i nprovenent conpared with lower flow rate
(I.5cc/min EXAMPLE 3A, Table 2). The i ncred®ed overhead rate si npl y
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in 22009 net han%‘lgs %Sltﬁbrr%gedf?‘f n?gH%Egp%egggﬁéﬁ% alrrrlgaﬁ ?ﬁ%ﬁ#lé%fé%colg‘gt arﬁ
liquid | e¢@ inoVRERePHOlI@HLA TRECF @RS | B iNds ther FHRarEl allestaatedburs
uni ntglrrUpt edhCPﬂfghfléIOUS a@aﬁr@ti@@spér&ei\feqw Ej e L@Tér@@lﬁ%fﬁguﬁé‘s ldtst ed
in Table 3. The apge._in,t conposition. o i me carponate i
over head produc?égdgriaﬁgr}[hr?e eu%lirélng and I:he ené Xlere 536%61 anc{l Hhed,
psig respectively. The column temperatures at the bottom

and top section of the column were 332°F and 321°F at the
25 beginning, and 353°F and 348°F at the end of 12 hours run.
The analysis of the bottom product sample taken from the
reboiler at the end of 12 hours indicated trace ammonia,
6.9% dimethyl carbonate, 3.6% N~-MMC, 2.1% methyl

carbamate, 86.6 methanol, and 0.7% others. The overhead
30 product contained 2.1% dimethyl carbonate and 2.5%
methylamine. The content of urea in the bottom product

sample was unknown because urea could not be analyzed by
gas chromatography due to urea decomposition.



15 illugtrated in Figure 5. The overhead pressures at tf i nni. @03 L 12882
end wer & 40?’192’p5| g and 49 psig respectively. The col um e/r%rg&el)flg%res at the
bottom and top section of the colum were 231F and 219F at the begi nning
and 232F and 200F at the end of 12 hours run 20 respectively. Wile the

anal ysis of the sanple taken fromthé7reboiler at the end of 12 hours run

i ndicated 1. 1% di net hyl carbonate, 13.1% net hanol, 30.2% nethyl carbamate)
0.80 N-MVC, 54.3%triglyme and G-@¥PLEkABwn, the overhead product contai ned
7. 3a di net mHigagmeonatae andeto 2 Mefhykati neo Adlsthel ommeaﬂxesarrpl es

t aken duyin e 12 hours r Qt ned.no det I g I

nmet hyl a eq"hfﬁ cacfr%)ter?tt%ofpl{nuordg‘% |%|rf:ﬁ'etg‘ g%a%%&g Lm] e vvas unknown
because rmasticoul Wanotcarwer kel waéd by gl&slgmlogat@’gar a@h?tdlﬂeatt@mrea

deconposig¢ion. 3@neXAMg ﬁb@tﬁ\?éﬂ_@ew;E@aEEk?ﬂea"a%u‘Earfri athePUt g by 14841l 1 zi ng the
distillation still disc ut w thout the

inas in e
cocat al YN te ebBf| @R‘A%%%Fhemdl stT19 a’f?‘%ﬂlg% | Y25 986% ¢8R t h 125¢
nmet hyl caebamatee t200y 3 aebhandle, antdolb. 6gnethanyllt,i n zlilget Hexi de. The

or ossur S TR YRR ATAET %), Todmndal, B ARG ot oduct

pressure of 't he over d product
was set 24- @qmaq’ﬁmtm Gid@gthowidee| 1B xrun 335 contipped pEaY USHo/ 18108 24

518 15 @%ﬁ@leitmmrmb Lehgtyi dH .S S Al in3d nkRE nb @ ubaaltthQ cmlet hanolh
was punp t ere r_to_mai,ntain the constant q eve in the
r eboi | erf W‘F‘r{; ?"éa@??oﬁe%gé??ﬁr nitndtEGUaFt 8 f‘f%ﬁSf]Pg ﬁﬂiﬁ F’éf’?

cont i nuopsepPerdtbYMidirg reeoly wéthdnal exipgdr itwntgi Srigiyme vas Tabl e 3.
The Chanﬁgnﬂh&cn?sﬁpm%buﬁonméo dieqgt hyéb&flwpnat erhd tAgyqyernead product

during the run 1s I'Ilustrated in gure 5. The overhead pressures at the
begi nni ny18keA t He ERE FePée232 péplh& &Hénﬂ% 1P péieg COPRSBEEIPRRIGE The
cohsm tefpetwpLr esrvsnabe hatt @mtapdaﬁ\ﬁﬁ)eseﬁt ithe oeketheadohughidwere 332F
and 311F b n 2 t.he f 51 oMjrs run.
Wi | e th@gé%%%séﬂ Eghgagué aGItFaE{e}Lﬁiu%% elgeggpgeg at g?%eyend of 12
hours runespe¢einaly 8. 2% rmbwlle@autbanaretung 89 nea hakained7a8y net hyl

car bamat g448, 996 P MY, ek @0rienk aguN, ov e ee! NAAk52ER! S pAkeN dur i ng
the first hours _run contai g‘é’ Q. det ect abl e appunt Or%b‘im ne. The

over head°¥3ﬁ'ﬁ?% Hﬁ??ﬁ‘ér?ﬁea§e F6 Ao e r DRt 8 ?B 0.1%
metdoy| anweee TIBS .Gontaamd 08 lur @&gi,n tries deatt Dne by oduct Teeanpkelwas unknown

because :ﬂtéﬁgnggf#%éloétb%h%n%%% by 2%, NEQBRE G9T 8PM¥RJUS oL BnfiT €2

deconpos 25 30
were 238°F and 226°F at the beginning and 256°F and 245°F
at the end of 12 hours run respectively. The analysis of

the bottom product sample taken from the reboiler at the
25 end of 12 hours run indicated 0.2 dimethyl carbonate, 4.2%
N-MMC, 0.5 methyl carbamate, 18.5% methanol, 7.0% 4-
dimethylaminopyridine, 69.3% triglyme and 0.3% others. The
overhead product contained 1.4% dimethyl carbonate and 0.2
methylamine. The concentration of urea 1in the bottom

30 product sample was unknown but expected to be very low.



Exanpl e 6A 6B Sol vent 100 MeOh-100 Triglyme 200 MeOH Reboi |l er Terﬂ)a DEC 2002
F3553550vhd ‘5@09’?’&94 nitial 47. 9222Fi nal 49236. 70vhd ProdRat €) pcT/US99/18108
cc/mn2.72. 7Mass Bal ance, 095.996. 5DMC produced (n?9*53. 649. 4N- MMC pr oduced
(n?9 *0.55. 8Methylamine (% in ovhdOO - 0.1 DMC recovered as Ovhd Prod, ¢
153.5 129.3 *Cal cul ated based on the conbi pgd total nethyl carbamate and
urea charged into the reboiler during the run. W O 00/ 13212 25 PCT/ LS99;
18108 2 3 D E C 2002 The EXAMPLE 6A si ”M}:ﬁtee% t he continuous run for which
an urea solution is punped into the reboiler (reactor) of the distillation
still to convePfamii€a to di nethyf carbonate. 5 ¥Re experinents 3fenonstrate
t hat urea can fmvemntvert ed 100 chenBt-byd c@r bonat@oi MeOHe sStep, lvlvaMeos- it
is not necessary to convert urea to nethyl carbamate in one?¥EaidMARNd

t hen convert rRebpilegarbamate to di methyl carbonate in another reactor
because the ex¥emp.aridunt of 10 am®%%a produced3B$ the Reaction 3B3an
effectively beP¥hdred®Sh%m the reaction zone (reboiler), when urea is
converted to nethyli"d&idmat e al t hodigh one may @88oée to produce&i‘net hyl

carbonate in two stidf@l As shown #A°Table 3, whéd4tfe reaction carried
out accoting gg)tg' aciég‘;dgefgerred Sg“rb di ment, a sgperior result Ay
obt ai ned agai nﬁo?‘é eir :}JcreCLdu°gti Vi tlg of di nmet hyl % rQonat e and | T
formati on of bz)(ﬁ Vihen tri gfyma was not uUséd as cocatal yst as wel |
as solvent the a . Ofps\- MMC prodyced is 10 timmszhi gher than ddg

reactionigarried out according 20 to the present invention. Since, to
convert urea tmppefdnd carbamate (Reaction 1), urea has to react with

met hanol , t hat selsectietihidesar kédnat e has to conpete with urea for mnethanol
to produce dinethyl cdMbnate (Rea@fidn 2). The adaBysis of bottdmproduct
25 taken after 12 hoursMMfh i ndi cat 8s6t hat the nmet#h&nol concentrafi®bn in
the EXAMPPE | A (with cocatal yst) appears to be too |low (13.1% for Reaction

1 and ReactionP Ct’t’)‘;ggﬁﬂ' consecutively w thout conpetition for nethanol.
The anount of &Fi QYRHPIYHe %eborPef of the di il ation 30 stitd-%as too
high at the stgrt of the run ipdicating that.when an ure |utjon i

punped i 3i;0 thgg;i‘g@ujffe CPBtSPgdﬁgekhlenﬁ?ﬁ?f‘l%’ér%%%a?% i%‘éaf)uséjerégllen s{fsréep t he
ratio of triglyge {pi@fj anol used to convert nethyl carbanate to dinethyl

car bonat e shoubph';be { E@0h &t Rrhn ihopyri GOMEr ed. 35 EXAMPLE 7 This exanpl e
illustrates the a %a}ggA@hggug}tl on -ﬁ{me Pgmonoe st.e l.neTh%bIA%l%oiJaesr géeé he
distillation stil g rwi ylaminopyri (
as cocatalyst as disclosed in the Cl1 Mol. Chem., 1984, Vol
30 1, 95-108, Ball et al, "Synthesis of Carbonates and
Polycarbonates by Reactions of Urea with Hydroxy Compound".
In addition triglyme also was used to carry out the
reaction under 1low pressure according to the present
invention. Since DMAP is much stronger Lewis base than
35 triglyme the effect of triglyme on the catalyst as
cocatalyst is minimal. As shown in Table 1 and Figure 3,
the organotin complex compound catalyst, which is adduct
complex (BU,Sn{OCH4],°XDMAP, wherein x = 1 or 2 or both),
has very poor selectivity for dimethyl carbonate. The
40 analyses of the overhead vapor samples taken during the run
confirmed the decomposition of methyl carbamate, because
the gas samples contained very large volumes of carbon
dioxide. In EXAMPLE 3C the analyses of the overhead liquid
product and the bottom product taken at the end of 12 hours
45 indicate that dimethyl carbonate was effectively removed

from the reaction zone because the composition of dimethyl
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nmet hanoWO 8Qag1eri gl yme and 25 di butylin di net hoxi de. THE VEbdi' T er
tenperature was mai ntai ned at 349-357F by controlling the overhead pressure
during the 12 hours uninterrupted run. The flow 5 rate of the overhead

| iquid product was set at 2cc/mn. A WwSa solution prepared by dissolving
105. 6g urea in 2200g net hanol was punped into the reboiler to maintain a
const ant [CRgkcaatevap thet pEerapdd| BFodyme Yaacti SATAASNESPRTnAPRY after 12
_hourT sb:mi l&lm_r% Bt ﬁﬁe%t?ini cy}odmeziOm@jsgd;imaﬁidmhﬁ mﬁae@iimcgat b'yz l'i sted
in Table 4. e.c t he o osition in t oyer hea oducts is
shown in BI§IETe. ?Q%@(gveal’ﬁea%lhé{ggﬁf’ég) at“ihe "bué:& n\réilﬁ egnd%’ﬂlé‘ end of
12 hours EXAMBEEe 65, aritl34oRepbay, baspect ithehy. tide BEXAMABE t 8Bper at ures
at t bo i 1 0, : 243E 3 at the
begi ﬁi ng%?g?)ggGEan%@%%%egﬁkfhgegﬁgagfJjﬁga] ﬁé%rg{l ;%552’2‘??\%?5? VWi | e

t he anal ySi™®o@yia; BT EAFINE tt3%en fromthe reboiler a the end of 12 hours
run indi cated 3.8% di net hyl car bopdrepeLE2®29% net hanol, 21. 1o net hyl
carbamate, 1.5% N-MVC, 52.0% 20 tcoM@paRIESON]). 2% unknown, 0. 2% net hyl am ne

(or water) anrg 0. 39 ni ver hea r?%ﬁ. co } . 0%.,di net hyl
car bonat e, 8?9_11?% %é}(e%ﬁ%%l éﬁc%f?rsg tﬁly({}'amdonfg or lt e%)%@gﬁgqf%%@g%mni a.
The ¥bnt efia3Hleg e@utn t e Bethyh prardadatsantl 2 havedgkhomeaseddlse urea
coul d not p AWy Z8d BYelitretbd HURilRoYEAgUSSHMMOSI I WhrbHIRI eI wWas shut
down for t%‘?? ne t.g\gy' S run, Tgse wej ght of g{l? corrpjglm te overp}ead pr oduct
was 1054g c?tﬁ’él Mht 1Hf 2t 17 Our’ég LPOE %ﬁlﬁ’ﬂlpe 35K o“BAERr &B5i | er was
1252g9. Thexquwitpgdedsanjtihesrefiken oalufmom tThe usplutnasn 2468sg.refilaxedwas | ower
i qui d 30 d gteledit-lihe 5€bold &l fsrs%mr%hty AL2:NouI £5 Gbiild GAC R Composi te

over head product contained 11.5% di net carbonate. A vent gas was

col | ¥2ted ¥Rf EPMGIPR RANGRENSRe Beddt iAtNier FarPePrEe ga@nYolU®®) and the
anal ysi s aiethasovent igaschfifhgat eHefmdb ViddcOnEIA tareh 2.0lf vakethd 135

| ndi cat i ng. yagy, Jid U aydecuuoS Ll g gk s 0t Byl SO DAY 6, M1 8, The run
was conti nue e next  day by punping a m xed sol ution prepare "By mxing
1650g met hatol thiet hbeg2nBgng ~Fopo;dlear 2Xyoldam USOSl 81 0L B IprE C 2002

triglyme i pd@iddieidLbidm@kiohhe s ahiier (RRLAkYL e anas vaEhntainad at

348- 359F by controlling, the oyerhead pressure. The flow rate of the

over hBad | FBRHY prrSduti* s S§étlda W%/ eRCSHHEr At itgﬁ’ vBET 8P ni%at ed
after 10 hoomdertssemi nterrupted operation. The result of this experinent is
listed in Table 4. The overhead p prgs,@t the beginning and the end of

| 0 hours uninterrupted run were ZEEEA%@IO 01.7 psig, respectively. The
colum tenperatures at the bottom and top section of the colum were 248F
and 233F 10 atP® hEFBYYRHF nGecaTPOsiSEoBNdoB1 Ity It heashamaFe 10vatour s run)

respesti vetyrri¥d | eutheyanakysg s thfe t bens amphg pihalken ddwad henrebigd | er at
t he end of %Rﬁ" rs,(total %Ex&ofr fromthe Y. b i.n'ng%nal i ndi cat ed
1.7 o di rre? y p@%r %_cl)\r'lat e',% 2 g et aarngf“,akf. Sé;oﬁr_rbs[ h?/’%lgg#ba e%é&@. 30 N 15
MVC, 71. 9%@lvgi<yrma+n 1L B3mlymen Hwss Paedagedobyi Aisshbvbver headmetofuct
contai ned 3adfaghr@t ! o5y bonaf18medda i %t hﬂ@inz{‘“ﬁb&-@%@ﬁﬂpﬂiﬁ- The
content of ureglél n.%ege b% tom groduct sanpl e s unknown,  because_ urea
coul d not BEMERBPYLAG 9y THE &9 U’Eb"’ﬂlrea{"%n}é&or‘?p RESoReAFhLOReRrHht 1 f
30 to 320°F, the solution contained 7.6 weight percent methyl
carbamate, 1.4 weight percent methanol and only 0.8 weight
percent dimethyl carbonate, indicating the faster
decomposition rate catalyzed by dibutyltin dimethoxide-
triglyme complex. The color of the solution changed from
35 water clear at the beginning to clear orange and some white
solid was deposited at the bottom of condenser indicating
again formation of heavier materials which could not be

detected with gas chromatography. After 12 hours reaction



20 the conposite overhead product was 956g and the weight of the @ 8eBEC 2002

sol ution pu n,; the reboiler was 1088. The total weight 1553 es
t aken out ff%‘{‘)ﬂ lt:mlt was 197.2g. The total weight of the |P(r21:&/e6r?'?ory

material collected fromthe colum and the reboiler was 249. The 25 vent
gas was collected during the run (very small gas volune) and it contained
10.0 vol % C02 and 0.7 vol 02. The change o2ODMC conposi tion in the overhead
product for the second portion of the run is included in Figure 6. High DIVC
concentration 51 t RELBYEPhetPHFDMIRG 08 1Ver §- desii@iite BETHEREUSEE T,

separation is dhxﬂ.ﬁ&'rak)é priocess il tgeddend ofiemridul ofarkd nary: aczammpe

w t h nmet hanol . A} Tabi] 4 the DMC sel cti Vlt h }(lce I Of
(98.2% . Wen G onaga sopu ?xa%ﬂ?ﬁfeld”ﬁl%@tcle?e f¥ a?he I'n the
one step synt hgsite psebidsmareryali tde¢posietdy| a&ar‘dmamlp@t‘%mdéxfonm@e@
resultingsin té&xﬁﬁsbﬁehﬁ&éé{ééa{ §pl<%ﬁal\7b Aﬁgﬁ%l%%éﬁ 2nd ExRMErL2002

| ~cT/us99a sl os 28 Table Sol vent Punp-in Solution Urea
in MeOH(12 hrs) Meoh/ TQ( 10 hrs) 5 Reb&*P¥PL¥eAP, F 349- 357 358-359 Ovhd P,
psig Initial 66 232 beEBaineﬁ84wis 20drridd @A‘hd.rPrmuehmBatnannetm.ﬂ thelMhss

Bal ance, % 10 | an p [
Sel ecti vi ty* &W %ﬁa ]ég%%ﬁﬁb?: Agcbt\?g?e egtsl él)g af51 31
209. 12 App.: aPpndsst whch CéPéEII m%@?}@aséérb@ma‘%nbllﬁéﬂ m‘PMDQ:lar thﬁQc e

and ur eal@OHSUE&BLiglqiﬂfel nehd hes [ eéqcliignt @&&Hmd&&e&ﬂoum&@ver e'ﬁhé" Eélbdaﬁfér i n
the reactor at. the end of ée fir S run

total 22 hour st¥IRFrasyTe fggnﬂaﬁ:‘néai@ﬁ QtAﬁ%ﬁDéEE)(’S% §°§§r°l ing i

overhead pressure during the reaction. The flow rate of
the overhead liquid product was set at 2.5cc/min. A methyl
carbamate solution prepared by dissolving 120g methyl
15 carbamate in a mixed solution of 1960g methanol and 40g
triglyme was pumped into the reboiler to maintain the
constant ligquid level in the reboiler. The reaction was
terminated after 12 hours on stream. The result of this
experiment is listed in Table 2. The overhead pressures
20 at the beginning and the end were 39.4 psig and 123.9 psig,
respectively. The column temperatures at the bottom and
top section of the column were 224 and 211°F at the
beginning, and 283 and 272°F at the end of 12 hours run.
The analysis of the sample taken from the reboiler at the
25 end of run indicates 0.2% ammonia, 14.8% methanol, 3.3%
dimethyl carbonate, 22.4% methyl carbamate, 58.4% triglyme
and 0.9% N-MMC. The overhead product contained 9.0%
dimethyl carbonate. The content of urea in the bottom
product sample was unknown because urea could not be

30 analyzed by gas chromatography due to urea decomposition.

EXAMPLE SB

The experiment was carried out in the identical manner
to the EXAMPLE 5A but without <the cocatalyst. The
reboiler was charged with 1259 methyl carbamate, 200g
35 methancl and 24.6g dibutyltin dimethoxide. The reboiler
temperature was maintained at 352-356°F by controlling the
overhead pressure during the reaction. The flow rate of

the overhead liquid product was set at 2.5cc/min. A methyl



The ~.nvention clainmed is: 1. A process for the production of di BEC 20
car bonaf‘(—% c‘on‘prl sing the steps of: (a) feeding urea an&ga"%é‘%"% y a ?coho 0

to a reaction zone; (b) feeding a organotin conpound and a high boiling
el ectron donor atom containing solvent to said reaction zone; and (c)
concurrently in said reaction zone (i}ireacting a portion of the primary
al cohol and urea in the presence of said organotin conpound and said high
boi | i ng elagbamehedorotubiem cerepdricg byol démsolBipg oditfy dimgrkyl

car bonat garaflatkl )mr 8604 Nfe t REn SIX Al lpuapeRonate and Apdnieg tpom said
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to separate SToni a as a vapor Prom s nat E and sai d
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bi dent at a d Zndnedan g adducts
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t her eof . mWdthyir ocasdanacer di Ag280 g+MiIa Earvmeroemr% sani#ntingh boitheng
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accor di ngnatdydlagiimel whEhei resailg highl beidd nin eFbet FehleloRor &hem
congai ni Nebrit@Intendr CRAPA T SR~ tRt esdtddchn Newddiet! heagenenals f i

RO( CH2 whe a h R is. 1 ndependentl selected fromCl_, 2
al kyl a%‘%‘iﬁusﬁ ‘g’r'?ﬁ k?fm;rgl @t% anaJOVzl dezb%r §sa§8 TRRatqaraphys © 4 or S
and m xt udes tichermaf de@omﬁhswuooess according to claim1l V\,her ein said

prinmary al coégalm gremagﬂa %d ﬁ@llééféba's'ixb ‘&ﬁ%?ﬂﬁi‘t %ebom QPEM

car bonat e. ) rocess P‘ ucti on of onar
conpri si ngt t"‘l*%t@tleﬁ?sar@ﬁma(té) a&ée& Ag E‘P%aowwrhé’ﬁﬁpoﬁbd’é heah é:[ﬁ)l ler of a

di skl | atéphestivle, Altd1gedisng il krd | Recaimpbystiand &fi ehdwyane gl ycol
dimethyl et el S0 Ve / G621 8l Y ehe! Qn88h e M PR Bldnol.  Too 1ow a
concentration of methanol in the reaction medium can
promote the decomposition of methyl carbamate or urea or
both. Too high concentration of methanol will slow down

25 the reaction rate and cause high reactor pressure which
will cause difficulty in distilling off dimethyl carbonate
from the reboiler resulting in higher by-product
formation. Therefore, it 1s important to maintain an
optimum concentration of methanol in the reaction zone.

30 The flow rate of the overhead 1ligquid product was
increased to 2.5cc/min in the EXAMPLES S5A and 5B. Methyl
carbamate solutions were pumped into the reboiler of the
distillation still during <the run to simulate the
continuous operation. When the reaction was carried out as

35 at the high flow rate there was 1little improvement
compared with lower flow rate (l.5cc/m in EXAMPLE 3A, Table
2). The increased overhead rate simply diluted the
concentration of dimethyl carbonate from 16-18% 1in the



(c) concurrently in said reboiler (i) reacting a portion of sai &BEDEEn%ﬂllZ
and urea in t%@y gnce of said dibutyltin catalyst and sai dpdi@bh¥logne
gl ycol di net hyl er cocatalyst to finally produce di nmethyl carbonate; and
(ii) renmoving the di met hyl carbonate and amonia fromsaid reboiler as
vapor. 11. The process according to claimlQ wherein a portion of said

nmet hanol is renoved fromsaid reboiler as \?&por and wi thdrawn fromsaid
distillation c | ang th sal math carbon h S

The process acgw‘gp%g ?{)}\c}éﬂ g/hgjrﬁél n s%u overﬁ diﬁé;"(r%\g%;a?gg Iﬁﬁg
condensed tv sepapzabisci dfdﬁmehwlcaabbna@‘ee afdomatie neewrAd L‘l‘alld

liquid. 13. A BQE@G@Beouﬁhéﬁt@J\é/Si:eé’é@:{éH JaX J83GANGutr 63 ENE PBdeRdy
al cohvl s to produce dial kyl carbonates conprising a co Iexlngzrr %n org potln

conpound wi th BifdehtiHMS gaALYSRT ch(BXMRLE: 15B) der’ft"‘&t isn o
nonodent ate addusieshyit hcd¥bdva¥2 (Xn= tHe Rv@rhBa@OGposdutCOBps Rh&Bndy
R~~SnO, Ph3 nR r n er = H2g+ 1
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wherein sai d orgawonahecdmpoured ovaphesés ldobidy ipriodudt rruahoxwmlla/ aadogti d
high boiling ehgalyogedonpl ahampiempannd famprdafe i chilend gl veoks
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20 Example SA 5B
Solvent in
reboiler 100 MeOH-100 Triglyme 200 MeOH
Reboiler
25 Temp, °F 355 355
ovhd P, psig
initial 39.4 207.7
final 123.9 299.5
30 Oovhd Prod
Rate, cc/min 2.5 2.5
Mass Balance, % 96.1 98.7
Mcole Balancex*, % 88.9 87.5
35
App. MC Conv*, % 82.9 67.6
App. Selectivity*, m%
DMC 88.7 72.2
40 N-MMC 0.9 8.4
DMC recovered
as Ovhd Prod, g 169.7 108.3
45 *The urea content in the reboiler was not included in the

calculation.
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15 illustrated in Figure 5. The overhead pressures at the
beginning and the end were 47.9 psig and 49 psig
respectively. The column temperatures at the bottom and
top section of the column were 231°F and 219°F at the
beginning and 232°F and 200°F at the end of 12 hours run

20 respectively. While the analysis of the sample taken from
the reboiler at the end of 12 hours run indicated 1.1%
dimethyl carbonate, 13.1% methanol, 30.2% methyl carbamate,
0.8% N-MMC, 54.3% triglyme and 0.5% unknown, the overhead
product contained 7.3% dimethyl carbonate and no

25 methylamine. All the overhead samples taken during the 12
hours run contained no detectable amount of methylamine.
The content of urea in the bottom product sample was
unknown because urea could not be analyzed by gas
chromatography due to urea decomposition.

30 EXAMPLE 6B

The reaction was carried out by utilizing the
distillation still disclosed herein as in Example 6A but
without the cocatalyst. The reboiler of the distillation
still was charged with 125g methyl carbamate, 200g

35 methanol, and 25.6g9 dibutyltin dimethoxide. The reboiler
temperature was maintained at 352-356°F by controlling the
overhead pressure during the reaction. The flow rate of

the overhead liquid product was set at 2.7cc/min. A urea
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beglnnlng and 326 F and 314°F at the end of 12 hours run.

While the analysis of the sample taken from the reboiler at

the end of 12 hours run indicates 8.2% dimethyl carbonate,

15 45.3% methanol, 37.3% methyl carbamate, 8.0% N-MMC, and

0.8% unknown, the overhead samples taken during the first 6

hours run contained no detectable amount of methylamine.

The overhead samples during the second 6 hours run

contained 0.08 to 0.1% methylamine. The content of urea in

20 the bottom product sample was unknown because urea could
not be analyzed by gas chromatography due to urea
decomposition.

Table 3
Example 6A 6B

25 Solvent 100 MeOh-100 Triglyme 200 MeOH
Reboiler
Temp, °F 355 355
Oovhd P, psig

Initial 47.9 222

30 Final 49 236.7
ovhd Prod
Rate, cc/min 2.7 2.7

35 Mass Balance, % 95.9 96.5
DMC produced (m%)* 53.6 49.4
N-MMC produced (m%) * 0.5 5.8
Methylamine (%) in ovhd 0 0 - 0.1

40

DMC recovered

as ovhd Pred, g 153.5 129.3
*Calculated based on the combined total methyl carbamate
and urea charged into the reboiler during the run.
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10 ammonia produced by the Reaction 1 can effectively be
removed from the reaction zone (reboiler), when urea is
converted to methyl carbamate although one may choose to
produce dimethyl carbonate in two steps. As shown in Table

3, when the reaction was carried out according to the

15 preferred embodiment, a superior result was obtained again;
higher productivity of dimethyl carbonate and lower
formation of by-products. When triglyme was not used as

cocatalyst as well as solvent the amount of N-MMC produced
is 10 times higher than the reaction carried out according
20 to the present invention. _

Since, to convert urea to methyl carbamate (Reaction 1),
urea has to react with methanol, that is, methyl carbamate
has to compete with urea for methanol to produce dimethyl
carbonate (Reaction 2). The analysis of bottom product

25 taken after 12 hours run indicates that the methanol
concentration in the EXAMPLE 1A (with cocatalyst) appears
to be too low (13.1%) for Reaction 1 and Reaction 2 to
occur consecutively without competition for methanol. The
amount of triglyme in the reboiler of the distillation

30 still was too high at the start of the run indicating that
when an urea solution 1is pumped into the reboiler to
produce dimethyl carbonate in a single step the ratio of
triglyme to methanol used to convert methyl carbamate to
dimethyl carbonate should be readjusted, e.g., lowered.

35 EXAMPLE 7

This example illustrates the actual production of DMC by
one step.

The reboiler of the distillation still was charged with
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& ()-30qqg; Sttp{&ﬁﬁpfﬁﬂeprénl 1@96izl@gyrgog@lnterrupted run The flow
10ee! "L’ 18%e&rhte3brlthe%&védnaddd’ 104id hproduct was set at 2cc/min. A
urea solution prepared by dissolving 105.6g urea in 2200g
methanol was pumped into the reboiler to maintain a
constant liquid level in the reboiler. The reaction was
terminated after 12 hours uninterrupted operation. The
10 result of this experiment is listed in Table 4. The change
of the DMC composition in the overhead products is shown in
Figure 6. The overhead pressures at the beginning and the
end of 12 hours run were 66 and 134.7 psig, respectively.
The column temperatures at the bottom and top section of
15 the column were 248°F and 233°F at the beginning, and 286°F
and 274°F at the end of 12 hours, respectively. While the
analysis of the sample taken from the reboiler a the end of
12 hours run indicated 3.8% dimethyl carbonate, 20.9%
methanol, 21.1% methyl carbamate, 1.5% N-MMC, ©52.0%
20 triglyme, 0.2% unknown, 0.2% methylamine (or water) and
0.3% ammonia, the overhead product contained 9.0% dimethyl
carbonate, 88.4% methanol, 0.1% methylamine (or water) and
2.5% ammonia. The content of urea in the bottom product
sample was unknown because urea could not be analyzed by gc
25 due to urea decomposition. The unit was shut down for the
next day's run. The weight of the composite overhead
product was 1054g and the weight of the urea solution
pumped into the reboiler was 1252q. The total samples
taken out from the unit was 210.8g9. There was lower liquid
30 level in the reboiler from 8 to 12 hours on stream. The
composite overhead product contained 11.5% dimethyl
carbonate. A vent gas was collected for 12 hours during
the reaction (very little gas volume) and the analysis of
this vent gas indicated 0.05 vol % CO, and 2.1 vol O
35 indicating very little decomposition of methyl carbamate or

urea.

The run was continued the next day by pumping a mixed
solution prepared by mixing 16509 methanol with 142.59g
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and the end of 10 hours uninterrupted run were 232.1 and

201.7 psig, respectively. The column temperatures at the

bottom and top section of the column were 248°F and 233°F

10 at the beginning, and 322°F and 313°F at the end of 10

hours run, respectively. While the analysis of the sample
taken from the reboiler at the end of 10 hours (total 22
hours from the very beginning) run indicated 1.7% dimethyl
carbonate, 22.2% methanol, 1.5% methyl carbamate, 1.3% N-

15 MMC, 71.,9% triglyme, 1.3% unknowns and 0.1% air, the
overhead product contained 3.8% dimethyl carbonate, 94.94%
methanol and 1.2% ammonia. The content o©of urea in the

bottom product sample was unknown, because urea could not
be analyzed by gc due to urea decomposition. The weight of
20 the composite overhead product was 956g and the weight of
the mixed solution pumped into the reboiler was 1088. The
total weight of the samples taken out from the unit was
187.29g. The total weight of the inventory material
collected from the column and the reboiler was 249. The
25 vent gas was collected during the run (very small gas
volume) and it contained 10.0 vol% CO, and 0.7 vol O,. The
change of DMC composition in the overhead product for the
second portion of the run is included in Figure 6. High
DMC concentration in the overhead product is very desirable
30 because the DMC separation is a costly process due to the
formation of binary azeotrope with methanol. As shown 1in
Table 4 the DMC selectivity is excellent (98.2%). When the
urea solution is pumped directly into the reboiler in the
one step synthesis process, very little methyl carbamate
35 decomposes resulting in the best selectivity so far.



A, @KLRVEF17! 10940%: () - | 100& () - | #3{ 23 DEC 2002

ALO%E () - | 10%R) §0r221209& () - | VA mqueF17! 10940%&. () - | 10%&' () - |raaRb)s19843{

ALO%E ()-| 10%&' ()-| uyzeF17! 10940%&. ()-| 10%&' ()-| 109& ()-| 109%& () - | #3{

ALO%&' () -| eF17! 10940%&' () - | 10%&' () - | 10%& ()-| 109& ()-| 109& ()- | #3{

AeAL7! 10#3{ ALO%&' ()-| 10%&' () -| 10%&' () - /ﬁ‘ () - | #3]

AsT57! 109& () -| 10%& ()-| 1#3{ AL0% () - | 100 S] 109%& () -| 109%& ()-| STO7!#3{

ALOY& ()-| 1109 ()-| 109%& ()-| 109%& () - | HO%& |10%& () | # +, 89dJ07! 10%& () -
| 10%& () - #3({ AL0%& () | (10%& ()-] 10%& () - fqotéqg /80 i

<OTYAi J+7109& 109& 109

AL0Y& () - | 10%&! %ﬂjm ng’fliea%m(gi!)bf&qo}’&cguﬁ hrf@w&”@?“éipflﬁo’@/@ ()-& "0
10%%&: () 2 &10(@ ?ﬁ#s{r A #Zb@\?qu%an 10% & ()- ° 10%)',g§ (s

10%y' g&
' 810%g" g& () g g§8A710'38#@t10%<<& ()-F "9-#10%,8 () - G&
T9-#10% & ()-G& () -G8 9-HDWX& ()-G ! 271 " 10%7( & () - ?vUAL
S 109%8&' () - Ylo%?/& () (10 10 10' " 3SH@10% & ()-F " 3SH@10% & ()-F
 3SH@106@' g&O¥Na FxoaddAlrat, LedPi !t & ()-3° L' 10% ! & ()23
“L'10% !\ & ()-3 L' 109N & ()-3 L' 10%y! D& ()-3
| #1008 () - @ faws BRQlak@iel 0% " L' 10%4 & ()-3 L' 10M.& ()-3 , L' 10% & ()-3
L1098 & ()-3 Mold(BRlandes3t #| [: NAML10 ~z#10% K( 986 -3° M z#10% & () -3
nz#10% & () -3 ‘! 109K( & () - Y @OYK(& ()- ~Z109K(& ()-# ’>Sf BC| [ : - 410xK( x
z#lOO/(XK()'% () - 3PP RPTORIEIOR™*(§- 3 ~ z#10UCK( C& () - P8 BH10%K(>& () -3

" Z#109K( & () -3 %é)%( & (),- 3CDEQTcr RoOA410xK(x - #10% K% & () -

“$1096K#& () - &Sﬁé‘i V&R - & " LOYKYE () -

* MLOYKYE () - 10xK(x10xK(de| wBCeE) S Z" 10%/KW/&' () 1§pz 10%/KW/& ()--S
"10WKINE ()---S Z" L0WKW/E& ()-- - #10WKW/E& () - 10%K%&' () -
- #1000KID& ( prEOERM AR G2 10%#3\ WS 7" LOWKWE () --S Z" LOWKWE () --S
' L0WKW/E () - opnd " BEANR/ & ()--#3\ W ibstlefohL, S 2" 109%/K9é%1@) - - S
'109%/KW/& ()-- #3\ WS Z"T0OWKWS& ()-- S Z"10WKWE ()--S Z"10%KWE& ()--S
' 10%/KW/& () - App G SpBdf9ntKo/S 7" 1I0WKW/E () --S Z" 10WKW/E ()--S
' 10%/KRE () - *EBL WIS T BOSMKIWA (Jomisi idl ORMKBYE (Garba@eSeZ" &d¥b/Frea

"10%KWE () - csn@n&m/ww&nq) thg Z'E'P@WIQ%/&¥ )SUJTSHE 1@@/6/KW&V€I)Ed #38kea
left in the reactor at the end run.

1l For the first 12 hours run.
For the total 22 hours run.

NNNNNRN

30



WS Z" 10%/KWE& ()--hD, S Z"10%/M43\ WS Z" 10%/KWE ()--S z" 10%kwe @ 3-BEC 2002
Z" 10WKW/E ()--S Z"10WKWE ()--#3\ W D, S Z"10%W/S Z" 10%KWE& ()--#3\ WS
Z' LOWKWE ()--S 2" L0WKWE ()--S Z' LOWKWE ()--S Z' LOWKWE! ()- -{_?,S

7" 10%8 7" 10%/KWE& ()--S Z" 10%/KWE ( sl @g Z" 1098/KI/& ()--
7" 10%/KA/E ()--S Z" L0OWKW/E' () - - hH S S /dlK%/&' ()--
Z" 100W/KWE ()--S Z" LOYW/KIVE! ()--#3\ WS Z 0%/K%/&' --S

Z" 10WKWE' ()pra " LOYWKW/& ()--S Z" 10%/|<%/&' ()--S

7" T0WKWE () % i A/K‘%llq%?)lﬁ%ngW(S 2 10BN () - 2D ) <, S 2" 1043\
WS Z" 100/KWE' (3-- SAZPI@WK%/@O the prrcugkswe Of & atkydowambenales#a\
W JMNOPQRC | PO - )stE§BZ" FOWKW/E ()-- #3\ WS Z"10WKWE& ()-- S
Z" 10%W/KWE ()-- Z" 10%V/KW/E () --S 27 10WKWE' () --chmo_?0S z"1S

Z" 109/KW/E& () - - S{&" 10HPRYRI ( Jires znﬁo%/mwnﬂy akeeh@¥ St 20FHRIFEOD) - - S
Z" 10%/KW/& ()zoﬁ@ps z" 1S Z" 10%/KW/& ()--S Z" LOWKWE ()--S Z' 10WKWE& ()--S
Z" 10W/KWE () - - az S. Z" 10%/KW/& é& <0S #3\ WS Z';\]ﬁ(l)%/l%/d/&h Lo

7" 10/KWE () - - S 109 892 - &@%}kw&'ﬂpyun#s\a igh” boiling

Z" 10%/K%W/& ()eléthr‘de%dKW& (a)cm#BecorV\iafmanw%h(W&t( Jeo Ss&id OUKMY&oh) - - S
Z" 10%/KW/& ()-- z" W/MK%/&' ()--_?2,S Z"10%8 Z" 10W/KWE ()--S

Z" 100/KW/E& () 39% 7'Aa/Konvg ()--#3\ W (S Z" 10WKWE ()--S

Z" 10%W/KWE' () - - w&ta&muymw&w&' taaae&an 1D8AKW/& () --S

Z" 10%/KWE& ()--S Z"109 - - Z" 109 & - .7 7.S
10% (" & ()- @6 310% (° /g@&% &ﬁ%ﬁ%}@ 16 /(% Wg/&/s 166X81 " aria
Z" 10%/KW/E& () ured) igy \aétezmr[es)m?:e “off #0g goryanct igf gompgend ) and said
& H#10% & () -gBdnl b?éfi &eié eroh SCALIM & ARIHES d1veidTbeo
, | obU4 yrrfLO%/ﬁSI\/%( ‘S%ﬁ éﬁ])( 10( &f#lofyf% é’ﬂ r%% #10% & () -s3V
S &F#10% & ()PE °n§F/ERUFP bU4 L10%VBME ()- 9, 10%vBME () -
“109%vBM () -1 310%vBM ) - yemasmwm& ﬁia&fﬁs&%n&ke&%d Akhonia
@10%\/$|V& ()- réqg%/%l\%béga % -1 %4 0%VBME () -V &@ 10%VBMVE' () -
1 1000BME' () - SERT VT q‘f%%/% *iﬁ/&/&l\/& () -* 10BN () -
*810%vBME' () -V H2 1090ieVEd dceds accordxng to claim 1 wherein ammonia and
610%VBME () - My[ 04%1 %}%} 09
+05 1090BME () -+ P&F %E éﬁ Qs; o) o]L g‘@é\/&ré%ovgd from said reaction
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3, The process according to claim 2 wherein said
overheads are partially condensed to separate said ammonia
as a vapor from said dialkyl carbonate and said alcohol as
a liquid.

4. The process according to claim 1 wherein said
organotin catalyst is dibutyltin dimethoxide.

5. The process according to claim 1 wherein said high
boiling electron donor atom containing solvent comprises
polyglycol ether.

6. The process according to claim 1 wherein said high
boiling electron donor atom containing solvent comprises
bidentate ligands which form 1:1 bidentate and/or 1:2
monodentate adducts with R',SnX, (X = Cl, R'O, R'COO or
R'COS), R'3SnX, R'Sn0, Ph3_R'SnX, or Phy._pSnX, (wherein
R'= CqH2q+1 n =0, 1 or 2 and g = 1 to 12) and mixtures
thereof.

7. The process according to claim 6 wherein said high
boiling electron donor atem containing solvent comprises
triechylene glycol dimethyl ether.
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triethylene glycol dimethyl ether cocatalyst to finally
produce dimethyl carbonate; and
(ii) removing the dimethyl carbonate and ammonia
from said reboiler as vapor.

11. The process according to c¢laim 10 wherein a portion
of said methanol is removed from said reboiler as vapor and
withdrawn from said distillation column along with said
dimethyl carbonate as overheads.

12. The process according to claim 11 wherein said
overheads are partially condensed to separate said
dimethyl carbonate and said methanol as a liquid.

13. A homogeneous catalyst useful for reacting urea and
primary alcohols to produce dialkyl carbonates comprising a
complex of an organotin compound with bidentate ligand
which form 1l:1 bidentate and/or 1:2 monodentate adducts
with R'5SnX; (X = Cl, R'O, R'COO or R'COS), R'3SnX, R’'5Sno,

Phy_pR'SnXy or Phy.nSnX, (wherein R'=s CiHygyyn = 0, 1 or 2
and q = 1 to 12} and mixtures thereof.
14. The catalyst according to claim 13 wherein said

organotin compound comprises dibutyltin dimethoxide.
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15, The catalyst according to claim 13 wherein said
high boiling electron donor atom compound comprises
triethylene glycol dimethyl ether.

16. The catalyst according to claim 13 wherein said
organotin compound comprises dibutyltin dimethoxide and
said high boiling electron donor atom compound comprises
triethylene glycol dimethyl ether.

17. A homogeneous catalyst according to claim 13
comprising a complex of an organotin compound with
materials having the general formula RO[CH,(CHj)yCH;0]q4R,
wherein each R is independently selected from C;_;5 alkyl,
alkaryl or aralkyl moieties, k = 0,1, 2 or 3 and m = 1, 2,
3, 4 or 5 and mixtures thereof.

18. The homogeneous catalyst according to claim13
wherein said organotin compound comprises R';SnX;, R'3SnX,
R'55n0, Phj_pnR'SnXy, Phy.pSnX, or mixtures thereof.



