WO 2009/102556PCT/US2009/032309 PROCESS FOR CONTINUOUS PRODUCTION OF
ORGANIC CARBONATES OR ORGANIC CARBAMATES AND SOLID CATALYSTS THEREFORE
BACKGROUMND2b1ISCLOSURE Field of the Disclosure [0001]Embodiraantsdisgiexses herein relate
generally to processes and solid catalysts for reactions involving alcoholysis, transesterification, and
disproportionation. More specifically, embodiments disclosed herein relate to processes for the

continuous produR9ET-RISYIANIR NIRRT PR PATEERERAS eﬁ% ooncalc
transesterification; % ' ' ﬁbo lidJixed.hed. organometallic
compound may t?&%ontint%%siy ge?%f% 'eggggﬁey v oW Jeye 38 |r§§(t}gl‘ id catalyst activity
for an extended cycle length. Back {0 rartseste on, or the exchange reaction of esters
with alcohols (an alcoholysis reaction), is an important class of reactions which may be catalyzed by
both acid and base catalysts. Examples of transesterification, in general, include chemical reactions
involving organic carbonates ang A@Mﬂ@@@ﬂf@?@?@i mproducts, or both. Other
transesterification reactions include the production of biodiesel by transesterification of triglycerides
with ethanol or methanol. Alcoholysis, in betkedthsRisdastien where one or more functional groups of
a compounhat replacegine Ao AR RLAIOYR.A! AnaleRe) (Al oL and Iy o spmpound)
Examples of alcoholysis include chemical reactions involving urea, here amine groups M replaced
by alkoxy groupdabgretiRreciRfinG elnthatatdrarmdterifontansafd b Oarsoxydicoacidviesters are
produced by trangestesifisationelircard adisRaidasiarwill ag Acebaldn he presehasafacid and

base catalyst. Sulfuric acid (homogeneous) and acid resins (solid) are preferred acid catalysts. Soluble

bases, such as NERSPFUSR RIORISTAI0 FaTRAIKSS K BREARS oF APARBEY hEflo§BISE oD Vifrious basic
resins (solid) aresfxefeifrss haseecataiisisod thevah ertalysiaicanibe etherhanruenggus.gatalyst or
heterogeneous ca%gg,/stt f%rt el ansesterif@tion of carbpxylic, esters, base catalysts are, in general,
more effective than acid catalyats. Wo 24 T(W@i%’é%(f@fé%ﬁ B AR IRE8hg chain
alkyl methacrylicagsteydcewdepebrincadtiy éxchdngairbac tiotvidyfethy emetiat uyldtelamigth a long chain
alcohol in the presence of a base catalyst.

Background

[0002] Transesterification, or the exchange reaction of esters with alcohols (an
alcoholysis reaction), is an important class of reactions which may be catalyzed by
both acid and base catalysts. Examples of transesterification, in general, include
chemical reactions involving organic carbonates and carboxylic acid esters as
reactants, products, or both. Other transesteriﬁcation reactions include the production
of biodiesel by transesterification of triglycerides with ethanol or methanol.
Alcoholysis, in general, is a reaction where one or more functional groups of a
compound are replaced by alkoxy or aryloxy group of an alcohol (alkyl or aryl
hydroxyl compound). Examples of alcoholysis include chemical reactions involving
.urea, where amine groups are replaced by alkoxy groups to pfoduce organic
carbamates and carbonates.

[6003] Carboxylic acid esters are produced by transesterification of a carboxylic acid
ester with an alcohol in the presence of acid and base catalyst. Sulfuric acid
(homogeneous) and acid resins (solid) are preferred acid catalysts. Soluble bases,
such as NaOH and KOH, various Na/K alkoxides or amines (homogeneous), and
various basic resins (solid) are preferred base catalysts. Although catalysts can bé
gither homogeneous catalyst or heterogeneous catalyst for the transesterification of

carboxylic esters, base catalysts are, in general, more effective than acid catalysts.



[0004] Biodiesel may be produced by transesterification of vegetable oils (triglycerides) with methanol
or ethanol by using a homogeneous base catalyst, such as sodium methoxide or calcium acetate, as
disclosed in WobatersiNos. 6,712,867 and 5,525,126, and a basic solicecatalmstiogueinas a mixed

oxide of zinc oxide and alumina or zinc aluminate (zinc oxide supported on alumina and calcined at a
high temperature). Solid zinc aluminate catalysts are disclosed in U.S. Patent No. 5,908,946 and U.S.

Patent Application,P é&&!iﬁﬁ@?[b&é%l%%%@%%%&%@é&%@ ISe [Qrggﬁlletd %’Q&ﬁ&{éé'%&t?&&g%

discloses a two-step process for producing esters By reacting vegetable oils or animal olls with an

alcohol in the pre$&prtBybrassieroasayeid alenerhsinaleshabinilpmeseniseos mbaaparialates. In the first

step, the qgpgaysion of igluseridgds faseedtouadiphonyersion wRually higherhanR0%;dn the
second step, the remaml%%érg}mégendes, diglycerides and monpglycerides are converted. The
transesterificatioHE. &SRRty Beharth se clhareyntsne tdomseengons fass caBhsiansht 725

ps:a) . H)igFOSggifgsgsaﬁ@quﬂéﬂﬁxmf@;feiag&g%fklwmt,e@ @E@lﬁ%@?’ mm%r@@@eﬁt If\:@hg.l@,/yeﬂ}gsace y
velocity). S. 0. §,147, iscloses a prqcess for, producing high purity fatty aci
esters from planf' tcl)%r ggirin%fl&o'ﬁ\lﬂ ?r?ahae Bt elcééﬁqég 8?%? %tg%%e%e%ﬁ@’gﬁﬁiﬁée(?ﬂgéqlﬁ?u?ﬁf adY u.s.
Patent ApplicaticriuBriimi catier Nn20044d0@B¢ 24 de atgsoted pradessingaadhaiomédraprodighing alkyl
esters from VeQet@%%rg{u%!m%ocfﬂia%?)ca%ﬁlxﬁ?nm% 'Ea%%%&&e%?enc s&fﬁ%%eég r?ﬂ%?‘%p?ﬁsfa{:&l@%'yﬁ (zinc

aluminate). The esters are‘produced by transesterification in two fixe reactors. High conversion

of triglyceride Waﬁsﬂ%tﬁﬁ@fﬁiﬁeRh@ﬂté‘&mﬁﬁmlﬁba@mW@pﬁ@ﬂ%ﬁﬁsmsesterification
reaction s_mg} the remggnﬂ%ﬁgﬁg@c%@gﬁlgh{ggg&% %%&gggcgg%%q%%g&%;g%ﬁr converted

to esters in the second reactor. The transesterification is perform 62 bar (900 psia)
and 0.5 11-1 spdéa-liBbrsgetbsorpar et alls(yithen dewbd ichepresascaioslipsaadyss) discuss

methanolysis of seybeanQildkdberissensnotmealainamitg-Al Mydiakaleils trtablrtias saicined
hydrotalcites with an Mg/Al ratio of 3.0 derived from calcinations at 500C is a cata%%[ that can give

high basicity and"&ZEEREA EataTgtd QaviESOITE SRR BHBYT1b88EsbErAd 4o oo 5588 eaction.
They report the sedpbliecbasiditingtiiae byieiplitissehlcingd ajovapbusriesn pay aturesc)00&] Diesel
engines emit moye particylates and NO than gasoline engines. It i or t dialkyl carbonates are
cifactve i redd T AL PR B e TR ST O & PR EROHS 2 Bd 280,
urea and ammonErare’effestaje Nighreshreinyagentse Betatisitly loredlewdaaenionfecfomiliesel engine
has practical pro&j%rﬂs ar f@&gp @Levrkqga .S. Patent No. 6,017,368 discloses ethyl carbamate as
effective at reducing NO from diesel enginés. U.S. Patent No. 4,731,231 (1988) reports that sublimed
cyanuric d8006dn be alVdifdttiont Mgelt F67.496 disvierst drporaesddieriprodini@, highybudim pstature

sublimation of cyamutiG Acid BROSIHEES: ISREYANS aciBIHIRICR) whishishrlirved iadsdespensible for
elimination of NO,. EP 0363681 and EP 0636681 disclose a carbonate ester of an aliphatic triol or

tetraol as a comPSHBIaRH owHstn kB HRlicgtige Al TRt o NYare P PREPRA 24t nistatte 18 Sroduced by
reaction of an argratisiamiRaMhia Girpekbirlcanbanaiers\ipiaalicsatibe: Hesanes efiindadse catalyst

due to low reaction rates in the absenc o%a catalyst. N-aryl methyl carbamate can be decomposed to
produce aromati@%&‘@géﬂglfg Bl’ieé‘fg%fé?dat Pﬁi{gﬁsﬁf%{wﬁg@% 8,%@@%%ici%8a?ﬁ5¥%%eproduced
by reacting toluepedliaedirey witimdireifiydttarbianate ifiteeé reseactord. a ddigly strbasmmpdsition of
toluene dicarbamate i clealed {mpeatile Mg s ol enediseeuanaicu f 00 IR G aroonates
(diesters of carbonffc’acid) are useful compounds that may

(ransesterification reaction stream, the remaining unconverted triglyceride,

diglyceride and monoglyceride are converted o esters in the second reactor. The

transesterification is performed at 200°C, about 62 bar (900 psia) and 0.5 B! space

velocity.

[6067] W. Xie et al. (J. Mol. Cat. A: Chem. 246, 2006, pp 24-32) discuss
methanolysis of soybean oil in the presence of a caicined Mg-Al hydrotalcite catalyst.

The calcined hydrotalcites with an Mg/Al ratio of 3.0 derived from calcinations at
500°C is a catalyst that can give high basicity and excellent catalytic activity for this



be used as solvents, alkylating agents, carbonylation agents, co-polymerization agents, fuel additives,
etc. Dimethyl carbonate (DMC) is an important dialkyl carbonate, commonly used as a raw material for
the productisvoaioiphessyl carbonate (DPC, a diaryl carbonate). There areCGETisU®Igsesses for
commercial production of DMC. In one such commercial process, DMC is produced by
transesterification of a cyclic carbonate with methanol in the presence of a homogeneous catalyst.
Although patents g isaase HisRHODRAARIRNRGABIVALS AL AISIRIIEENSRUS GAIRIVEIS 0T
transesterification of a cyclic carbonate with methanol, there is currently no commercial practice where
a heterogeneoud SIS Eatalyst is used for the production of DMC, likely due to the short cycle length
of heterogrypesys catalystsdosied RIRRSRSRS ARSI COMMNYY ARPMAIRIZEGbII arfigl, such as
bisphenol A, to WO 2009/102556PCTRUS2009/032309 produce polycarbonates. Polycarbonates are
used in various SPRYEAIPHIidRoAsTheRaes meridrsthie s rerRtisaipmEcwrishBedint brasines, optical
materials, etc. [08d&kistCuseptdRghRiqUSSs fatgproducios b dinnvsarhonaies maing: agenmrhosgene
process produceﬁ1 ror_r&atic carbo?at ,tsuch as DPC, by transes eg(%caéjon of DMC with phenol to
produce methyl phen§TCsHBe S5 Snd e RRR o TR IR Bi&prBsBrionstEReatah &TATEYI phenyl
carbonate to propuwbénP@ andBDMErrcthelpiefence BbheMCLRsR disslarganbrhetalitnaatalysts by
employing a seri -multi tive,distillation. reactors, A prefegred homo stis
titanium-alkoxide&%%%g%p%%%ﬁﬁs%%%a@é‘lisﬁé%%éqfslﬁ%%%ﬁgterq%gﬁs%f,lbﬁ&gzgf%gf@ , 5,210,268,
and 6,093,842, fewexarhsiesublimetbpyenere oo carabsun adamiosvesad frarththdingasiiost portion of
the product streqgs @k A SOlid, WRILH RAHIRRRDS EARYRIAIC ARIHBIE. BAPRARRECHS SalRlyst to

recycle. [0012]Use of a homogeneous catalyst in the production”of DPC often requires Separation of
the homogeneod&'EataNét PontRifd drobelitvedsechalyeinmeribiscfensliyunative wscli@t relfively high
feed rates. To aliBdaée thisiardosivssshtcaringssseciatedonin M5ingih e aeneeUs Latalysts for
the production of diaryl carbgpates, %i Patent Nos. 5,354,923 and 5,565,605, and PCT Application
Publication W00S/5¥558¢ GisEiSE '3k H%%B%&%E&Ses where heterogeneous catalysts are used. For
example, [#@19atent NO-aby BB dibalasesstisesiuceDkideaalalystaninpontiersiams tatlemonstrate
the preparation of. EPC. MPC and DPC from DEC or DMC and phenol. U.S. Patent No. 5,565,605
discloses microp?é%%@r%g e%é"l@%ﬁ%?ﬁ%%g%?&Srfsgfgr%gnt%qégss?hcg%gt%lyﬁ% or{1 1?7:'21rr1‘Zi‘,a(-:(‘:glt%nrification
and disproportiorstoim Hewabsarsofid catalysts F-poivoethivreudvergyipicadybe tsoitaiplesal less
preferable for laig yal M. GO 24Giak AT e o ol P Ge AL BRI PhAnY! GaHRRAS, RDSI066569

discloses a process for continuously producing DPC in the presence of a heterogeneous catalyst

prepared by suppaiPRmRERIRREE b1 MAcENS RiNvacsisprine vk diprobak sashoraiR fh OMC with
phenol. [0013]Z-5idstnaor % QB Diebisatich hamicalidlB.A89 7). drR 22232990 A0d IP
Application No. HEI 07-6682 disclose heterogeneous catalysts for the preparation of diphenyl
carbonate by traf$e& & HEat GHs8PI8RAE with phenol to MPC and disproportionation of MPC to DPC in
the presegg1@f]Mo03 @i y2(6 SrhhRRted ResREs IBDIgHbE S UPRPHrs Usbras:siligouZiicaniangy titania.
The transesterification ‘?nd WO 2009/10 556PCT/USZOO$%%‘?E%309 dis%roportion are carried outin a
reactor-distillatiofCto&T EnSRSor Hreails: AR BrstiFRRN B98r HRtR PerRO P BPHREE S broducts
by distillation. (O8gdetis,. Suetasdditifpp liertioDRuldlhgdticabNes: 20UVIOD I8 GA2 ifpi2Ran di2lkey /0112214
('214) (now U.S. Pat : isclase proce oduci IoUs organic carbonates,
such as diaryl c&%%ﬁ%%%??ncﬁ%%?g%%%? %1%1‘% %é%%%i%%o{% §fg%%§ﬁ*gg\f§*ga%g@f§§%n t%e 214
publication, the HBE&ssadiarebenibpraitantees RSP HisigEopD Kormems aredstionrntd in liquid
phase in the preganee ¢f 3ReleRIsRRALS AasAlsts MutielR (xas bechieasteEs ailS on of o

transesterifieation and disproportionation reactions are connected to a single distillation column, where

light compoundsC¥&Ef ehenah Biithaatiere bin henmirrsera Ohm MrerReses T craoRt aftherehigher

boiling compounggeinclu@inaiitdse R reMmeveshasau edheltomsipsiioroRP&igthersecovered
from the bottoms fraction. OQ;LSlT%e 672 ublicgtion discloses Pa%%lrg(‘lce s for making r?gliaryl
carbonates and HRIRSTEAMSBHNRe by p&H8I FREDRN e CHEL ARF RS0 A8 a4 e Wapor and

liquid) reaction cxenmaridsipsatitcataiysihtortransestosificdidoriahdtdsspraiplrtibaaticducibe chemical

reactions produci I r es ar r ed.in res of fixed bed reactors, while
performing sepac LN Gt I o e o hercuRd S HEret e S
unfavorable equieriestesedefiénitowaraehly deshaspeodutivithe giobasshisaedpediany! usetul for the
production of alkyl aryl carbonates such as EPC (ethyl phenyl carbonate) and diaryl carbonates such
as DPC (diphenyl carbonate). The process is also useful for the production of dialkyl carbonates such
as DEC. A series of fixed bed reactors are connected at different positions on a single distillation
column via side-draw streams and return streams. The distillation column also contains separation
stages above the last reactor in the series and below the first reactor in the series. The heterogeneous
catalysts may be prepared by depositing one or two metal oxides of Ti, Zr, Nb, Hf, Ta, Mo, V, Sb, etc.
on porous supports, such as silica gel. The heterogeneous catalysts may also be prepared by grafting

one or more organometallic compounds from the elements of Ti, Zr, Nb, Hf, Ta, Mo, V, Sb, etc. on a
norotic cirinnort which hace crirface hvdrovyv arorine or a mivtiire of hvdrovyyvl and allkoyy Aarorine




WO 2009/102556PCT/US2009/032309 [0016]Various other processes for the production of organic
carbonates with heterogeneous catalysts are disclosed in U.S. Patent Nos. 5,231,212, 5,498,743, and
6,930,195. [G@ilxjeaBadet al. (Cl Mol. Chem. Vol. 1, 1984, pp. 95-108) skadiedive/airamistry of dialkyl
carbonate production in the presence of various homogeneous or heterogeneous catalysts. For
example, dimethyl carbonate is produced by alcoholysis of urea. Dibutyltin dimethoxide is reported as

a particularly efﬁﬁ%ﬂﬁ@e%@'&’aﬁ%dﬁé%gfH%'iﬁ%%ﬁb%ﬁ@%@&%ﬁ%%&&SQB@&&@%&E&%@%@& for the

chemistry in the presence of co-catalysts, such as 4-dimethylaminopyridine and PPh3. The reported
heterogeneous BRRARIE SHgka  3ad enginesting Plogdety aibicelaniarialeattyst, but becomes

catalytic ipi1g Presenes AERRARnIGNLEHR MouRRie st Nyl 7 SalstislicyhGRnpRaigis produced

by alcoholysis of urea with an alcohol jn the presence of a homogeneous tin complex catalyst in the

presence of a RSP IR TR Do FERSRRIES e SUIverlty SRaRSSEHRGRIAR ofHidfatent also
demonstrates theibapabiliy of psaducingdaiMe eontinluedbydakabadit A50AHUBIIOOAD] P 1629888

and D. Wang et gl (hyel Processing Tect, §9,9, 2007, op 807 SL) dislese U g DEC may
be produced n presence Of ZInc oxide and ZInc oxide supported on slica. ese publications are

completely silenirasont tichoataysesialititgnometitily sutyrits lengthplQ0ag oty stidealtiplation during
transesterificatiop, an %‘%RH%B%'%@%?Q rﬁ%@?&%&?&%ﬂﬁ?%£M§§iei§iﬁﬁﬁﬁlﬂpgli€’3>ﬁ§év¥

polymers on the catalyst surface and pores. The catalyst deactivation rate by polymer deposition

increases with thuchopreseisetiareatisgigicarin dafbdtrisataNasdidfixiboniarsd i Bofhdi el¢daction
mixture. DepolypgarigatioRaf PRlymarss thenheleragrnequs GRipvstisds disslesrd inihane 72

publication. However, depolymerization may results in only a partial recovery of solid catalyst activity.

[0021]U.S. Patefierige Bors 0¥ mpretadsssamyside oo fifo xduch angr Mgkl WY bonates
and co-product gsRpyaneeberbhy Jeakton ef@tmylene carbonate with DMC, water, or both, in the

presence of solid catalyst such as lanthanum oxide and zinc oxjde supported.on_alumina, silica, etc
Catalyst if& 48 liity is pgﬂ’?‘?aﬁ SoRRRARF TP S REREN G éﬁ@%%%@dggég%é) e 8o unt of

lanthanum oxide«paraisupporisusbrssaticoinaantysilitam Vile 2008/G025pE6RAY/WE20084©32309

catalysts are used at relatively high feed rates. To alleviate this and other
shortcomings associated with using homo.geneous catalysts for the production of
diaryl carbonates, U.S. Patent Nos. 5,354,923 and 5,565,605, and PCT Application
Publication  WO03/066569 disclose alternative processes where heterogeneous
catélysts are used. For example, U.S. Patent No. 5,354,923 discloses titanium oxide
catalysts in powder form to demonstrate the preparation of EPC, MPC and DPC from
DEC or DMC and phenol. U.8. Patent No. 5,565,605 discloses microporous materials
containing Group 4 elements as the catalysts for transesterification and
disproportionation. However, solid catalysts in powder form are typically unsuitable
or less preferable for large volume commercial production of DPC or methyl phényl
carbonate. WO03/066569 discloses a process for continuously producing DPC in the
presence of a heterogeneous catalyst prepared by supporting titanium oxide on silica
in a two-step fixed bed process by reacting DMC with phenol.

[6013] 7Z-H Fu and Y. Ono (J. Mol. Catal. A. Chemical, 118 (1997}, pp. 293-299) and
JP Application No. HEI 07-6682 disclose heterogeneous catalysts for the preparation
of diphenyl carbonate by transesterification of DMC with phenol to MPC and
disproportionation of MPC to DPC in the presence of MoO; or V205 supported on an

inorganic support such as silica, zirconia, or titania. The transesterification and



[0022]A favored technique to compensate for catalyst deactivation is the ramping up of the reaction
temperature as the catalyst deactivates. This technique, unfortunately, often accelerates deactivation
of heterogemeousigeatabgets. [00231Long, stable performance of a solid c&ttystiegeirdpally required
for commercial production using a heterogeneous catalyst. Catalyst costs, downtime associated with
catalyst replacement, and other factors as known in the art dictate that heterogeneous catalysts have

a minimum lifespapsdydiseiieraieldan i osthe: Qismathn Rf vy easisanentingdrenihe process.
100241Although heterogeneous catalysis of various tér@nse terifi%zilfio_n reactions is possible, as

described by th@<AHHHD SstEh Rt e BT i8R EHSTEcHBY U N8EPEnort longevity or cycle length of
the cataly@igi4is the expsriepsemf themresrt iPd@ntakitaat Mech eETOgersnus(calta)ysishave
undesirably sho le lengths, [0025] Accordingly, there exi ed,for transesterification and/or
disproportionatiéhggfg&%g‘s é%iﬁh ‘P’og%ﬁe%%%%%ﬁsé ’\?V%T%Im r0\1lsec(g0 E%tgﬁ%:f: Spsg?fc?r%’rlhance.
SUMMARY OF ﬁbﬁdﬂi@@h@%&@{ﬁ@ﬁ&]&nm@,mﬁm dimbddimentstelistickdihpdPBIn, nelate to an
alcoholysis procggs, the EO%?Sﬁe@P%QQA@%Je& €39 ’r’]ﬁ% aa?@}gmsaqmgu{ggog&%gg}y
organometallic com ouUnd o a react comprising a solid alcoholysis catalyst; wherein the 'soluble
organometallic eeasipuusritranestidiisaigrarodhbipsipeaiengtoahars irriéparddnthiaushnbaseia Group Il to
Group VI elemegf, Thespiid &ﬁ@'}ﬁ%&@&&ﬁ@&@f%@ﬁ?taﬂjﬁﬁwwe@ B iBslude tee same Group

IT to Group VI element in some embodiments. [0027]In another aspect, embodiments disclosed herein
relate to a proceEEFETEHEGHENUHsh HBRMIICRANORArEac B rBte SOMEMEN O féeditt§'Sin alcohol,
and an alcoholygigfiearianb RMAPHERE Rikeasipoendl Yich -artarganiocabamates Aot Gyclic

carbonate to a first reaction zgne comprising a so&d aﬁ: holysis catalyst; feeding a I,II:Ib|e
organometallic @(S‘nfb"ﬁfi??&% ERilR r@ﬁitﬁ% 28R Oé)}’éll% tﬁ%rgn&?ﬁydasslt%%}i/c{s%%cgt% ysfand the
soluble organometaltiedcampanirdd achidmdepanidentPEampriberaGmupetl DoGrdgp ditelmment.
[0028]In another, astpect', embodiments disclosed herein relate to a process for the production of diaryl

fraction. . o . . h
carbonate, the process including: feeding an aromatic hydroxy compound and a dialkyl carbonate to a
first reacti@EHne conphisifty A pobidctdors éstdnificatiprasssalyst; maliifgedinglacediotiEvrgdnometallic
compound to the (el eAeian 20Re keI iR sk Ay Sealadicaionsalalialand heasgluble
organometallic Compyoun each independently comprise & Group ii to Group VI element.

liguid) rteaction over various solid catalysts for transesterification and

disproportionation.  The chemical reactions producing organic carbonates are

performed in a series of fixed bed reactors, while performing separation of light co-

product in liquid phase to vapor phase in order to shift the unfavorable equilibrium

reaction toward the desired product. The process is especially useful for the

production of alkyl aryl carbonates such as EPC (ethyl phenyl carbonate) and diaryl

carbonates such as DPC (diphenyl carbonate). The process is also useful for the

production of dialkyl carbonates such as DEC. A series of fixed bed reactors are

connected at different positions on a single distillation column via side-draw streams

and return streams. The distillation column alsc contains separation stages above the

last reactor in the series and below the first reactor in the series. The heterogeneous

catalysts may be prepared by depositing one or two metal oxides of Ti, Zr, Nb, Hf,

Ta, Mo, V, Sh, etc. on porous supports, such as silica gel. The heterogeneous

catalysts may also be prepared by grafting one or more organometallic compounds

from the elements of Ti, Zr, Nb, Hf, Ta, Mo, V, Sb, etc. on a porous support, which
has surface hydroxyl groups or a mixture of hydroxyl and alkoxy groups.



100291In another aspect, embodiments disclosed herein relate to a process for the production of an
alkyl aryl carbonate, the process including: feeding an aromatic hydroxy compound and a dialky!l
carbonate torofsraastion zone comprising a solid transesterification cagalystsangofeseing a soluble
organometallic compound to the first reaction zone, wherein the solid transesterification catalyst and
the soluble organometallic compound each independently comprise a Group Il to Group VI element.

[0030]In apethsr asPeQFaﬁHﬁQOQ{Hé?';Eo%%%QS‘?& heleig LRllE e P R (LB RIQAYgtien of

biodiesel, the process including: feeding an alcohol and a glyceride to & first reaction zone comprising
a solid transestelffitQReRF BT AYELY i dTe dirgsasHUbR Srisroinstalidédih At it taitst reaction

zone, wherein thgosol|ihsransesterification catalyst and the soluble organometallic compound each
independ?ﬁél omprise a Group Il to Group_VI element. [00311 [00321 100331Further, embodiments
[

disclosed relatefto 8 hrbébs o Meh iheimyok dpktthdtrl AkcPdIyaidied ths chemristBrocess

including: remowingdivitey 20akR5 56BGTAIS 200910 33208pe lyretiginatehalsndaresied:on the
catalyst; and re- gggsiéq}n% cata(l

. oAl ﬁ%%!lyﬁgt&% f;ta 3 moe,:‘ghéh e S%l(iid _ﬁgtagst. 20%4}?#15%%?%?:& and
advantages will bé apparent fro & following aescrption and the apended P iSO BRI
DESCRIPTION GiFufeiR AVilin 80 d08&kigideeid ieparsidngifigeipradasy éidvetiiagraadyludtrating a
process for the proueliqR.PflRRYL BN ULSRAECYULING 10 SHARAIMEN 5 JIRRIAREH NG Sk

presence of co-catalysts, such as 4-dimethylaminopyridine and PPhs. The reported
heterogeneous catalysts are Al;O3, Shy04, and silica. Fused Si0; is not a catalyst, but
becomes catalytic in the presence of PPhs. |

{0018j In U.S. Patent No. 7,074,951, dialkyl carbonate is produced by alcoholysis of
urea with an alcohol in the presence of a homogeneous tin complex catalyst in the
presence of a high boiling electron donor atom containing solvent, such as triglyme.
This patent also demonstrates the capability of producing DMC continuously for
about 1500 hours.

{0019} EP 1629888 and D. Wang et al. (Fuel Processing Tech. 88, 8, 2007, pp 807-

| 812) disclose that DMC and DEC may be produced in the presence of zinc oxide and
zinc oxide supported on silica. These publications are completely silent about the
catalyst stability or catalyst cycle length.

10620] Catalyst deactivation during transesterification and disproportionation
reactions may be caused by the deposition of heavy polymers on the catalyst surface
and pores. The catalyst deactivation rate by polymer deposition increases with the
concentration of alkyl aryl carbonate and diaryl carbonate or both in a reaction
rﬁixture. Depolymerization of polymers on the heterogeneous catalysts is disclosed in
the ‘672 publication. However, depolymerization may results in only a partial
recovery of solid catalyst activity.

[0021] U.S. Patent Nos. 6,768,020 and 6,835,858 disclose processes for making
dialkyl carbonates and co-product propylene glycol by reaction of propylene
carbonate with DMC, water, or both, in the presence of solid catalyst such as
lanthanum oxide and zinc oxide supported on alumina, silica, etc. Catalyst instability
is partially solved in U.S. Patent No. 6,768,020 by depositing a large amount of

lanthanum oxide on a support such as alumina and silica.
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[0036]Figure 2 is a simplified process flow diagram illustrating a process for the production of diary]
carbonates according to embodiments disclosed herein. [0037]Figure 3 is a simplified process flow
diagram illusyeatingeampsescess for the production of diaryl carbonates accardingstomermegiments
disclosed herein. [0038]Figure 4 is a graphical representation of transesterification using a
homogeneous catalyst. [0039]Figure 5 is a graphical representation of catalyst activity following

catalyst rqgghiion acRaladeeHIRRA BRtR laGiRSeY iRl ORAGIGNIe £ 3 A graplical

h . U .
representation of solid catalyst activity when a trace amount of soluble organometallic c rnppound IS

added to the reaRfdrcicesiamiymyeniBshambaeatibecioisaatvarein. Too4eshare Prdeaphitelly compares
heterogeneous caalytastyily witisalioncatalyisioashuis whgR&trace amount of soluble

organometallic compound is added to the reactor according to embodiments disclosed herein.
[0042]Figi?8%}s a grapfitéal siable serenmAnse sShidacapligscaEivaty ihemeraacasaisunter soluble

organometallic campuie iprRddachio thedensiardserainotis.smbodinants disgloasahigrein.

[0043]Figures 9A and 9R are a graphical representation of solid catalyst activity during production of
EPC and D ASHUEINICY R B CERtE SOty SR G BT AT G b UG Ctded o the
reactor accordiniyteregpisodineniydsshivsaedheteinm lifespan, typically grater than 3 months, 6

months, or a year, depending upon the process.

{0024] Although heterogeneous catalysis of various transesterification reactions is
possible, as described by the various patents and publications above, they do not
report longevity or cycle length of the catalyst. It is the experience of the present
inventor that such heterogeneous catalysts have undesirably short cycle lengths.

[0025] Accordingly, there exists a mneed for transesterification and/or
disproportionation processes using heterogeneous catalysts with improved catalyst
performance.

SUMMARY OF THE DISCLOSURE

{0026] In one aspect, embodiments disclosed herein relate to an alcoholysis process,
the process ihcluding‘. feeding reactants and a trace amount of soiubie organometallic
compound to a reactor comprising a solid alcoholysis catalyst; wherein the soluble
organometallic compound and the solid alcoholysis catalyst each independently
comprise a Group Il to Group VI element. The solid catalyst and the organometallic
compound may include the same Group II to Group VI clement in some
embodiments.

[0027] In another aspect, embodiments disclosed herein relate to a process for the
production of dialkyl carbonates, the process including: feeding an alcohol, and an
alcoholysis reactarit comprising at least one of urea, an organic carbamate, and a
cyclic carbonate to a first reaction zone comprising a solid alcoholysis catalyst;
feeding a soluble organometallic compound to the first reaction zone, wherein the
solid = alcoholysis catalyst and the soluble organometallic compound ecach
independently comprise a Group I to Group VI element.

[6628} In another aspect, embodiments disclosed herein relate to a process for the

production of diaryl carbonate, the process including: feeding an aromatic hydroxy



[0044]Figure 10 is a graphical representation of heterogeneous catalyst activity during production of
DPC where the catalyst is grafted simultaneously while performing a transesterification reaction. WO
2009/102556PCT/US2009/032309 [0045]Figure 11 graphically illustrates the conversion of EPC to
DPC and DEC in the absence of solid catalysts according to embodiments disclosed herein. [0046]
Figure 12 graphically presents results from the alcoholysis of propylene carbonate with ethanol to

produce DEC aranpropylerielgiycbiitvhepheseirdofa Suitd Taeayst mrdﬁn@@%b@d@ﬁénts
disclosed hereip, [Q04 ZHHOHI6, 13 RIESCRLR BEHIIR HATIbR BFQ%‘&HQ&I%Q&%%E&SI flarppgeneous

catalyst. [0048]Figure 14 presents results from the production of DEC using a solid catalyst according
to embodimentseaissinsadiiteraiticiomd ofmigudids irmassitapiifiat procekd bwatihgraen solulle

production of d@é%&ﬁ&%ﬂé“%ﬁ&fg&%@ 0l %%%H@ﬁﬁgr%%}ﬁﬁﬁs%”éb%mﬁnﬁ fiselpsigdl perein.

[0050]Figure 16 presents results from the production of DEC from ethyl carbamate using a solid
catalyst accorditgjtenémbodiments disclosed herein. [0051]Figure 17 presents results from the

alcoholyﬁi%?é]canola ?ﬁl ‘Q’AEQHQP Q&%@&[ embodiments disclosed herein relate to a process for the

production of an alkyl aryl carbonate, the process including: feeding an aromatic
hydroxy compound and a dialkyl carbonate to a first reaction zone comprising a solid
transesterification catalyst; and feeding a soluble organometallic compound to the first
reaction zone, wherein the solid transesterification catalyst and the soluble
organometallic compound each independently comprise a Group II to Group VI
element.

[6030] In another aspect, embodiments disclosed herein relate to a process for the
production of biodiesel, the process including: feeding an alcohol and a glyceride to a
first reaction zone comprising a solid transesterification catalyst; and feeding a
soluble organometallic compound to the first reaction zone, wherein the solid
transesterification catalyst and the soluble organometallic compound each
independently comprise a Group 11 to Group VI element.

[0031]
[0032]

16033} Further, embodiments disclosed herein relate to a process for reactivating a spent

solid alcoholysis catalyst, the process including: removing



using a solid catalyst according to embodiments disclosed herein. [0052]Figure 18 is a simplified
process flow diagram for the continuous production of DEC and propylene glycol co-product by
performing alamkeky/sigss6 propylene carbonate with ethanol in the presenB€16¥ R2&ith ltaly st
according to embodiments disclosed herein. DETAILED DESCRIPTION [0053]In one aspect,
embodiments disclosed herein relate to alcoholysis, transesterification, and/or disproportionation
processes using,sRlifFRIANRIS B ALRRADCEIMAICRNOYSISIS AeHed; g%@%%ﬁﬁrm&chemlca'
reactions where an organic hydroxyl compound (alcohol) is involved as one of two reactants to
produce a prod dRE&RPR 85 FHiite Wicoholysis may be defined as breaking bonds (C - Y) between a

carbon atypza]d a hetlgipatapetohmalgaiasdwan sicahipkmotesd entROdvinicahelysesmare

reactions involving carbonyl roqu_s of a molecule and the carbonyl group itself is retained in the
product molecul@ 8 ARRFAIH 88 %Eom of the C - Y bond is the carbon atom of carbonyl group of a

molecule. Generally alcoholyBiR 58 BENSIRIEPTERGHN ) RMoiRmay Dsigepresented as follows: 00 RaOH
+ R6C-Y RaOCR" H-Y WO 2009/102556PCT/U52009/032309 where Y is a heteroatom or a

heteroato®08f4 functidhnggroup, aritrRiird damgtesinfiont disgraioHusErow havsesorierohtnore

heteroatoms. [0QRALEXGHFIER9! lehatysiFRREHERS S8 JBRERCERR M AmatGRNol with diesters of
carbonic acid, esters of carboxylic aicds, urea, and carbamates. Alcoholysis of a dialkyl carbonate

(often refé¥Plo as trdisesidritcatinnhing ratoreyswierpAivespriiseatingid PL v Eai®ofste and an

alcohol. AlcoholyjsffcaBEstaiRfIcarbeMNs aUcIHE @rakahislaxciisneas thesakyl group of the ester
with the alkyl group of the alcohol molecule and produces a new alcohol molecule. Alcohqlysis of urea
kocﬁ:ﬁgl

with an al lproducB® ¥R SrinAicEREh RS AAThoREmAURSIPERE &t BFPESERIfE Birbamate

with an alcohol predueas afialil easbanaiaaaian nanboSpeeificiBxriydésremalcoholysis reactions
are the tri{fﬁgﬁlterificatiqn of DEC with phe olaf_ roduce EPC and ethanol, alcqholysis of urea or

organic ¢ ate with SHEICohS t8 p &or %%S%‘b%gﬁ}a?g o??ﬂ%ﬁf&ﬁ KA SR B M8 mmonia,
transesterificatidionbiitghwaridamsth methanol to produce methyl esters (biodiesel) and glycerin.

[00551 AIH disprqoportionation of unsymmetrical carbopic acid diesters.and the reaction of a
dialkyl calgile with MRSt ArAR R OIS PO Che e At e el There
that these type atscactionsacerdisg idefirediasnic disolysid hezattions as well for convenience, because

RA group is alkyl or.aryl, and A is ox atom Qr.nitr -at el in t ction
Mechanisﬁgiéijmolecaﬁé?%vgl 1%&%%}%91?% %gg?erﬁ}?éaﬁggggﬁd%%g%gﬁﬁ% Z‘ggér}la%g%%%d as
synonyms to alcaholysishsaiedessgansorcinbicasmiptiod of viadeddethb JeretenReCArine 3P the

alcoholysis reactigns mentionediabave.may be represented by the following reactions: 0 (R0)2C=0 +
R'OH o RO-C-OR"+ ROH

[0641} Figure 7 graphically compares heterogeneous catalyst activity with solid
catalyst activity when a trace amount of soluble organometallic compound is added to
the reactor according to embodiments disclosed herein.

(0042} Figure 8 is a graphical representation of solid catalyst activity when a trace
amount of soluble organometallic compound is added to the reactor according to
embodiments disclosed herein. |

16043} Figures 9A and 9B are a graphical representation of solid catalyst activity
during production of EPC and DPC, respectively, when a trace amount of soluble
organometallic compound is added to the reactor according to embodiments disclosed
herein.

[0044] Figure 10 is a graphical representation of heterogeneous catalyst activity
during production of DPC where the catalyst is grafted simultaneously while

performing a transesterification reaction.



RCOOR' + R"OH i RCOOR" + R'OH 0 (NH2)2C=0 + ROH 4R0O-C-NH2 + NH3 00 Itll RO-C-NH2 +
- R'OHIRO-C-OR' + NH3 WO 2009/102556PCT/US2009/032309 000 I111 2 RO-C-0ArRO-C-OR +
ArO-C-0Ar OXR@)20rA556R'NH2 ? RO-C-NHR' + ROH [0056]In another aBp@tiswassagingents
disclosed herein relate to a novel technique for maintaining catalyst activity for a solid catalyst for an
extended cycle time. The cycle time or cycle length of a solid catalyst herein is defined to be the time

period ovgggysich a sojd satalysheancaninusly be Ussdihout iRrTplipe i ppjntepded
chemical reaction. For eXample,if a catalyst requires catalyst regeneration or rep?lréceme_nt after
continuous use Bfeabatmhef thbdegialystsapesdmehenhdicnrnt gismeied Masebrding to technique
disclosed i, solid ts f 0 ysi C retal L aCtivi extended
cycle time[,hgt%!:I as gre%%?%%% g; ?nﬁg%gt)%?gl é%l r%sggﬁz%ﬁﬁga% %@a%%@dyyg S?ggysg}éer%g?%, in various

embodiments. [GESMAGURIHG tBafteinte steditfsalBi ot IEToRTRISHelNer! de dbtvassnst teterogeneous
catalysts (a titanigig exislesancd sdnixes exidairfniobivmaadhtifanium oxide immobilized on silica) was
observed by the present inventor and reported_in Test 4 of the '672 publication. Depolymerization of

polymer BAW4UD on the E&tmyst Poeisirdertadinme: the iRgUrHe L PE s G A RPRETEOMBB of the

'672 publicationchigwgyver, the catalyst regeneration by depolymerization resulted in only a partial

recovery of the. original catalyst activity. The nature of catalyst deactivation, was not fully understood at
that timg_fﬂﬂélg] g Figurey14 prcsen% results from the prodl}llctgon oic %)l?é using a solid catalyst

according to embodiments disclosed herein.

[0049] Figure 15 is a simplified process flow diagram for the production of dialkyl
carbonates using a solid catalyst according to embodiments disclosed herein.

10050] - Figure 16 presents results from the production of DEC from ethyl carbamate
using a solid catalyst according to embodiments disclosed herein.

[6051] Figure 17 presents results from the alcoholysis of canola oil with methanol
using a solid catalyst according to embodiments disclosed herein.

[0652] - Figure 18 is a simplified process flow diagram for the continuous production
of DEC and propylene glycol co-product by performing alcoholysis of propylene
carbonaté with ethanol in the presence of a solid catalyst according to embodiments
disclosed herein. '

DETAILED DESCRIPTION

[0053] In one aspect, embodiments disclosed herein relate io alcoholysis,
transestériﬁcatiorx, and/or disproportionation processes using solid catalysts. As used
herein, alcoholysis is termed to represent various chemical reactions where an organic
hydroxyl compound (alcohol) is involved as one of two reactants to produce a product
and a co-product. Alcoholysis may be defined as breaking bonds (C ~ Y) between a
carbon atom and a heteroatom Y of molecules by an alcohol molecule (ROH).
Alcoholyses are reactions involving carbonyl groups of a molecule and the carbonyl
group itself is retained in the product molecule. Therefore, the C atom of the C-Y
bond is the carbon atom of carbonyl group of a molecule. Generally alcoholysis is a

reversible reaction, and may be represented as follows:
o 0
|
R?OH + R°C-Y <— R%CR® + H-Y
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[0058]It has been surprisingly found that heterogeneous transesterification catalysts, such as
heterogeneous catalysts for making DPC, deactivate due to two primary causes: polymer deposition
and leachingvofoatabassally active metal component. Heterogeneous catByBis08¥niRig dialkyl
carbonate by nansesterification of a cyclic carbonate with an alcohol deactivate primarily due to
leaching of catalytically active metal components. [0059]During alcoholysis or transesterification

reactions over hgferogenepus Satalyets: threaialyticatly aclipmetabeprperents,athesolid

catalysts may leach out of the heterogeneous metal oxide catalysts and organometallic catalysts
immobilized on YafiBHS AN EYRIFEIRE A6 B PERHESI AR UM under reaction WO 20091

02556 P Cjab537009/0323P8 sanshtianholosy Hnsupnparadearhaaialys b eachvatiam tiseasults in an
unacceptably shart catalyst life for commeg:ial heter geneou;ﬂgata sts that nL%/ be used for the
1§ o

continuous prodUiciBPPBIAAHGUEI i CaE R Sa A SAlEfio RS ONEFNGR OpBiymer
deposition may dilakyaftatidhepesfaimatficecofta tansestexfichtidorcaialiystitbedyrtiier phedd of catalyst
deactivation is poispning...[3060] A heterogeneous, catalyst to be used.in a commercial fixed bed
reactor must ha Igﬁel%\essc?ﬁuéﬁeaﬁglna%rvﬁwg%otﬁnc%@@me%ﬁo %Yé? soer%;llc%s'tt??n%. %\a%%%xrﬁﬁgoisoning,
and if there is necit Vititle aleg ogitid exshpuynibe oy Rivererd genestersrathdhgstlifegrene of dissolution of

an active metal GompopRGHt A & hesaragenqous catlY sidRavide iR Iming te Jepre ihnphihe catalyst.

[0061]Embodiments disclosed herein relate to processes for malntalnln%a constant or near constant

solid catalyst actigitholopreriusgie AtlCUSIBIFOCRETARAK ABdepaBRIK HISRROIES Sfoth CEEMT various
organic compounes,alxa CRITHME! G A Srcaueks IQGERSE ScHIBYHRR RAdi Glarbnidselhdairthe

continuous production of various organic carbonates, such as %jar /I carg%ﬁes, ia]kyl carbonates,
and alky! aryl carroRRfs LA ARSI TSP A N HREERISH e AS PtheFEE R Broduction of
biodiesel. SeleciesiamErdinsntatdissloseshbigstinfeletos torprocasseafar malniaininshstable catalyst
activity for extended period time for large co cial reactors for continugus production of.organic
carbonates, carB&%\% g&%%%tgarg%a@ac%goarn%a@i{b%%gf&% T’Bgéﬂ i?}%aﬁ(ﬁ/agfs %tc 1ri:{f("ﬁ‘t'leﬂ?o?fr(;aintaining
catalyst activity foplyeoiit eathiystiondhogrtelnde thepolecsiere (bitidigsaldinbedyasaoe amount of soluble

active me ponents.to the liquid feed strea Qli lyst-containing Jeactor may resultin a
constant %%%Pconst%ﬁ? 83%%%%883@%%?%%&@ %gﬁ%g %%%3%%%%2& ﬁs(?v%}a%s u(r{Expectedly
found that addingzatiracef antialkybf ablutsle adthvemesganisormpisnsiotsed meligus fdedhet@am to a

solid catalyst-containing feastesAuakeiarivel.couate fplange tiemaakiossdugmiae metal

leaching out of the solid catalysts, such as by redepositing active metal companent on the catalyst,

resulting in a coPSRhiReaE Eeista T iRl PR D REF ek Rde 8 PE IR DAL LIE tiYE. For

example, curreny,pffarts byyihe RIGSEHE Hivepianitodivate thadicadalyshaethdtiomaydhentsmintained for
greater than one year by adding a trace amount of sgluble active metal comg{oundsetgsliguid feed -

stream fed to fixE'EENFe 5Trs COTEITRY LSRR f@g&ﬁ:ﬁg}gﬁﬁ% h0f 46tV métal
compound requispebigmeiotaivadysityaehacssdidyctaliys tiesesipang effrenpisssrtbedinieptsm 4o about

3000 ppm, depegg‘irngfu ek épc%hoiysis reactions mentioned above may be represented by the
following reactions:
O
i
(RO),C=0 +R'OH <«—> RO-C-OR' + ROH

RCOOR' +R"OH «—— RCOOR” + R'OH

O

I
(NH2).C=0 + ROH <«— RO-C-NH; + NH;

O O

I |
RO-C-NH; + ROH <«— RO-C-OR" + NHs
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WO 2009/102556PCT/US2009/032309 specific active metal component, the reactants, and other feed
components. The amount of active metal in the feed, such as for the production of organic carbonates
by transesteWwiczii6)IF@y be one, two, or more orders of magnitude low&EHiBrrepEddWEentration of
homogeneous catalyst fed for a comparable process using homogeneous catalyst only. In some
embodiments, the active metal compound may be fed at a rate of 1 to 400 ppm by weight; 10 to 300
ppm by weight in other embodiments; 15 to 200 ppm hy weight in other embodiments; 20 to 150 ppm
by weight in other embodiment‘ﬂ; and from 30 to 100 gpm by weightjn yet other embodiments, based
on the total weight of the ﬁq;@@r@xhg.ﬁh&ﬁgtalyﬂ@t%g@ nZzope).(0ee4jFor example, where a solid
catalyst includes an active metal, such as a Group II-VI metal, a trace amount of a soluble
organometallic compound having the same Group II-VI activg metal may be fed to the reactor to
maintain the activity of the solid catalyst. As a specific examijle, where a solid catalyst includes
titanium as an active me{RDGeiDble RigbiRometalie-coPelallititludiRanium may be used.
[00651 Where a series of reactors is used, such as a transesterification reactor in series with a

disproporiiggiion reasiplxBdiaceAmOuRRhmaliNcRuRRamElalcAAnRIUNG AKDRRR 10 one or

both reactors t0 maintain catalyst activity in the respective reactors. In some embodiments, by feeding

a trace amount &PBRIBlETFgarGHIStARE Eonipoasalid Gl thdofirat rsrded Ferisetims off Réactors,
solid catalyst actiyiiy may SesnaintaipgdinLanty biosiaretonss RARXARMIE tHNEAR: eriod

transesterification reactor includes a solid mixed oxide catalyst of titanium and niobiurri}, and a
disproportionatiéh e StHsP cbritkifscaas it AR AERH RG0S G MaRE O S R TR a8 amount of
soluble organotiiariuricompiednesastich. aBditaxasiplXitie ctmelhe fiegtireactas]tterayalediine of both
types of solid catalysts may be extended. [0066] The soluble organometallic compound may be
recovered and rgjée// ie%,e %?ggsﬁ??é%.“ ?rrlgé%lfﬂ[ésélr% ]%1: |rﬁlé’ﬁk§,5’it%' rﬁé{gj/‘?éligf%c (é{go%n |€§I¥%ronerésca§</er the
active metal frommtinthseactocceffivg it stedarsidodissinpet hevkion selbdvetelisthdacaleehoissa

component i the, [Racia et SURATLIIBNAS ISPONSIRALIOMIR HaRYURREB-SBAmAS a solid

material and coriverted to a‘soluble organometallic compound, which may be recycled to the reactor,
such as by reactimgabsdcavatd baRarnatelaiswind SrisiEmpEn iy SRR RRRNEBF B ganic

carbonate giehflconol g, eNptachiRmperaliien T0E resverehiPIgRBRM laliccamuound, for
example, may be a metal V@O 2009/102556PCT/US2009/032309 alkoxide, metal alkoxy allcyl

carbonate (metahaaTpeTsaHs SRR AbHBREYIds B tiRemside O OB AR AHERtLY
alcoholysis solid gadalyshiieithus atiaimes)may obseiidn boreieially inableosalid eaalyst processes
for the production of organic carbonates, amang alcoholysis and/qr other transesterification, processes.
Significant saving&Shiagt ey I?zgé%%‘ﬁ%t’fgleﬁg% %%‘%W sor%?é)‘grﬁ?ﬁeg%l}lﬁdl %83%55%%§§%aration
requirements (feweamprito patatiansiireisultingis phteotatepitall asich Bpeitrig ostHainygs).
[0068]Polymer dgposition on solid catalysts may also, ¢ c tiyi Iy a case, a
deactivated cata stVﬁ%’%i 6%%83%?‘?5&%% ef%@gﬁﬁ%ﬁ% t%%\g?gf:ﬁ%i%%lg %ﬁlg:ﬁoé%bg r%[;%iiﬁ%nd in U.S.
Patent ApplicatiorcPutsticatiba NiZizdCAe0IRE Y iDe Jbl Ridi2AbRAIES dapcHAMRNH@EIbsS. In the

case of followingﬁgﬁpﬂy%%g@gp@awgﬁ{g heterogeneous catalyst does not recover the catalyst
activity to an acceptable level of original activity, the heterogeneous catalyst may require metal

redepositit#f}3tich as by bardsan seavinagoriesna iighBeaRIBAN HERSHITODEYIWFREAETEr there is
catalyst deactivation causgeby-RoshsPohuRerdepasiionsapsaeiaidaast, dae eatalysbaativiy may be

restored by the catalyst regeneration and reactivation teghni%lé%s isclosed herejn. The catalyst

reactivation con<i&#Eest RIS B LeRRSSiNnTEr 5Ash SN g st HRF R EFHAhEFRRO%Eh and metal
redeposition in the:sesendsiepdniterfirshsitaip dhakdeastivatedisalishsatetytiscubjectedito

depolymerization tq remove polymers qn.the sojid catalyst and then surface conditigning by drying. In
the second step,f& %i‘ffgﬁ #glﬁ?\;é) c&es 3‘6{%1 %W(%‘yr&yis%eegf’ow%n%%%‘%% (é:igfzna%g' é%gtigy fg%urg/eetal loss.

The reactivation sttt actiyatedtsatalyst will be discussed in more detail later. [0070]Where catalyst
reaCtivatiOR)ﬁ‘gﬁy or reg%‘%ﬁ‘g Or&%g&%ﬂgidgfr egragsm@{iggation reactions over heterogeneous
catalysts, the catalytically active metal components on the solid catalysts may leach
out of the heterogeneous metal oxide catalysts and organometallic catalysts

immobilized on various porous supports into the reaction medium under reaction

12



beneficial to have multiple reactors in parallel so as to allow for continuous production during the
catalyst reactivation and restoration processes.

100711Asdesoriveriaidssite, solidalcoholysis,transesterification,and disprogtitidiativmpfotesses
disclosed herein may include feeding reactants and a trace amount of soluble active metal compounds
to a reactor containing a solid catalyst, and contacting the reactants in the presence of the solid

catalyst to alcohglyagiolfansasterly. @r M&m&ti%@%@t IeastidaRsHion ehibesgagiapts,puch
alcoholysis, transesterification, or disproportionation processes may include, for WO _
2009/102556PCHAIEPHObICA TS alshbie [Pe LTSRS BRIFPEERRAMSTHFS I APssMtes, diary!
carbonates, alkylsadyleateonaiasdiogiegalsicnrganiioatessgans Mrbsykalkyl Lashamalessamong
other reactions. OOZ'ZAAc!Ith ug}h desi:ri_bed @/ith r.gsgect to alf:ohs%;ésif, franse erification,.and
disproportionatione?elgc o %eﬁgrgflgbo ¢ ,Otsﬁéoextrélﬁgio% o § proSe?g SHOHNE p?gd%ction of
organic carbonatessistisfailtidibelayst). 8. (Rdentadpht ativly R dolichtimig: 20040088672 ('672) and

2007/011@&96%][(1'214), s,noted above, disclgse processes for the ro% tion,of organic carponates
using heterogeneous %t%?yeg?éeﬁ?c‘ﬁ S?éacg%et?sﬁselﬁseﬁ/l?n%ocr%% ed L;/f%r'(gfg%ﬁgeﬁgﬁﬂlis rganic
Carbonate And BrgaréesOmtianteigePitd fotidetfoGTalO tyaeicmshristal atesy iveoigamic Sdsbaimates may

be CO”““UOUS'YJW@I‘%’;&{HEPEBM UBIRQ, Single g IR&@“H&?J&&S%PB?@I?&H&E“ JRePiesRnER AL solid
catalyst or two different solid catalysts. The solid catalyst or catalysts require adding a trace amount of

soluble active raéahsbrfisottf 9h & Wbweds @Rt FtHE  £OP RSB ERTRA BXREASRE Wtalyst cycle

time. Solid catalygtgyRay.beasmplysicashane ofmek Mayyeelude various organometallic compounds
immobilized on porous supports, and/or oxides containing an element or multiple elements of Group I,

1, v, v d888H supportabeditcatidisrlosed Jirsedn piate. 19 QetsRy <t g nRngh 8r9BRPELtaly sts or

base catalysts. bhadatabamatissiaf eataldicaliyiacivieanetataicthatalogonipdne aisepmblsipported
catalyst may ran%;from about 0,02 wt, % to about 20 wt % in Spm embodimeritS' f om@bgut 0.05 wt
351 séa[

% to about 10 WEGHTHEREF Y gbod}rﬁ ﬁ’%ﬁ%%ﬁaﬁ?ecﬁema%%}}s Léed W EmBodiments

& distidsed herein
may include anypphysicabds\begmoicaladymizietatidor dftwanbnmuseudvides Thansastogmay have
various internal deyices for vapor-igui ration. liquid traghic. [ ing a trace
amount of solubfe" é%%%%gsfr? EE%I %Soé%%%ﬁ%%%)%aa?%g é%%gééﬁﬂ%%%#é%fg}%i ggg\%%;/%r}élng%’g gfn aintained
for surprisingly ol eydiedivestapsstsxidieasion Jerfitiorsofurhas Son dhinsastugtion) 1| 8iadssd: metal
compound into SiLeams (eI AIXRI DI ERaeFIR Pé&%c%f?%égﬁésof&twdiﬁﬁ%ﬁwg cagbrnate and

diphenyl carbonate may results in a cycle time of more than 14 months on stregm time. Such stable
catalyst performetialysiasyi vz darimstghed PrEed SIS COraa Sl IR I ISR having a
series of reactorgyRAKEREE SBELHAOEABoRGRC TBLRtRMPOREBEsMA v IEd dedbandyeto the feed stream

to the first[(r}%%(z:"[]or. For "?hgarl&g:? ltégllljxl'}ljc%?: f\é}/?m%gg%%l%ZC%S }Ff)sgc:e-ll-t:/t?v?t%gfg? éos%%i Oc%talyst for an
extended cycle time is that adding a trace amount of soiubl_e active metal components
to the liquid feed stream to a solid catalyst-containing feactor may result in a constant
or near constant catalyst activity over extended periods of cycle time. It was
unexpectedly found that adding a trace amount of soluble active metal components to
the liquid feed stream to a solid catalyst-containing reactor may effectively counter
balance the metal loss due to the metal leaching out of the solid catalysts, such as by
redepositing active metal component on the catalyst, resulting in a constant or near
constant catalyst activity over extended periods of cycle time. For example, current
efforts by the present inventor indicate that catalyst activity may be maintained for
greater than one year by adding a trace amount of soluble active metal compounds to
liquid feed stream fed to fixed bed reactors containing a solid catalyst.

[0063] The amount of active metal compound required to maintain activity of a solid

catalyst may range from less than 1 ppm to about 3000 ppm, depending upon the
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reactor system, a trace amount of an active metal component may be added to all reactors. [0077]The
active metal components may include a compound or a mixture of compounds containing one or more
metals of Grag®iholiy2P#s V and VI of the Periodic Table. Examples of ackva /fetaBiiréidde Mg, Ca,
Zn, La, Ac, Ti, Zr, Hf, V, Nb, Ta, Cr, Nb, W, Sn, Pb, Sb, etc. The active metal compound should be
soluble in the reaction mixture or, at least, form an emulsion. The amounts of trace metal in the feed

stream may be spfigRnibiRWER:AtmBeneRONANICAINAMENBRESHALY RJECvsIRska!l from process
stream to recycle, although one ma ;‘{3%5% to do so. [00781 If necessary, a deactivated catalyst in a

reactor may be PEAMRIAEAT &ithS &R SHEHES RS, 16 BOtyNon L Rrg8E SRIBEKS ther
reactor in serviceyordoseestafic séoujoeayl beraiorewentbechmeantkef dhenpsatiadsesvdisehasabkherein may
require a spare Egggtotrta%ggeggi on teh% C}}'sCI%a!?rlé%tth f9f dth? catalyst and g}her factors. [0079]
Processes discl63ed heremn may be pgrﬁjca arly Uetll fOr the continuone: %rc?dt}gﬁg%ssofu %ﬁ/l
carbonates, suchoamdipherstaaisbnale, dikybeyoidbnatds, backias etetd] plhenyluedrvenate, or
dialkyl carbonates. gych as.diethycasbanpis,ar iMetivcapenaige ThBaclienipiPRALycing diary

carbonate may be performed In a plurality of reaction zones, such as a first'and a second reaction

zone. The first r Hugsite 5ored0d prpdrmyishhiny ot seshodiagtih 4t iediafkypeaionate with
an aromatic alcaighte RiosiHee amvaliivianiyl cabonrRiezalthough apmal aepmatiafl diaryhearbonate

may also be produced. The second reaction zone serves tQ.perform disproportignation of an alkyl aryl
carbonate to prétRRIERSAR %ﬁ??&%ﬂé%n@ﬁfa%%ﬁ%&h‘éﬂéﬁ*ﬂ@%é@@n@g GPELEBRdEsE st in the

second reactionzze@se is not necessary, although one may choose to use a solid catalyst. [0080]Dialky!
carbonat h as DMC or DEC, may be prqduced by performing transesterification of a cyclic
carbonatdOHh e proi SRR HERS br LT L AP ARH YR EIRAOTSP SAET A & simlar
manner. The redtiiinagusbdusing diasyhcarboralieknda giatkytedib onatgoand peviopnied sarae multiple
reactor system wify IA(Sri3| SeparaeRMIS fosRCRYGLRIBACLS oM RRCHAN I ES, ireacted
reactants and intermediates may be recovered for recycle or Inishe y performing a second
disproportionatisataysi.sésonspecific ssavificatidrdnselid eadabrse isilydeh &Halio @sagtiedtifgixture from
transesterifi catign.zone Mayng gg{&%@@&%@ﬁgﬁ@gﬁg@gﬁf NG isRLoRosignation of alkyl phenyl
-carbonate or after performing WO 2009/102556PCTYUS2009/032309 disproportionation. Additionally,
there are KH&s optioNéhrae pasgsopiiseasirisisaes alrgh pheRAnsesisrifisrHan scaskvtiB icirstem.
Proper arrangenygf ofiigastersifomalatial, sepapiianwniss isivtbisrshsoknairdae.pbibgse of

ordinary skill in the art. [00811 The reactions are preferably carried out as a mixed phase_ system,
where the reactdfi fdfptdanas S?ebf?ghiﬁ%?ﬁ?ﬁ/é%d?%@ﬂiﬂﬁ@’gqﬁ‘fﬁwmmé?%geﬁ%cﬁ;‘@ direction.
Alternatively, ong:seayspaHebmadtebsliariis|iguitalinse, mehaswhefadhdie snmonditiicadvantage
in shifting equilibrium rea(}ction ut%et?. hj[grhertcl;)m()iirllgrgi oint? ofat}%grrese%)cﬁt(iip@%&o ugl 84 an a gfr:eferred
range of temper&?ﬂﬁgg% tBeOr? mlnglrﬁﬁee%actlon%[%begf Embodiments distlosed herein may also be
useful in producingintganidrcasbondtts, sacless Ebrydpirplyl vddoratenmethiigiionyketitisonate, and
diphenyl carbon%gmggsp_ foggﬁi@glﬁgggaez_s&g{ggcag&gl%dig%ky{i&@lgggpaggg, S:HSQiﬁi,di‘iHaW garbonate

or dimethyl carbonate, with phenol, and disproportionation of an alkyl aryl carbonate, such as ethyl
phenyl carbonatéismapetHRHRNIASCEIDERHAIYE prEd iteiBhekgrkls BB oToBBsIE BB iIments
disclosed herein,mayalsehe: YreuinPsdicna dialkvbrmhenaiacsushasdimeiakcashanate or

diethyl carbonate, by transesterification of a cyclic carbonate with an alcohol. In ogmr embodiments for
i

wit
the production of BIBIREF RS SHES TAIS R PRl BERaL FRYY B@a&%ﬁ@é’dbﬁﬁ’gm ysis of urea with an
alcohol infgsB[esencerat assriikCaiadysbanieXasnyeuld th: BaterbMged ,fd BholcliRlky!
carbonate is produced bg?gssing[%]ﬂ}o loggeneous orﬁan tin comlgleﬁ catalyst inﬁhecf%lresengi of a high
boiling electron 6H6*atdh*E8h ﬂ% SR BEERY g?oec?é’gg S I PENSTITaa S UEr T51 catalysts
according to emiiedimenteaizelasideheremanaiouscoyginic WariareateseducheasctmeNsaryll alkyl
carbamate, may also be advantagequsly Bro eacii I rb It romatic
amine in the preggrr?ggng 6%algo I c%%%%%@c‘gg‘?cﬁﬁga?gélnﬁ%é}?ﬁ%ﬁ? é%l}gg%%e%%aé%\i% ?8%%[?1 Any type
of reactors may becawest toschidrpetatish end senionted ése bbb nerepsomstaliicaropraiad rehidors suitable

for carrying out (e /eaGlaNg AYEIMIDGAEIANL ORIRANANE QY SIS CALATBIRE ARaslignsday include
distillation column reactors, divided wall distillation column reactors, traditional tubular fixed bed

reactors, bubble%éﬂi%n%@éﬁ%,%ltﬂr??%o?é SEEAPISeEHRAYGT Fhthottodedithi atoraaietn, pulsed
flow reactors, cajabyicist!latipnealvens whekain iy yaalidediatystadlagldonmn Beegabynn, or any

combination of these reactors.
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WO 2009102556PCT/US2009/032309 [0085]Multiple reactor systems useful in embodiments
disclosed herein may include a series of multiple reactors or multiple reactors in parallel for the first
reaction zon&oltesgroriact is produced from reactants via an intermediat@PFdIes? 48 %as an alkyl
aryl carbonate, the first reaction zone may serve to primarily produce the intermediate, although a
minor amount of final reaction product may simultaneously be produced in the first reaction zone.

[0086]The procegisositramdiamitbefustleastomeonsstaltenstinpine o any alsakelanddialkyl
carbonate, enters, to the sec%nd reaction zone, where diary] carbonate is produced along with

co-product dialkFERFEMREE

~While stripping lighter reaction product from the catalytic reaction zone,
the trans¢sagification miay basided/taisesglyspestal e shiftiftg e egililzdumareaetidn taward the

forward reacton, (9087 The reacions piefucing oganie carborles or oganc catgamples are
typically perfornf@F B KB ptaiUre Ih th& Tahge from about 184€ 1o about Z80C (about 220F to about
500F) in some embogigw@hidysioand/8l Gho thossRBZCA{BbqubSEFE ¢ Hndinass F)gsoter

embodiments. The Pé%%?é{fecf% (;e%glz%lae(aepc%%s&n p%'[@gtﬂgént%ﬁf the. reacianis,andJaroducts, the

type of reactor to be used, and whether liquid or dual phase (vapor / liquid) exists in the reaction zone.
In general, reactofyiresssnresieney watinrpratiany SN B-amsbs rad RSRFBB S22 bar
(about 319 psia)in;seme embodiments; and from about 0.005 bar to about 17 bar (0.1 psia to about
250 psia) in other embodiments. In a class of embodiments, reactions may be performed using a

suitable st0681 which Belsmerodsneaiienconithl kb papbYShIoRt SRGEAPH SR QS CRBE T SdR cted

embodiments, ephadingnissdisslasadibarainaeayraricylardy upefietiarthy conidnaszateguction of

diaryl carbonates from a dialkyl carbgnate and. an aromatic hydroxy compou ch as the production
of diphenyl carbﬁqg’t‘éq(ﬁ%gjsﬁjé’ﬁ?% ARD @FboRate” nahgﬁﬁé/ géﬁ]lgartg}ue g‘r)?ﬁt%%aoﬁ]cir%DPC is the

reaction of diethghcadaonate. (D) withipheinctlio twe pmmmﬁfosmeinrthinm&soﬂﬁ)ﬂamﬂ;&ts. The
advantages of Pioghieing DhG RSN REC mav. el AREION R0 L RIS IRLERYHO for the
construction of & Plant DECAUSE separation materials from an azeotrope Is not necessary. All
materials need enengysoepratdedeviierf oTising! setividycShsthgiogensare il uh draerefpring

considered to be, glee. LeRAAR, %Q%g%{ﬁ%ﬁ%ﬁémﬁ' 890RNOSIRABRIGEEM Of producing

DPC uses DMC as one of raw materials. DMC and methanol have to be separated from an

azeotropd#8a%ing WOVIG0eYED 1856 RS2 olariaEen prewestshednrelyeshAmosiitactive

distillation. Opergfing, exirpcliNerlisilAjoNnLRks/ e peroMinrasivand thanghpseskiation @DPC via
DMC is possible, use of DEC may be preferred due to the ener&%/ and material saviné;

. s,
[0089]Embodimépretiriosssamisss fisalrardohser el Peor 4Bt SFAG IRHR CHBERAE STy
transesterification g2 aygiE Garbanaie with afaleoliohditichiss ethanel Srsmethaneiq0686d Producing

e S P o e Y e,

illustrated as folleyigected to depolymerization to remove polymers on the solid catalyst and then
surface conditioning by drying. In the second step, redeposition of active metal
component is performed to compensate for ‘metal loss. The reactivation of
deactivated catalyst will be discussed in more detail later.

[6G70] Where cafaiyst reactivation and/or regeneration are considered, it may be
beneficial to have multiple reactors in parallel so as to allow for continuous
production during the catalyst reactivation and restoration processes.

[0071] As described above, solid alcoholysis,. transesterification, and

| disproportionation processes disclosed herein may include feeding reactants and a
trace amount of soluble active metal compounds to a reactor containing a solid
catalyst, and contacting the reactants in the presence of the solid catalyst to
alcoholyze, transesterify, or disproportionate at least a portion of the reactants. Such

alcoholysis, transesterification, or disproportionation processes may include, for
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011 (CT,H2,4.10)2C=0 + C6H50H 4s CnH2n+10-C-0C6H5 + CnH2n+10H(1) O It 2
CrH2n+10-C-0C6H5(C6HS0)2C=0 + (CDH2114.10)2C=0(2) where the net reaction may be illustrated
as: (C,H2n+%@) 209255 C6H50HI(C5HSO)2C=0 + 2 Gni-126+10H(3) [C8AtIRzE®eHers¢1) is the
transesterification of a dialkyl carbonate with phenol to produce alkyl phenyl carbonate and alcohol.
Reaction (2) involves disproportionation of alkyl phenyl carbonate to produce diphenyl carbonate and

dialkyl carbonate, BatirearlivnstePt s Rl UMaReions @\éﬁ&e&h@a%%?&?aﬁm@“o“ IS

thermodynamically much more favorable than the transesterification. The fransesterification is primarily
performed in the?ArsEHE0RES: Raticsslncriaanly fitttaend Sl alketcrdenscsinmetsatier system.

The disproportioRatiggngeaction may then be primarily performed in a second reaction zone.
100921Pr, % ing a dialkyl caEtB)g(Fate, by transesterification of a cyclic carbonate with an alcohol is also
two-step (ﬁ% itrium reQHCREBARHBAL SAP pESReehtily Asthaly By (Sussrnisitivsedfitation of a

cyclic carbonatedigiffopiriadeatioh reactions in general above, the extension of such processes to the
production of organic carbonates is detailed below. U.S. Patent Application
Publications 2007/0093672 (*672) and 2007/0112214 (*214), as noted above, disclose
processes for the production of organic carbonates using heterogeneous catalysts.
Each of these is hereby incorporated by reference.

[6073] Organic Carbonate And Organic Carbamate Production

{0074} Organic carbonates or organic carbamates may be continuously produéed by
using a single or multiple reactor systems in the presence of a solid catalyst or two
different solid catalysts. The solid catalyst or catalysts require adding a trace amount
of soluble active metal compound into the feed stream of the reactor to obtain an
extended catalyst cycle time. Solid catalysts may be any physical shape, and may
include various organometallic compounds immobilized on porous supports, and/or
oxides containing an element or multiple elements of Group 1I, III, IV, V and VI
supported on a suitable porous support. The catalysts may be either acid catalysts or
base catalysts. The total amount of catalytically active metal or metal components on
a supported catalyst may range from about 0.02 wt % to about 20 wt % in some
embodiments; from about 0.05 wt % to about 10 wt % in other embodiments.

[0075]} The reactors used in embodiments disclosed herein may include any physical
devices or a combination of two or more devices. The reactors may have various
internal devices for vapor-liquid separation and vapor/liquid traffic.

[0076] By adding a trace amount of soluble active metal compound 1o a feed stream,
stable catalyst activity may be maintained for surprisingly long cycle times. For
example, addition of {race amounts of a soluble active metal compound into streams
fed to a fixed bed reactor fo produce mixtures of ethyl phenyl carbonate and diphenyl
carbonate may results in a cycle time of more than 14 months on stream time. Such
stable catalyst performance may result in higher productivity of a desired product. In
embodiments having a series of reactors, a trace amount of an active metal component

may be added only to the feed stream to the first reactor. For a parallel multiple
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WO 2009/102556PCT/US2009/032309 [0093]According to embodiments disclosed herein, to obtain
prolonged catalyst cycle length, a trace amount of a soluble metal compound is added to the reactor
feed stream vFedrmosaséerification of cyclic carbonate with an alcohol to mrediseersrdiaiioyl carbonate
and a diol, either a solid base or acid catalyst may be used. One may also perform the
transesterification by substituting a portion of alcohol with water. Alternatively transesterification may
pe performed in o frLslen, tPlaved i thereactan ebHagPRYRIBr-6y sli,CAthonate anh
intermediate with a watér-alcohol mixture to produce a glycol as a' major reaycnon product in the
second step. AdUR3P bf water substantially increases the conversion of cyclic carbonate or

productivimmf'g diol. HeyvexgivihewatelRHRBIRI %S, oplviRalized il eruzed yield.of dialkyl

carbonate. [0094]Catalysts useful for Organic Carbonate And Organic Carbamate Production [0095]As

described above ERRANPEE REEHINRS BRg i cesrBRiEle sh&srgatle Brd¥m¥tantodliefidhemay
i?]clude SlélI ppOftQTi:ﬁ@éliﬁ @&éy%Mgfim&aai?& mewzﬁga%timam%:y@afl,@m LONPSTH, %ﬂ;dﬂif,, ¥ and VI of
the Periodic Tahle. Qne 0 alyst yseful in_embodiments disclosed herein inclydes an
organometallic %S&U#ﬁ%&mﬁhﬁ%@g@&ﬁetﬁ%%8?%’88%§°6?1?ﬂ8 o] 81@I%W§Hglmobilized
on a porous supthentcdetoousisupporsiLisedt fmmembaduhnts disciasadbetinmaeincnde surface
functional group, ghch.as N aoum, AKXy, drons, mibdures.of hydrox and alkoxy aroups,
chlorine, etc. Examples of supports may include silica, si |ca-a?um|na,}fitan|um ox¥de, Zirconium oxide,
or zeolitic matertapsalshion prMSNHEAMNMCHYAR, SHRuEE carmandlsmsgiogitesmaterials including a

binder anf 7. 19038IAEral e supnars Mgl caran, M acaoionacenys materal.

Carbon a bonaceous supports may have surface functi oups, such as hydroxyl, carbonyl,
or both, to immotsksizalygshesntensilieccamigobmeradn i dliractnotherisagtge caFHEE TH Prepare

supported metal.gxigesydEoxigiereps XK EidR AAl stoclig suliaeeiRGianaky Ry RR May not be
necessary, although may be useful in some embodiments. Carbonaceous Slépiéorts may be prepared

by controlled theétMhal AT aFatiRr e g Bbifg frlede gt S G sty s Ribehan® & tarches, cellulose,
a mixture @ipstgych ancpegilidlasedisiiaasd metbl eellulpsepanculhe,likacfl elsvateddamperaiures.

Carbonaceous supports may he either unsupported or. s rted, To W
2000/ 105556P RS BBOR S0b TR S b5 AT EEE U b BERGMSes may be
deposited on a swithble ghydyhasiyparbiadoyerd dylkgntrotiechthersmek dehijdigtiondbanetevated

temperature, such 5,3 (Sberaured {he angs Lo, Ah9UI 230G 121900, el aosphere or
an atmosphere COMposed of an inert gas and a small ambunt of oxygen, steam or a mixture thereof.

Supports for carbqierdtusineaeticiszarsy, isethds anfriherganiecratbrrigisuenngs dibenfiat Mania,
silica, zirconia, sypthic,and mga!ocpafmﬁcwﬂma@'%@é&@iﬁéﬁicﬁﬂm*@a&é&pe%rﬁ%eknown in
n

the art. [00971The supports, In some émbodiments, may require removal of condensed water in the

pores prior to conisitangrertitonrebalitodsripet rairtrmbeathnpstts aheush Ak RS Rt on.
Condensed wategyr Qi URPItikOptipesaere asomaies. conkenidbaidnaychenemayveeay deying the

support at a temperature in the range, from_about 50C to about 400C in dry gas flow or under a
vacuum, depend?ﬁﬂc%ﬁs@ﬁ‘éﬁﬂfgﬁpﬁg?ﬂp%ﬁﬁé#ﬁfw 5%%88 ?%ﬂﬁ?éﬁl‘fg %’i&aé%é’%ﬁge?ﬂ ay be
prepared by immipiitizingrosneter thie prgsmometalticlzbeaptinnds thavingmictisettatatyist Bites on a

porous solid supgort. Immq ilization ma&iggoggéf%r&%d Bq{cpg(awﬁslte, by using techniques such as

grafting, tethering?caeass?‘5¥pﬁon?u ¢ OPore ample, cata fs% preparation techniques for organometallic

compound8&Rijh as titénaligl atkcbddessosupbraudSippoi-iasregdre distlosatitip tirefBim@ngublication.
[00981A second type of GRIBRG! Yol InEMRAdIMRN S ASGOSELIRIRLINEIMIRS R ethylene |

carbonate, with methano! or ethanol in a similar manner. The reactions producing

diaryl carbonate and dialkyl carbonate are performed in a multiple reactor system with

material separation units to recover products from reaction mixtures. Unreacted

reactants and intermediates may be recovered for recycle or finished by performing a

second disproportionation or a second transesterification. Unreacted phenol in the

liquid reaction mixture from transesterification zone may be separated either prior to

performing disproportionation of alkyl phenyl carbonate or after performing
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metal oxide, mixed metal oxides, or oxyhydroxides deposited on a porous support. Examples of this
type of catalyst are also disclosed in the '672 publication. [0099] Supports may be in the form of
pellets, extrivdasgysgigres, granules, honey comb, and the like, in sizesP@fghigteinsetoout 1 mm to
about 5 mm for various fixed bed reactors. Supports in powder or microsphere forms may also be
used to for the preparation of catalysts to be used for slurry or stirred reactor. [001001Preparation of
the second typegfisaialvsimaascribreiahave may At e eRisHPRY bhavagmuiase hydroxyl
group. However, surface functional group-containing supports, such as silica, carbonaceous material,
alumina, etc., m%@YA@B%IﬁEﬁ B PP ERTHER AYRIFERiBTBRRI ATARSRILE By G Mo mBt alkoxides,
such as titaniummalisexidepaatasiicas followedipkatedaingariydrolsrligaanedir drtiagrat a
temperati@é@am aboull; 90C to, about 500§. E134001011Another methaod for gre aring metal oxide or
oxyhydro talysts TclSHRO B A RIR T R URIF ST S Lo At TRRhP RIS Mtke BtEaiti%of two
different elementsctai@: 20093120255 6RCTYHIES 260092032 30 Shift alsuppoiiibtbilawe dHeydealbeihing at a

temperature frong, 300¢; 10100 wtéi\geo%%r‘il?a%sr?&?&xﬁait?eE%énﬁtﬁl id83,Q01021Ndgr process
conditions, transesterification and di | tion In a catalytic reaction zohe may occur

proportioniation in a cat . may occ
simultaneously &sthdscanee hiftitiadveniaacalkyihaiyie savdiaiaintetiendioriaridghanbiribrgases. The
two causes for the; catagygt _9@@%}43&1{3@&@%%@ AQves IsaghinaanspRIYIeEIgRAsitioR, also occur
simultaneously under reaction condition. While polymer deposition does not cause permanent damage
to a catalyst, théiﬁé'ﬁ%“ﬁfetal component leaching out of heterogeneous catalysts under reaction
conditionggaes result ipeERANEN AR KRrihe calalvie AbdowsgRnviarsirmigugls dathe
transesterification or at low concentrations of alkyl aryl and diary| carbonates, catalyst deactivation is
mostly caused By OREBR SRR RBeaY bARARLE Ko MEENE R RN ohtrcagyRPR I the reaction
medium. In othegartoitits, the eatisenthpearansnenitataystiidrdiyhiiarbondey, alidkastidistignditions is
metal leaching. OCELOﬂAst e tr$n§est I‘Ifl(%atIORhCO version increases, &g{ymer de[?i lsqlonion the

catalyst causes &Veh faster Caan st Geativation. BoRmer t eplggfﬁg(ﬁ IS pnrﬁ%r{ﬁg/afhe FESt of

undesired side remabtioats, chelkyk atjiyhpdaligrgkdanmsaatesi¢hnd pbeantiatybtrade, Ampudiscof poly
hydroxyl aromatiCF %?em%%) %gniggé)urities in a phenol feed and produced by undesired side-reactions in
minute quantitiess}.) h refore, to continuously produce diphenyl carbonate from phenol and a dialkyl
carbonatd0883h as dictmbatimonatdisvdiedetieyticarbenaatsoirthaljsiatencarof ming gakgbus

catalysts, it may b reguired 0, address calimlacacdivaipBasatise hhy-Rriivhimahdner deposition

and (2) dissolution / leaching of active metal catalyst components. Polymer deposition may be

addressed by contbfisatesarrdlbmncinvtrdbGher grbpimeea s fgdeodrdtisth btk Ehtalytic
reaction zone, ag meniienethalovastanayinfatelysideadivatinohsiels as gisclogednnidumis 72

publication. Leaching is addressed vija adding g trace amount of sqluble arg Ili pound,ras
described above‘?‘[%ﬁ&ﬁ?ﬁ%%ﬁii‘?\rﬂ‘ gat ?fsgr f?ﬁlafaf@m%’rfﬁ ,‘gdgg?ﬂiﬁ?'i@%%%%nﬁ?%%{rglIic
compounds on a:abppat suphvascsdity astarbonasegusmatergahfvmatcolBérsimahdion the
transesterification of a diallcyl carbonate with, phenol may be | 0.a.si egetion zone step
or multiple react%rﬁs%%eeOsytg};:)l}él.gag%fqmﬁpnl%se IIS the g?@%(%&fﬁ%%@ﬁ%&%&%@dig\c%gs%b?ri%lcl%de metal
alkoxides, alkoxwehlbﬁdeﬁmwomte@,id catalysts according to embodimen_ts disciosed herein.

Various organic carbamates, such as an N-aryl alkyl carbamate, may also be
advantageously produced by reacting a dialkyl carbonate with an aromatic amine in
the presence of a solid catalyst according to embodiments disclosed herein.

[0084] Any type of reactors may be used to carry out the reactions described herein.
The examples of reactors suitable for carrying out the reactions involving organic
carbonate or organic carbamates reactions may include distillation column reactors,
divided wall distillation column reaciors, traditional tubular fixed bed reactors, bubble
column reactors, slurry reactors equipped with or without a distillation column, pulsed
flow reactors, catalytic distillation columns wherein shurry solid catalysts flow down

the column, or any combination of these reactors.
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WO 2009/102556PCT/US20091032309 carbonates, etc., of Group II, lI, IV, V and VI elements.
Examples of active metals include Mg, Ca, Zn, La, Ac, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Sn, Pb, Sb,
etc. In variowscernbyadasssnts, tin alkoxides, alkyl tin alkoxides, alkyl tin oxetesyatkydtisekogdroxides,
dialkyl tin dichloride, alkyl tin trichloride and a mixtures of these species as well as metal oxyalkoxides
[(RO)MO] and metal alkoxy hydroxide [(R0O)"M(OH),<] or oligomers of these oxyalkoxides and alkoxy
EydrOXId%G&SrLCIUdedMﬂ%%g%&%? %lg%lﬁ?sIXSeXxlo&\%%n%géPI%Q}xtsndgsabg’e lhélfe)i(noﬁl& izncc:)lglg ! an_d n+X
=4, 5 or 6. In selected embodiments, the organometallic compound may be one or more 6f a titanium
alkoxide or pherfosgties efigiigietheattaes, orritdhnleresgionfia pariibatid fignoesien doshould be
understood that mgtabalkexidssdnciide,MOBRNEES ~¥RkE e QAR 3 -l &MbIHIE of varigus

monomer and oligomer species, depending on the carbon chain length and structure of the alkyl group
of an alkoxide ofHtyI6%RRE &e H6r SxnsREtionoraNs. CHIMSWEy. 12 @vw7ikogradsee. hem. Soc.,
3977 (1955)]. [0gi8alAs-ae sembeshheiginoslimxidesiof mliansitipnreatal ek demaltdha spgcies of
monomer and v%riousdoli mﬁ? For exargi)le, while titanium ethoxide [Ti(OEO4] exists mostly as
trimer in boiling THARSI ST e e%@} R If/oﬁﬁ'idered titanium alkoxides, such as titanium isoproxide,
are monof@@8ie}in boiliMydwyakesasheansdlotions. fror exatop eodilatiumisentenaxigds s kabeved to
exist mostly as mo r.in a, boiling toluene solution. [00106]Porous suppatts used in varjous
embodiments di&¢ o%leg“lf %Ie?%arllr)]orrhaé% ﬁS%Sstff rface ?%{/)8 gog?)?lc %P(]ﬁluf)osl?eal%égg;ar%ﬁgs?% B o prepare
the porous suppidpsh akvmgetatiogidpredpyiotig ksl chrlamataniiivhibxiepzingdighirer oxidton
molybdenum oxideqang yanadiumioxide, Ay DeUsatamniln A slaam G0t ore of an
alcohol, an orgaBn;ic carbonate, suchg)gs qli‘_lmethyl carbonate, ﬁethﬁ%o%g% eg?{:gfﬁétﬂ%%n[gperature in
the range from ai56rIsbchidiandit 20EPRFBbIFRCBRBOUMERE FIMdIBeEies-350C in other
embodimpgirn a VapekelasidAUibkRER: Of:aNAP QUHIRHINSY P e i SUSRMRMAY GRNTaIn water

from 0 wt% to about 20 wt% in some embodiments; from 0 wt% to about 10 wt% in other

embodiments; af@f3H BESITOE5 WRHRE AbsIBHRdaNAc BPBLREPEMBb dnte st uAS&RHter has little

solubility in DMGa8pg: DESF the s6aa500%y GORMR 2RMepRaiesameunts piimethssgl anior ethanol
as solvent for water. Commercially available.silica gel ar sjlica, having surface hydroxyl groups, may
be used in some(agr?’rgo%ﬁ%gnﬁr To%eﬂl? %Hé %‘508@3116%‘65@%’/?}5%5‘9 333 perform
treatment of silickepeifisliquichivagaroiste afithe renctivtusadpesdofat theteyppefatuntofranbated; 80C to
about 500C followed rying at a femperature from ut.Z0 to.ahout 800C in.some embodiments,
and from about B LAl R B e e T ot
of the transition peataib magialpetsengs oy piaphesashidromansritmenbriczmgsewrptirebesupports or
metal oxide Cataiﬂaraéb%%%@ﬁ'Qegé_geg&v&@elmﬁ%éu%&Wﬁil@meo&omaeeﬁtdﬁare
(RO),_,M[-- 0 - 81(0 - R)3]", M(0-SiR3),, (R3Si0)".2MO0, etc., where each R is independently an alkyl or
aryl group, n = 30, @rlspsiata ghont 3¢ psip) gophen pabadunstiandnidrizrstal srbpdiments v or Vi as
described aboveRihek Sligosemetadeamngunds asabithioikaseans dbesmpadimenis diaglosed
herein, as long as the jimmqbilization results in catalytic activity of the solid catalysts. Silooxane and
siloxane compodHRISHPhY FRERATRYERs may also be used as soluble organometallic compounds
in the proge@ssirrangemeslscaiselasediheig Kb aintitedRibdeu biecitions pasiwtikasikeattive
distillation columfn reactors, Various 8” omer%)cd?ndlpol rg1e’g§ teroasgé)% ne or hettero§iloxanes of
the transition metals &89“5%%"%%%& ) %ﬁ%yo & 'tised 10 p?%pgreqrn%mo hized S0 %‘%gtgPys?él, or may be
used as soluble axgaaiznigthiiicycompounds sncharioths embodinre nfsdifbalsb catiedab GIxEC)
disproportionatiqn, of Eﬁ%ﬁ% Mﬁ;%nté%@a%;ﬁ{%goﬁ?E&?&&M?&W&%REW@%@&Q igahsgnce of a

solid catalyst in the second reaction zone, and useful active catalytic species include silooxane or

siloxane compodifisydrarbenssitidFnbritsisd 1 forresTsehralcs s s apalides of
siloxanes may inﬁ%@ﬁ%@f@%&% ok ny/ @F@%ﬁ'&%@%@%&@%@%g %é@%@l%ﬂﬂﬁls by
Bradely [D.C. Bradley, Coordin. Chem. Rev., 2 (1 67é§.p. 299-318); J, Chem. Soc., (1955) 3977].
One may choos& ¥ HatEa RS LR EMMSBrER G th BB Q55 YSE FERAO NS Terter Sttt tion zone
to obtain stable gataiysicastivitihdQ93Q9]VMiien fanaligalitispraperionativemf dikyd aafigarbonates
to produce diary carbortmate and di Ikélggarbonate. in the.sec ng reaction zo,neIin the'#oresé?lnce of a
homogeneous ¢ ?3?3%‘%? the Hbaﬁs?gaéh us'“i’ggli%%’/sltg n%%lyl/sbgrg mixture 3fe§ﬂ<yl ar1§/I HHARETe itanium
salts of carbonimau@mnmwtémknmlmmaﬂemmémmm&mm&% abovEralyis
understood that &ﬁe%%mogsm%&aﬁ@émomer@ nRtedram:dheRaldcalBlyRis A salible

catalysts used in the transesterification reaction zone.
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WO 2009/102556PCT/US2009/032309 [00110]Since various organo-metallic compounds disclosed
herein are sensitive to moisture in the feed stream, it is important to control the water content in the
feed streamwwttidyeeasion zone. In some embodiments, the moisture coPEIMESOHIOTEEY stream is
less than about 700 ppm; less than about 600 ppm in other embodiments. [00111] The solid metal
alkoxide catalyst immobilized on a support may be prepared by in situ techniques inside the reactor or
may be prepareg QUIAE-ERACHY - GREH SiHERRAKRIIANR«BPreapiesmped aaW Rf@suiable
support is placed in a reactor, followed by drying at a proper temperature to remove at least a portion
of any condens¥i{iafeerBe BiRHsUIR i tthoPeb medudion R PESuiB PeShs Mot Blubie fhetal
alkoxide or mixgsRUehal MK pdeOtiacttafsitosrgciall oimetlisaingdemperature in the range from
about an;@yg&g o abo%ﬁ&% (500F).in 3%36 empodimenis, and from apout 37C to ag%&#é/ 04C (about
100F to OOF) i BRSO fsrieRe CEIRACmY rﬁfﬁ? p‘éﬁ?ﬁhﬂ%& RFedusHs 48 me from
about 5 minutesciehabhmut B¢ thowestani Scariencst beginie nigand fwith abdubid, midutgsdomiiout 15
hours in other eg)ntr)rcl)e iments, and may depend on the temperature and the concentration of active
metal componenf in‘soluton. After draining out excess metal alkoxide solution from the reactor, the
catalyst ifddjeactor RragusmmpyidHe drithaadiadlge ntafbsuzttyatink semd sobebres usedap@pare the
metal alkoxide sQlution) nri in di IQnati r terificat] i . The solvent
may be an alcoﬁ%élggér? et %%?é?h%%?gcﬁggﬁg?f%%egﬁ %yﬁ%@%ﬁggsﬁﬁggﬁ%?ggﬁé}? }?r% mixture of
a dialkyl carbonsgecasdeptierrstancar] dasrdiony mixtbedBustraledpstiedews00112] Alternatively, metal
oxide, mixed-metal oxide, or metal hydroxide catalysts, where the metal is one or more from Groups Il,
[, IV, V and VI of the Periodic Table, may also be used according to embodiments disclosed herein.
Some metal oxide catalysts are known in the art. For exanfgle, according to P. lengo et at, Appl Catal.
A: General 178 (1999) 97-109, titanium oxide catalysts supported on silica may be prepared by
grafting titatfuhleisdPlfexidetane tfel steamitiy/cSidiratiGh GtfCalipdriCutdaralyst having a strongly
modified original silica surface resulting in a catalyst different from those obtained by im e)gnation and
co-precipitation. [0011g] To prepare supported metal or mixed metal hydroxide or oxyhydroxide
catalysts, one may hydjolyze the grafted metal alkoxide catalysts, as described above, followed by
drying at a teqperalaTinbsHANge-from-alaHE07, (=abau{CLH. 0)Dage embodiments, drying
may not be necessary. WO 2009/102556PCT/US2009/032309 [00114]Preconditioning nsupported
metal oxide catalysts may be performed prior to performing reactions producing organic carbonates.
The preconditio%%is e{é rme 10b €0 tggﬂn a,porous metal oxide catalysts, such as titanium oxide,
zirconium oxide, enum oxide, or vanadium oxide, with a stream containing an organic
carbonate, such as dimethyl carbonate, diethyl carbonate, etc., at a temperature in the range from

about 125C to about 450C in sq diments, and fr out 150C t out.350C in other
embodimentd GwHzre a5 a?%nef%l%% te may be in t%%%é%%h%ssg, i(;&l']l Zbﬂgﬁe, or(@mixed
phase. Preconditioning may. be performed for a period from about 2 minutes to ahout 50 hpurs in some
embodimf(mg,}‘ nd fro?ﬁ% Bt 4 mhitfu estfgngﬁ%ﬁ%%%ﬂ %r(g% i é%%?%?n Saments. The s rcgc)am
containing organisodatbathaiepheaylicaibcieteaterderhaln Blostiol @hereciies Wisteppagiobatipresent from
greater than 0 wtY% bout 10 wt% i ﬁmb i 1S, RRHELOM AR QO tRApout 4 wt%
in other embodir%{eoﬁ}%{‘fl g Y %I\?I y 8?%%5_ %ﬁg yst rél}%%(%%mprovgg by thegigryecondi‘tioni‘ng. After
preconditioning, estinetatensidercatalyibibrivmy 1sacited at Hesiiseratife $RTPBIIEGRENT té about
300C in an inertgas flowfor;a.Rg riogef imeHom AReME 2 MIAUIES taaheutdi hguiss (00 IRl Two types

of mixed metal oxide cataliysts may be used for the transesterification of a cyclic carbgnate with an

alcohol. The firstif5e BRBATH® PRIt RETTRRAE Wh HiF HET AFACHAB B YRR HE M Groups

I, 1V, V, and VI pithe Prsiedic cFaplasuprosed o gseupp diie g saronchiyn eéittomixeg oxides
includes a solid hase catalyst, thaté?ntai s one or two elements from Group Il of the Periodic Table

and lanthanides BFARARIEEYN ReEGH RS OIS ARy SHHE R Use a quaternary ammonium hydroxide
grafted orjggbgred on @siliaaisy peailkylharbxite: datalystssarefiestialy Sappditechdwmaiemnin or silica
or prepared in the form of a mixed oxide or &.salid solution. elements . useful f '[PE second type of
solid catalysts m%%ﬂ%fféem 5?&‘5??& ,pl_e ;u?el%lmfi ngi\goﬁnhe%g%%%ngo%nagﬁg %%1 ES sea(égnd type
catalysts may albe ised fioottusderifiensestdrifivalisrraduotsvdtnaitidesiclesulting in catalyst
deactivation. In fact, it has been found that silica supports may also leach out, only at a much slower
rate than Group Il active metal components. Since alkali metal impurities on a silica support may
increase the dissolution of silica into the reaction medium, minimal alkali metal impurites in silica
support is highly desirable. By adding trace amogmt of soluble organometallic compounds into a feed
stream, the cycle length of a solid WO 2009/102556PCT1US2009/032309



catalyst may be extended for fixed bed reactors. Examples of such soluble compounds include zinc
2-rnethoxyethoxide, calcium 2-methoxyethoxide, zinc 2- methoxypropoxide, zinc ethoxide, zinc alkoxy
alkyl carbonate,2eedcitrss@- methoxyproxide, calcium ethoxide, calcium alkoxyuatkyd/eseionate,
magnesium 2- methoxyethoxide, magnesium 2-methoxyproxide, magnesium ethoxide, magnesium
butoxide, magnesium alkoxy alkyl carbonate, lanthanum alkoxide, lanthanum alkoxy alkyl carbonate,

and Mg, Ggggsyd Zn prﬁ@é@?&mg&ygﬁmﬁn@&wm&&rﬁeéiﬁo DU SRRSRINAYAIRR REpsed.
[00117]Soluble’ compounds of Ca, Mg, Zn, and La ma¥ be obtained by reacting oxides or hydroxides

of these metals iERan2afeskmayErghsic e mgial gompmadrés sddadory dhtciearisniaed and an
alcohol at tempeyaliiie free aRRsHAOPealRA160 19 aROUARERS(SABN LN S05ME el brdiments, from
about 149C (300F) to about 227C(£440,Ia in_other embadiments, in liquid phase or mixed phase (liquid
and vapor) systéf SRR apA A difth FHOTh AU RA 98 BeEHTY SdRR PR A8E%antints of these
metals into the fepst slseapariforraactensesasifizabiaibjondgsictntimepctotal amawsicfeekive metal or
metal components,on a,solid metal alkoxide,.metal hydroxide, or metal oxi atalyst may range from
ot 0.02 wt T8 b0 IG5, BEATTBIHOGT dBoL oD G TR o P ol v
1001181Improvéyd BGatahetiof pélentengtitcdrscBendidwhife zﬁﬁ@iﬂt@mﬁdfqﬁasnﬁdt_hatwlg&mbﬁsmm_ed herein
may have long Gyl 1e991s ad maydiealsinelnderat RIS fedrneralianapd isasiyation many

times, resulting In long catalyst service times. The techniques of extending catalyst cycle length and
catalyst reactivatiowaiis clséanidhaingreases Saansersmad By i radimngitorm apsherdritpetposes useful
in commercial praElUCHRRelMaRRUS GG HARONAIRTy fdaiseamiseddBalayRethensiatding with
supported metal oxide catalysts or metal alkoxide catalysts immobilized on silica, at steady state, the
active catalysts B‘i‘@@nometallic compound species immobilized on silica. To illustrate the benefit of
adding a f@eRipmount Ci@Gke NKAIS iIfoihedepshivariibexperimaats geimperoimachaad will be
described in more detail below. Briefly, in one experiment, a titanium oxide catalyst (6 wt% Ti)
supported on a gﬁﬁg‘ﬁ&?%as regenerated by depolymerization after serving about 350 hours, and
recoveredi@ssthan haofdtscpbginabactyitpalihie ussfsbdieriicgiido chstietayd caxbasgieiwith phenol.
It was found that more than half of the Ti had heen leached out of atalyst into the reaction
medium during t%%b 6@%‘6%’5&5&?&%@508&?8%% g%r%c%%&#ﬁe&%%gﬁef) re>’<{rpl)(()arr§"|ment, a -
titanium butoxideattalystald fiets GipgpaflbdidnI¥ sKicad &l edttby Pe80dts Tiabltar Swevinigeorly 171
hours for the dispiaRaitiananen &' ethbehitax catbanalf. Alieh>SRINEL ol SRR tTtanium

oxide catalyst (5 %) supported on silica gel, used for transesterification of propylene carbonate

with ethanol to propesndietiyitinisonatacarriabie sorapeugiicel hesttosoclsmpesTivmapidizdtalyst.
From these findiggs, H&M@%ﬁ%ﬁr t@@%&@'@u@?@ﬁ@ﬁ?&&itﬁﬂmﬁﬂ%ﬁﬁ@&ﬁs@@%ﬁm%ﬁtanium |
e

alkoxide catalyst are unsuitable for commercial reactors for the continugus production of organic

carbonates, sucHSR'A=IRYRES AYBRIARASROMDHEHA B8 BERaiE! Bkt R 0BALRS, B Hermanent
catalyst deactivasiopyidr&harasenicsxtinasoupappéaisdhaicordaniasashshatpsoandiar réadbiin mixtures
are reactive enough to ﬁaus slow f%xrmation of soluble or agag\eetaljlizgegptrppou eds In th&rgaction
medium by reactl léiillvﬁ 1%%'|dncné]t1§1y§tta§?lﬁ5‘bfi‘ Tt FAS IS peeh ascdmente ngSMS& and DEC
vapor streams nidyg kéadt WIEMili8aSB Aithhiem otidesmforitetatricaiky iroftiingis dader titsthium
tetra-alkoxide ati%ﬁal{gperature_ higher than about 350C. The reactions of DMC and DEC with silica
become easier in the presence of a catalytic amount of alkali metal on silica. Therefore, it was
necessanf@8%ibcover alsrmiiyeestppsithpioaraiatjudec setheati ondierd carbennendes malptals constant
surface concentaigns ohactsIARE) EONBIARIBAN HioRHS! fRhahliclBatiklongegle tme (o
a

be acceptable for commercial reactors. [001211Catalyst regeneration via depolymerization and metal

redeposition addredesslpramiemt a5kstate dumebBEG rerHepHallio S ImRRELY Oretissurkien via
depolymerizatiopdails-iRsad dress:-the Ppbisrasassecatednyitkenlirgeusicachinghohagiie metals
from heterogeneous catalysts under. reaction conditions. The continuous, loss of actiye metal from
heterogeneous CAAIES %\?ﬁ'ﬁr&c% HEBRL ARG %Pgﬁ?s‘?%%laelﬁ% Igﬁ'téf)llés?

commercial scalinreactaiablidivasndisCaviereatthat thpreffischaf eatablead bingofroolidibterogeneous
catalysts could be neutralized. b ding trace amou f acti 0 nds | he feed
stream(s) to the ?%g?rcr%agf: 1grol(%rtl f ee% sategdéffrsé Series o r%ﬁ%’ti%%eg éég‘é@%? g:s%é%&%@ gm(éeé frace
amount of solublaiatti¢eohstzicbormp gHulossetsidanchstbyhrreleleep ostdoaltkbarriderse nearly
balanced, effed'%é%_%é&%%@.‘“@&%ﬁ%@”&dpﬁ%}%‘?ﬁ%&%“é’i%h%%%%ﬁ@ﬁeﬁ%&ds%%}ﬁlbfé&?" fesulting in a
steady catalyst activity for a long catalyst cycle time. It is understood that the soluble metal component
leaching out of the solid catalyst in the WO 20024102556PCT/US2009/032309



first reactor is a mixture of various metal compound species. The metal compound species in the
mixture are not necessarily identical to the metal compound species coming into the first reactor. The
metal leach waxkeesiapssition in the second reactor is also balanced in sigifafURebi@32®6r parallel
multiple reactor systems, the addition of a trace amount of active metal compound to all feed streams
to the first primary reaction zone may be required. Therefore, catalyst reactivation (in situ

depolymerizatiop, L sif IORHIGARSLIGlal IR S ROMERNARY AAING.HLAGEaINgH Y Of active

metal compound followed by metal redeposition may address both metal leaching and polymer
deposition CatafySterRlaarard SUrRiitoE s Pednttlisdidiemeal ) ebpengina i A alFEsHHitioning of

the catalyst surfagecand:62kieKep asitinppiartive el cormpandots. JEbeccalalysbsuriacs
conditioning is necessarg/ %gimmobilize titapium alkoxidgoc?# silica sug’gor surfac‘li. A fresh jimmobilized
¢ ' -

t
catalyst or a reaCfitatBHCERISIT I G RLIRRTR HEHORSFESH RO M UARCEBb by short
cycle time that isxygsuiteblesfor dargencenderestiabuppetiorin: thehioascofiamargihaieatalysilactivity to
about haf activity for tansesicriietion,of & dili.cafbonalg with;phenoliakes about, 80..,150
hours-onstream time, Which 1 c?ear?y madaequali% or con |huous’oper31t|6)ny(1)l commercial reactor. By
adding trace amdeystsefiwtihihidiseiiominesabednipoungments pekisring thseatvo-step reactivation, it is
NOW POSS§ exten : f Ivati | imes for the
contin quSB @(@uctiondgﬁ%%ﬁés&%?ggf fggcar%grgi ﬁlgg%[ggg%t %g%o{iqﬁ%%ag%%%ﬁg% %ieegé%é\lleated
catalyst may beipetforifees b soniacimipehac srgramatellic seeapaasistaiinghs HERsxy démpound or
a mixture of hydgaxy,comnaupgisiRctU ab AdagReratF el Ml (R1Rhi FLRCASQRR) in some
embodiments, from 104C (220F) to 232C (450F) in other embodiments, for a period of time from about
10 minutes to alSeUEBbIPBIRENPEHME BB drridshemRrEA S0 TRRT R SR BN B i Wher

ehmbodimentf- Tmﬁlﬁeﬂme}zrﬁ@r&%ﬂ%mma& e @q;]rrfgagl ﬁuwmwaﬂaéﬂohad&eumdjmﬂpbﬂhmeu@mixedd
phase, or in liqui ase followed by jn.vapor phase,.qr in reverse order, De merizatipn products
may include ph gﬁ’ﬁ?&o‘i‘i’é‘f}’(?ﬂltb%hoén%ﬁié)&p u1ti%%$oc>%§/a éﬁz%sﬁe,kgfgmy?l(%r yonate, %ﬁ% phenyl
carbonate, and hemdkilicong pas ndswiOorkaBimeaatijl esoptwitio kyviogrietve dstaty bestisednfar
depolymerization on a catalyst are,alcohols (preferably meth t r.Qr [xture
thereof. If WO 20091102556P&H) /{383088%?58%8 nd?r%é&%ﬁ fg?@(g%{g?é@%%@ assf%ng o?st{r%xfeedstocks
to produce methigthshiangd cadiorratezeafidngip krshriegrssiemetionetblsinol Hita srsanie ofebiEr and
methanol may b?ré‘;?a‘?gtif&{{ plvesizatiane et sarhanatenis e iam Ul gidhefeedstocks,

ethanol or a mixture of water and ethanol may be used for the depolymerization. One may also use a

mixture of meth@eEPesRRAERBES AR Fisrpesddn /e dG A REPYEHEPmerization, the water content in the

mixture maiybg)in the raNge. KA S eateniNan w6t lassdhanikoss sdrisomeaebodiments;
from 10 ppm by weight to 15 wt% in other embodiments; an_(éfro 15 pgmn\% weight to 5 wt% in yet
other embodim%ﬁA%&feéWﬁE@cW&{%m&x&’m M ERISIHST AR RPESERRPIET the
depolymerizatiomywhgrestiethid setshateljstused asdstosddtie tecd i goksictiaome embodiments, a

mixture of water and alcohol may be preferred over either water or alcohol alone, allowing for the
p b s i

conditionifdPihe cataAYBPEHEA for thd ShiBH SFa& trézr%tﬁalsgoer’%eﬁbcﬁnéarlﬁa%d tionally, a
mixture of waterd@nthamaléeHilanaysies mapineffectivbdor themdepehovieyizat dor andosufacd
conditioning thag lconoher watelone. e HoRR BiakAlspae Al g depaiyiperization.
Useful solvents meay Mclude beﬁgene, (ﬁuene, xyfgnes, pentane, hexane, octane, decane,

tetrahydrofuran, rgperaéco. dicatalyatitiube sssfidor sl ertsrehecadatentration of solvent in a

depolymefigia MXIUeARNANISIEN S ihicrbauhal Wik, [0 LeslD sngimadgad.catalyst may

be dried to remoVe excess water on the catalyst and to control the population of surface hydroxyl
groups prior to révesaEiteHias astifecen dtireBi pardit onHive el e THNSHe™Y B May be

carried out at a tgmperalv ke iR AU AT ¢ 2QF) dRaRudtifia ¢k (800MIA, seemembedivents, from
65C (150F) to 316C (600F) in other embodjments, in an inert gas flow, fg}rPéa eriod of from about 15
el ey

minutes to 40 hotis (AdEFRASHRS eI dd P ds BN S Phefri e Bspé?fg?ﬁﬁing
redeposition of agliveieaialysioBPOBRio, siprapeé beatalysingfasehptedapditibbintyyingaresult in only

rt %twlt .nggegéggl%%ne{%u@ technique disclosed herein may be used in

partial recovery of caet:algis ! ne
any process for fﬁgl%rrﬁ &GN bf Aromatic Carbonates or any reaction where organic carbonates are

involved agfadifants, procihetsnethbdtior [RCRAGIE mectié palsimerizatipritedhaicuie discladedtmay also
be useful for reaglions producing,oreanic.caihanatss Inine.presenss of A/aomagensqussaalyst. For
the regeneration of a hor’%ogeneous catalyst system, an alcohol solution must be fairly dry
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WO 2009/102556PCT/US2009/032309 so that water content may not exceed about 0.01 wt %.
Therefore, the catalyst regeneration technique disclosed herein may be useful for any process for
producing onyarn@eatzenates. [00127]The effluent stream from a reactorrduvisiepslgenerization may
contain a trace amount of active metal component, depending on how the depolymerization is
performed. This stream may also contain phenol, DEC, small amounts of phenetole, EPC and heavier
compounds as mgigr dspoly PEfiALORPIOfURLS, Ibdssiad, anemay.gitempEiqdeaipeihs useful
components such as phenol, ethanol, alkyl phenyl carbonate and DEC from this steam. [00128]The
redeposition of SEEVERMSECHHIHBEARbA%EaRpolymerized and surface conditioned support may be
carried outiyy a23imilarinasneisedimnechilizing, atmeiahalside ot SERPREREHaESHEd Above. The
immobilizing of a metal alkoxide on a support may be carried out in a single step or in multiple steps. A
reactor containif-FEEEGATEANARER DS AR FRAHARS Y5ih s kIR R REsRRL oo PopAaliAish of trace
amounts of solubithaetiveimehal eamponenisiahcaialysisintorthe feadskieantoasidesarivad above,
may result in a stable catalyst performance for, prolonged ¢ycle time. As an.example,
transesterificatic?%%%%%&n W%lls%lﬁg%%? \?\Ea(g eperli%lrc%lélg ina%cg LPpO- oWr 0%8%9 HFgﬁghQ,f?&eacﬁ‘érd reactor
with about 45 tosabaitangOushnuitenverghiodi addaio théfeepbhreendefidsdierhdsebeen ¢itie sign of
catalyst deactivaj In t 14 ths, of in on- ti The addition
of a trace amou%%%{#aggét/egh%%g? c%?n%oﬁk{%g%s%gigsc g{g(}e% Lﬁ%}gn g%%)%%@g}& s&%‘i‘%%lc?)%inglﬁ)us
commercial prodigtiegresarsietsysiyarieidarpbrmessEenidaniarsyl Thevernshdamegising organic
carbonates mayjpe pREgEMedAR aRINAUSIBAGIAN BRI Igs;OfUIERISLeaAte S AT &MKltiple parallel
reactor system, as a specific reaction system dictates. For example, the reactions may be carried out

in a single catal§ARERtARI Lolinth ¥ah BT GHad eloaritiIfpR Sl Rt RLhatioReiimn

reactors, where @uselichgaialstopivwe siffesentedlisigatalysisrareqtaseth Opfitheallyigssaiies of
multiple slurry reactors may al(?io be %ie%‘tfo woﬁ%uc&ehan or ar%jc carbonettte. Tlhe %ddi%ion of a trace
amount of solubledEARHMEE élghp Enflo A feed Streaiy a&}eﬁ%lat%egnﬁ/a%%sﬁrsﬁafeg%%oﬁ in a series
of multiple reactouderTdiErcesicaltienditianst afdrd denammuint of active metal component in a feed stream
depends pecific active metal element for specific feed components. For transgsterification
of kg Rt ot S A B T S depbslita 36
2009/102556P Ghth B2 0eeve:32300 sttt v Gigastv thjowe By mescleroeifiodiménsilfréim about 20

b to about SUAgR N ANEF UBEIDAKY ANEMIPTANAH!Aa PR3 ARAULRR BARRNY et other

embodiments, depending on the metal. For a feed stream compoSed of diethyl carbonate and phenol,
for example, a deateaBRoBRFORN PR THIfS B emamtis R Hh Ry EBBu5Bspa fRedamd

embodiments; apgdRay 3@ PPERdesd nRB-RYBIgti yelatbenembadimentshdipamasnt of the
active metal component in the feed stream s aﬁgrcfo%xi atel%{;h%nelor %/vo ?Prﬁ(egr of magnitude, lower than
the concentratiofCBRRUHHEYERadRre CuphRrst ifet P RRERRG AP PiaP e .tfl]sll’ﬁg Ti

concentration in A feasiocabhmen sidiaraksiuadalhaia & rhagechore atfbateRk poutocatbiyats 100 ppm,

depending on thg ango%rét Pf active meg?lxconc%%g%iggaic%tg > J%a% Sie @étqg&ﬁe@%oggg épis level, it

. 15} ired 1Q Aaddress ca
is generally not étcongmlcaﬁ%avora%le 0 recove rom the reactor effluent stre r recycle,

although one malgmissose todd3o diskelutitive riméjing)méowémeimh@lrmb’ﬁbﬁmmmn@am may be
recovered from hagyy DOIBMSEEAMS HNAHNES BE Caronay salveias salidmatrraband

converted to solub oygan%metallic comﬁo_und to be reused by reacting with organic carbonate or a
mixture of organfEcseaiioaaeoBwEsaRiOPUNndRctaAIES TRariid ARR®. HBGRINFE 8RPBFgaRbmetallic

compound may bg, ametal akexideos eeial alkaxialky!sathonste (petalaal. of Begaignie acid

monoester) or a mixture of these, 1001321To recover the Og)l1|b|e active metal com on%nt in the

bottom stream of4Rggssed via adding a trace amount of soluble organometallic com]g)oun , 85
described above.

[60104] [mmobilizing (e.g., grafting, tethering, adsorption, etc.) organometallic
‘compounds on a support such as silica or carbonaceous material for alcoholysis and/or
transesterification of a dialkyl carbonate with phenol may be carried out in a single
reaction zone step or multiple reaction zone steps. Examples of the organometallic

compounds disclosed include metal alkoxides, alkoxy chlorides, carboxylates,
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DPC recovery column as solid material, the heavy waste bottom stream from DPC recovery column
may be treated with hot water or a mixture of steam and water to precipitate the metal component as a
solid. In caswofaosatightitanium containing catalysts, the solid titanium precipitatecinshaagqueous
phase is separated from liquid by using conventional methods, such as filtration or centrifuge. The
separated solid is converted to soluble material by treating with a liquid stream containing a dialky!

carbonate or & Tidjea! iy eRAMAaIE 20 alphl A AR PEIBIIE MR 19.343C (250 to

650F) under pressure for a period from 10 minutes to 80 hours in some iments, and from 20

minutes to 45 hi&SHANEEch dMmMendcTRe freddule NisuFrcienthnigh. sl $hilles-cdrbonate or a
mixture of alcohekand diaadisrRionateshnuls alisastpatiislhaaxiakas dgidiasa saastign vessel,

such as an autoclave, eactor, etc, Optionally, the liquid stream may contain an inert solvent

.a tubular
such as benzen® 481 %,%@%KLB? Kiierdeetty imdriehlans aadt iiiges piese species
2009/102556P GiE/USAD0%KH0IAAD stsealicaieemixiRes, Miathanal anet EQiasmethanatiand DMC.

The content of di I te in a mixture of an alcohol.and dialkyl, carbonate may. range from 0.1

wt% to less thaﬁ%‘\%@%gﬂsﬁﬁg r}leezglscti%()%ns81 B?eodﬂxc‘{ﬁ%(%}%%ﬁica}é%rgg)kﬁgyes Brrgg%é%rf%tes may be

performed in a sindiidabadheredylits a Sanes IO, Muitipié demetr i Yadiond,arrafigerdent$, efidhe reactors

with suliably arrgnged gisilagomcalumapdaniie:ear allesisasnartienaligaciiap praducts and for
rformed in

the recycle of unreacted reactants. Alternatively the réactions may bé pe single or a

multiple parallelFeBeisral ¥ st akpadarpaentiderakatmid Graatsordisnielsaofray be

devised by thosg,sidiind ioithensHodROL 34HARMIcR: AR RArfarmeskin 2.ainglg.cataitie distillation
column, in a series of multiple catalytic distillation columns, in a series of multiple fixed tubular or tank

reactors or any STt Ui R BSHIES R IR R SHs AR PIAPOR eLARH, AEHEAN ARtFCEolumns are
used to producedeiRbdisesalicheatatysi hyilaredtndhe dirsdtino seaetatByinesariestian ieoxide
transesterification. The third. distijlation columan reactor.ma ntai i t or glternatively may
ot contain a solti THSNG HF (HGSHaER o CRTEN T (HETh ATachcr Ty 0 SR GBEEy utiizing
only soluble horBogeBEBUE ¢&tslyst present in the reaction medium [00135]Reactions performed in
traditiona ar fixed, bed reactors ma erforrned_in up-flow or, down;flo ode. The reactions
producing SRYFLry et e R L B R Sy be
performed in a ligoidpbnsed vatiovayohigenises pdrforasetipiea whikedipphise sthsraide iblikefidsence of

one or more solid catalyste, Toe e 6reAImY ekt W thaAtansesipuficationmavalifinate

periodically between being first and second reactor to prolong cycle time. The third reactor for
disproportionatiGHeFIEEC TechréduEEBPE SHEDEtenfly Feoperstinelt itHBfWET RS the phenol
recovery columnowhigl MY benepryalesiahsubpaiPIRsRNe R IRFessW egisimesiBeie thenvargdiments,
processes disclgsed herein may be_useful for producing diphenyl carbonate by performing
transesterificatidh ‘a'i%i’ﬁ)}i) oiaiEMith phenol followed by disproportionation of ethyl phenyl
carbonatg0{PAIL36]A tracamaibak auselublevattive seialicaenpodizdicsecthasiathylphany titanate or
ethoxy titanium ethlgél cgirb&)nat?, or a gni%kjrg of }(i)tgnium % xid%%and alko>jl¥ titanium alkyl carbonate,
for example, ma%%ecg g&tf f?ﬁo%ﬁ%?ﬁq’w raction T wé 11 E%%B&I £ 82605 1582369 medium
fed into the first peamtionatanexiditeupptine|yudispr ditortion atiste nzaydpeupe dgdnea diy bdeataty tic
distillation CO'“”B%%)"A!“&Q%&R%B@&&%%?}J O2RIANG! LECANIInERIHRLIR IDirpduceH at a

proper point in the upper mid-section of the column. Disproportionation may also be perfoimed in a

catalytic distillatiohadesthphraroorgaiel faebpBMBNISchtrs ARG saarsistdishiedtisnbaatio?ts directly
introduced withaytLRBaRALEGRGY 8ld PRRALRMLBE TERPYSS Shierdhe intioms SHERmiag) the EPC

disproportionation column). The first reaction zone may include two catalytic distillation columns in
series or two pafiifal Eftatytie dftifart PR ARROBIF s By o TRBSTiGHST DR vith4sFreMof The
second reactionvgoeligay inckide abatalylie disillationcoumnieadonfardispsopaotionation of EPC
to DPC and DEC. One may.choose. DMC in place.of pd MPC in place.of EPC. Catalytic
distillation colunfﬁrpga%}%g%gfr&eﬂ% ir%?lrga\é{%%’n?%gggugggﬁe foa e%e\fvffﬁ%%gelr%?nrtﬁb% s%ﬁ?éx catalysts,
such as titaniumabtikoXid® immtidbitizeltbon & siliéaisyppether ttelmdmentite Sapparetsnidisilica

support. In denelglylfla AR o.pl'DIRElNG Biesssags Ionihe snMRHALSRIAINIaR.LanenY!
carbonate that may pe used, In the case where more than two reactors are used.
and/or ethanol as solvent for water. Commercially available silica gel or silica,

having surface hydroxyl groups, may be used in some embodiments, Optionally one
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[00137]In a first process for the continuous production of diphenyl carbonate, there may be from three
to seven catalytic distillation column reactors in various embodiments, from three to four catalytic
distillation cotwnmm®inzstected embodiments. Out of these catalytic distill&Giarigaleatiseseactors, one or
more may serve as a spare reactors to replace the least active reactor out of the multiple reactors in
service. Of the multiple distillation column reactors, two to six reactors may be used to primarily

produce EPC. Theeaing clabii o Silaom AN \ISRE Q5 MY TGS ARGERN rpaction

zone, wherein primarily the EPC disproportionation to DPC and DEC occurs. DEC and at least a

portion of the phEABERHES Sr@arhardFlite Hrabroh SR8 drldosied remendeeram ReanrsavEeffluent
stream of the firgtgigasiinn ZPne BERL toertering the-sacend dpactianzonamdiiesoativelyssgmoval of

phenol in the heayy effluent stream, of the first reaction zone may be delayed until after
SO R A B

disproportionati E€BBcentration of phenol in that stream. As the catalyst in service

ages, the [@atBlygt activiyosiourlysleadivatescobiermaseireendifferenteptivnadonigiaingdpe multiple
reactors in series between service for production of aromatic carbonates and catalyst reactivation:
s e derin

WO 2009/102556 PEFAFS2069] %Qrﬂl} cycﬁc rStakiOn O %1?9?55?855?8%1 iy eq &P 8fder after a

given service tindesaifedotde $xreadisrdenmngaoe kod sdvvne fongatahdstare 4B Yativti-vhile bringing

a reactor having h gt re 8 atalysiynt ryice e first ' ' multiple
reactors (i.e.\flnegv}/r%‘i%?st rﬁéséjé"t?j\% |rasgtﬁrgég‘é@r}sﬁ?b;"ég?néd;\éggé’c‘gﬁégfgﬁ?r{c??%%é&gﬁ%‘ér%gft%%%% o? clatalyst

replacement), oCbpidSEINPLRITE atneNdr&aTopificiseRith A9ie 3adivieacrmitive std9las the
second reactor maygsIYP RRg fitstdRasior FeverssnhanvardReaULRsS RiaseReiiZhthe reactors

are divided into two groups of first reaction zone and second reaction zone reactors with each group
having a spare ré&Bforfof RoRHBI R HEdASSE DB RNes onfy 8 5 AREAEHIZEHORCRAIBHP (3) bring

the least active reagiaicindiseyies efdhoimultiplgseactkseatiohseniordes tampatalisbraaetivation, as
necessary, and bring a spare reactor (wherein the catalyst already had been reactivated) jnto service
to replace the re Aok &R’ &@fer@%e. fO(’J‘_SL ﬁﬁ 5%%3&%35%%‘?@5%%&5%%80 élg%té?stli%? series are

used as the firstprretionrzopemehe skglerdeinfitte’ 6/ redctbes até pebibcitatly, altevwedited between
being the first regelor,and, e segondragior alispservicipalor divsnperiodgh im, sayevery 6000
hours; this rotation repeats as many times as necessary. There is no-spare reactor for'the second
reaction zone. Thitctypiéookaseratioistiesiosuibieot the toanréigndivtaisonanebbahtouss BRidve metal

compounds to the first teactar in the setes.REGAYdLbepakindheatiganhiran e diskigaction zone

are removed by distillation, and then the remaining stream is subjected to disproportionation of EPC to
produce DPC in $RBRAEWE Ay Saititherapriimarie ﬁi‘%‘iﬁ&’%ﬁ??@ﬁyﬁﬁ?%ﬁ%ﬁgﬁdﬁ&ﬁgnaﬁon. (1)
In the first methag, dispreptioretien ipperfermaddnthe peepercencl salitheailyatdnod fixetided reactor
such as catalytic distillation reactor. There s a spare reactor. for the replacement of the reactor in

bt RO R NN s

service. The deatitAR 4y SRS BRMED 8RSt FARVEHSH G88L e GRS Ter™
2009/102556P CHibt52006/0323018 (RjrpotheseCondnsigthodstiewispsdportionation is performed in a

catalytic dﬁ&l@ Zn_rea_fgtf?)r met[g o%:?&%%?d%&ﬁoﬁ?ﬁg C tsaf %&{gd H}Qegg JB, 0o spare r()q}ag)tr%%rs'ljhe active
soluble métal cies in‘the stream coming from the first reaction Zone serve as a homogeneous
catalyst for the digpioportiiguation reaction found in the publications by Bradely [D.C. Bradley,

Coordin. Chem. Rev., 2 (1967) p.p. 299-318); J. Chem. Soc., (1955) 3977]. One may
choose to add a frace amount of one of these compounds into the feed to the reaction
zone to obtain stable catalyst activity.

. [06109] When carrying out disproportionation of alkyl aryl carbonates to produce
diaryl carbonate and dialky! carbonate in the second reaction zone in the presence of a
homogeneous catalyst, the homogeneous catalyst may be a mixture of alkyl aryl
titanates, titanium salts of carbonic acid monoesters, and siloxane compounds of
titanium discussed above. It is understood that the homogeneous catalysts may
originate from the solid catalysts and soluble catalysts used in the transesterification

reaction zone.
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[00139]lt is understood that the catalytic distillation column, wherein a solid catalyst is either present or
absent, for the second reaction zone is designed such that the top half section of the column (phenol
recovery sectiorhaeryesgrimarily to distill off phenol in the incoming reactionusixvamesssam the first
reaction zone and the bottom half section serves primarily to perform disproportionation of EPC or
MPC. In an alternative process design, a phenol recovery column and a catalytic distillation column
are separ, imto two t disproporti ay.occur in the bottom section of
phenol re?o%%lr columsr?%\lérg%%g z%%@é@%%%éﬁﬁ%i%%gnﬁ%ﬂé?%élr%g}éﬁ%%ﬁgﬁ% gﬁe%%isllﬁ“fﬁgolncoming
feed stream, a pRekBIrteolsr{epdasbeTt diaijcisnpptineliier eiaprbsbetivriatisanighhaugie deshe of phenol

may be strippedspifin thereatalicndistilatiancol BmasiAvaaad YoReSEsarhAlRNg. ity DEC. The

catalytic distillation column for disproportionation may be operated under a subatmospheric pressure.

[00140]Figure | & EPEIHRRFEGAA MRS RPN eraiiis 2098 Q9rm o bshEmbedi®srduction of DPC
with threqggfalyfic distifationeohimnalassesdingrirambedimaats disciRses herein fagéga&atalytic

distillation columns, in series serve as the first reaction zone for transesterification o C with phenol

to produce EPCPYY S AFBRIAERTAe e terpar SR e prepastiontside rae s hifktiBAEolumn

serves as the sgeepdatactiopedaerfamdispropait-chatiaitailERGiorpiodised BCardddr,C. [00141]
Referring now tq Figur ajprocess for the production of DPC from DEC and phenol according to
%Dlgwgkgréi? P % f pp oq’ any

embodiments diScioSe A iSilfUstrated. feénn%e@augréocé?ﬁ%g distiifaticn SOHRAE 13 performing

transesterificgtimpdﬁégdaﬁaé;haﬁ&iwecmtyitdgmmm@am@ mhﬁimr;mmhjmmg(ﬁxtiebie'gole purge
column); C5 is &catalyfic, distilation colump ferdispiaronionationaid RASAP!dESauELY: £6 is an EPC

recovery column; and C7 is a DPC recovery column [00142]The columns Cl and C2 are a series of

catalytic distillatiSFpeRimashwhe &Rt TemredPhckmiiabiceabave pCed PPRASEEHBNSEBKe RI and

R2, respectively.hhsispaaialin s Fstued.pasking desicen saniakLaolidreatalydoRenekprd DEC WO
2009/102556PCT/US20091032309 contajning feed streams 1 and 4, respectively, are introduced to a

tray in the uppe’BEERPPEHRRER i CRERDMEORMITEEMEISE 3 RO I EIMiEY¥E ction zones
Rl and R2. The mpledatioabbid BC Houpheneiie tiebtidisheRE Gndntbirestophenslifeed sirgams may be

approximately 1; he mole ratios of DEC to phenol in the catalytic reaction zones R1 R2,
however, are coﬁrt;gf)e‘ﬁstoubeo ’%S%eggbé)u Tﬁn?isft)oag oﬁ’taié??ﬁl%soorﬁet%ernggio‘frgﬁ%n §; %ﬁ&g%out 10:1to
about 1:2 in otheomimﬂspmmm caiprpangnt mm:myétm @mmml [QOl431A
soluble organomgalliGQMpRNTLR AatdaleR e LIRRIRY i hiadar apctanddyialew ine 3. For

example, for a titanium-containing solid catalyst in reacfion zones R1 and R2, a solution containing a

soluble titanium ssorepbistedudhessme oElDeniomt) (wrrPRsSKths Databallieyidy selutigibesRits of
carbonic acid m‘&@@?x?t@{ﬁaréftl&%i@&ﬁ&lﬁow lianium ety GRTRenAIes, orHYixiWes ghibese amay be

introduced to the top of the first catalytic distillation column reactor CI . The solvent for the catalyst

solution can be PEEEOL AhxeBesor BIATOFTEe anthBuAd PRGOS RN PoEE I Ethanol, or a

mixed solution ofnBE: sthandkansphenohnfopexanglen KO kheitoves afeivbihiresatalyst solution
may be controlled such that the ioncen atiop of titagium in the liquid str(?(%tm abqye the catalyst in the
R oA

first coluntBEhator is FURREHIET: A6 h F51%h SHPE AT B X S hiBeAR & Bxample
catalyst solutionsilistedhin tfeapievae sparagrdipn) Kroupsght Hlsdvhevemdodinedrits; Ramdibout 25

eight in yot ot S R DDA B s g e Gt bR, R bR
distillation colummidg|catalysts are known in the art. For example, according fo P. Iengo et al., Appl
Catal. A: General 178 (1999) 97-109, titanium oxide catalysts supported on silica may
be prepared by grafting fitanium isoperoxide and then steaming/calcination, the
supported catalyst having a strongly modified original silica surface resulting in a
catalyst different from those obtained by impregnation and co-precipitation.
[60113] To prepare supported metal or mixed metal hydroxide or oxyhydroxide
catalysts, one may hydrolyze the grafted metal alkoxide catalysts, as described above,
followed by drying at a temperature in the range from about 50°C to about 110°C. In

some embodiments, drying may not be necessary.
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and C2 are sent to an ethanol recovery column C3 via flow line 8. This overhead stream may also
contain minor amounts of by-products such as diethyl ether and carbon dioxide and a trace amount of
phenol. Diethy® etherezast carbon dioxide may be removed as overhead vegoiustmwansBoEthanol may
be recovered via a side drawn from column C3 via flow line 10. The bottom stream 11 may recycle
DEC from column C3 to catalytic distillation column reactors C 1 and C2 via flow lines 12 and 13,

respectiv 461 ymn; that £h erature of the catalytic reaction
zone Rl i Ii)g%ggﬁangg%om a%’t%‘ggm%ﬁ E%%%?d;%%l (gglgﬁt%g%%q foa o§ H?gﬁ?elﬁﬁglg\r/erhead

pressure in colutAnrCiaiaige iRAgtonth ervgng rreapieucZ bwae200 Fho 2556RATABR069/032309
bar absolute to gyt har alisalile (RhRbdd ARG 10:RPAL5ELSig, Thehatiom Stieam 7 from

the first catalytic distillation column Cl may be introduced. to the top of catalytic distillation column C2,
which may be oBERSEBR OH! i BICRRIGTHIER e Tt anRd AR - dsa ctibha ditehesP éning B range
from about 162Ggsakouhbbatic(akesl 3RSRitaabauicdIhsndiiatokimpamay ke opgrajed at an
overhead pressuyre in the range from sub-atmosphegrjc, ahout 1 bar (0 psig), to.ahout 4.5 bar (51 psig).
Ontonally small RS P, HEEs BT POE G R 2o B CEA S DEB G | and Ca
via flow lines 4afesd dizyuielsEBClivedoid 0197 Thehenembtrditimnf Wk ithereaser mwboagteown

stages in the catal tigediiéﬂgt\i%n ql,c%z. As some d%iggsrqurtion%gggnpf.EPC [g)% DPC and

onnﬁé I.an 3
DEC occurs in column reactorsp8 gn%%(’: ,%[]ﬁe %ong’e‘r)lliraétlg?‘%eof mcr%grsles asr\llgerﬁ‘.al yr e bottom

stream 15 from gisiitiameshlephuparioeiomrbnis seinuios DEDyecHVbeprsdusnmCmbedersBEC is

recovered in overhead yapor streamdBs GOUR G4 MR RRLRGHIEAmGIEMRRLALE AT from
about 127C to about 204C (about 260F to about 400F) at an overhead pressure from about 0.3 bar

(about 4 psia) to"aBGIRNEP AR EREPBSTER) Fsiueealer iR Berlrehad RREF IS tHAHSI e overy
column C3 to sepafpicREerangenienahtbalay Bedi seam kbsonhasmibeiEts,and poenol may be
recycled via lines 11, 12, 13 tg Cl and C2. [00148]The overhead stream 16 from column C4 may also
contain DEC ané aﬁé?%o%{fst%%ﬂ‘é%%t%fél [')Ihé F 5%%0%%% E%l%%‘ﬁﬁv@fgﬁ‘ga% ¥rom
column C4 may heyubedasravplienethte pecgeistinediy, mifionipiregdaditibipngf tire neteledndtie system.
[001491Bottoms stream 17 from,column C4 contains.homeoge SEus atal ies coming from
columns Cl and @%f@gsztrgﬁ?'s%géeréu %arggxyp Sfea{lﬁ?O% u%e%?galtl{; sune{%laegf.)%ztﬁl%(?rfei n%t]h&éntglﬁggection of
distillation columgaCioe bluareds! pfdinsdiose abipe Hormiadisprbprfibnation of EPC, and may
optionally in a he e s gat in gﬁgﬁtio ne 5 e,golymp Gh,may be
designed m?pgratedﬁﬁggeﬁgﬁvgﬁuﬁﬁ%s remov%gg?ﬁer?c%l%% g#e%ﬂ? %ndgtghe co{product DEC

from the EPC disisspsatiisation efe svelheatbenssanithomeaiephnbpfdp sisbhats BREP @¥&¥orm DPC.

Column C5 is opgrated.sa thakihehameanregus Gataiie/earsianzens BS lwmpekurerisrin the
range from about 165C to about 210C (about 330F to abqut 410F), and the column overhdecad pressure

is from about 0.0epBeriasisuT P sHPRSEBLOR G 6 BRCTH plig) second type of the mixed oxides

includes a solid base catalyst that contains one or two elements from Group II of the
Periodic Table and lanthanides or actinides on a support. Optionally, one may use a
quaternary ammonium hydroxide grafted or tethered on a silica support. The oxide
catalysts are usually supported on alumina or silica or prepared in the form of a mixed
oxide or a solid solution. The elements useful for the second type of solid catalysts
may include Mg, Ca, Zn, La, etc.

[00116] Active metal components of the second type catalysts may also leach out
under transesterification reaction conditions, resulting in catalyst deactivation. In
fact, it has been found that silica supports may also leach out, only at 2 much slower
rate than Group II active metal components. Since alkali metal impurities on a silica
support may increase the dissolution of silica into the reaction medium, minimal
alkali metal impurites in silica support is highly desirable. By adding trace amount of

soluble organometallic compounds into a feed stream, the cycle length of a solid
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WO 2009/102556PCT/US2009/032309 [00151]The overhead vapor stream 19 from C5, containing
DEC and phenol, may be recycled to columns Cl and C2 via streams 20 and 21, respectively. C5
bottoms streamza@(whish contains DPC, unconverted EPC, phenol, pheREWI&2Has39%nd soluble Ti
catalyst) from C5 is introduced to EPC recovery column C6, which may be operated at a temperature
from about 168C to about 213C (about 335F to about 415F) and under sub-atmospheric pressures in

the range from ahau0 9Rpasdaba A4 RriakieAhRHt RaHer (BRSANIOWSIEPGRalumn C6

bottoms stream 25 is introduced to the DPC recovery column C7 to recover DPC as side-draw stream
27. The DPC retBRaRMS Uflvdy ©nsperatdietrdbrtiin Galcim tagthexgaobie(<t% Psia).
Overhead streame2oRypyopext@nbined wib:HERC el MKGSy0varheadastaam, 23addmecycled to
column C5 via line 24. [00153]DPC, recoyery. column C7 bottoms, stream 28, containing heavies and
coluble cataly st EDTL e P B BRI LT A b o R PR S and fod to
the reactor, for engthugletionednanageouen tRandthrasseidblenbigoatalyse(fiof@iE]) hagmasiomture of
Ti(OEO4 and eth itan| C cycl iscu . ear]] ong, disposal
method, stream%xga%’b%%g%%aﬁt%%? l? ??eg%{g @l%({)g’r?éaé%%ﬁﬁﬁ. %ﬁngg Igghﬂ%%%(%/l%%ggfom stream
22 in alternate reléoleabantpanddddoRaraisZwpienyiges\gitrierives.latomie athersf thovepfordinary skill

in the art. [00154}Alteenatiyely, 88 mgntioned above, the disproportionation of EPC to DPC and DEC
may be performed in the presence of a solid catalyst in the catalytic distillation column C5. Solid

catalysts [#@8Thay, hSaleblercorepemdneliaaidien4a. soid-adnay seobitine S by sersErgAyifedistillation
column C2, as illysfyateddasriguied nl0QkoRiAsdisrensedaRayainvhsmRfak iRslHdes@sQlid catalyst,

various options may be used to cycle the distillation column reacgtors so as to maigéain sufficient

catalytic activity¥oroHgen askenass, fgett 940 Ahd BRI OIS Ra08H, hal BeprdVidRd to allow
for the cycling ohiiber reectorgseetdisinvibinethembkilméikogevin thievart! 40T 58PHute 2bisian
alternative process.f ilagram, where like numerals represent like parts, There are a.similar number
of catalytic distiI?aﬁt?o#)%%@pési?o%iléﬁoﬁﬁéﬂaf%&%érlltﬁé%a%(g ?ﬁ ed%rp?%lﬁ{g(ritigg]%sﬁoﬁf%% %%umns for
the material sepesptipryaein Fgbteols Hepevennathiactemmef oweriwadsefwbdon addingniractalytic

distilation WO ZA0RH0GPRASCHAIRAMANSZNOGAUN GIMAN RS IRYCIBAPRRIORRC recovery

column C4 via line 30. Recyc Ine 30 may thus allow an alternative method for ptrging phenetole.
[00157]Figure 3titestrAnsal amseriof asiisims pl s aagdlowrappring a8coalitymstal alkoxide,

metal hydroxide, or metal oxide catalyst may range from about 0.02 wt % to about 20
wt %, preferably from about 0.05 wt % to about 12 wt %.

[06118] = Improved Catalyst Cycle Length and Service Life

[00119] The solid catalysts disclosed herein may have long cycle lengths and may be
able to undergo catalyst regeneration and reactivation many times, resulting in long
catalyst service times. The techniques of extending catalyst cycle length and catalyst
reactivation disclosed herein make catalysts typically interesting for laboratory
purposes useful in commercial production of various organic carbonates. It is
surmised that whether starting with supported metal oxide catalysts or metal alkoxide
catalysts immobilized on silica, at steady state, the active cataiysts are organometallic
compound species immobilized on silica. To illustrate the benefit of adding a trace
amount of active metals in the feed, various experiments were performed, and will be
described in more detail below. Briefly, in one experiment, a titanium oxide catalyst
(6 wt% Ti) supported on a silica gel, was regenerated by depolymerization after
serving about 350 hours, and recovered less than half of its original activity of the
transesterification of diethyl carbonate with phenol. It was found that more than half

of the Ti had been leached out of the catalyst into the reaction medium during the
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embodiments disclosed herein, similar to Figures 1 and 2, where like numerals represent like parts.
The first catalytic distillation column CI is operated in more or less similar fashion to the previous cases
(Figures 1 amix2)nttoessyer, the operation of the second catalytic distillatieciroaermin@aand the DEC
recovery column C4 are operated in different fashions from previous cases. Column C2 may be
operated at a higher temperature and a lower pressure than previous cases. The recycle DEC stream

13 Is Iniroducedsie haneUanRle ST MRHRRAIARALAING TPAREG sligein 4 may

also be introduced to the bottom of colgmn' C2. Due to operation at highier temperature and lower
pressure, C2 botibfridlichgghiorsorshedisliedienrringppiet At haussriatha dissapartioptienetole,

among other copiRaRdiseSreabohddnay ke inkoskiced R cRlumbiks (MARKE GAROLRMSStream 17
is the phenetole purge tream.éo 158]Extremel re DPC ma,){_be_prepared from crude DPC
products produc(gc? aggﬂc/éraﬂ?@ W% Bo%ﬁ’?‘?e%' {E gg@%‘%‘e@ﬁ%ﬁ? AR Gh BBOPHFBIETRES e produced
by fractional crystatiizatiost tusprgduyeddiediearbihete midtpresylsuehigsohaxartsdiethykether mixtures.
In some embodiments, the enly dgtectable impurity, other th enol, in the purified DPC product is
xanthone in an g%&%%%% t%?g\éxog[eé?@ Sgelr]ﬁg% Hﬁgigﬁ?{ gﬁ%‘ﬁﬁ%&% t?hstif%’ %u?ﬁiggﬂ%%orﬁlg)e/ be a trace
amount, such aﬁmm‘iabdtarsf_i@iébmdpmhﬁ@mweig%@r?mﬂmw@$maﬁtiw¢mﬁP(_: _
produced accorgipgyioempadimsriaisplosed e badicale. Latihe Ay ol cgptained is

much higher than for DPC that may be obtained from common vendors for laboratory chemicals.
[00159]EXAMP PESSYberrBoais ir clisy ephonaéh Hup &rinvamancy Fralscdearivaiipsritehetions of DEC

with phenol werg.pg¢formed inappelavoliRado il seAMIAr adIEFoEaEG oM FRRERRI g vidphases
coexists in the catal)éggt reaction zone. The dimension of the fixed bed reactor was 1.3 cm (1/2 inch)

diameter by 6.5 BPHEISGEHEE PO T PRaA G HAtY Sepanety Lo IRy b ANRe BERIM heating
zones. The fixednbdiitepciosaing widLisikd osedlically. The volume of solid catalysts was 25 ml. WO

2009/102556RCT/US2009/032309 [00161]Comparative.Experiment 1 [00162]Experiments for

transestef@i%l n of S%%Mgﬁ"éﬁéf{gf‘w "B“e%‘?ﬁ?é@%@ SRS B HHE gbfgfrfgﬁﬂs“ﬁaénium

alkoxide catalyssibyausitigpaistireedkdd Gonibau tettaub ye actarsi iveaad ttclaven ias filkekwithatabout 35 ml

of a DEC/phena mixlyfe, a5, glvew TaBle 1sdHee auloays ues Fameisedingn gl ajdp control
Her per t t o

reaction temperature. er performing the réaction, the alfoclave was removed from oil bath and
quenched with diskebmatessigo dipenpiesenes wasobralviee smanyiroAcHéalimmeinle ofhlissults of the

reactions are listggl, iy 80]e vhas! AlEs o CIIREIAIE o GelRh ARSI SRt (ABIY)st reactivation

and a method to maintain constant surface concentrations of active metal components
on the catalyst for a sufficiently long cycle time to be acceptable for commercial
reactors. _

[00121] Catalyst regeneration via depolymerization and metal redeposition addresses
problems associated with polymer deposition.  However, regeneration via
depolymerization fails to address the problems associated with continuous leaching of
active metals from heterogeneous catalysts under reaction conditions. The continuous
loss of active metal from heterogeneous catalysts must be addressed to obtain long
catalyst cycle length suitable for commercial scale reactors. It was discovered that the
effect of metal leaching from heterogeneous catalysts could be neutralized by adding
trace amounts of active metal compounds into the feed stream(s) to the first reactor in
the case of a series of multiple reactor system. By adding a trace amount of soluble
active metal compound, metal leaching and redeposition are balanced or nearly
balanced, effectively maintaining a constant number of active sites on the solid
catalysts, resulting in a steady catalyst activity for a long catalyst cycie time. If is

understood that the soluble metal component leaching out of the solid catalyst in the
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Duratio n (h) Catalyst Type Catalyst Amount (wt. ppm) DEC / PhOH Mole Ratio Phenol Conversion
(mole %) Selectivity of EPC and DPC (mole %) 174 (345) 2.7 (25) 2
WO 2009/102556 PCT/US2009/032309

first reactor is a mixture of various metal compound species. The metal compound
species in the mixture are not necessarily identical to the metal compound species
coming into the first reactor. The metal leach and redeposition in the second reactor
is also balanced in similar fashion. For parallel multiple reactor systems, the addition
of a trace amount of active metal compound to all feed streams 1o the first primary
reaction zone may be required.  Therefore, catalyst reactivation (in situ
depolymerization / surface conditioning and metal redeposition) and adding a trace
amount of active metal compound followed by metal redeposition may address both
metal leachiﬁg and polymer deposition. Catalyst reactivation may be performed in
two steps: (1) depolymerization / conditioning of the catalyst surface, and (2)
redeposition of active metal components. The catalyst surface conditioning is
ncceésary to immobilize titanium alkoxide on silica support surface. A fresh
immobilized catalys;t.;r‘.a reactivated catalyst loses catalytic activity continuously,
resﬁiting in unacceptably short cycle time that is unsuitable for large commercial
reactors. The loss of an original catalyst activity to about half activity for
transesterification of a dialkyl carbonate with phenol takes about 80 — 150 hours-on-
stream time, ‘which is clearly inadequate for continuous operation of commercial
reactor. By adding trace amounts of soluble active metal compoﬁnd and performing
the two-step reactivation, it is now possible to extend catalyst cycle length and carry
out catalyst reactivation multiple times for the continuous production of various
organic carborates.

[60122] Depolymerization of a deactivated catalyst may be performed by contacting
the catalyst with a stream containing a hydroxy compound or a mixture of hydroxy
compounds ix situ at a temperature from 102°C (215°F) to 316°C (600°F) in some
embodiments, from 104°C (220°F) to 232°C (450°F) in other embodiments, for a
period of time from about 10 minutes to about 50 hours in some embodiments, and
from 30 minutes to 15 hours in other embodiments. The depolymerization may be
carried out in vapor phase, in liquid phase, a mixed phase, or in liquid phase followed
by in vapor phase, or in reverse order. Depolymerization products may include
phenol, alcohol, carbon dioxide, multihydroxy benzene, dialkyl carbonate, alkyl
phenyl carbonate, and heavier compounds.

{00123] Examples of hydroxy compounds to be used for depolymerization on a

catafyst are alcohols (preferably methanol or ethanol), water, or a mixture thereof. If
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Titanium Ethoxide 4767 2.32 4.54 62.97 174 (345) 2.7 (25) 3 Titanium Ethoxide 4767 2.32 15.45 15.24
174 (345)
WO 2009/102556 PCE/US2009/032309

- dimethyl carbonate is used as one of the feedstocks to produce methyl phenyl
carbonate and diphenyl carbonate, methanol or a mixture of water and methanol may
be used for the depolymerization. If diethyl carbonate is used as one of the
feedstocks, ethanol or a mixture of water and cthanol may be used for-the
depolymerization. One may also use a mixture of methano! and ethanol. When water
is used in the depolymerization, the water content in the mixture may be in thé range
from greater than zero wt% to less than 100 wt% in some embodiments; from 10 ppm
by weight to 15 wt% in other embodiments; and from 15 ppm by weight to 5 wt% in
yet other embodiments. An azeotropic mixture of water (4 wt%) and ethanol is very
effective for the depolymerization where diethyl carbonate is used as one of the feed
stocks., In some embodiments, a mixture of water and alcohol may be preferred over
either water or alcohol alone, allowing for the conditioning of the catalyst surface for
the redeposition of active metal component. Additionally, a mixture of water and an
alcohol may be more effective for the depolymerization and surface conditioning than
alcohol or water alone.

[00124] One may also use a solvent in the depolymerization. Useful solvents may
include benzene, toluene, xylenes, pentane, hexane, octane, decane, tetrahydrofuran,
ether, etc. or any mixfures of such solvents. The concentration of solvent in a
depolymerization mixture may range from 0 wt% to about 90 wt%.

[00125] Depolymerized catalyst may be dried to remove excess water on the catalyst
and to control the population of surface hydroxyl groups prior to redeposition of
active metal component on the catalyst. The irn situ drying may be carried out at a
temperature from about 49°C (120°F) to about 427°C (800°F) in some embodiments,
from 65°C (150°F) to 316°C (600°F) in other embodiments, in an inert gas flow, for a
period of from about 15 minutes to 40 hours under ambient pressure or a
subatmospheric pressure, prior to performing redeposition of active catalyst
component. Improper catalyst surface preconditioning may result in only partial
recovery of catalyst activity. The depolymerization technique disclosed herein may
be used in any process for the production of aromatic carbonates or any reaction
where organic carbonates are involved as reactants, products, or both.

{00126] The depolymerization technique disclosed may also be useful for reactions
producing organic carbonates in the presence of a homogeneous catalyst. For the

regeneration of a homogeneous catalyst system, an alcohol solution must be fairly dry
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2.7 (25) 4 Titanium Ethoxide 4767 2.32 14.93 20.45 174 (345) 2.5 (22) 2 Titanium n-butoxide 42 2.35
0.13 :
WO 2009/102556 PCT/US2009/032309

so that water content may not exceed about 0.01 wt %. Therefore, the catalyst
regeneration technique disclosed herein may be useful for any process for producing
organic carbonates.

[60127] The effluent stream from a reactor during depolymerization may contain a
trace amount of active metal component, depending on how the depolymerization is
performed. This stream may also contain phenol, DEC, small amounts of phenetole,
EPC and heavier compounds as major depolymerization products. If desired, one
may attempt to recover the useful components such as phenol, ethanol, alkyl phenyl
carbonate and DEC from this steam.

[€0128] The redeposition of active metal component on a depolymerized and surface
conditioned support may be carried out in a similar manner to immobilizing a metal
alkoxide on a support as described above. The immobilizing of a metal alkoxide on a
support may be carried out in a single step or in multiple steps. A reactor containing
reactivated catalyst is then ready to go back into service.

[60129] Addition of frace amounts of soluble active metal components of catalysts into
the feed stream, as described above, may result in a stable catalyst performance for
prolonged .cycle time. As an example, transesterification of DEC with phenol was
performed in an up-flow, once-through, fixed bed reactor with about 45 to about 60
ppm by weight Ti added to the feed stream. There bas been little sign of catalyst
deactivation during more than 14 months of continuous on-stream time.

[00130] The addition of a trace amount of active metal compounds as disclosed herein
may be useful for continuous commercial production of various organic carbonates or
carbamates. The reactions producing organic carbonates may be performed in a
single reactor, a series of multiple reactors, or a multiple parallel reactor system, as a
specific reaction system dictates. For example, the reactions may be carried outina
single catalytic distillation column reactor or a series of multiple catalytic distillation
column reactors, where a solid catalyst or two different solid catalysts are placed.
Optionally a series of multiple slurry reactors may also be used to produce an organic
carbonate. The addition of a trace amount of soluble active metal component to a
feed stream may be to only the first reactor in a series of multiple reactors. The
desirable amount of trace amount of active metal component in a feed stream depends
on the specific active metal element for specific feed components. For the

transesterification of a dialkyl carbonate with phenol, it may range from about 15 ppm
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91.2 174 (345) 2.7 (25) 4 Titanium n-butoxide 42 2.35 3.56 95.01 [00163]When the Ti concentrations
in the feed solutions were 4767 ppm by weight, the maximum phenol conversion after about 3 hours
reaction timsw@asoabeitsd 5% with very poor selectivity (<20.5 mole %) offEPES RS/ DREY? When the
reaction time was 2 hours, the conversion of phenol was less than 5%; the selectivity was better, but
still poor (63 mole %). When the catalyst concentration was reduced to 42 ppm Ti by weight, the

selectivity was myigh,{1RggYEe %y%&gﬂﬁﬁ%‘%\é’%ﬁ@&%&%l@%%B@%tﬁmﬁw
[00165]The objective of this exgerlment was to obtain ex&erlmental data of homogeneous catalyst as a

reference to corfPBr&\Hthe 5SS ENES 2t kP EndbedirehrrimsElost PHetein. There

was no solid calghisidimibiesreppiaidinfor sl skage fepa salidcatrlyst iR ieaderaasempty. A
reaction mixture of 73.3 wt% DEC a d 26.7 wt% P %%?%2 (2.19 mole ratlo of DEC/PhOH) having

various amountSSPHGHS le i i (BRI Thygefs from about 20

ppm to about 150 ppm in some embodiments; and from 30 ppm to 100 ppm by weight
in'yet other embodiments. The amount of the active metal component in the feed
stream is approximately one or two order of magnitude lower than the concentration
of homogeneous catalyst in the reaction medium of prior arts.

(00131} The Ti concentration in a reactor effluent stream is usually in a range from
about 20 ppm to about 100 ppm, depending on the amount of active metal
concentration in the feed stream to a reactor. At this level, it is generally not
economically favorable to recover Ti from the reactor effluent streams for recycle,
although one may choose to do so. The active metal component in the reactor effluent
stream may be recovered from heavy bottom streams of the crude DPC recovery
column as solid material and converted to soluble organometallic compound to be
reused by reacting with organic carbonate or a mixture of organic carbonate and
alcohol at an elevated temperature. The recovered organometallic compound may be
a metal alkoxide, a metal alkoxy alkyl carbonate (metal salt of a carbonic acid
monoester) or a mixture of these.

{00132] To recover the soluble active metal component in the bottom stream of the
DPC recovery colamn as solid material, the heavy waste bottom stream from DPC
recovery column may be treated with hot water or a mixfure of steam and water to
precipitate the metal component as a solid. In case of a solid titanium containing
catalysts, the solid titanium precipitate in the aqueous phase is separated from liquid
by using conventional methods, such as filtration or centrifuge. The separated solid is
converted to soluble material by treating with a liquid stream containing a dialkyl
carbonate or a ﬁiixture of dialky! carbonate and an alcohol at a temperature from 121
t0 343°C (250 to 650°F) under pressure for a period from 10 minutes to 80 hours in
some embodiments, and from 20 minutes to 45 hrs in other embodiments. The
pressure is sufficiently high so that dialkyl carbonate or a mixture of alcohol and
dialkyl carbonate should, at least partially, exist as liquid in a reaction vessel, such as
an autoclave, a tubular reactor, etc. Optionally, the liquid stream may contain an inert

solvent such as benzene, toluene, hexane, heptane, ether, ete. Examples of the liquid
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WO 2009/102556PCT/US2009/032309 passed through the reactor up-flow under various reaction
conditions from O to 768 hours on stream and then from 1266 to 1362 hours on stream. The
concentration® ofiFitnihe feed mixture ranged from 59 ppm to 709 ppm FCBER66819823% shown Figure
4. The flow rate was 0.5 ml/min for most of run time. The history of feed flow rate is listed in Table 2.
Table 2. Transesterification Time on Stream (h) 0-333 333-354 |. 354-426 426-1362 Feed flow rate

(ml/mm) 0.5 0.60-4,0: 5, [0018GIESNANakIR N e LOMPOSHE HaRSESISIICEIAR Predudisas distilled off
and then DEC was added to adjust the DEC/PhOH mole ratio to 2.19 by adding DEC to prepare

second transestiffvhfnRTaadn e SuroR I alsebstand ditbn reatesfmmgargeAamdb EPC, about

250 ppm phenetai adsaloud 300 DPC by weight, on average. The history of the homogenous

catalyst concentrations in the second transesterification feeds is listed in Table 3. Tahle 3
[60133] The reactions producing organic carbonates or carbamates may be performed

in a single reactor or in a series of multiple reactors in various arrangements of the
reactors with suitably arranged distillation columns for the cost effective separation of
reaction products and for the recycle of unreacted reactants. Alternatively the
reactions may be performed in a single or a multiple parallel reactors. Various other
arrangements of reactors and distillation column may be devised by those skilled in
the art.

[00134] A reaction may be performed in a single catalytic distillation column, in a
series of multiple catalytic distillation columns, in a series of multiple fixed tubular or
tank reactors or any combination of different types of reactors. When three catalytic
distillation columns are used to produce DPC, a solid catalyst is placed in the first two
reactors in series for the transesterification. The third distillation column reactor may
contain a solid caféxlyst or alternatively may not contain a solid catalyst. The
disproportionation in the third reactor may be performed by utiliz'ing only soluble
homogeneous catalyst present in the reaction medium. )

[60135} Reactions performed in traditional tubular fixed bed reactors may be
performed in up-flow or down-flow mode. The reactions producing alkyl aryl
carbonate, such as EPC, and diaryl carbonate, such as DPC, for example, may be
performed in a liquid phase, but may also be performed in a mixed phase system in
the presence of one or more solid catalysts. The two reactors in series for the
transesterification may alternate periodically between being first and second reactor to
prolong cycle time. The third reactor for disproportionation of EPC to produce DPC
and DEC may be performed in the lower half of the phenol recovery column, which
may be operated at sub-atmospheric pressures. In selected embodiments, processes
disclosed herein may be useful for producing diphenyl carbonate by performing
transesterification of diethyl carbonate with phenol foliowed by disproportionation of
ethyl phenyl carbonate.

[00136] A trace amount of a soluble active metal compound, such as ethyl phenyl
titanate or ethoxy titanium ethyl carbonate, or a mixture of titanium alkoxide and

alkoxy titanium alkyl carbonate, for example, may be added into the liquid reaction
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Time on Stream (h) 768-834 834-930 930-1026 1026-1098 1098-1194 1194-1266 Ti ppm by weight
188 113 174 197 300 220 [00167]Using these feed mixtures, the second transesterification was
performed frem2009/102556 PCT/US2009/632309

medium fed into the first reaction zone. Alternatively, disproportionation may be
performed in a catalytic distillation column to which the bottoms stream from a
phenol recovery column is introduced at a proper point in the upper mid-section of the
column. Disproportionation may also be performed in a catalytic distillation column
to which the bottoms stream from a transesterification reactor is directly introduced
without phenol removal (phenol may be recovered from the bottoms stream from the
EPC disproportionation column). The first reaction zone may include two catalytic
distillation columns in series or two parallel catalytic distillation columns for
fransesterification of DEC with phenol. The second reaction zone may include a
catalytic distillation column reactor for disproportionation of EPC to DPC and DEC.
One may choose DMC in place of DEC and MPC in place of EPC. Catalytic
distillation column reactors for the first reaction zone may be loaded with one or more
solid catalysts, such as titanium alkoxide immobilized on a silica support or titanium
oxide supported on a silica support. In general, there are two alternati\}e processes for
the continuous production of dipheny! carbonate that may be used, in the case where
more than two reactors are used.

[00137] In a first process for the continuous production of diphenyl carbonate, there
may be from three to seven catalytic distillation column reactors in various
embodiments, from threc to four catalytic distillation columns in selected
embodiments. QOut of these catalytic distillation column reactors, one or more may
serve as a spare reactors io replace the least active reactor out of the multiple reactors
in service. Of the multiple distillation column reactors, two to six reactors may be
used to primarily produce EPC. The reméihing catalytic distillation column reactors
may serve as a second reaction zone, wherein primarily the EPC disproportionation to
DPC and DEC occurs. DEC and at least a portion of the phenol in the stream from
the first reaction zone are removed from the heavy effluent stream of the first reaction
zone prior to entering the second reaction zone. Alternatively, removal of phenol in
the heavy effluent stream of the first reaction zone may be delayed until after
disproportionation, depending on the concentration of phenol in that stream. As the
catalyst in service ages, the catalyst activity slowly deactivates. There are three
different options for rotating the multiple reactors in series between service for

production of aromatic carbonates and catalyst reactivation:
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768 to 1266 hours on stream time. The phenol conversion in Figure 4 for this time period is the overall
conversion through both 1st and 2nd transesterification. [00168] The range of the reaction
temperaturew ovapdronssk74C to 210C (345F to 410F) as indicated in FigWeTAISEN®/patige of the
reactor pressures was from about 2.9 to about 5.5 bar (about 27 psig to about 65 psig). All reactions
were carried out under boiling condition. Therefore, the reaction was performed as a mixed phase

system (vapor and liquig) cJdiR \HREAALESH FakiRARR ISR HAEORIE T PRBIUES e

[00169]When the catalyst concentration in the reaction mixture is higher than 118 ppm Ti, there were

adverse effects of the catdEtEiPHE CHIRLFERSIPDF YRR psentice for Astalusiveretvatiort is not
completely understood, butitahrbgiieatieabohivaethox o greams Aadeaialisio Alseicwhen the Ti

concentration in a feed was higher than.abpout 300 ppm, there was line plugging problems in the
reactor effluent line due tgh 6%%%7%%5 6 Fc?glfgﬁ/gf I%Iélpj?orreegfcgjﬁa%égf ?%‘%rﬁg ﬁl’igrrﬁ?&yhstalled to
address the line plugging fprsbteatier \Whesrdirei concentratiothiod ;T ewh @ ppmiethavi@: or
2009/102556PCT/US200 u rsion. is moderate,
indicating low activation e%ég?g%?ﬁg? Frﬁgggs&e%s{t@tﬁéf;g |g)%%ﬁ gé@%ﬁ&%ﬁénﬁ&%&?&ﬁéﬁ %#egﬁol
conversion for the first traliSeBRatificiribs srassapbie second sreden ey S3Tmsthe fizgt 20401 400F) and
4.5 bar (50 psig). The highgstRbenalconyetaipndopibesegpnd transesterification was about 14.5
mole % at 193C (380F) and 2.9 bar (27 psig) with 188 ppm Ti concentration. The;:g)eriment also

suggests lower converlgbReJERtiar BXAed Mot P1BevRR @ 1o % 273050 BeRg) rdsesaPdcted.

[00170]Experiment 3 [00X¢éddiihe jeesies ofifisceXparinge hbweasetepdrmansirate (Maths in situ
preparation technique of tjtanium n-but%%i%e i%ﬂobiliged on a/silica. el support, (2) technique for
catalyst reactivation, and (3) (R SENGTRTANCE DY SR pHaE 86 B&H Peactor for the
transesterification. Th&3juaimghdse lofstaptvanchiiguidhin theicataiytic reaktidn manerwastcoéated by
boiling the reaction mixture, [00172]45.7 f nular silica gel (+8 mesh).was treated with a sodium
hydroxide solution (7.5 g %ﬁgﬁ%@gg %ﬁa\%é%té%%géﬁta if,& t%esm éraattlctfrge)lf)dgr %S%airr?uﬂ%agw\%ith stirring
at ambient temperature. Thésiticatleratassiaistady d bedthreatt wateBrintodsendaeiithieplacwater (about

80C), to remove trace amgunts of sRdig,eRibs-gllica. The resulting treated silica gel was dried at
125C for 2 hours and then at 300C for 2 hours under nitrogen purge. The dried silica gel support had

23 ppm NABBBleight. I tRESTBIERi GH0§RISS G1YP G PEHAE tRESBIRVATSGUSPE pertiss Ty TSR BET, 1.052
cm3/g pore volupg.anthd GguemR QYL IRIBRAQ AiRMBLepelRRIARI2 Bhalthe eriag granpia¢ silica gel

support (about 9.3 g) was loaded in the reactor. A titanium n-butoxide, solution wa glglapared by
dissolving 27 g SFHHEFACHT AISLIBKIGR M ERFHITIHET RSITEHES Hhk HidN P THBtBXEE S dittion was
placed in a resegvexs. Guidemeoies)latingpthectitespiess aebrioxidecolstivoetisougiitifie reactgrrep-flow at 15

ml/min and ambient te ature for 15 minutes, the,reactor was heated.to 168C.(335F) at a pressure
of about 5.5 barrfggt%s%?%ésegﬁléélﬁ?%rﬁ%azsog%ntﬁhfé%? f\%goe?e@gg%)lsfcﬁofgéo%}% %)r?éi hen the

reactor was cooteditifterf drainimngcextest Mimmmmmﬁhmﬁrmp@me@ éhwlslé‘tswas
washed with dryjplueng ﬁ&%%&%\éﬁ};ﬂ&%&?&%ﬁc&&&\e«?ég%%a&@@aﬁw&aﬁaagft 168C

(335F) in 350 cc/min nitrogen gas (up-flow) for 2 hours. The resulting in situ-prepared titanium

nbutoxide catalydgie@orrBifERngeTHan dfarbigsis i dsrenediosatinmeb 5o aieAust DEC with
phenol. WO 209/¢025568 CLAdRP0RAB3R308he.  There are two ways carrying out the

disproportionation.
(1) In the first method, disproptionation is performed in the presence of solid
catalyst in a fixed bed reactor such as catalytic distillation reactor. There
is a spare reactor for the replacement of the reactor in service. The

deactivated catalyst is subjected to catalyst reactivation described earlier.
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[00174]1st Cycle Transesterification: Transesterification of DEC with phenol was performed in the
presence of the in situ-prepared solid catalyst in a fixed bed boiling point reactor. A mixture of DEC
and phenol &6.30wisfhenol and 74.43 wt% DEC; 2.32 mole ratio of DECYRI®b)0azaapassed
through the solid catalyst bed up-flow at 168C (335F), 2.4 bar (20 psig) and at a 0.2 ml/min feed flow
rate. This test constituted the 1st cycle of transesterification and the results are illustrated in Figure 5.

The catalyst reached ito U A8 ko MRS SRRMEISIRELCLARERSIN Al APRULAG

ours on
stream. After about 80 hours on stream time, the catalyst lost most of ts activity. This ejglcctivated

catalyst was subjected to S fRATIIN B RBWACTOE B7sid seliipad MsaetivatiopaEhe catalyst

reactivation comprises twecatans; TatalyEtdapRivmasiatigR sy iirar caaditioning ard sedgposition of
active titanium metal on the catalyst. After draining the reactor, the catalyst was washed with dried

toluene (300 ml) up-flow at SR B fERRuRFSHd #ertihdBI0EHEMEs artalvel ffsm the reactor.
0.19 g titanium n-butoxidedivpsiissatuadimeaditess of an ethanol solution prepared by mixing 400 ml

cpion ot TR 3 e F R otk Ry LTS SO R LA M G0 GHT ol
from the reactoristhsheataiysshivarsatisie, 4611 G8Ge(388 Fyastiderzamehicatyrassutelin2dtheesmin nitrogen
up-flow for 45 my itan] ide selufi 35 g.titanium.nhutoxide in 2 liters toluene) was
circulated thro%hﬁ%thgs %&%ﬁ?%ﬂ?#ﬁgﬁqﬁiﬁo&%&&r%%é?n esrggﬁﬁ (l)rrn%rgl %%Lzﬂlest(sﬁgr? then at
168C (335F) an@le0ot athe1noopsig fercdistonrsivxedionn Biin §r v xeasiosctotioandabedvaitoad from the
reactor. The catglystuvasiVasRadsith i PRl e MBIAVAIRGA-SHEMSo T i washed catalyst

was dried at 168C (335F) in 300 cc/mjn nitrogen @i;s up-flow for 2 hours. The reactivated catalyst was

used in a secon@HREESIEMRSEH I tigtie 2 SRS RS0 EP6 FolErE RId PraatebeierdisttiaienThe
transesterificatiqplas pesfegpmetiidenticatonanngrachdsiicyelae B ramnids Hustetad g Figure 5.
The reactivated catalyst did not perform ood as in the 1st cycle, and the catalyst died only after
about 40 hours 51t SR KOS S SO GRS oo AT oL RREIRE{BD 199 2
Catalyst reactivatocenititond rafimhegnniate riat fiooorthiesr demt astréhm catalysidh e vegctanyvbs washed
with dried toluen 1 min. up-flow at.ambient temperature for 30 mm and then the taluene was
drained from thec%eﬁzi/gta.(;Lrl.n aéﬁélétéf %’El?ﬁ thotgi ?%g%’tgirﬁ\}\?ég 4 e ea%?fgg%?i(%geirs?r rlm?l%(g{e)tir? bnas at 250

cc/min up- WO 00828 5&FERigS 20081032309Huwdorapdictircansallen® whe paied Jhenixing 8 ml
water, 500 ml ethanoliand; dQRaR! UERS WaS BRERSAIAMERANSEEAHOT Hllafe i Iimi,UR-flow at

168C (335F) and 12 bar (160 psig) for 12.1 hours. After draining excess solution from the reactor, the
catalyst was dri¢d3tsseReE8 B Her ambient pressure in 200 cc/min nitrogen up-flow for | hour. A

titanium nrggiagde 50'?%%@&(13539315@1‘&45@ ﬁ@#@é&i&ﬂﬂiﬁlgﬁ%ﬁ@&éﬁﬁ@m@& GifSulkgd tasough the
0

reactor at 15 ml/min up-flow at room temperature for 20 minutes and then at 168C (335F) and 10.7 bar

(140 psig) for 6 REURETRRES E0GHFG e SRees et rbiit LRI ARTOE RS P (FRUUERTHS The
catalyst was wasghethseithhérait/mim el uens yfr-fltivi faridnb daditiss Tihe sarshecreatadygianvasdried at
168C (335F) in 300 cc/min njtrogen gas .up-flow f ours. The reactivated lys s the used in a
e oyele of the IR ARt et o CEC ST phaala8 R Ries EB A SBet o
transesterification vhaspseioenetsisatd rticall shaamdes ttktiny dietilhmresuitim ilaskatedina Figure 5.

The reactivated gatglyst perlguuedias el as e ety LIR el shoxeise eypRipless the catalyst

died after about 90 hours on stream. [00179]The deactivated catalyst in the reactor was subjected to
two more [88tkhdt reachebmonametskigiar donarssesafia theprafductimoreftRRSdumyBEAtions, with

similar results. Agf.%ﬁsb%&mﬁxgjr%ooéﬁm&&&éﬁ{éfi8&@%@@5}@&%%&@5@&& WassHbjected to a Sth
catalyst reactivation, as follow. The history of cataI%st reactivations from the 3rd to 5th is described

below. [00180]3fatE s s RIsteny sRIYRIARF s tansericrinaingi Chdsreactthaettover from
3rd cycle transegtesifisationuihe catalys DR deasiotoMasN@EBRdoN thdsieddaidanack0gnl/min
up-flow at ambient temperature for 1 hour and then excess toluene was drained from the reactor. The
catalyst in the recziléatwg@ RPREY f%ﬁéi‘ﬂ)"rﬁ{’ﬂﬂ}%}baé‘ﬁrbﬁgﬁhi RIS dWﬂJ%EZ)L our. A
solution preparectdoy aryxioig:8rwai@risS00RG! rethangl @bl 00 ml toluene was passed though the
reactor at min up:flow.at 15 3 and 2.7.bar (25 psiqg) for.12.1 hoyrs. After draining
excess s éfﬁgg\y{rom th%h?ecgé%??@c%%%?\gtaﬁa% ahed %%%3%‘(%85&#%#&?%%@% &8ure in 200
cc/min nitrogen sipufiovedaratidiogidepicitapia pladsdtoxidertolutior @ B5ng tRAntespenttyatpxidleein 2 liters

toluene) was cir through.the =1ar gL o.mIimin up- te ture,f minutes
and then at 157%%%%%) and 7.%%%%%%5%3%)‘;}2% ér?gu&}% g%?éﬁrl ?ggﬁgg the@gﬁ{%s%%o%ét%o@n e
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was drained from the reactor. The catalyst was washed with 4 mUmin toluene up-flow for 1.5 hours.
The washed catalyst was dried at 163C (325F) in 300 cc/min nitrogen gas up-low for 2 hours.
[00181]The reactivatessatalyst was the subject to the 4th transesterificatte/d8e0p@ststmance of the
reactivated catalyst was similar to the 2nd cycle transesterification. The result is not shown in Figure 5.
[00182]4th Catalyst Reactivation: After draining material in the reactor leftover from the 4th cycle

ransesterificationnifigig AV LIRNR PaRls WS ARRRK WUNAaddelusne i Lf) 'ﬁx'é"&g)ap-f'ow at

ambient temperature for 1 hour and then the excess toluene was drained from’the reactor. The

catalyst in the ré&edR Wheatat distittopssomps fittye Cgagbave 86 celpitusasinneeEhour. A

solution preparegjbyMiing femlonatar 20®mt ethanabrdil@dmbiatugnenuas fraseddhough the
reactor at 2.2 ml/min up-flow at 157C (315F) and 2.7 bar (25 psig) for 12.1 hours. After draining

excess solution TEAPHEFEEE APTRETRARK Snad e maiedrd ave! titory oheel dhibsertahrissure in 200
cc/min nitrogen wpefiow fonel RAusind\ RitaniowenhltexidengolisiD b (B3 3rgritakium p-busoxidet in 2 liters
toluene) was circulated through the reactqr at 1in up:flow af room temperature, for 20 minutes
and then at 157@ fgﬁ?%lﬁg%%%g}e %g%)%%q[%iegtrtg g&ﬁ‘é{v%?gdﬁnﬁrg%rx%ne%g%%\%I%%nar\}z\?as drained
from the reactorfriinelzatalystndswwdshedyelititbtmahpiditodmene up-flow for 1.5 hours. The washed
catalyst ied at 163 5F) in. 30 min nitrogen gas up-low for.2 hours. The tivated
catalyst ngz%ﬁw use w%@t% 8&%?3%?%@(&;%%%?%%%8&%%& %h@%%cr?gr}%aan({:lseéyofr%htégc%a%glyst was

similar to 3rd cysdetivarridsteridiCatohng he Fesataigpiot ioh eviitpuRicrmeidniaDIdBi Sthatyattamy st _
Reactivation: Afferdrainingmatehafromdig aaciafiir.cal@iidninaueasiphpar washgd with 10

mUmin dried toluene up-flow at ambient temperature for [ hour and then excess toluene was drained

from the reactor! fREReEH St e dctdrlvds dridd%t VAL Bampmifalitrod < gasioseitc/min

up-flow for 1 howeWaietwagpPassachiyr ughife-teacianatiiies, ol mindayrflmasat kg $354C
(305-310F) and ambjent pressure ff%}g hﬁurs. The,stgargltreated catalyst in %%r ctor.was dried with
3 t& F

100 cc/min nitroG&R 3%@\/\%\%8% B PRI HEL AP 0 BB paesT PR SRESRIm
n-butoxide solutionttit3aigltitandiurionbesdoiel ®BC] GaHirettediaive) va3HI euthjdaiblouglinthk reactor at
15 ml/min up-flow.at.roory perature for 20 minut the ﬁtél@? 260F) and 3. r (30 psig)
wO 2009/1025?8&@%0@%%@%&@%? B Kours. %:ﬂ%f}]}%%%l?gg, exéee%é%% U?l%&rll %%lg%so]}jﬁa‘tglﬂed from
the reactor. Thessatapyst was washed with 4 ml/min toluene up-flow for 1.5 hours. The washed catalyst

was d”e?é@#éﬁgc (289 30068/ (il Aaelh 4ERURAANIRY 200U Saal iR datalyst was

then sub 6th transesterification as follow: [00184] 6th Cycle Transesterification: The
transesterificatiowaeriptro ohsnivaeintite Hehsreen sheyelbemaiabiatn b9 st 48 Figure 5.

The reactivated gatalyst pefformer-aswalteaifuthed sheysavinriestinaiuih e cataksiagactivated at

a slower rate. [00185]The above experiments demonstrate that it is possible to reactivate deactivated
titanium alkoxid&2aaly S FHATS DI b e RIRKIPUEPRUSHHI)IMs I b Metre R oty cle length
may be too shortRnBSiicE fhismteckinalogy ppdatgesetrhne siak reassdiséarsthad dntinaibus production
of aromatic carbgéwates. OngtG%ExgerLr'nent. L001817Hh? obg)e tivgngf this experiment was to
demonstrate the’&RBAJEEEata yé% gf/c‘é‘i%eﬁ%l? % Sma}Eﬁe% a éﬁlngsa trace amount (42 ppm Ti by
weight) off@dddisiple Ti Contheudnehfistastiaams-butakite fimtottireckeagtsirdiatitlafibe cdactwdtdd catalyst
from 6th cycle tran erification in Experi in J t th I tivation as
follows. After drglrrlﬁsnigmag?esﬁg} %t%ieéggﬁc%@r%%%g%ﬁg%% t e%g%%gvr %‘gs%wiﬁ?dgfﬁ%ﬁ%% ml/min
dried toluene upsftoswatasmblentctawapermioee forolisn dridraedHcexseek toldestbyivatherraifed from the

reactor. The catalyshingigieacten Was dHEd Al J2AedA>Thikiny P e GCAT R AMER0G0:98S5 Ly flow for 1

hour. A mixed solution of water (4 wt %) in ethanol was passed through the reactor at 1.4 ml/min

down-flow at 152€TE2IDES AR @ ERIBRENIPRESSIREN Sy SHBOR MHcbedes il tHa Aesidedk s dried with
150 cc/min nitrogemgas@awnsflow fasvl hesin 85 misutesat kaden(310my Adianunbe: Briaxide

solution (67.5 g titanium nbutoxi ejn%OOgnltolu ne wasagas dﬁ’tg%%ght regctor t 15 ml/min
up-flow at room tEHPE-StF8 F3IRAG iR IERUSHF lgﬁz“alfe'il E?ﬁb da? JAHUPER5HE) for 6

hours. After cooliggresgeassiolution was drained from the reactor. The catalyst was washed with 4
ml/min tolyene -flow(lEo 1.5% urs. The washed catalyst was dried at C(ﬁﬁo. in 300 cc/min
rirogen (UL ow for STERE] T FE A e e oA S S <8 ioation

cycle as followszone R1 is in the range from about 160°C to about 210°C (about 320°F to about

410°F). The overhead pressure in column CI may be within the range from about 2

38



[00188]The 7th transesterification cycle was carried out by adding a trace amount (42 ppm Ti by
weight) of titanium n-butoxide into the feed streams under various reaction 48 WO

200911025588 @in#i82869/032309 conditions. Two different feed mixtur@SWeseteeR i this
experiment. A mixed feed solution of 19.73 wt % phenol and 80.27 wt % DEC (3.24 mole ratio of
DEC/PhOH) was used for the first 593 hours on stream, followed by 25.83 wt % phenol and 74.17 wt%
DEC (2.29 mol i HLfor t i ‘un u g) { n-gat 749 hours on
stream. Titaniu%gﬁgga?(g%%gvé\g%‘%ﬁé%géxdgﬁsé)ﬁg%%%%&%@%Jlég?P%; Lﬁ% %%Ilﬁ&%.’ﬁ' he feed rates
were 0.2 mli/minstemé firgedBaihis naadriisfeamataecdumihinar dnivsadus b Hsuep 6h stream

and the_n 0.2 m_'é‘it%‘@c@t%tﬂﬁ@l&ﬂ‘ é&ﬂnﬂ@?@ﬁ?cﬁ%l%%@éﬁ&@d@%%ﬁﬁ%%H%ﬁééﬁ%@'ih%é’ arious on
steam time indicated 21 ppm Ti at 48 hours, 44 ppm Ti at 305 hours, 44 ppm Ti at 449 hours, 31 ppm

Ti at 491 hours, SEIHFIECHEBISNITR, B51iH i P& FLRHRME ARe SIOPPAUHZAP A 6%Btrs. The
result of this expesrRestisitusivateahin thigiedn The tenoperatid estieainedgueesarver eathe
temperature readings at the hottom of the catalyst bed. The temperature readings at the.tqp of the
catalyst bed Wefgnﬁ%ufa{aﬁyr/n 1%- "§%‘?§Péﬁ5“ft)v%?%a{ln & @a&%@ bé?toakofletn'lﬁssgrg%rég,tldé)ﬁgz'ding on the
ethanol concenitatimnaliythengi dthutiostr edimcjrdicatihg shaPbfiz sticamot atreniokatl tivedtop Section of
catalyst bed. Lower r or effluent rat h catalyst bed became noticeable if
the ethanol conggﬁ'{t?]agt?g}wgﬁig t Ee(i’)[l:q)aro E?c%%\'/%ié%%%%{?’t eé%gg%%%?f 1.2 wt %. Phenetole was the only
detectabl#}8§45toduct Thkhecphemtusiensefe ERityirasegsomphisgofovas fegsshim e srielstys.
[00189]As showgdmfigure f.figre vasne catalysharastiypion diing.ihe eptre wpime 749 hours),

successfully demonstrating that the catalyst cycle length could be extended from less than 80 hours to
749 hours or mAPEGPerwEmE SORIBR a5 T BpdveryHbi R REasFERRCIMRPIGHTRHES catalyst in

the reactor was @galyzag aldiis:£e6afthe regmakivREshos e W Braoules seithe anme catalyst
granules dark brown in color. Titanium phengxide has an intense Oéfa%%]e or amber li olor for

comparison. ThEENEsROBIAE S pEREEA A stiRHRNELSH (s R BT alRalist P as a
surprising discogarya{0®: Dhlirapéfiroand Ei0Q1A214 od Hbjeclbeas INistexpenin2ént Wvéristd
demonstrate (1),t ed. of pre- formjng the catalyst prior erforming reactions, £2) catalyst
reactivation, (3) ?e%fnelﬂi?o%b%‘f%égcgﬁa%s c%/‘rceiélf‘l% ,rgnsgr 254 'the %é’é‘é E?r IE():";é)(%ln ?(g)) }?llétggé?a\e}vgoter content
WO 2009/1025562€ V13320008230 Psia). Stream 16 may be introduced to ethanol recovery

column C3 to separate DEC and phenol that may be in stream 16, where the DEC and

phenol may be recycled via lines 11, 12, 13 to Cl and C2. _

[06148] The overhead stream 16 from column C4 may also contain DEC and small
amounts of phenetole, phenol,ﬂ and ethanol, A side draw stream 18 from column C4
may be used as a phenetole purge stream, minimizing buildup of phenetole in the
system.

|00149] Bottoms stream 17 from column C4 contains homogeneous catalyst species
coming from columns C1 and C2. Bottoms stream 17 may be introduced at a suitable
position in the top section of distillation column C5. Column C5 may be used to
perform disproportionation of EPC, and may optionally contain a heterogeneous
catalyst in reaction zone R3.

(001561 The column C5 may be designed and operated to serve two purposes: remove
phenol in stream 17 and the co-product DEC from the EPC disproportionation as
overhead stream 19; and, disproportionation of EPC to form DPC. Column CS5 is
operated so that the homogeneous catalytic reaction zone R3 temperature is in the
range from about 165°C to about 210°C (about 330°F to about 410°F), and the column
overhead pressure is from about 0.07 bar (about 1 psia) to about 0.6 bar (9 psia).
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(less than about 650 ppm by weight) in feed. In this experiment, silicon oxide pellets were used to
prepare the support onto which titanium n-butoxide was grafted. [00193] A silicon oxide pellet support
(0.3 cm (1/8wk)¢BBBsppm Na and 2500 ppm Al by weight, 280 m2/g BET'Sgs2md/ B oy PV) was
used to prepare an immobilized titanium n-butoxide catalyst. 100 g of silicon oxide pellets was treated
at about 52C for 5 minutes with stirring with a sodium hydroxide solution (10g NaOH in 570 ml water).
The silic ashed.with cold water thorou ? nd t(l? n with. hot ré# ut 80C) to.remove trace
amountsa@f@§ rum or(ljrtﬁ/%os‘f I%%? ﬁgptcr%g%éeéngi |(b:/a§v(\’/rgs irst %1}%1 E \r%%ﬁ %Pa‘f%reﬂh%n dried at
130C for 1.5 hoursyatis titepcdints0 € fomd KEuvim sirvawa R enéd] ThesrhdbueilicLSuppormhad 150
bpm Na by weighle hhe piepaedsilaasnpeordan e Piav D RIRReHER:SR2 AR PRE, 1035

cm3/g pore volume and 15.7 nm averggs pore diameter. [00194]25 ml of the dried silicon oxide pellets

(9.72g) was loadethls theparibriantdseiviirasrasd ©dlysiesolsro R iledwbih arafum

n-butoxide solutigB-praParaddiy aiaaebyifeil 3bodtitaRiamd=pgtaxide-in ABO0: ik iatugngsoliis catalyst

solution was circulated up-flow through the reactor at a flow rate of 15 ml/min at ambient temperature
for 20 minutes, %}%ﬁiéﬁ%ﬂgﬁ(ﬂﬁgﬂﬁs ﬁﬁpﬁ.ﬁrﬁﬁ;ﬁ%’“’bg@%}g@ ﬁBﬁ’r@Pﬁ‘ﬁ&%@ﬁﬁ& excess

catalyst solutiorowasidy eirdd frortber @getay. and then the in situ-prepared catalyst was washed
up-flow wj ene a lent te rature at a floyy rate of 4 r%mi f hours. After draining
excens (VLR om o TSP b CHOR HAEA e TS RRS G FORE S5 o min
nitrogen gas up€ibt rdtweecBiifing ddtalystwasansed ifte: TRt Cycteviegnsestenifitatapasttdllows.
[00195]1st Cycle Transesterification: The rapsesterifica r ithout injecting
soluble titaniumuggig%%lgifn% tﬁeﬂgegdgéitreier% 30 l}r%ee¢ b%n%%%e%%%ﬁt%&?%‘év (2?_585!:) and 2.4
bar (20 psig) witemlbied ritd FPO:zohimm COp TR RérsamBomp aessledviescoBiom Wb %bhenol and
73.93 wt % DEG;(2-H6 mole ratio of DEC/phenol). The result is illustrated in Figure 7. The catalyst

deactivated with on-stream time. After about 100 hours on stream, the catalyst had little activity.
[00196] 1K ERIyst RPA& VRS AT BRIy foate SRFIFB ARG PEHRRE hervicarilgstiitile reactor

was washed Wit@a%!(}%@ folyene dQvaiknin drdieuiatiamiient tempe iatmadosl.new ABadhEn excess
toluene was drained from the reactor, The catalyst in the reactor was dried aﬁ ‘]ib%ré%ir(ZSSF%}in nitrogen
o

gas flowing at 280 (RO SeoFERP8E AP CTRTE S0 58f0F25 B8 S A TS HLH 5 “Haited solution
of water (4 wt AJE(ORIhanalmamRasSE] 0o ghdrehsaaiomai? . &hml/mibaptéigvioatrd541€, (310F) and
ambient pressure far 6 hours. The catalyst was dried at 154C (31 in_150 cc/min nit up-flow for
1 hour 25 minut@%.gﬁ%ﬁ%ﬁ%%m§%Utc&% SolRon }(Eﬁ%‘%‘iifgﬁ(‘,ﬁ%ﬁ ﬁ%gx%es ?ﬁ{gSOgrﬁ?gto%%ne) was
circulated througifiteyraactorat 15 akeianochoor Qﬂﬁ@mw&&ﬁe wﬁﬁﬁtﬁmy a_ﬁél then at
134C (275F) ang 3 ALRG IS 010 ROWiR AR EROMANG XGRS pOlARV@RIdiaIRed from the
reactor. The catalyst was washed with 4 ml/min toluene up-flow for 1.5 hours. The washed catalyst
was dried at 13&€-(280F) in 300 cc/min nitrogen gas up-flow for 2 hours and used in a second cycle of

the transqpipydigation reaction [AV1STI2RR GUClsTEanResigrilisaiRRa TR Jepptvaesboatalyst was

subject to the 2nd cycle transesterification with the same feed solution at identical c_onaiti_ons to the 1st

cycle transesterfE&iBRY Berelnmed e srsaenrerjuracon s B thtscatelitcstilation

transesterificatiqpnareoRtaised LNN8K208 GajalsidRenctivation: The2ndcaitilyshegaativation was
performed in identical m%rgs_rfer %? the 1s C?.talysli reac&atiorfI 1‘:00t1 91§{d r(%:ylcle Transesterification.
The reactivated JEPUBt SR HFSHTTHRMOR £ IR &t R ACHIBH A% Shect to a 3rd cycle of the

transestefigpsisin with o ldiblasitanibovapesies @ dechidethe sdihediehdisolulion apidentical conditions

to the 1st cycle transesterificatign. T.he.results of the 3"l cycle transesterificatian are illustrated in
Figure 7. A simiﬁéer lf’@%%ftotg)yt%g %‘gt%f/té g@&n%%%%ﬁﬁ%%ﬁ%% Was o t‘ié’.%%‘fi‘%ﬁ 1%eggt?ll€?2‘t’%aintained a
steady catalyst activity for te pxiersde8yiricttoklirmeaty aiw ran aisibustratesh mplebraReig®d hours on
stream indicated 400, TRy WeIgLAIELING SAmRIS WAsIRKRNBIZ QRO @B siream, the feed
reservoir was rgﬁlg?lcliew% a ne?l\\/’/}lfe%%. Unfo?tunatély, the feeél became turbid when it was blended with
titanium ni®Rt&%ide. It Eipelted éathaltamativeioiap Al vliasamny Witek Pe RRETAl§HEPIRSr content in
feed solution thag the, previpuis fegd sqiutionswbhs.catalushipetivitvitiaslined fashwvith thigpew feed

solution. The trace analysis of the composite product with this new feed indicated 9 ppm Ti by weight.

; ) ) | t PR
It was discoveretiaapfEiratien shBHAPeHORIEAS P FP LRI d B ARPRISHR SERHAREH 6t 650 ppm

by weight. in Figure 1. However, a fraction of overhead stream 19 from catalytic distillation
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[002001 Blank Run (without performing immobilization of Ti alkoxide catalyst): The same reactor was
loaded with 25 ml (9.549) silicon oxide pellet supports prepared by treating silicon oxide pellets with a
sodium hydmegidersodasten (10g NaOH in 570 ml WO 2009/102556PCT/BS2083098230D water) at
about 52C for 5 minutes with stirring. The silica was washed with cold water thoroughly and then with
hot water (about 80C) to remove trace amounts of sodium on the silica. The treated silica was first

dried at room tegamtw;ﬁ%eged@g#c?etdlgaggt@%érgeggg%%r:%msﬂ ehlég’ﬁ JQE& qQéJcr in a vacuum

oven. A catalyst was not grafted to the support. T cation reaction was per?gr?ned with 42
ppm Ti by weightiddifise3 Same bomplositishefeserdseabeied frdevigimstivkinstrlgitions (under boiling
reacion qudHinS of 16A6 (33TLANG.2 A RAECA PSR R deeaaie.alde miminpilow. where
the feed composition was 26.07 wt % ﬁ?{enol and 73.93 wt % DEC (2.56 mole ratio of DEC/phenol). .
The results are ATBaditeents distlrsed, eiRorvaiaiol of igHE ol wid 18ssHPRIA 2% tRESRRSHBUL the run.

[00201] This sergsqbaxperipaest (BxoarimentPlsuseansiilvsdemeongtiatesthatitisressible to
reactivate deactjvated cat%%sr%gnd ptgélong the catalyst cycle time to mare than 250 hours. The blank
run clearly demdHStHRE: R KBS EENPIS Frepre g St ﬁarigrofﬁeﬁgrfmﬁﬁmmn
transesterificatiaf.thdtesaatil elys ipnie diaiylaheossdeuinitbiedraaspcridcatian witbntpre-prepared
grafted titaniumoalfla(ro@gencg.ltﬁle{% ,'[o a%?li%% fhe rea}gt‘]qguTréiE‘% eesxperi@entéso in iecgtes Eg?t %'tamay be
necessary to CoNtrol water Content i the Teed to [eas than about gﬁppm‘“ﬂ? welgﬁlia 6 maintain a
steady catalyst higheitytc[0O20RIE xputimdoe [08208FT Hamjsotives ofateis edperiemynteVaBto

demonstrate CogiahRys 9£QHHSHQ&@Eﬂ@m@ﬂﬁtﬁﬂﬁb8ﬁlﬁjﬁeeé&%ﬁ%ﬁ?ﬁ@ﬁtﬁﬂ%@'% {@qdn the

presence of a titanium oxide catalyst supported on a silica support. The 'same granular silica gel (40.7

g) in Experimentesiv & resiteanvittings oo benipticsiers! do| b R8s of RalerniF B0 ater) at
ambient temperghdtgrfal £ e Seniithaatiting Thesiicausl, wasisbwashedivith caldiwater

thoroughly, and then with hat water (about 80C), to remove trace_ amounts of sodium on the silica. The
treated silica gelstaPHfied G 198N SHER s 14, comieinsophenginle. SRARMEDSE SIBEORSPS-hors. 30 ml
(10.99 g) was ingpregnateanastibéitanivdndgrd utadtesoltdioniprepareddupaissohdmg 14. 74 Bditanium
n-butoxide in 80 g;l d{g toluene.trThe impregnated silica gel support was calcined at 500C for 3 hours.
The titanium cod eﬁfoﬁetﬂg%?n Bxide catalyst supported on silica was 5.48% Ti by weight based on

the amouftIfafhniumbeberietid puus ol @ Sy (9 Soppefaitdmumenxdd Patapystsup postededn silica was

loaded in the reactor...Transesterification of i h [,W. ' onditions.
The WO 2009/f859§g37§%]q’fﬂ§% 83%%3%%&%&%&?%@%8&3% @%{ég%ﬁ%%ﬁfgﬁ%?ﬁe are two
different mixturesydt @@= sayplalivetionhesiestbrdiocdraneiers miperrssiithay Bexpaasietistification of

DEC with phenalyThe fitanium canigpidrethe.RECRNGE faad selutiaps (o A& hasts on
stream) was 59 ppm Ti by weight, %(é%%red by bIencflng a stock solution of Ti(OEt)4.(0Ph)" (where x =

-2). The stock sERfsh 8F theowife RRB EARES SR ATRCEI ARIP SR SoRR R¥prepared
by mixing an apprgphiateapaeiah ikkpiwimairthwxideia aauxehanulion af fiabog phenol
(PhOH) (25% wt) at from_120C to 125C for]%%)ut 3]hours The feeds, fr?)rpq308$1foucr%s to 9§.6 hours on
stream were pretﬁé’ﬂ%%lﬂﬁd?gfﬁli%%"éﬂ‘%ﬁol &%YES%?&%}P@%?SM 3 of METEFLANSE rification.
These feeds wete ¢isbcHimpasfdinidied raniscsticdicatiarse whitl af che dqiaténditedhiemealctions in the
second reactor in series or in s age low. fe in multi- a i distillation
column. The fee%é}%@ %én ro%l?setzkfgé%aﬁgmersgékkﬁg?nglﬁg%véP%g%?}en %?3 3?§tif%éy%?%gnol from
the composite prbdmatsifrom 2nd transesterification. These feeds were used to perform 3rd

transestegiﬁiﬁfgf'%ps. N%?L%ﬁag@nium catalyst component was blended into the feeds for the 2nd or
3rd transesterification. The feed compositions are listed in Table 4. The transesterification was

performed M1685C (368 2he brre@ippsigFuprtimsabd. ralctohecsiariipainm Taetiasut dPlikis
experiment is illystiated im Rige,84JRRSANVHLAIAR BEBRENRIR Fause SrgdapRyaspbrRgnol

conversion from the E%transesterification through the 3rd transesterification. There was no indication

of catalyst deactifibRasUEISIR RceiasicHstrdtorisuotiReshmeninm of i &xsmhsdtion of the
catalyst recovereshdtomiier reagian At thenparaéthann sndicateddiile depesitios ahbeawndpolymers.
The analysis of the catiiyst indrci?i:ﬁ%id 2.3% g)l by w iggt, indicating;%)l# 5§(V I%gss of Ti due to
leaching into the’ Bt SPEERT. E)?ra%‘é r?gé}?e 5§ iEWE prodiictsh e§ S T 256, 887
and 1293 hours mmstrebmrinaitateth? 5o bimeand sp8hpmiystoywasightirespectively. [00204]The result
of this experiment clearly demonstrated the continuous production of aromatic carbonates by using a
series of multiple reactors with long catalyst cycle time by adding a trace amount of a soluble Ti
compound in the feed stream. Also, this experimgnt may suggest that large amounts of titanium oxide
on a catalyst may not be necessary, as any excess amount of titanium oxide may be washed off by
forming soluble organo titanium compounds. The catalyst cycle time is more than long enough for the
time required for the catalyst reactivation. The combined WO 2009/102556PCD1JS2009/032309

selectivity of EPC and DPC was from about 98 mole % to about 93%, based on converted phenol and
depending on the run conditions.




Table 4 Product Stream wt. % Time on Stream (h) DEC / PhOH mole ratio in feed EPC wt. % in feed
EPC DPC 0-86 2.205.5
WO 2009/102556 _ . PCT/US2009/032309

[00161] Comparative Experiment 1

[00162] Experiments for transesterification of DEC with phenol were performed in the
presence of homogeneous titanium alkoxide catalyst by using a stirred 50 ml
autoclave reactor. The autoclave was filled with about 35 ml of a DEC/phenol
mixture, as given in Table 1. The autoclave was immersed in an oil bath o control
reaction temperature. After performing the reaction, the autoclave was removed from
oil bath and quenched with cold water, No diphenyl ether was observed in any

reaction mixture, The results of the reactions are listed in Table 1.

Table 1
Temperature, | Pressure, | Duratio Catalyst Catalyst | DEC/ Phenol Selectivity
°C (°F) bar (psig) | n(h) Type Amount | PhOH | Conversion | of EPC-
' (wt. Mole (mole %) | and DPC
ppm) Ratio (mole %)
174 (345) | 2.7 (25) 2 Titanium 4767 2.32 4.54 62.97
Ethoxide
174 (345) 2.7 (25) 3 Titanium 4767 2.32 15.45 15.24
Ethoxide
174 (345) 2.7(25) 4 Titanium 4767 2.32 14.93 2045
' Ethoxide
174 (345) 2.5 (22) 2 Titanium 42 2.35 0.13 91.2
n-butoxide
174 (345) 2.7 (25) 4 Titanium 42 2.35 3.56 95.01
n-butoxide

[00163] When the Ti concentrations in the feed solutions were 4767 ppm by weight,
the maximum phenol conversion after about 3 hours reaction time was about 15%
with very poor selectix;ity {<20.5 mole %) of EPC and DPC. When the reaction time
was 2 hours, the conversion of phenol was less than 5%, the selectivity was better, but
still poor (63 mole %). When the catalyst concentration was reduced to 42 ppm Ti by
weight, the selectivity was much improved, but conversion was poor.

[00164] Comparative Experiment 2

[00165] The objective of this experiment was to obtain experimental data of
homogeneous catalyst as a reference to compare with the results of examples
according to embodiments disclosed herein. There was no solid catalyst in the
reactor. The 25 ml space for a solid catalyst in the reactor was empty. A reaction
mixture of 73.3 wit% DEC and 26.7 wt% Phenol (2.19 mole ratic of DEC/PhOH)

having various amounts of homogeneous catalyst of Ti(OEt);x(OPh)x (x = ~2) were
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0.14 86-308 2.4 0 5.7-6.2 0.19-0.20 308-746 1.71 5.86 (1" Transesterification) 9.2-9.7 0.44-0.48
746-986 1.89 5.51 (1" Transesterification)
WO 2009/102556 PCT/US2009/032309

passed through the reactor up-flow under various reaction conditions from 0 to 768
hours on stream and then from 1266 to 1362 hours on stream. The concentrations of
Ti in the feed mixture ranged from 59 ppm to 709 ppm Ti by weight, as shown Figure
4. The flow rate was 0.5 ml/min for most of run time. The history of feed flow rate is
listed in Table 2.

Table 2. Transesterification
Time on Stream (h) 0-333 1 333-354 | 354-426 | 426-1362

Feed flow rate (ml/min) | 0.5 0.6 0.4 0.5

100166} Ethanol in the composite transesterification products was distilled off and then
DEC was added to adjust the DEC/PhOH mole ratio to 2.19 by adding DEC to
prepare second transesterification feeds. The second transesterification feeds had
about 3.4 Wt % EPC, about 250 ppm phenetole and about 300 ppm DPC by weight,
on average. The history of the homogenous catalyst concentrations in the second

transesterification feeds is listed in Table 3.

Table 3
Time on Stream (h) | 768-834 | 834-930 | 930-1026 | 1026-1098 | 1098-1194 | 1194-1266
Tippm by weight | 188 | 113 174 197 300 220
{00167} Using these feed mixtures, the second transesterification was performed from

768 to 1266 hours on stream time, The phenol conversion in Figure 4 for this time
period is the overall conversion through both 1st and 2nd transesterification.

{00168] The range of the reaction temperatures was from 174°C to 210°C (345°F to
410°F) as indicated in Figure 4. The range of the reactor pressures was from about
2.9 to about 5.5 bar {(about 27 psig to about 65 psig). All reactions were carried out
under boiling condition. Therefore, the reaction was performed as a mixed phase
system (vapor and liquid). The temperatures in Figure 4 are reactor bottom
temperatures.

160169] When the catalyst concentration in the reaction mixture is higher than 118
ppm Ti, there were adverse effects of the catalyst on the conversion of phenol. The
cause of this adverse effect is not completely understood, but may be the effect of two
ethoxy groups on Ti catalyst. Also, when the Ti concentration in a feed was higher
than about 300 ppm, there was line plugging problems in the reactor effluent line due
to precipitation of Ti catalyst. Therefore, a pair of in-line filter was installed 1o
address the line plugging problems. When the concentration of Ti was 59 ppm, the
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'8.8-9.4 0.44-0.47 986-1173 1.534 10.28 (2"d Transesterification) 12-12.6 0.38-0.4 1173-1362 1.69
10.3 (2" Transesterification) 12.2-12.8 0.74-0.78 I85C (365F), 2.9 bar (27 psig), 0 24 ml/min feed rate
and 25 ml cgtelysidQe3es PCT/US2009/032309

temperature effect on the phenol conversion is moderate, indicating low activation
energy of transesterification of DEC with phenol. The highest phenol conversion for
the first transesterification was about 11.3 mole % with 337 ppm Ti at 204°C (400°F)
and 4.5 bar (50 psig). The highest phenol conversion for the second
transesterification was about 14.5 mole % at 193°C (380°F) and 2.9 bar (27 psig) with
‘188 ppm Ti concentration. The experiment also suggests lower conversion for liquid
phase reaction (410°C and 7.9 bar (100 psig)), as expected.

[00170] Experiment 3

[00171}) The objectives of this experiment were to demonstrate (1) the in situ
preparation technique of titanium n-butoxide immobilized on a silica gel support, (2) ~
technique for catalyst reactivation, and (3) the performance of a dual phase fixed bed
reactor for the transesterification. The dual phase of vapor and liquid in the catalytie
reaction zone was created by boiling the reaction mixture. '

100172] 45.74 g of granular silica gel (+8 mesh) was treated with a sodium hydroxide
solution (7.5 g NaOH in 550 ml water) at about 42°C temperature for 7 minutes with

. stirring at ambient temperature. The silica gel was washed, first with cold water and
then with hot water (about 80°C), to remove trace amounts of sodium on the silica.
The resulting treated silica gel was dried at 125°C for 2 hours and then at 300°C for 2
hours under nitrogen purge. The dried silica gel support had 23 ppm Na by weight.
The treated silica gel support had the following properties: 291 m?/g BET, 1.052
cm’/g pore volume and 16.3 nm average pore diameter.

[00173] 25 ml of the dried granular silica gel support (about 9.3 g} was loaded in the
reactor. A titanium n-butoxide solution was prepared by dissolving 27 g of titanium
n-butoxide in 500 ml dried toluene. The titanium n-butoxide solution was placed in a
reservoir. After circulating the titanium n-butoxide solution through the reactor up-
flow at 15 ml/min and ambient temperature for 15 minutes, the reactor was heated to
168°C (335°F) at a pressure of about 5.5 bar (65 psig). The circulation was continued
at 168°C (335°F) for 4.5 hours and then the reactor was cooled. After draining excess
solution from the reactor, the supported catalyst was washed with dry toluene up-flow
at 4 ml/min for 1.5 hours. The washed catalyst was dried at 168°C (335°F) in 350
ce/min nitrogen gas (up-flow) for 2 hours. The resulting in situ-prepared titanium n-
butoxide catalyst grafted on silica gel granular support was tested for

transesterification of DEC with phenol.
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[00205]Experiment 7 [00206]The objective of this experiment was to demonstrate continuous
production of aromatic carbonates in a series of multiple reactors by performing transesterification of
DEC with pheoabinthegresence of a titanium ethoxide catalyst immobilire€d/ga2a08ilizzsgel support.
[00207]This experiment consists of two parts; Experiment 7A and 7B. In Experiment 7A,
immobilization of Ti ethoxide on a silica gel support was performed prior to performing
transestefigigpdion. Th | | m luble Ti 40Ph), (where x = -2)
compoungk?@lrl?y gperin?%}r?tj S%E?%}ggr%%lé?g%%g% tgtlﬁf}gg%%grﬁ v%/%t&sOPoésde Witﬁv’é}% R1 efhoe? difica gel
support, and thePapieeddnfbapsiemnes P imegamrersiedsalitheptrlvsitia-efird dedboilisgsilica

support. [00208izxpaesBgRRt Mﬂ@@@@%ﬁm@wcﬁﬁ%ﬂéﬁéiwW%@H@Mﬁh%@?@mw@?

spherically shaped silica gel spheres %1.7-4 mm diameter). This sﬂmaggel support had about 6 hydroxyl
groups per nm223879R%/PBES Bl s g pbresseieueug s il ertalsidend enaflastet, and about
0.58 g/ml ABD. Té8eGilisasar), stippeit (26 pie]4rk6a) wasdoatedinibe martasicA ttaniygs ethoxide
solution (45.25 g titani thagxjde in 800 ml toluene) was cjrculated up-flow at 15 ml/min through the
reactor at ambie%r?fl %?ﬁ%%ﬁﬁﬁgﬁgy% (r)r?]?ﬁu %%Stgﬁé] ehdrr3seE ﬁr’\@/’éﬁi@ﬁdb’z?r&?@grﬁsig) for 6
hours to graft WO 2609410285603 LS 120091032808 titailiRmeathtxiceansiilicaf ghlesupport. After

cooling, excess QR was dral ent talyst was washed with toluene at 4
ml/min for 1.5 hgtl%{si.{ %ggvl%s%l)w%é catdlygﬁvga%%ﬁigg %%‘%%8% %&%%%?%?’Zﬁ\ﬁ%ﬁ@ A 38 Fé%:c}%in nitrogen

gas flow rate. [0PPHDIRBABtIohei et o BRbiseis prrfbdsmeatirarmiasdadbnditions. The
resultis Teprased in Figureianaalalhhe Nridranagaierlicalion.ieacigpraaie gdgrmed with

59 ppm Ti as Ti ethoxide added into feed stream, except the period of from 99 hours on

stream, where 16Hpshilspelaacaidaden Trefans sendtipangssd reézryiton phegivepiieniemd 024

ml/min for the firgktspogentesHigRtonAAel 8 AEShe QAR NRireaRly 4N e MRRFAtWENRR Slowly
lowered to 174C 345ng@ d the feed rate was slowly increased to 0.5 ml/min over the next 96 hrs on

stream. Thereafte & ol HB%HW& TR AT ARG WS 8 e iR 'AERE o teRegr 174C
(345F), 2.9 bar @ohpshe)resdod. SOmPrpididBinahstibimgateansd firmltkd dompiasiepsadifeisdrom the

1st, 2nd, and 3rd transesterifications, .the feed mixtures were red far the 2nd, 3rd and 4th
bt g1l A BRI Gt SNt
disproportionaticplnéantions wessqseiiforngk dhat 740 (@455 ndimei? up kw20 IR, G5 Ml mid feed rate.

The ComPOSi“OQi’beﬂe(f%S‘?lﬁg}tﬁﬁ raactinnwas 1895376, REG AL 8% sk Gashopate, 0.283%
phenetole, 0182% unknown, 57.508% phenol, 22.03% EPC, 0.054% p-phenoxyphenyl methyl

carbonate, and 128ondiIsmatakyst 795cltrt BaSES “FHE IS U Hslsrcandici AreHaus B OReATn is

disproportionatiQf-£dh the-apalysisefing.fata Algestad abetheda aghfeon ramo yingahks fom the
feed for disproportionation. In, Figure 9A, the 2nd trans%%terificg;[{i%ons were performed at 174C (345F),

2.4 bar (20 psigPRIRF 6 e HFSIRISAR Tiresrieried SRaneh fesaTahging FOEHBHIRY i to 69
ppm Ti by weight: deokrigeieSButhdo2nd titnsesiadfibai anso8ate Berorandd @ bad 0 4845fz), 2.9 bar

(27 psig) and 0.5 ml/min with the Ti concentration jn feed ranging from.45 ppm Ti.to 75 ppm Ti by
weight. The 3rd ?5%5%5 giiﬁ%féﬁo%eev%l ’peé(r osrsrﬁ;ggl%?ﬁ?%%@%@)éﬁ%%’f%ﬁoﬁsi]gtggea%a g’% ml/min
with the Ti concevay atisheid tithféeolmainginlpdnermbRqypderT] fo i prfhEi wyshasightalybiewh

ansesterificatiop s ootk AC Al hRL2D PROLRAGD SmAMIB It T

concentration in the feed ranging from 51 ppm Ti to 73 ppm Ti by weight.

2009/102556 PCFctS 20003 sy owed 1mhiccd dtaibpstiHieriatic e se helle® decreased with the

conversiop@®f76]  2nd Cycle Transesterification: The transesterification was performed in
identical manner to 1st cycle. The result is illustrated in Figure 5. The reactivated
catalyst did not perform as good as in the Ist cycle, and the catalyst died only after
about 40 hours on stream. A 2nd catalyst reactivation was then performed as follow.
{00177] 2nd Catalyst reactivation: Afler draining material from the reactor, the catalyst
in the reactor was washed with dried toluene at 10 mi/min up-flow at ambient
temperature for 30 min and then the toluene was drained from the reactor. The

catalyst in the reactor was dried at 168°C (335°F) in nitrogen gas at 250 cc/min up-
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phenol. The combined selectivity of EPC and DPC during the 1st transesterification is about 99 mole
% based on phenol. The combined selectivity of EPC and DPC during the 4th transesterification was
94 mole to S omie/Uebssed on phenol. [00212] The solid catalyst had seEnrsmningcver 14 months
until termination of the experiment unrelated to catalyst activity. Figures 9A and 9B strongly suggest
that there has been little to no catalyst deactivation for over 14 months. The analyses of the two

catalyst samplegaken @e}[&[gllwggmﬁ%}gptl%g% 1168 go{;tQ,I(T e&sg{%y%d)%q fi: dicgltgam a s3me amount of

0.28 wt% Ti (550 C calcined based) on the amples. This experiment successfully
demonstrates tHa! @1eRY daeRmssed feugh dre astona hdmnlE)inamBe siatl AU LY Xdtirmgd trace

amount of soluble ianium seeypauntd inigthe ferd stigang. JO02L SHRIREIHIGN LS LRigRkRuN)

[00214]The objective of this experiment was an attempt to immobilize Ti alkoxide on a silica support

while performing@e Tranet Sishiehboh V/arous Amisa maRirebRIBTS T B ES P BifAEBund were
added into the fepdlstrefam! Tiberiransesitiificabion.of OkGwdth phepalmaspariinadeah b7 4C (345F)
and 2.9 bar (27d£si1g).n;lih§ result is iIIu§tra edin FL?"fée 10. 0021595?onl1/paring tfi)]e Blank in Experiment
5 (Figure 7) and Expenimait 7E TR E0) Withehehe SRRl fie AN I8y Ve i&°8fBar need for
immobilizing titariaparatiiexide Zhrsitictegsid tpport pFRICLGIFSFAOrmidg Aramae stdifisagpfis. Comparing
Comparative E jme .2 (Figur, ith Fj B, t riority of novel solid
catalyst technoﬁ%%?%d%ﬁ%}%%c%’aér%ﬁﬁ %ﬁ%él%%%?v%%?&gﬁ%ﬁe%ﬁﬁggmr%%ﬁd to the feed,

over the prior afd@iiEowde srdsiktfambnToo BleE perifieenfe (002 b7iThe Bhieuthshedf this
experiment wasci@AeMQRsHALR dispeRorEonaqn RS B S 6 M IneABSRRAGE of solid

catalyst, but in the presence of soluble Ti catalytic components. The feeds for the disproportionation
were prepared by BREaffG ety D hsdsedireshih srormdthabensHpHG /R seEfrom the

4th transesterifigatigiivia. Experiment 7 under a nitrogen blanket. The homogeneous Ti catalyst in the

feed mixt s originated from the 4th transesterification composite products. No additional soluble
Ti catalysr(iﬁiz%j‘ddedg%ﬁ%hg)f‘él@glrﬁ?%ﬁff&?%ﬁﬂfghe’té’ﬁs %Wgﬁ%f?&?g%eav ARG Erdhte a vapor
phase for the bd'tlbmiminiamctmr.lM@c@omﬁmﬂﬁ@kﬁﬁﬂﬂﬁﬂﬁwgﬂﬁa&fﬁm¢mmposition
was 16.26 % tolga%rle 1.61.% DEC, 49,33 "@epgl ol, 30, %?ﬁ%%%gn%&? o DP% b a)[/gfelght and the

alyit performed as’ well as ) LI . Neve es
balance was by-proaruc?s including trace amoun s%sf‘MlP &Cond Tee ti°cor?'1p035| fon-was 16.15 %

toluene, 1.61 %ddEGfi4ubeyshhewsloB$u8886 EPC and 0.80% DPC by weight and the balance was
by-produgGts, i ding e f ~ 0 j u talyst.in the first
and secol P ra0s was Thc oL itbs, L e AL S P 150 b
disproportionatiavasiistiserfordredsitilie readibpvand2thenl Envppastarystesiradicgirite wBence of
solid catalyst) ati]. {9 (3ARE) a0ek2 B (/RS T depddales Watads mminye-fipw for the first

72 hours on stream and then_0.60 ml/min up-flow thereafter. The results of the disproportionation
reactions are illisfigeseriFe rigth&atalyst e et andalisufd mbiRtame AheriRivrneamdaReor EPC are
also produced iragditiop- o dREisdasthprEbaias the only new by-products produced during

somptt ARNAL] T SHLRARY SR bro A JABHEAC D iAd VA 8 SSEEOTris

experiment denmefisiratésmiidassiisltyatsestR e aisprapocictadion o peacuceidReEshad BIFRC

according to emé)r?eqi rpo?lrl]érsledﬁclgﬁ?nqnh%- .BVJ% %I]f‘l Igi’)l(fo t%ﬁ{{;‘%%;?e for 1 hour and then excess
toluene was drained from the reactor. The catalyst in the reactor was dried at 157°C
(315°F) in nitrogen gas at 250 cc/min up-flow for 1 hour. A solution prepared by
mixing 8 ml water, 500 ml ethanol and 1100 ml toluene was passed though the reactor
at 2.2 ml/min up-flow at 157°C (315°F) and 2.7 bar (25 psig) for 12.1 hours, After
draining excess solution from the reactor, the catalyst was dried at 149°C (300°F)
under ambient pressure in 200 ce/min nitrogen up-flow for 1 hour. A ﬁtaniu;n n-
butoxide solution (135 g titanium n-butoxide in 2 liters toluene) was circulated
through the reactor at 15 ml/min up-flow at room temperature for 20 minutes and then

at 157°C (315°F) and 7.2 bar (90 psig) for 6 hours. After cooling, the excess solution
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[00220]This experiment demonstrates the purification of DPC. A composite disproportionation product
from Experiment 8 was distilled to remove ethanol, DEC and a substantial portion of phenol by using
laboratory distillzgenmoegfdipments. The remaining material in the distillatiorCilaskvadaresfollowing
composition: 0.024% EtOH, 0.204% DEC, 0.017% phenetole, 1.619% unknowns, 12.563% phenol,
25.377% EPC, 59.474% DPC and 0.723% heavies. By performing vacuum distillation, crude DPC (cut
at vapor tempergiiira fiop 23512455 asabtaingd: The compasiion PLiDisEride RPG. was
0.535% unknowns, 2.112% phenol, 0.013% phenyl éther, 0.030% EPC, 94.555% DPC, 0.026%
xanthone and 2 7235 tebvidgutsnis eutashsd cafpbistevatyiistizb d 04°5 zATFe B B0Rweodmirethyl ether
in hexane five tiggsgehhg:dinpliBP forredugt had impurities of 0.4 ppm xanthone and 11 6 ppm phenol
by weight !ﬁﬁ Qther irr;f}aﬁlfyities were detected by trace anali/sis. This DPC product has a greater purity
than high S8 bpc Ahaizererivaird sataiveh t48 o shbisrlaidits AR dersesispve Aol 15§ weight).
WO 2009/102556R6i4a62009/082302 409224 DiadisilsCathanatasiBy TranspstepifigatigaiOf A Cyclic
Carbonate With trAn Altceo I [OozzalDiafiﬁyl carpq_?ates atlﬁle conginuously produced by performing
transesterification ot a clfilcl:?ﬁl:lgg'rbonea EWith ATcohoS ' 1gup])‘}%es'ence of solid catalysts. As described
above, erfiddjents digclomel haentivaioheAfantidtaimihe usefeti b ic drtirucus lpfedectiomof dialkyl
carbonates, such 28 PN, Sic T0eTe 15 A Aer ohomagenceus, calaly S oL icq
transesterification. en éha %/rf CArDONALES are proaafcednby pertorming transesterification of a cyclic
carbonate with &eldgeohbl ihovaniregefiow of subpsoittanpassdisxide lohonixedl thetatioxidecsatalysts or a
solid catalyst prepaied by immehilizing @ RIpgerRRUS,CHRINALAR RRAPHISHRROL, toeeatalysts

have unacceptably short cycle length for operation of large commercial reactors. The permanent

catalyst deactiv&libhs \nGoNERRH dBaIM g MitFCOPganR: Larhirratelonre Ahasbiiewy peerartdPyctive

catglytic compﬁ&gﬁiﬁg%@meégmfme@%m?i&atm}mmﬁgaq&maa%fmﬁeugmrﬁ{@xaoﬂialkyl f
carbonate such as DMC is commonly produce, erforming transesterification in the presence of a
homogeneous cﬁtgl%ﬁgf%%]g%grd%%rﬁs(%i%%@g é?rg’l% ovpE rf%f%r?p}?f?%gsség%r producing
dialkyl carbonateriinihg pxesenaeuioa Snlid databmtoSalid catelystsmairinthndeioNe Go00IBye elements
from Groups I, W ¥ and YL ofthe Pesipdie Tabley A f>txne of 20l gafalvst inglydgs,one or more
organometallic compounds ofthe above elements immabilized on a porous support, w ich may have
surface functionbiigridpsaiutihra$iBydeosidnsumborbpicaiidoxin & niiraréobiehytrony| ciretlalkdxy,
chiorine, etc. Sugpgy, ﬁm@)feua%&'%1%"&%@@%M{%o&p@mmrmémxﬁés%ﬁ%éﬂ, MCM-48,
ria

SBA-15, carbon and/or carbonaceous materials, etc. A second type of solid catalyst includes metal

oxides, hydroxidiéd F ExgyaForrbe SPe@bPsigd farst Iaurah HFEeremiBr S HEsEEHB Eporous
sgngrt- Tﬁ rr;ai%@iﬂea ﬁ%ﬁl@)l&g?éa&y&t_ ap&%%a@léf% ml | atatasilbi ﬁﬂt?h@iﬁﬁlgﬁwmle&t i?
added to the feed stream. By doing so, the catalyst cycle len e.extended to be suitable for
commercial reac[tar.h‘{%zﬁ%/e'l'w §%@l§?ﬁi‘5§‘?i8ﬂ%é’§/ b%g&é?%ga %éi@%%&c%fﬁ&g%es, such
as traditional fixgashedisaagiprshoatalylibedisiitition catalynsyioiliag weihireattorycivifida wall
distillation columns, L€|S%d f{ow realéktlors Ofan 'ceorré?ir% éion % i e%g%\{icl S: I?Oxagyﬁolgsc%‘ a
combination mayz}ﬁsc tige 5 HiXEl bed Bo Ing pom% feactor followe by a ca ayﬁc distiffation column
reactor. TranseM&@iﬁc&ﬁ@cﬁbﬁW@@@%@%&@@iEMGQOO9/O32309 carbonates with a primary
oo g8 e anek Rl A e KRLTA AR AN ISR dRACNN: iR hEre e (10
sot

ethyl propylene glycol carbonate intermediates. A e reaction product contains small amounts of
by-products, sudh dbeprspsiienavesy coisbedy Mithel Ssonhiarin ploerlidelheneoatitlastion embiepylene
glycol by DEC. The ignsesterificationmiesbe earirdidd aainglereestionzens.elmuitple reaction

zone. [00225]Figure 18 illustrates a simplified process flow diagram for the continuous production of

DEC and propyletaigi Bbiter s eep d it Bty s Ea i HEassh S ripsioni: &rfishate with

ethanol in :che prﬁ)’ielnﬁﬁa@f araabe @aéqémeaq]g@sd@fégzﬁe ﬁm@ldﬂmeﬁt&ﬁiﬁﬁhoﬁ@drhﬁéejmt'ﬂbe-

transesterification illustr may be performed in a catalytic djstillation reactor 101 at.a

temperature fror#g%%é#isﬁi'gég t% )a%}ijfiT%:&t ﬂﬁ%ﬁ%é%ﬁ%%%ﬁF%ﬁ(%ﬁ%’ &c@s%%%%tﬁ'g% Bbout 2 bar

to about 11.4 bathéaleattbd brpsigitd 365G PO rdepe ndmgeorgthelecamfiosition lohoeaZtiommizture. In

addition to catal;giclggs_tliu@ti@n g_cﬂt%q:(jl, tﬂe&ms&g%gf&t 9 1gﬂll??t' otlrtgm 102 and 114.
(g%inc udes’ \% ??:g a

Catalytic distillation column'1 a reaction zone RZ, in which a so talyst may be located.

Fresh propylenebeirbidnatel fl¥amigs!isng mBsratswiathd degsgh she sertor pahioniereovbiesd stream
106 is introduceg,iigthersataltic distiptioncqlurnidlaat asuitaiieposition have dhrigplid catalyst

bed reaction zone RZ.
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[00226]Column 101 overheads stream 107, a mixture of ethanol, DEC and lights, such as carbon
dioxide, is introduced to DEC recovery column 102, for the separation of DEC from lighter
componentswOchenrezE02 overheads stream 108 may be introduced into R{a8URGME E@pration drum
110 to separate liquid ethanol from gases vented through line 111. The liquid ethanol recovered from
drum 110 in stream 112 is combined with the fresh ethanol feed stream 103 and the combined stream

104 is heated tqgrofge elianolyaner datduse Je-caiabvshdistilalinn calymn ARl absujtable

position below reaction zone RZ. Distillation column 102 bottoms stream 109 contains thie product,

DEC, which may#fer&shtdavitls thrabmiatadyrns SprélRi) for bihdeuswridirenpshsfosialygs was

[00227]Bottom gieam 153 fronpshergaial e distilalianegiimind Gb-ndiichgoptainsspropyéene glycol,
propylene carbonate, re%cti_o intermggiates, and b){q—ﬁ_troducts ng:h as 1-e$hloxy-2-propanol, heavies,
etc. and a trace SO ‘faé%%?ﬁ/gﬁsé THESEed (RS els R R &R CSTumn 114 to recover an

overhead G4SN 115 epntainiRg T HROHIARBDO6PEe T Ado20091032300 prepyeanagbrdh
1-ethoxy-2-propanol, etc. Propylene glycol be recoyered from the mixture.in stream 115 by
distiletion (hot <HEIRS EERIALICL L BETEme B 1A IS A 1ad 18'THe el s siciition colurmn
101 through lineatdi}#t aadoif6d Aspestien of thotteimgekie smtefch6mplay the qialyedifmviiiel system via
stream 118 to preyent %tild-up of heavies in the system. [00228]A trace amount of soluble

. & SIOWET S, . . . . . .
organometallic compound Is introduced to the catalytic distillation colwnn 101 above catalytic reaction
zone thrd@§f 8ile 119 The sbave embiddrmsientheteitahzstisispistibls fedeariveitaleutivatsdt the liquid

reaction mixiure 1% AAMIINGERRHIGIBAAATLANSIRE caNRsA Hase amAleLygealy from 5

ppm to about 100 ppm metal by weight, of soluble metallic component, such as Mg, Ca, Zn, La, Ac, or

Ti compounds. $88220 Tl FrEhurEbROPEIAY KaPRsHS eIk IRIRER IS By Ige FoMMARTA!

experiments. [0Q23RlE ¥peKiEeHHAJA0R3 LT s tiaciingieiihisRMperiment was to demonstrate the
transesterification of propylene carbonate with ethanol to produce DEC and propylene glycol in the

presencel 88L& 1id cafaysimie 4olid catalyst is prepared in situ by immobilizing titanium ethoxide on
a silica gghBYRPPt.  The objective of this experiment was to demonsirate the extended catalyst

cycle length attainable by adding a trace amount (42 ppm Ti by weight) of a soluble
Ti compound (titanium n-butoxide) into the feed stream. The deactivated catalyst
from 6th cycle transesterification in Experiment 3 was again subjected to a 7th
catalyst reactivation as follows. After draining material in the reactor, the catalyst in
the reactor was washed with 10 mi/min dried toluene up-flow at ambient temperature
for 1 hour and then excess toluene was drained from the reactor. The cataiizst in the
reactor was dried at 124°C (255°F) in 250 ce/min nitrogen gas up-flow for 1 houwr. A
mixed solution of water (4 wt %) in ethanol was passed through the reactor at 1.4
ml/min down-flow at 154°C (310°F) and ambient pressure for 6 hours. The catalyst
in the reactor was dried with 150 cc/min nitrogen gas down-flow for 1 hour 25
minutes at 154°C (310°F). A ftitanium n-butoxide solution (67.5 g fitanium n~
butoxide in 800 ml toluene) was passed through the reactor at 15 ml/min up-flow af
room temperature for 20 minutes and then at 127°C (260°F) under 3.4 bar (35 psig)
for 6 howrs. After cooling, excess solution was drained from the reactor. The catalyst
was washed with 4 ml/min toluene up-flow for 1.5 hours. The washed catalyst was
dried at 138°C (280°F) in 300 cc/min nitrogen gas up-flow for 2 hours. The
reactivated catalyst was subject to the 7th transesterification cycle as foliows.

[00188] The 7th transesterification cycle was carried out by adding a trace amount (42

ppm Ti by weight) of titanium n-butoxide into the feed streams under various reaction

48



[00232]The reactor was loaded with 25 ml (1.7-4 mm diameter) of a spherical silica gel support. The
weight of the support was 10.097 g. This silica gel support had about 6 hydroxyl groups per nm2, 314
m2/g BET, 0b3eemB8igspore volume and 13.46 nm average pore diameteE TAIEtamIB36thoxide
solution (40 g titanium ethoxide in 800 ml toluene) was circulated up-flow through the reactor at 15
ml/min at ambient temperature for 30 minutes and then at 135C (275F) and 3.4 bar (35 psig) for 6

hours to grait e ihoxids Ande e AekatRa Mla ARG, SaRsS SRIQNIYag drained

from the reactor and then the catalyst was washed with toluene at 4 ml/min for 1.5 hours. The washed

catalyst was drisglaiased $780m Torbenplaad 880 ve /iR FitiGgehnaels miw. DDESINNBRY solutions
of propylene caranalesaosRiTaRos yicisuRl RakeshaNth AewRRING, T g Jitaniy phethpxideswas blended

into the mixed feed splutions. Transesterifications were performed with various feed mixtures in

up-flow liquid ph¥5& RE(7 462030989 wHe £7 BEGERIE) Gy e remeindss iditbnguramidtéhh Table 5.
The results of thiswxpermehtateol ustsaied TithgurenlPitodMd: 200002066 THE) H2ORK¥H32309

Table 5 Time onaream (1 106 et M e 119 ndesd oo RAls (mimink L 1555 ¢8d (Wi ppm) Note
stream time, 0.3 ml/min from 353 to 401 hours on stream and then 0.2 ml/min to the
end of run. The trace analyses of the product samples taken at various on stream time
indicated 21 ppm Ti at 48 hours, 44 ppm Ti at 305 hours, 44 ppm Ti at 449 hours, 31
ppm Ti at 491 hours, 51 ppm Ti at 593 hours, 51 ppm Ti at 713 hours and 31 ppm Ti
at 749 hours. . The result of this experiment is illustrated in Figure 6. The
temperatures cited in Figure 6 were the temperature readings at tﬁe bottom of the
cataiyst bed. The temperature readings 2t the top of the catalyst bed were usually 1.5-
3°C (3-5°F) lower than the reactor bottom temperature, depending on the ethanol
concentration in the product stream, indicating vaporization of ethanol at the top
section of catalyst bed. Lower reactor effluent temperatures at the top of the catalyst
bed became noticeable if the ethanol concentrations in the product were higher than
about 1.2 wt %. Phenetole was the only detectable by-product. The phenetole

_ selectivity based on phenol was less than 0.3 mole %.

[00189] As shown in Figure 6, there was no catalyst deactivation during the entire run
time (749 hours), successfuily demonstrating that the catalyst cycle length could be
extended from less than 80 hours to 749 hours or more by adding soluble 42 ppm Ti
by weight into the feed stream.

(00190} The catalyst in the reactor was analyzed at the end of the run, and was mostly
yellow granules, with some catalyst granules' dark brown in color. Titanium
phenoxide has an intense orange or amber like color for comparison. The analysis of

the spent catalyst indicated 0.55 wt% Ti on the catalyst. This was a surprising

discovery.
{60191] Experiment 5
[00192] The objectives of this experiment were to demonstrate (1) the need of pre-

forming the catalyst prior to performing reactions, (2) catalyst reactivation, (3)

extension of the catalyst cycle time, and (4) the need for controlling the water content
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(less than about 650 ppm by weight) in feed. In this experiment, silicon oxide peliets
were used to prepare the support onto which titanium n-butoxide was grafted.

{00193] A silicon oxide pellet support (0.3 cm (1/8 inch), 555 ppm Na and 2500 ppm
Al by weight, 280 m%g BET SA and 1 cc/g PV) was used to prepare an immobilized
titanium n-butoxide catalyst. 100 g of silicon oxide pellets was treated at about 52°C
for 5 minutes with stirring with a sodium hydroxide solution (10g NaOH in 570 ml
water). The silica was washed with cold water thoroughly and then with hot water
(about 80°C) to remove trace amounts of sodium on the silica. The treated silica was
first dried at room temperature, then dried at 130°C for 1.5 hours and then at 150°C
for 1 hour in a vacuum oven. The dried silica support had 150 ppm Na by weight.
The prepared silica support had the following properties: 252 m*/g BET, 1.035 em’/g
pore volume and 15.7 nm average pore dtameter

[60194] 25 ml of the dried silicon oxide peﬂe‘ss (9.72g) was loaded in the reactor. A
reservoir for the catalyst solution was filled with a titanium n-butoxide solution
prepared by dissolving 135 g titanium n-butoxide in 1600 ml toluene. This catalyst
solution was circulated up-flow through the reactor at a flow rate of 15 ml/min at
ambient temperature for 20 minutes, and then at 135°C (275°F) and 3.4 bar (35 psig)
for 6 hours. After cooling, the excess catalyst solution was drained from the reactor
and then the in situ-prepared catalyst was washed up-flow with toluene at ambient
temperature at a flow rate of 4 ml/min for 1.5 hours. After draining excess toluene
from the reactor, the catalyst was dried at 138°C (280°F) for 2 hours in 350 cc/min
nitrogen gas up-flow. The resulting catalyst was used in a Ist cycle transesterification
as follows.

[00195] 1st Cycle Transesterification: The 1st cycle transesterification was performed,
without injecting soluble titanium species into the feed stream, under boiling reaction
conditions of 168°C (335°F) and 2.4 bar (20 psig) with a feed rate of 0.2 ml/min up-
flow. The feed composition was 26.07 wt % phenol and 73.93 wt % DEC (2.56 mole
ratio of DEC/phenol). The result is illustrated in Figure 7. The catalyst deactivated
with on-stream time. After about 100 hours on stream, the catalyst had little activity.

{00196] Ist Catalyst Reactivation: After draining material from the reactor, the catalyst
in the reactor was washed with dried toluene 10 ml/min up-flow at ambient
temperature for 1 hour and then excess toluene was drained from the reactor. The

catalyst in the reactor was dried at 124°C (255°F) in nitrogen gas flowing at 250
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cc/min up-flow for 1 hour, A mixed solution of water (4 wt %) and ethanol was
passed though the reactor at 2.2 ml/min up-flow at 154°C (310°F) and ambient
pressure for 6 hours. The catalyst was dried at 154°C (310°F) in 150 cc/min nitrogen
up-flow for 1 hour 25 minutes. A titanium n-butoxide solution (67.5 g titanium n-
butoxide in 800 ml toluene) was circulated through the reactor at 15 ml/min up-flow
at room temperature for 20 minutes, and then at 134°C (275°F) and 3.4 bar (35 psig)
for 6 hours. After cooling, the excess solution was drained from the reactor. The
catalyst was washed with 4 ml/min toluene up-flow for 1.5 hours. The washed
catalyst was dried at 138°C (280°F) in 300 cc/min nitrogen gas up-flow for 2 hours
and used in a second cycle of the transesterification reaction.

[00197] 2nd Cycle Transesterification: The reactivated catalyst was subject to the 2nd
cycle transesterification with the same feed solution at identical conditions to the st
cycle transesterification. The result is illustrated in Figure 7. Similar results to the 1st
cycle transesterification were obtained.

{00198] 2nd Catalyst Reactivation. The 2nd catalyst reactivation was performed in

~ identical manner to the 1st catalyst reactivation.

- {00199] 3rd Cycle Transesterification. The reactivated catalyst obtained from the 2™
catalyst reactivation was subject to a 3rd cycle of the transesterification with soluble
titanium species added to the same feed solution at identical conditions to the 1st
cycle transesterification. The results of the 3™ cycle transesterification are illustrated
in Figure 7. A similar result to the 1st cycle transesterification was obtained, but the
catalyst maintained a steady catalyst activity for an extended period of time. Trace
analysis of a sample taken 270 hours on stream indicated 47 ppm Ti by weight. After
the sample was taken at 270 hours on stream, the feed reservoir was refilled with a
new feed. Unfortunately, the feed became turbid when it was blended with titanium
n-butoxide. It is believed that the turbidity was caused by unexpectedly higher water
content in feed solution than the previous feed solutions. The catalyst activity
declined fast with this new feed solution. The trace analysis of the composite product
with this new feed indicated 9 ppm Ti by weight. It was discovered that the water
content in the feed stream should be kept at less than about 650 ppm by weight.

[00206] Blank Run (without performing immobilization of Ti alkoxide catalyst): The
same reactor was loaded with 25 ml (9.54g) silicon oxide pellet supports prepared by

treating silicon oxide pellets with a sodium hydroxide solution (10g NaOH in 570 m!
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water) at about 52°C for 5 minutes with stirring. The silica was washed with cold
water thoroughly and then with hot water (about 80°C) to remove trace amounts of
sodium on the silica. The treated silica was first dried at room temperature, then dried
at 130°C for 1.5 hours and then at 150°C for 1 hour in a vacuum oven. A catalyst was
not grafted to the support. The transesterification reaction was performed with 42
ppm Ti by weight in the same composition feed as above under identical conditions
(under boiling reaction conditions of 168°C (335°F) and 2.4 bar (20 psig) with a feed
rate of 0.2 ml/min up-flow, where the feed composition was 26.07 wt % phenol and
73.93 wt % DEC (2.56 mole ratio of DEC/phenol). . The results are illustrated in
Figure 7. The conversion of phenol was less than 2% throughout the run.

[06261] This series of experiment (Experiment 5) successfully demonstrates that it is
possible to reactivate deactivated catalyst and prolong the catalyst cycle time to more
than 250 hours. The blank run clearly demonstrates that it is necessary to prepare the
catalyst prior to performing transesterification. Alternatively, one may choose to
initiate transesterification with a pre-prepared grafted titanium alkoxide catalyst
outside the reactor. This experiment also indicates that it may be necessary to control

water content in the feed to less than about 650 ppm by weight to maintain a steady

catalyst activity.
[60202] Experiment 6
[60203] The objective of this experiment was to demonstrate continuous production of

aromatic carbonates in a series of multiple reactors in the presence of a titanium oxide
catalyst supported on a silica support. The same granular silica gel (40.7 g) in
Experiment 3 was treated with a sodium hydroxide solution (6.86 g NaOH in 500 ml
water) at ambient temperature for 7 minutes, with stirring. The silica gel was ﬁrst
washed with cold water thoroughly, and then with hot water (about 80°C), to remove
trace amounts of sodium on the silica. The treated silica gel was dried at 140°C for 2
hours, at 345°C for 3 hours, and then at 375°C for 2 hors. 30 ml (10.99 g) was
impregnated with titanium n-butoxide solution prepared by dissolving 4.71 g titanium
n-butoxide in 80 m! dry toluene. The impregnated silica gel support was calcined at
500°C for 3 hours. The titanium content on titanium oxide catalyst supported on
silica was 5.48% Ti by weight based on the amount of titanium n-butoxide used. 25
ml {9.8 g) of titanium oxide catalyst supported on silica was loaded in the reactor.

Transesterification of DEC with phenol was performed under various conditions. The
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feeds from 0 hour to 308 hours on stream time are two different mixtures of DEC and
phenol. These feeds were used to perform the 1st transesterification of DEC with
phenol. The titanium content in the DEC/PhOH feed solutions (from 0 to 308 hours
on stream) was 59 ppm Ti by weight, prepared by blending a stock solution of
Ti(OEt)4_x(OPh)x (where x = ~2). The stock solution of Ti(OEt).(OPh), was
prepared by distilling ethanol from a solution prepared by mixing an appropriate
amount of titanium tetraethoxide in a mixed solution of DEC and phenol (PhOH)
(25% wt) at from 120°C to 125°C for about 3 hours. The feeds from 308 hours to 986
hours on stream were prepared by distilling ethanol from the composite products of
the 1st transesterification. These feeds were used to perform 2nd transesterifications,
which are equivalent to the reactions in the second reactor in series or in some stages
below the feed point of a multi-stage catalytic distillation column. The feeds from
986 hours to 1136 hours on stream were prepared by distilling ethanol from the
composite products from 2nd transesterification. These feeds were used to perform
3rd transesterifications. No soluble titanium catalyst component was blended into the
feeds for the 2nd or 3rd transesterification. The feed compositions are listed in Table
4, The transesterification was performed at 185°C (365°F), 2.9 bar (27 psig) and a
feed rate of 0.24 ml/min. The result of this experiment is illustrated in Figure 8. The
conversion of phenol in Figure 8 is the overall phenol conversion from the Ist
transesterification through the 3rd transesterification. There was no indication of
catalyst deactivation throughout the run (1362 hours continuous operation). The
examination of the catalyst recovered from the reactor at the end of the run indicated
little deposition of heavy polymers. The analysis of the catalyst indicated 2.3% Ti by
weight, indicating about 58% loss of Ti due to leaching into the product siream. The
trace analyses of Ti in the product streams taken at 686, 887 and 1293 hours on
stream indicated 75, 57 and 78 ppm Ti by weight, respectively.

[066204} The result of this experiment clearly demonstrated the continuous production
of aromatic carbonates by using a series of multiple reactors with long catalyst cycle
time by adding a trace amount of a soluble Ti compound in the feed stream. Also,
this experiment may suggest that large amounts of titanium oxide on a catalyst may
not be necessary, as any excess amount of titanium oxide may be washed off by
forming soluble organo titanium compounds. The catalyst cycle time is more than

long enough for the time required for the catalyst reactivation. The combined
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selectivity of EPC and DPC was from about 98 mole % to about 93%, based on

converted phenol and depending on the run conditions.

Tabie 4
Product Stream wt. %
Time on DEC / PhOH mole EPC wt. % in feed EPC DPC
Stream (h) ratio in feed
0-86 2.2 0 5.5 0.14
86-308 2.4 0 5.7-6.2 0.19-0.20
308-746 1.71 5.86 (1% 9.2-9.7 0.44-0.48
Transesterification)
746-986 ' 1.89 . 551 (1% 8.8-9.4 0.44-0.47
Transesterification)
986-1173 1.534 10.28 (2™ 12-12.6 0.38-0.4
Transesterification)
1173-1362 1.69 10.3 2™ 12.2-12.8 | 0.74-0.78
Transesterification)

185°C (365°F), 2.9 bar (27 psig), 0.24 ml/min feed rate and 25 ml catalyst (9.8g)

[00205]
[06206]

aromatic carbonates in a series of multiple reactors by performing transesterification

Experiment 7

The objective of this experiment was to demonstrate continuous production of

of DEC with phenol in the presence of a titanium ethoxide catalyst immobilized ona -
silica gel support.
(00207}

74, immobilization of Ti ethoxide on a silica gel support was performed prior to

This experiment consists of two parts; Experiment 7A and 7B. In Experiment

performing transesterification. The feed contained various amounts of soluble
Ti(OEt)4.4{OPh)x (where x = ~2) compound. In Experiment 7B, the 25 mi space in
the reactor was loaded with 25 ml the silica gel support, and the transesteriﬁ.cation
was performed without grafting Ti tetra-ethoxide on the silica support.

[00208]

[60209]
gel spheres (1.7-4 mm diameter). This silica gel support had about 6 hydroxyl groups

Experiment 7A.

The support used for in situ catalyst preparation was spherically shaped silica

per nm?, 392 m*/g BET, 0.633 cn’/g pore volume, 6.48 nm average pore diameter,
and about 0.58 g/ml ABD. This silica gel support (25 ml; 14 46g) was loaded in the
reactor. A titanium ethoxide solution (45.25 g titanium ethoxide in 800 ml toluene)
was circulated up-flow at 15 ml/min through the reactor at ambient temperature for
20 minutes and then at 135°C (275°F) under 3.4 bar (35 psig) for 6 hours to graft
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titanium ethoxide on silica gel support. After cooling, excess solution in the system
was drained and then the catalyst was washed with toluene at 4 ml/min for 1.5 hours.
The washed catalyst was dried at 138°C (280°F) for 2 hours in 300 cc/min nitrogen
gas flow rate.

[00210] Reactions producing EPC and DPC were performed at various conditions.
The result 1s illustrated in Figure 9A and 9B. All the first transesterification reactions
were performed with 59 ppm Ti as Ti cthoxide added into feed stream, except the
period of from 709 hours to 799 hours on stream, where 151 ppm Ti was added. The
run started at 185°C (365°F), 2.9 bar (27 psig) and 0.24 ml/min for the first
transesterification. After the first 50 hrs on stream, the temperature was slowly
lowered to 174°C (345°F) and the feed rate was slowly increased to 0.5 ml/min over
the next 96 hrs on stream. Thereafter, all the 1st and 2nd transesterification were
performed at the condition of 174°C (345°F), 2.9 bar (27 psig) and 0.5 ml/min. By
distilling ethanol from the composite products from the Ist, 2nd, and 3rd
transesterifications, the feed mixtures were prepared for the 2nd, 3rd and 4th
transesterifications. From 973 hrs to 1064 hrs on stream fime, a mixed
transesterification and disproportionation reaction was performed at 174°C (345°F)
and 2.4 bar (20 psig), 0.5 ml/min feed rate. The composition of the feed for the
reaction was 18.553% DEC, 0.108% ethylbutyl carbonate, 0.283% phenetole, 0182%
unknown, 57.508% phenol, 22.03% EPC, 0.054% p-phenoxyphenyl methyl
carbonate, and 1.282% DPC, on a weight basis. The result indicates that the major
reaction is disproportionation. But the analysis of the data also suggests the need for
removing DEC from the feed for disproportionation. In Figure 9A, the 2nd
transesterifications were performed at 174°C (345°F), 2.4 bar (20 psig) and 0.5
ml/min with the Ti concentration in the feed ranging from 44 ppm Ti to 69 ppm Ti by
weight. In Figure 9B, the 2nd transesterifications were performed at 174°C (345°F),
2.9 bar (27 psig) and 0.5 ml/min with the Ti concentration in feed ranging from 45
ppm Ti to 75 ppm Ti by weight. The 3rd transesterification was performed at 174°C
(345°F), 2.5 bar (22 psig) and 0.5 ml/min with the Ti concentration in the feed ranging
from 52 ppm Ti to 74 ppm Ti by weight. The 4th transesterification was performed at
174°C (345°F), 2.4 bar (20 psig) and 0.5 m!/min with the Ti concentration in the feed
ranging from 51 ppm Ti to 73 ppm Ti by weight.
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1002341The results of this experiment clearly demonstrate that DEC (a dialkyl carbonate) may be
produced by performing transesterification of a cyclic carbonate such as propylene carbonate with
ethanol in therpoesenessef solid Ti alkoxide catalyst immobilized on a silicacgalsuppartdpy adding a
trace amount of a soluble Ti compound into the feed stream. Without addition of a trace amount of Ti
in feed stream, the catalyst activity declines rapidly as shown in Figure 12 over run hours 1397-1469.
100235]EW'1 nt 111[9925%@-&%89%“”3%{ this ex ereign nt is to.de ortlﬁltrate transesteyification of

propylene carbohate with ethanol 16 produce DEC AR propy ecﬁ%asgﬁi%c‘é‘? & S88&HE 0P solid

catalyst. The expbeifent toAembinef twls iy, CIilpaandRPExbeTm dntd §tl Anomdrfiention) and 11B.
[002371Compargtyd R erHibRIY WOGRSILAG ransesitlinel AnuaR RPUPIR,R gy presence of
ano

a homogenous magnesium tert-butoxide. The mole ratio of et propylene carbonaté of the feed

mixture was 6.85" RS AtEh PRI ScAtrRotR bR lsdeRisrlad Srgshernpg anp L WO
2009/102fHHRGT/US20R9L8330BN@IAR Thetiansrsienliraion was RerPIaal HOBE(335F), 17.9

bar (245 psig) and 0.5 ml/min. The result is illustrated in Figure 13. The average conversion of

propylene carboFRE B S D% {0ofatahyStRENIS afdesEts AyigpoPBEt ey pretarErbaglycol are
95.7 and 94.3 mitedhasdrprdiitels fRO2MExpesimemion 18 [00240] haransasierifisatppmwas
performed in the,presence of a solid catalyst. The starting.solid catalyst was MgO supported on a silica
gel support. A rﬁ%g\ggiﬁ%ﬁmﬁﬁ?ﬁém ggﬁ%ﬁ%ﬁn w%aé”eg‘#eé‘ 3?881%93&%%@&‘}% 10788 @%?W&N@%Z.GHZO in
22.73 g deionizéudivater isgincipiemtinfdt SGrationl MaHdSicalvinitdcbesed od apo bisdd @mizs ml (11.777
g) of the same sjj I ' ' incipient impre ion. The impregnation
product was drise%ﬁg%%%osgl?f %g)cét%%rgn IctJn\*;)en . géfgin%jﬁ%g?, %%%%%%%a ?’/q;%%i?\%ﬁf ﬁgcgf g’lwi@or 2 hours
to prepare MgOBtibgdrtewshssikan §el obsimtd 1oy 7agingf shisesarfaambixsdsolible ditalyst of MgO
and silica gel wagdgagied indhg.reagtatedransesterification of propylene carbonate with ethanol was

performed at the various conditions listed in Table 6. Table 6
100213 Experiment 78 (Blank Run)

[00214]} The objective of this experiment was an attempt to immeobilize Ti alkoxide on
a silica support while performing the transesterification. Various amounts of soluble
Ti(OE){OPh)4 - x compound were added into the feed stream. The transesterification
of DEC with phenol was performed at 174°C (345°F) and 2.9 bar (27 psig). The
result is illustrated in Figure 10.

[00215] Comparing the Blank in Experiment 5 (Figure 7) and Experiment 7B (Figure
10) with the result (Figures 9A and 9B), there is clear need for immobilizing titanium
alkoxide on silica gel support prior to performing transesterifications. Comparing
Comparative Experiments 1 and 2 (Figure 4) with Figures 9A and 9B, the superiority
of the novel solid catalyst technology, adding a trace amount of soluble active
organometallic compound to the feed, over the prior art is also clearly demonstrated. |

[00216] Experiment 8 '

[60217] The objective of this experiment was to demonstrate disproportionation of
EPC to DPC and DEC in the absence of solid catalyst, but in the presence of soluble
Ti catalytic components. The feeds for the disproportionation were prepared by
distilling ethanol, DEC and a part of phenol from the composite products from the 4th
transesterification in Experiment 7 under a nitrogen blanket. The homogeneous Ti
catalyst‘in the feed mixtures was originated from the 4th transesterification composite
products. No additional soluble Ti catalyst was added to the feed mixtures. Toluene

was added to two feed mixtures to create a vapor phase for the boiling point reactor.
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Time on Stream (h) EtOH / PC mole ratio in feed Feed Rate (ml/min) Mg in Feed (wt. PPm) Note 0-79
6.96 0.5 111 1st Transesterification 79-175
WO 2009/102556 PCT/US2009/032309

The first feed composition was 16.26 % toluene, 1.61 % DEC, 49.33 % phenol,
30.91% EPC and 0.78% DPC by weight and the balance was .by-products including
trace amounts of MPC. The second feed composition was 16.15 % toluene, 1.61 %
DEC, 49.28 % phenol, 31.08 % EPC and 0.80% DPC by weight and the balance was
by-products including frace amount of MPC. The concentration of homogeneous
catalyst in the first and second feeds was 180 ppm and 200 ppm Ti by weight,
respectively,

[60218] The disproportionation was performed in the reactor with 25 ml empty catalyst
space (in the absence of solid catalyst) at 179°C (355°F) and 2.9 bar (27 psig). The
feed rates were 0.5 ml/min up-flow for the first 72 hours on stream and then 0.60
ml/min up-flow thereafter. The results of the disproportionation reactions are
illustrateé m Figure 11. The experimental results indicate that small amounts of EPC
are also produced in addition to DPC. Xanthone was the only new by-products
produced during disproportionation in an amount of about 35 ppm by weight.
Dipheny! ether was not detected in any sample analysis. The selectivity of all the by-
products was from 3.0 mole % to 3.3 mole %. This experiment demonstrates
successfully the EPC disproportionation to produce DPC and DEC according to
embodiments disclosed herein.

[00219] Experiment 9

160220] This experiment demonstrates the purification of DPC. A composite
disproportionation product from Experiment 8 was distilled to remove ethanol, DEC
and a substantial portion of phenol by using laboratory distillation equipments. The
remaining material in the distillation flask had the following composition: 0.024%
EtOH, 0.204% DEC, 0.017% phenctole, 1.619% unknowns, 12.563% phenol,
25.377% EPC, 59.474% DPC and 0.723% heavies. By performing vacuum
distillation, crude DPC (cut at vapor temperature from 235 to 245°C) was obtained.
The composition of this crude DPC was 0.535% unknowns, 2.112% phenol, 0.013 %
phenyl ether, 0.030% EPC, 94.555% DPC, 0.026% xanthone and 2.73% heavies.
This crude DPC was re-crystallized in a mixture of 5 wt % diethyl ether in hexane
five times. The final DPC product had impurities of 0.4 ppm xanthone and 11.6 ppm
phenol by weight. No other impurities were detected by trace apalysis. This DPC
product has a greater purity than high purity DPC available in the market (28.7 ppm
unknowns and 67.2 ppm phenol by weight).
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10.12 0.5 111 15t Transesterification 175-341 6.95 0.5 56 Pl Transesterification 341-413 6.89 0.5 34.8
lg Transesterification 413-485 7.17
WO 2609/102556 PCT/US2009/032309

[00221] Dialkyl Carbonates By Transesterification Of A Cyclic Carbonate With
An Aleehol

[00222] Dialkyl carbonates are continuously produced by performing
transesterification of a cyclic carbonate with alcohols in the presence of solid
catalysts, As described above, embodiments disclosed herein may be particularly
useful for continuous production of dialkyl carbonates, such as DMC, DEC, etc.
There are a number of homogeneous catalysts for transesterification. When dialkyl
carbonates are produced by performing transesterification of a cyclic carbonate with
an alcohol in the presence of supported metal oxide or mixed metal oxide catalysts or
a solid catalyst prepared by immobilizing a homogeneous catalyst on a porous
support, the catalysts have unacceptably short cycle length for operation of large
commercial reactors. The permanent catalyst deactivations involved in dealing with
organic carbonates are caused by leaching active catalytic components out of
heterogeneous catalysts inio the reaction medium. Therefore, dialkyl carbonate such
as DMC is commonly produced by performing transesterification in the presence of a
homogeneous catalyst.

[00223] Embodiments disclosed herein, however, offer processes for producing diatkyl
carbonate in the presence of a solid catalyst. Solid catalysts may include one or more
elements from Groups I1, III, IV, V and VI of the Periodic Table. A first type of solid
catalyst includes one or more organometallic compounds of the above elements
immobilized on a porous suppert, which may have surface functional groups such as
hydroxyl, carbonyl, alkoxy, a mixture of hydroxyl and alkoxy, chlorine, ete. Supports
may include silica, titanium oxide, zeolitic materials such as MCM-41, MCM-48,
SBA-15, carbon and/or carbonaceous materials, etc. A second type of solid catalyst
includes metal oxides, hydroxides or oxyhydroxides of one or more of the above
elements deposited on a porous support. To maintain a stable catalyst activity, a trace
amount of a soluble catalytic component is added to the feed stream. By doing so, the
catalyst cycle length can be extended to be suitable for commercial reactor.

[60224] The transesterification may be performed in any physical devices, such as
traditional fixed bed reactors, catalyiic distillation columns, boiling point reactors,
divided wall distillation columns, pulsed flow reactors, or any combination of these
devices. Examples of a combination may include a fixed bed boiling point reactor

followed by a catalytic distillation column reactor. Transesterification of cyclic
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0.5 42.8 1' Transesterification 485-570 3.41 0.5 41.5 151 Transesterification 570-666 4.14 0.5 34.5 1st
Transesterification 666-738 5.39 0.5

WO 2009/102556 PCT/US2009/0632309

carbonates with a primary alcohol, such as ethanol or methanol, may be carried out as
a two-step reaction, where there are two ethyl propylene glycol carbonate
infermediates. Also the reaction product contains small amounts of by-products, such
as propylene glycol ethyl ether isomers, produced by O-alkylation of propylene glycol
by DEC. The transesterification may be performed in a single reaction zone or
multiple reaction zone.

[060225] Figure 18 illustrates a simplified process flow diagram for the continuous
production of DEC and propylene glycol co-product by performing transesterification
of propylene carbonate with ethanol in the presence of a solid catalyst according to
embodiments disclosed herein. The transesterification, as illustrated, may be
performed in a catalytic distillation reactor 101 at a temperature from about 149°C to
about 177°C (about 300°F to 350°F) under a pressure from about 2 bar to about 11.4
bar (about 45 psig to 150 psig) depending on the composition of reaction mixture. In
addition to catalytic distillation reactor 101, the process includes two distillation
columns, 102 and 114. Catalytic distillation column 101 includes a reaction zone RZ,
in which a solid catalyst may be located. Fresh propylene carbonate feed 105 is
combined with recycle stream 117 and the combined stream 106 is introduced into the
catalytic distillation column 101 at a suitable position above the solid catalyst bed
reaction zone RZ.

[606226] Column 101 overheads stream 107, a mixture of ethanol, DEC and lights, such
as carbon dioxide, is introduced to DEC recovery column 102, for the sepafation of
DEC from lighter components. Column 102 overheads stream 108 may be introduced
into gas-liquid separation drum 110 to separate liquid ethanol from gases vented
through line 111. The liquid ethanol recovered from drum 110 in stream 112 is
combined with the fresh ethanol feed stream 103 and the combined stream 104 is
heated to produce ethanol vapor introduced to catalyst distillation column 101 at
suitable position below reaction zone RZ. Distillation column 102 bottoms stream
109 contains the product, DEC, which may be sent to a storage tank (not shown) or
other downstream processes.

{00227} Bottom stream 113 from the catalytic distillation column 101, which contains
propylene glycol, propylene carbonate, reaction intermediates and by-products such
as 1-ethoxy-2-propanol, heavies, etc. and a trace amount of catalyst, are introduced to

the second distillation column 114 to recover an overhead stream 115 containing
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34.5 1st Transesterification 738-834 6.59 0.5 37.5 rd Transesterification [00241]The reaction products
contained 1-ethoxy-2-propanol and dipropylene glycol as by-product. No diethyl ether was detected in

any product I 'Eh result is also illustrated in Figure 14. The avera Wit 9f,DEC and
propylene g@?cr)? @ﬁr]t?ﬁéseist transesterification are 95.3 mole % and 94.8 ?n‘e"oj?eﬁ %ﬁ%@gegﬂvely. In

general, the selectivity declines slowly with conversion of propylene carbonate. Also selectivity
increases with the mole ratio of EtOH/propylene carbonate. The average selectivity of DEC and
propylene glycé’lr%’ﬂ% 5??'&%%5&’(5%1?6%{?8%&6&4. TORYiSE gl.l{a"gg?éyrﬁ&fee%%,ef&g Clively. wWo
2009/102556P®E/@18@@69{D§&3ﬁ9 {0924 2dBidlksidrCahchates) Froohubire & Arshimé sodal According
to Embodiments RisciosedsiR'el0 [00RARLAGERIANG [0 RUPIGRURRS Shishas Py Bl Rfal,and D.

et ysts useful fo

Wang et al., asre erence above, ogeneous cata the production of diallcyl
carbonates frornaatien ahdaivaksteeimblbimeitides Apasd Stro3herrastdieaviFsssarsibiBitonot a

catalyst, but m%&@%ﬂﬁdﬁ?ﬁ%ﬁ'ﬂ&%é@ﬁl%@%ﬁ%pf PPh3. ZnO and MgO supported on silica may
also be used to produce dialkyl carbonates from urea and an alcohol.
[00228] A trace amount of soluble organometallic compound is introduced to the

catalytic distillation column 101 above catalytic reaction zone through line 119. In
some embodiments, the catalyst solution is fed at a rate such that the liquid reaction
mixture flowing down the catalytic reaction zone RZ contains a frace amount,
typically from 5 ppm to about 100 ppm metal by weight, of soluble metallic
component, such as Mg, Ca, Zn, La, Ac, or Ti compounds.

[00229] The production of dialkyl carbonates is illustrated by the following
experiments.

160230} Experiment 10

[00231] The objective of this experiment was to demonstrate the transesterification of
propylene carbonate with ethanol to produce DEC and propylene glycol in the
presence of a solid catalyst. The solid catalyst is prepared in sifu by immobilizing
titanium ethoxide on a silica gel support. |

[06232] The reactor was loaded with 25 ml (1.7-4 mm diameter) of a spherical silica
gel support. The weight of the support was 10.097 g. This silica gel support had
about 6 hydroxyl groups per nm?, 314 m%g BET, 1.055 cur'/g pore volume and 13.46
nm average pore diameter. A titanium ethoxide solution (40 g titanium ethoxide in
800 ml toluene) was circulated up-flow through the reactor at 15 ml/min at ambient
temperature for 30 minutes and then at 135°C (275°F) and 3.4 bar (35 psig) for 6
hours to graft titanium ethoxide on the silica gel support. Afier cooling, excess
solution was drained from the reactor and then the catalyst was washed with toluene
at 4 mli/min for 1.5 hours. The washed catalyst was dried at 138°C (280°F) for 2
hours in 300 c¢/min nitrogen gas flow. |

[00233] Mixed solutions of propylene carbonate and ethanol were prepared and 45
ppm Ti as titanium ethoxide was blended into the mixed feed solutions.
Transesterifications were performed with various feed mixtures in up-flow liquid
phase at 174°C (345°F) and 17.9 bar (245 psig). The run conditions are listed in

Table 5. The results of this experiment are illustrated in Figure 12,
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[00244]However, metal oxide catalysts such as ZnO or MgO leach out of solid catalysts under reaction
condition, resulting in permanent catalyst deactivation. Catalyst cycle length is very important in
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stream, the catalyst activity declines rapidly as shown in Figure 12 over run hours

1397-1469.

Experiment 11

The objective of this experiment is to demonstrate transesterification of

propylene carbonate with ethanol to produce DEC and propylene glycol in the

presence of a solid catalyst.

Experiments 11A (non-invention) and 11B.

Comparative Experiment 11A

The experiment consists of two parts; Comparative

The transesterification was performed in the presence of a homogenous

magnesium tert-butoxide. The mole ratio of ethanol/propylene carbonate of the feed

mixture was 6.85. The concentration of homogeneous catalyst was 57 ppm Mg by
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second step, and serves as a co-catalyst to improve reaction rate and selectivity. Importantly, because
of the high boiling point of the solvent, the reaction can be carried out under low pressure, which aids
in fast remo;@f%gg&ﬁgd _am.monia from thg qu.uid‘reaction medium intq,gj]g'%g&gyogmﬁ along with
excess ethanol vapor as stripping gas, resulting in high DEC productivity and selectivity Embodiments
disclosed herein offer an alternative improved process for producing dialkyl carbonate in the presence
of a solid catalyst. This ﬁgﬁcess ma;l%li)e a "greener’ process, because W

Q .
2009/102556P CHAGE 20l 1FEP S hieatom AastPsromottit LR <Eirthe bfokhas@fiarials
substantially rediidetl5 ThigniiaceTamausal af siilisbiasdatalyiigreonipolhe ivdhgdronessisitedm stays in

the system. No recovery or separation, of saluble catalyst compound in the proce ream.is
necessary. 10055‘5?&8%%%@%5&%%8% %éjvg |§g$a% o?&ee%’%% %s‘?ﬁ%?: tt’l%’t_a%)yc(S)Eﬁjrj?ég’au%nfairoduction of
DEC according pecgphbrsditneritere RolbsatiMet enle toatilectiiwimeter distillation column reactor 36 is
used as t reactog.fo remay 1ifgnpurities in the feed streams and for the conversion of urea to
ethyl cartﬁaﬁr)n%%] (EC). U)g%a so?ut?on is prepared in drum 34 by mixing urea feed 31 and ethanol stream
33. Ethari802#8hm 33Thajrinstaddficethretsrmifonteddrathe ptésenct frbmsolidycitabtvealiner4. [00250]
The urea solutiog, 3t QAR \Sd0IAGICaShiRARE BYIPIERL ARLBRRAATANRL AN section of
r

the double diameter tower reactor 36. Reacto serves as a pre-reactor to clean up the impurities

(water and amnidRtfhseatsanseirPIlibadiswinitol 2A8% e MO doheR ire{B BC. Vapor

stream 37 from erestaaiP iy samraseplcanmaniavearban-slisxise and elpanrk theesleaned
mixed solution i%ge oved fsorg re-reactor 36 as bottom stream 38. Stream 38 is introduced to
éT:] dfist

primary reactor el tSIRE oitlirh st §“§8§fﬁdﬁ%g\/§)§’8’§f’é‘7§)ﬁc‘Peaﬁtfﬁﬁl%ﬁte 39R
containing a solithpatalystnl O0RSikiReeaydlen qthalnol stedrieda@tistotdiucediniaoreadtondd as
superheated ethanol or gt.a position belo alygic reaction zone The bottom stream
fom the cataly e R TR S aH S SIS o I o B A SR e, A AURRCRr 8 38 o the
top of column 3Sitiaacgedh Jined 40, A4 nd e wrdmalinlipdraiimcaBlrsmitizfeeydlelivegds combined
with bottom stregm 65§, QRC.Lecaye SRR AR SR AR NNSIS L Qe Rg iR slean-up
reactor 67 at a position above catalytic reaction zone, which is ariother small catalytic distillation
column containiNgsPEEnEmeAtalyae varigutreendinangiafed éutrbisthanol, ammonia, ethyl amine, diethyl
ether, DEC, ethyl carbamate, N-ethyl ethyl carbggatg, triglyme (TG), heavies and a trace amount of
soluble chtalysi GORIRARENT. FitsHDOHOMSEeanFr&d ftal) DEGeroVery colummgg may include ethyl
carbamate, N-etlwy ethyl carbampte: el and adrpesigmountrgégatalyst. The overhead stream 68
from clean-up reactor 67 may include ammonia, ethyl amirieyt Cépzydiethyl ether, ethanol, and DEC.
Bottom sfream §97from clan-up rea®®r 67 may inclisde ammonia, ethylidmiassee@idigihy] ether, WO
2009/102556 PEF113S2009/032309. Ethanol, N-ethyEethy| carbaimate| ethitanashritaisidaeterocyclic
compounds andsdace amount obSéluble catalyst Somponentid00252AiBbtmkesstiéieion fiom reactor
67 is cooled t@pretipitate heterocy@ic compgunds$.ih the|cooling/filtef By JrersciteriFretarecipitated
solid by-produét Isd&Smovad from Syktem 70 throu@isline 71. KR)8id strédifraRdsemisytitem 70 splits to
two streams 778ar¥78 to recycle 3citlean-up|readidr 67 and piihary réhtiensgaeSpactively.
[00253]Overhédf-66@am 41 from $piignary reactor 833 may be démbined VWithreesehifadtstieam 68 from
clean-up reactit B3 strgam 42. Diferhead streath31 from frmary rddEom3Ssr@fcmizinde ammonia,
CO2, ethyl anilag;8diethyl kther, ethsthol, ethyl carBdmate, N-&th¥l ethy't drbasesiteifiddicy TO and trace
amount of catalyst. Combined stream 42 is introduced to distillation column 43, where lights and

heavier nds arg separated. Overhead stream 44 from distillation oumng}B which may include
ammonia, ,ethylafﬁhfjnelp%aaﬁeot%)ﬁr%%lgrsa%r?&taelt e%@l%%%m&%@&%#tﬁngvé o es??e%ﬁ? 7 from
pre-reactor 36 tasstsenradasttoetdbellizb ahdistitiandoirdefumaneproduct sample. The result is

also illustrated in Figure 14. The average selectivity of DEC and propylene glycol for

the 1st transesterification are 95.3 mole % and 94.8 mole %, respectively. In general,
the selectivity declines slowly with conversion of propylene carbonate. Also
selectivity increases with the mole ratio of EtOH/propylene carbonate. The average
selectivity of DEC and propylene glycol for the 2nd transesterification are 94.0 mole

% and 92.8 mole %, respectively.
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[00254]0Overhead stream 47 from distillation column 46 is cooled to cause the reaction of CO2 with
ammonia to form ammonium carbamate. Ammonium carbamate is precipitated in liquid ammonia and
rem(_)ved. as‘%%li %9t ) %%gh line 49 from cooli_ng/filter system 48. Liquid arpmg%ﬁg,gﬁ%gﬁo from
cooling/filter system 48’is sent to an ammonia storage tank. [00255]Bottom stream 51 from column 46
may include ethylamine, diethyl ether, ethanol and a trace of DEC. Stream 51 is introduced to
ethylamine recovery column 52. Overhead ethylamine stream 53 is sent to a storage tank. Bottom

stream 540#3#2 bolumPBEM cSrAph9BatEithEE8H et ais fdfn disnbrlo SRS 3 % stream 56.

Stream 56 is intELsEshiaatbaciecavBRr-aalumn 57. Ether is removed from distillation column 57 as

overhead stream 58, which is sent to an ether storage ané. ottom str from distillation column
57 is intrd B0 distill ASATEIEN BEPHSHAD| T @ér?-c B 0036 e RV Blnaiol as
overhead streamféikigdgcysiod, thpemanesaactataBsiclessfulpfreatioriddantonrexfediatiyl36 (or drum

34). The ethanol recycle stream 74 is a minor partion of T over eag?s eam 61.0f distillation column
60 (ethanol re'cg\z}re%r?/xglo%r%% ) ?%gr%c%’f é%gfﬁg%rﬂ'nal}ééng ?%gn%sz, %0, 73 And" 941K ?éa?nu% is recycled
to WO 2009/1026k6P 6/t 8281381082308y cleepmgpcréartor 8 7thS reeaenc4ois ey clénQowfum 34 for

preparation of %ﬁ&%ﬁg&%@&?@ﬁ%%&%%@ WAY08 B %@@&&Q{%ﬂgf’&ﬁ%&%ﬁﬁoiﬁ (ggycled to

primary reactor 39. Bottom stream 62 from ethanol recovéry column 60 is introduced to DEC recovery
column 63. ProdadenEeokecovered as overhead stream 64 from distillation column 63 and sent to a

DEC storgge japk- Theshotia shieam SadremsRlrana3nanindudasind.carbamateoaethyl ethyl

carbamate, TG and a trace amount of soluble catalyst component. This stream 65 is_sent to clean-up

reactor 67 via lifEBE 008 BRACH QA BRI e B T RRERMISEh LIRSS n 356 similar to
the process for predyaingyBIE GeagtHescried Withoiesneot tedrignyeidb. griaeneat, bfis diagigrstood that

the final product DMC is recovered from a process stream having a methanal-DM atrope.
Recovery of DM@WW&W@%%&W&%&- ﬂ@%?got?gg%nﬂyrga%}ﬁfieﬁf e&at'i%a&ﬁe (]]’?aéll%gﬂ%n technique

is well documentediduscfoasadesanibaed iof 0MCRatéENend ,anh@54i . 060 B8] hixpetirathytk?
[00259]The objective of this.experi IS ta.den t cli ethyl carb £;With ethanol
to produce DECfegrc:{ ogm?neérlllllgr?n i{ﬁ%gégg?e_g%ge gﬁ%ﬂggiga‘c@agtra{@%t% r?é% g%l%gycfaﬁ%y%%v%slyepared by
immobilizing dibAdsiitiemsitiyettsxighe vn dessitibadg e tsjoie i teetialtitie are not as effective as

homogeneous dibutyltin dimethoxide catalyst.

[00245] According to embodiments disclosed herein, dialkyl carbonates may be
continuously produced by causing the alcoholysis of urea with an alcohel in two steps
in the presence of & solid catalyst. Both reaction steps are equilibrium reactions.
Examples of alcohols used to produce the dialkyl carbonates include methanol,
ethanol, propanol, etc. In the first step of the reaction, urea is reacted with an alcohol
in a reactive distillation column (pre-reactor), serving as the first reaction zone, in
either the absence or presence of a catalyst to produce alkyl carbamate and ammonia.
Catalyst is not necessary for the first step reaction. Impurities in feed streams such as
water and ammonium carbamate are removed as CO; and ammonia in the first
reaction zone as well, protecting downstream catalysts. In the second step reaction,
alkyl carbamate produced in the first reaction zone is reacted with alcohol to produce
dialkyl carbonate and ammonia in the presence of a solid catalyst in one or more
catalytic distillation columns (primary reactors), which are serving as the second

reaction zone. The two step reaction may be illustrated as follows:

63



[00260]25 ml (14.79 g) of spherically shaped silica gel support used in the Experiment 7A was loaded
in the reactor. A dibutyltin dimethoxide solution was prepared by mixing 87 g dibutyltin dimethoxide in

2 liters of dry tolyene. Ihe reactor was filled with this solution up-flow at ggpianhismpsrature and
pressure. The reactor was heated slowly to 110C (230F) while flowing this solution up-flow at 2 ml/min.

At 110C (230F), the reactor was placed under 3.4 bar (35 psig) and then continued to heat to 135C
(275F). At 135C (275F) and 3.4 bar (35 psig), the dibutyltin dimethoxide solution was passed through
the reactor up-flow at 0.5 ml/min for 6 hours. After capling, excess solution in the reactor was drained

and then the cata S was with dry tolue 4 m|/min yp;flow for 1.5 hours. The washed
catalyst was drieg%j%vbe@aﬁ Idnder amblenr}%?aéééﬁ in 3@8‘%0/min N2 flow(@ wn-flow for 2
hours. [00261]The reaction was performed by passing a solution of 13.2 % ethyl carbamate, 31.36 %
triglyme and 55.44 %cgthanol by weight up-flow with nipogen gas through WO
20091102556PCPUSR009/032309 the solid catalyst bdld in the boiling point reactor. One may also
carry out the readiGrGrNibwa-fIB@Irbacter—Trace dRbUN IR dilhitigltin dimethoxide were blended into

this solution. The reaction conditions are listed in Table 7 and the results of this test are illustrated in
Figure 16083y ses oTheesodidctimnl yrontagtbdneigared tracenawiulintsgofiseathih ettipboardamate and
diethyl ether. Th lectivit ed.onefhy AMale was i atange of fram 98 5 mole % to
99.9 mole % Wi?ﬁg%e%g%ﬁgﬁ%gﬁoggggacéing sellégc%ty as converé}lon of ethylucarbamate increases.

Table 7 Time oRStrsamplRy TErpardtaneronFyempesiie anelpdly) mkegidatéin alkoxides,

antimony alkoxides, etc. Other types of solid catalyst are tin oxide or antimony oxide
supported on a support. There are two types of catalysts at the beginning of the
reaction. The first type of catalyst is metal alkoxide, a metal salt of a carbonic acid
monoester, or a mixture of these, immobilized on a support such as silica or

~carbonaceous material. The second type of the catalyst is metal oxide supported on a
support such as silica, alumina, titania, zirconia, carbonaceous material, etc. Active
metal components may be elements such as Sn, Sb, Ti, Zr, Zn, Mg, Ca, etc.

[00247] Again, a sma]l amount of a soluble metal compound is added to the reaction
stream going into the reactor to maintain catalyst activity over an extended cycle
length. By doing so, the catalyst cycle length can be extended to be suitable for use in
commercial processes. It is believed that the working catalyst under the steady state
condition is a metal alkoxide, metal alkoxy alkyl carbonate (salt of carbonic acid
monoester, or oligomers or mixtures of these, immobilized on a support. The
concentration of soluble organometallic compound, such as dibutyltin dialkoxide, in
the reaction mixture is significantly lower than the homogeneous catalyst used in U.S.
Patent No. 7,074,951,

[06248] A high boiling solvent, such as triglyme, may be used as a solvent in the
second step, and serves as a co-catalyst to improve reaction rate and selectivity.
Importantly, because of the high boiling point of the solvent, the reaction can be
carried out under low pressure, which aids in fast removal of DEC and ammorﬁa from
the liquid reaction medium into the vapor phase along with excess ethanol vapor as
stripping gas, resulting in high DEC productivity and selectivity. Embodiments
disclosed herein offer an alternative improved process for producing dialkyl carbonate

“in the presence of a solid catalyst. This process may be a “greener” process, because
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(ml/min) N2 Flow Rate (cc/min) Dibutyl Tin Dimethoxide (ppm Sn by weight) 0-72 174 (345) 6.2 (75)
0.5 1.5650 72-96 174 (345) 6.2 (75)0.51.5

WG 2009/102556 PCT/US2009/032309

the concentration of tin catalyst in the process stream is substantially reduced. The
trace amount of soluble catalytic compound in the process stream stays in the system.
No recovery or separation of soluble catalyst compound in the process stream is
necessary.

[60249]  Figure 15 illustrates a flow diagram of the process for the continuous
production of DEC according to embodiments disclosed herein. A double diameter
distillation column reactor 36 is used as the pre-reactor to remove impurities in the
feed streams and for the conversion of urea to ethyl carbamate (EC). Utrea solution is
prepared in drum 34 by mixing urea feed 31 and ethanol stream 33. Ethanol stream
33 may include fresh ethanol feed 32 and ethanol from recycle stream 74.

§00250] The urea solution 35 from drum 34 is introduced to the middle of an upper
narrower column section of the double diameter tower reactor 36. Reactor 36 serves

~as a pre-reactor to clean up the impurities (water and ammonium carbamate) in the

feeds, ethanol and urea, and to convert urea to EC. Vapor stream 37 from pre-reactor
36 is composed of ammonia, carbon dioxide and ethanol. The cleaned mixed solution
is removed from pre-reactor 36 as bottom stream 38. Siream 38 is infroduced to
primary reactor 39 (catalytic distillation column) at a position above a catalytic
reaction zone 39R containing a solid catalyst.

1002511 Recycle ethanol stream 40 is introduced into reactor:39 as superheated ethanol
vapor at a position below the catalytic reaction zone 39R. The bottom stream from
the catalytic distillation column 39 1s recycled to a position above the feed point of
line 38 at the top of column 39 through lines 42, 44 and 78. A small slipstream 43
from the recycle loop is combined with bottom stream 65 from DEC recovery column
63 to stream 66, which is introduced to clean-up reactor 67 at a position above
catalytic reaction zone, which is another small catalytic distillation column containing
a solid catalyst. Slipstream 43 may include ethanol, ammonia, ethyl amine, diethyl
ether, DEC, ethyl carbamate, N-ethyl ethyl carbamate, triglyme (TQG), heavies and a
trace amount of soluble catalyst component. The bottom stream 65 from DEC
recovery column 63 may include ethyl carbamate, N-ethyl ethyl carbamate, TG, and a
trace amount of catalyst. The overhead stream 68 from clean-up reactor 67 may
include ammonia, ethyl amine, CO,, diethyl ether, ethaneol, and DEC. Bottom stream

69 from clan-up reactor 67 may include ammonia, ethyl amine, CO,, diethyl ether,
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ethanol, N-ethyl ethyl carbamate, ethyl carbamate, heterocyclic compounds and a
trace amount of soluble catalyst component.

[00252] Bottom stream 69 from reactor 67 is cooled to precipitate heterocyclic
compounds in the cooling/filter system 70. The precipitated solid by-product is
removed from systemn 70 through line 71. Liquid stream 72 from system 70 splits to
two streams 77 and 78 to recycle to clean-up reactor 67 and primary reactor 39,
respectively.

[00253] Overhead stream 41 from primary reactor 39 may be combined with overhead
stream 68 from clean-up reactor 67 to stream 42. Overhead stream 41 from primary
reactor 39 may include ammonia, CO,, ethyl amine, diethyl ether, ethanol, ethyl
carbamate, N-ethyl ethyl carbamate, DEC, TG and trace amount of catalyst.
Combined stream 42 is introduced to distillation column 43, where lights and heavier
compounds are separated. Overhead stream 44 from distillation column 43, which
may include ammonia, CO, cthylamine, diethyl ether and ethanol, is combined with
overhead stream 37 from pre-reactor 36 to stream 45 to introducé to distillation
column 46,

[00254] Overhead stream 47 from distillation column 46 is cooled to cause the reaction
of CO, with ammonia to form ammonium carbamate. Ammonium carbamate is
precipitated in liquid ammonia and removed as solids through line 49 from
cooling/filter system 48. Liquid ammonia stream 50 from cooling/filter system 48 is
sent to an ammonia storage tank.

[00255] Bottom stream 51 from column 46 may include ethylamine, diethyl ether,
ethanol and a trace of DEC. Stream 51 is introduced to ethylamine recovery column
52. Overhead ethylamine stream 53 is sent 10 a storage tank. Bottom stream 54 from
column 52 is combined with bottom stream 55 from distillation column 43 to stream
56. Stream 56 is introduced to ether recovery column 57. Ether is removed from
distillation column 57 as overhead stream 58, which is sent to an ether storage tank,
Bottom stream 59 from distillation column 57 is introduced distillation column 60
(ethanol recovery column).

[00256] Recovered ethanol as overhead stream 61 is recycled to primary reactor 39,
clean-up reactor 67 and pre-reactor 36 (or drum 34). The ethanol recycle stream 74 is
a minor portion of the overhead stream 61 of distillation column 60 (ethanol recovery

column). Stream 61 splits to three streams, 40, 73 and 74. Stream 73 is recycied to
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clean-up reactor 67. Stream 74 is recycled to drum 34 for preparation of urea
solution. Stream 40, which may be a major portion of stream 61, is recycled to
primary reactor 39. Bottom stream 62 from ethano] recovery column 60 is introduced
to DEC recovery column 63. Product DEC is recovered as overhead stream 64 from
distillation column 63 and sent fo a DEC storage tank. The bottom stream 65 from
column 63 may include ethyl carbamate, N-ethyl ethyl carbamate, TG and a trace
amount of soluble catalyst component. This stream 65 is sent to clean-up reactor 67
via line 66.

[00257] DMC can be produced from methanol and urea in a process similar to the
process for producing DEC as described with respect to Figure 15.- However, it is
understood that the final product DMC is recovered from a process stream having a
methanol-DMC azeotrope. Recovery of DMC by breaking a methanol-DMC
azeotrope by a solvent extractive distillation technique is well documented, such as
described in U.S. Patent No. 7,074,951,

[00258] Experiment 12

[60259] The objective of this experiment is to demonstrate the reaction of ethyl
carbamate with ethanol to produce DEC and ammonia in the presence of a solid
catalyst. The solid catalyst was prepared by immobilizing dibutyltin dimethoxide on
a stlica gel by in situ technique.

[00260] 25 ml (14.79 g) of spherically shaped silica gel support used in the Experiment
7A was loaded in the reactor. A dibutyltin dimethoxide solution was prepared by
mixing 87 g dibutyltin dimethoxide in 2 liters of dry toluene. The reactor was filled
with this solution up-flow at ambient temperature and pressure. The reactor was
heated slowly to 110°C (230°F) while flowing this solution up-flow at 2 ml/min. At
110°C (230°F), the reactor was placed under 3.4 bar (35 psig) and then continued to
heat to 135°C (275°F). At 135°C (275°F) and 3.4 bar (35 psig), the dibutyltin
dimethoxide solution was passed through the reactor up-flow at 0.5 ml/min for 6
hours. After cooling, excess solution in the reactor was drained and then the catalyst
was washed with dry toluene at 4 mi/min up-flow for 1.5 hours. The washed catalyst
was dried at 104°C (220°F) under ambient pressure in 300 ce/min N, flow down-flow
for 2 hours.

[60261] The reaction was performed by passing a solution of 13.2 % ethyl carbamate,
31.36 % triglyme and 55.44 % ethanol by weight up-flow with nitrogen gas through
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[00262]This experiment successfully demonstrates that DEC may be produced from urea and ethanol.
In the first step, ethyl carbamate was produced by reacting urea with ethanol in the absence of a
catalyst (see US 7.074,951). In the second step, DEC was produced by i action of
ethyl carbama ez{\)/(\}ﬂ%oé’?glgnol in the presence of a solid catalyst and with %%rﬁ?ggl Hac?{%p%g%e amount of
soluble organometallic compound to the feed streams to counter balance the loss of metal due to
leaching. The commercial production of DEC in the second step is preferably performed.in one or
more catalytic di&ifSHOSABNTNTE B SIBRSRIBLI B Bio RS BRR AL Y S ERRISaf  oNts
Disclosed Herein [@9264iBiothiasel. hd3doe amptacuce dibytpeifatimisgokhasesterbleadiahinfbvegetable
oils and animal fats with methanol in.the presence of homa us catalysts and solid catalyst.
Feedstocks for the Bcr’lélé’ﬁ(r:ltion 6f ?(‘%8%%@%?5’%?&%@5%?%%? Znallrléaatgyf:a gs,gv{\;ﬁi% alrse? eeS%[s,ters of
higher fatty acidse Theterd faf{gegetabldmbanimbitsikdidivuigridussuaificetdfiined toestérs
(glycerides) of faFkaciip il elvastal and mader MR MRk Al SRCalRle oL IR fRSTC

10

chemistry involved in pfoducing iesel is the Catalytic exchange reaction of natural estérs (mainly

glycerides) withcabairgy afcarolaagpiiaiigmmetnametoreh A8 mats % cohol easiaionnst e base WO
2009/102556 P GLAL32R0 HAIR3P dlsinllysNa@H KPHEnetagsilm-rethoxide, or sodium methoxide)
may be used as a catalyst. Therefore, bio-dies%lﬁﬁa mixture of methyl or ethyl esters of various

- ~Yall 1ot} unts-from-16-te-25 Wit 0.
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406-456 174 (345) 5.4 (63) 0.5 1.5 1950

[00262] This experiment successfully demonstrates that DEC may be produced from
urea and ethanol. In the first step, ethyl carbamate was produced by reacting urea
with ethanol in the absence of a catalyst (see US 7,074,951). In the second step, DEC
was produced by performing the reaction of ethyl carbamate with ethanol in the
presence of a solid catalyst and with addition of a trace amount of soluble
organometallic compound to the feed streams to counter balance the loss of metal due
to leaching. The commercial production of DEC in the second step is preferably
performed in one or more catalytic distillation columns.

[00263] Production of Biodiesel According to Embodiments Disclosed Herein

[00264] Biodiesel has been produced by performing transesterification of vegetable
oils and animal fats with methanol in the presence of homogeneous catalysts and solid
catalyst. Feedstocks for the production of bio-diesel are vegetable oils and animal
fats, which are esters of higher fatty acids. The term fat (vegetable or animal oil, if
liquid) is usually confined to esters (glycerides) of fatty acids with glycerol, and the
term wax {o esters of other alcohols. The basic chemistry involved in producing bio-
diesel is the catalytic exchange reaction of natural esters (mainly glycerides) with a

primary alcohol (typically methanol or ethanol). An alcoholic solution of a base
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[002651The alkyl groups R1, R2 and R3 of the natural product glyceride are, in general, different in the
chain length and degree of unsaturation. The alkyl groups are usually straight chain and have even
number of ¢ from 4 to 26. The exception is branched isovaleyj i
(CH3)2CHC%§%%%§I%\%HW occurs in relatively large amounts in dolphierfgl'@%?r?ggﬁﬁég?urated fatty
acids have two or three double bonds in the alkyl chains. Unsaturated fatty acids have lower melting
points than their satur i%) parts. The chain Jength of unsaturate egﬂty cids is generally in the
Fange of C10-COT O bal RSP E PP it A T eSS TP R kA the corn
oil. [00266]In genrigast.baSheeaftaty stsoadeesEioie effestive fof tnanbgsteritbatiestat caff baxigic esters with
an alcohol than acid catalysts. The. h eneoys catalysts disclosed in.the prior.art (se
Backarounc) s e B R MR8 o ot ot
catalyst under titedeautidn cBieilisel, resukiny eutalstelvadutEtinds (hedadlysinaredstalyéts are not
very active catalyst g1d iAW Edialcuisariion IBTRSIAMIRSAUMGUe TRl diendanmgre basic
catalysts such as MgO or CaO. But the latter [each out of the solid catalyst even faster than the zinc
aluminates. [OOQW]Transesterification of vegetable oils or animal fats may be carried out with
methanol aziefaane! in the presence of a solid catalpsdetidla boilingipaipidreastor, pulse WO
2009/102556PCT/US2009/032309 flow reactor, or catalytic distillation column with a trace amount of
soluble cat@htd-&®Ronent in the feed mixture in aldRz@tdp or two step reaction Starting catalysts
may includé metal oxides, such as maggggim oxidé, calcium oxide, zinc oxide, sodium oxide,
potassium Oxda,d@rRianRORIHe, We‘d ElieCidpport, 3EE@ORMca, alumina carbon and/or
carbonacedus material. Carbon and c&rB eous $upports will preferably have surface functional
groups suab+ahgdRXyl or carbonyl or both to immGhiliZelbrganometallic compounds on_the surface
of the support. [00268] To prepare supported metal oxides, hydroxides, or oxyhydroxidé , the surface
functional groups may not be necessary. Carbonaceous supports may be prepared by controlled
thermal dehydration of carhaleyrii@ies, meibhnes wetenobddmit SBEIbrRarch, cellulose, a mixture of
starch and cellulose, sugar, methyl cellulose, etc., at elevated temperatures Carbonaceous supports
may be either unsupported or supported. To prepare supported carbonaceous material, carbohydrates
are depolM#68 a suitdbreafatousighoR NG Re 8i)RHIEH BEPHNSHHEPIUIR AR BRERh elevated
temperature frogpBR0f ;iR kAR RAH &igrasphefeaarafbatNTRsRe etampaseskafipn inert gas,
a small amount of pxygen.or steam or both. Suppert for carbonaceoys erjials may be any inorganic
materials such ﬁgaé@%%r%%?tﬂ VEifics B ﬁ?ag,?c?ﬁﬁgso,%ﬁgg‘-sa%%nzﬁ%. [%%ez%’éﬁ 482 fwo step
process, the cohxmrdiah Ghtrigtycericid J€iHssTRECHST Oddtomimaly bechighier thitiatho ur88%.
Remaining unconveried tr&%‘?{é%?ﬁé‘?eso‘}}%'%‘ﬁﬁ {9&%@%@}2 GVESIAGNES AR %%%%E% stream

from the first transesterification reactor may pe conve to completlon In the secon

transesterificatighs relicloehinte tHestiaredtExfic a6 iday anvlo verasecheng thovntp eiffernihed

transesterificatiomjnf POling PRl Ok sea ek Te At wil-aich tfa&gammg dgameatrigiméide
molecules, methyl esters, and sticky glycerol through catalyst pores back and forth between bulk liquid
medium and int&¥&f &f (%t‘ﬁ@@'t pEfBtle Rl dres 1A LB R ARAIET Y A resiintrg fHatRgh
productivity. Singgeaatpdysisraisizlosed herein have high activity, the transesterification may be

utility cost.

1002707 R &fkion ol LGRS ORI 130 (EREF el 4 B ASIBRLTE i abour 0.5
ppm to about 50a-Epiviliayeweightiih aameembidimeandscdtaiysaboihd hpero perabouc2alygpm by
oL e SRS, S TSDLA0 PR A L SRSDS: Sl

active catalytic compoenents leach out of solid catalyst under the reaction condition,

resulting catalyst deactivation. Zinc aluminate catalysts are not very active catalyst

and require higher reaction temperatures and lower feed rates than more basic

catalysts such as MgO or CaO. But the latter leach out of the solid catalyst even

faster than the zinc aluminates.

100267} Transesterification of vegetable oils or animal fats may be carried out with

~ methanol or ethanol in the presence of a solid catalyst in a boiling point reactor, pulse
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include zinc 2-methoxyethoxide, calcium 2-methoxyethoxide, zinc 2- methoxypropoxide, zinc ethoxide,
zinc alkoxy alkyl carbonate, calcium 2- methoxyproxide, calcium ethoxide, calcium methoxide, calcium
alkoxy alkyl %r?&g%%gpagneswm 2-methoxyethox.|de, magnesium 2-mﬁg}9@/@@ﬁ%opagne3|um
ethoxide, magnesium methoxide, magnesium butoxide, magnesium alkoxy alkyl carbonate, lanthanum
alkoxide, lanthanum alkoxy alkyl carbonate, zinc salts of carboxylic acids, magnesium salts of

carboxylic acids, calcium salts of carboxylic acids, and Mg, Ca, and Zn glycerides, amqng. others.
Amixture of el R G b TR St HIE BT b PR b F G B brmined by
reacting oxide eriypdroxide Gfctliesbmdtat with emeGtgaictear sepatacaion. mitiuiegofaabatsic carbonate

and an alcohol, or.c li id xtur, [c.C yli ' an alco uch as
methanol, 2-me[%{cy)x%@%%é%aé%:.gé%eegfn%%%tﬁrgﬁ%%%g& t%g ; Oéﬁ(%gi%ﬂfog—%l?p%%e?ably from
121C to 232C (ZBOEte4S0mpiasimdplaskrshgmeseride ofifiqleeert:d ap ors@patnaly ehe may
choose to recoygfcthe,meiah CORANGMRfOLIBoNEIR ol i RIGR2 e R0MMIQRS iR HR&Ifor adding

trace amount of these metal into the feed stream to a reactor to obtain a long catalyst cycle time. Total
amount of activi¥prets BHhetieBln berremeass Fecicra SEAURKSHGRES MEEPH GFHBathoBE metal oxide
catalyst is fromaayaut £ Qandvifide abanaii Yoipsants e hedinfer s andstigsr-about 0.07 wt % to
about 12 wt % in other embodiments. [00271]O0ptionally, all or a part of di- or mono-glycerides may be
converteéﬁﬁ}é%anic Jé?r%?ﬂi’fgss‘ﬁﬁpé’%@rﬁbe %‘éﬂ‘?ﬁrt&%‘?’ﬁff}?ﬁ’lﬂ‘} PEXRYGRARS NG E Aty
2-et_h_y|-|hexy| caﬂmm;ie,gmmﬁlegrmrmmg&ﬁﬂyyl{tmwh@armmew teay be @rW@pf these in
addition to tra“%%éﬁ%@‘é!&aé[{eor%‘éi't eﬂ‘ségt?é‘no!)}”cé&%ﬁecﬁ% id rqagtor %583}'8%""”&' &%ﬁf"&%&ﬁa"tor: The
resulting organiC carbonates an Carbamates may serve as a biodiese additive agen? or reducing
particulates, N@eé_niissimmi@tuhmpf@t@n@t@@i@b@tm&n{}@@mgi&é&ﬂmm‘al wtgletattd oils may
contain various, g, AQUIIS BHIE Il RIS ieP AR NGRIRIIS PRI RY

pretreatment prior to performing transesterification with an alcohol in"the presence of a solid base
catalyst. An exRSpRECOTBIRSHISPEamesaun Bistalicadenrmiaiis et ferosadnpadaitibiemethanol in
the presence of,gp acidhRialloRnessuchaaidcataniat iisptanin acish aabdizatoRtdre
carbonaceous support. Support may include those prepared by WO i
2009/102556PEFRYEEEERDIILOS BAT TG HRFHAFTHy i AHBAB B COMROSHR A 0T LB Bbhydrates
supported or depesitesahamposious euppoir Resfowningleskrpisatidor abibepatatiysaatdsriaith an alcohol
in the presence of absolid acid gglgl %eiﬂa %ggﬁlxgi%lg}%glaat{%gn r.ea%%rah%cggi\éagfg esﬂivé/arlich are
continuous removal G wAter FFOm the reaction Zone as an overheads stream, driving the sterification
toward completiwmang efiminating a separate drying step of the esterification product prior to

P adgopeseTCBion el g eRIde WENANARINS: AIANEURAIAILMVANAIR > decreassd

esterification times. [00273]All transesterification reactions in t lowing examples were performed
in down-flow regetoks. Higketihnarsion 8P the Rixodinad rasersetktngtvesnide/ diglrporislasnster by 53.3

cm (21 inches) ﬁ?&%gmgr{éélﬁ{%@?&mﬁi@w%m|§Q&Pﬁ@ﬂ%@9&§%€é@ﬁﬁ&mﬁ9&%ﬁeﬁhe feed

methanol stream and vegetable oil stream (6 wt % methanol in vegetable oil) were separately pumped
into the top secti¥ BF SREYvERedd0 GHEPletea idheresnd W SGRGsAtoIHEERay i redRion zone.
Trace amountsigfnsedtpificeatal)iaaom phaeniweish Dierdeadiinioransethaholisitdan brikligady

S e AT el e
transesterificatiesteod, cadalacil withenobthanwghinathly presen dedf enddlidichtalysinbaldbwndflow boiling
oo o A RS AP L S CAA! 5 M9 SRR A0 B sl auel 002761

magnesium nitrate solution was prepared ssolving 10.96 g(NO3)2.6H20 In 24 g deionized
water. 30 ml (1inokigh afradsifidsityel sphste Alppsn distlosedirmengieiaye abight scHyHrexiiegroups per
nm2, 314 m2/gBEL-IRAGRSEROR YRlRgANG L3 HEOMAVSAUe PR PRRGIENWAS:

impregnated with the above magnesium nitrate solution by an incipient wetness technique. The silica

gel sphere supPERH AR BIPARSH AP, ®Ehnique. After drying the impregnation product
at 100C fegd-Amur, it vwas sagnisalenedpl-2h0G forcdipendR0R ARk 1omiEarOig ke b Mg O/Si02

catalyst was loaded in the reactor. Canola qil feed (purchased from a lqcaJ. grocery store) was
prepared by mifﬁr%)mé‘i’r?élh&s(@%@ Wt%/g}%%éé ﬂ??é'“cg%g‘ig%?f @ﬁf’éllexﬁi’%?@?ﬂ%?@tﬁc%&%}}éubf free fatty
acid of this feed wam Ged8bmg EDH/gm Thyevtedgisastertficatiobodimanalamall frth hfeppanal Bas

ppm by weight in other embodiments. Examples of soluble catalytic compounds
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WO 2009/102556PCT/U52009/032309 performed at 165C (330F) and 19.4 bar (267 psig) by feeding
the canola oil feed and methanol at 0.2 ml/min each. Magnesium ethoxide was dissolved in the

methanol fe%tgﬂwfs%d? ppm Mg by weight in the catalytic reaction zongc[]ggg%:g%g%‘%fﬂuent
streams were composed of two clear layers. Top layers contain the product methyl esters and small

amounts of unconverted triglycerides. The average content of unconverted triglycerides in the reaction

products, excludirlﬁtégethzanol fr?m é&e tog Iax?{s, was about 122 wi%. The bpftom Ia@/er contains most
- O X {8)
Wﬁ‘gfd i

of the unconvertec rlglycér%'l:des. & reault i tistrated i Figufreni o dcaté€'a st‘%\'ble catalyst

performance. [002H0}Emperimdnt Ldnf002B80FTdwe ohjectalboafythmigtperirhemitvasdridemanstrate
converting the remaini &ﬂ&?”)ﬁ&féﬁ%%%&ﬁu,y %gﬁqﬁge%%&:{{@’s igﬁggngfflﬁg&g StraGIQy ] (two layers
- ihn [

on standing) from the Tirst reactor, in a second down-flow boiling point reactor or catglytlc stillation
reactor, or opticifamnAEsy clEEREWbNt éfactinylstharideste ifiemesireacfomgtozgnpxidragnesium

nitrate solution was-perparedh by dlissabines.Q4 ﬂé&%ﬂ@,ﬂ%%l@@m 18udogigeioniznd pater- 22 ml
(9.14 g) of a silica gel sphere support (9-14 mesh, 309 m2/g BET and 1.03 cm3/g pore volume) was

impregnated withFaBo A SBTSLR 1 FHFAREUR Ry Innipremmwrkoszsaliogh 2l&£t8R%Irying the
impregnation pragischatdbexgiioratiguiitnemealeined aladd G lier 21us. hhedishadcatalyst
contained 4.5 % by.weight. [00282]15 ml (7 of the MgO/Si02 catalyst was logded in the same
reactor used in g&%@%ﬁ%ﬁ%ﬁ%.#ﬁ?ﬁ 0 33/%’% g%‘ %88%&98%1@‘%?8%8&‘?%%% | &Sterfication
reaction of canataoilveitbernstharit wideecoaparaidddf éia, itz cémpoditeapraguet yuiseddba separation
funnel to be us r icajon reaction. The ¢ osition of the bottom
composite prod%gg'?l%éec? ]\%ﬁaé;%zréﬁfd\%?%gétﬁglEyﬁ::%%hegiegzﬁég%v%&%g%g gggﬁ* egg a% fp vet%x%%en%%lycerides,
0.1 wi% glyceriftZ7id sasopaéthgnéstarslaplepl5o8 warbexiienapidh Pheafapidivonteinextaliout 8.5 ppm

soluble Mg spegigsdaynwveight angihad Q3209 KQHg figedatyacidyvaliig, Jiansestgsification was
performed at 160C (320F) and 19.5 bar %2@8&3&2 bg/ pumping 0.12 ml/min feedoand 0.10 ml/min
methanol into tHERSHRIHPBLIM G foiReYeadtdl R deaftfitioh arsiRydakoliere WHS@dweddito either of

the two feed strgots. iFsoEaGiongiftghisstearaseas aftigaidight yallow eplidiany(sinalelayer). WO
2009/102556PCT/U82t009/0323 9 %02 ?;]The cor%p sition of the t%% com%ogi;%}éroduct feed was
1.12 wt % triglyEXIME O TEH Vi JRHGRIRL SARROAHS (oA TGy eSh JEEP 4 et esters,

0.03 wt% egcg;isa@cfcﬁ?a&ngt%ameﬁhmt dihthdse erfelttly iatidthral tred i thisrfeedawes 15t mg KOH/g.
The transesterify ?ﬁti% Wﬁei %ﬁﬁgm %18‘?%&?‘%8%5'&%%%'X?E@t‘i&@%%?ﬁrl‘grtr%%eéat“rc?né‘é}g pressure at
ow rate. No additi “The

a 0.2 ml/min fee onal methanol was pumped Into the reactor. se two final

transesterificatioh ppotid srstlork evnm oxtel batormidmer wptdomiplssiaarsds didacbowdr@Scombined to

distill off excessynethanal,and irecpvaiti it bindieseladh g iacovsled ¢rudebigdigsgleontained
0.36 wt% unconverted triglycerides and 0.74 mg KOH/g free fatty acid value.
wt % in other embodiments.

1606271] Opticnally, all or a part of di- or mono-glycerides may be converted to organic
carbonates or organic carbamates or both by reaction with DMC, methyl 2-ethyl-1-
hexyl carbonate, methy! carbamate, 2-ethyl-1-hexyl carbamate, urea, or a mixture of
these in addition to transesterification with methanol in the second reactor or
optionally in a third reactor. The resulting organic carbonates and carbamates may
serve as a biodiesel additive agent for reducing particulates, NO, emissions, or
improvement of diesel cetane.

(00272} As natural vegetable oils may contain various minor amounts of free fatty
acids, free fatty acids needed to be removed by pretreatment prior fo performing
transesterification with.an alcobol in the presence of a solid base catalyst. An
example of such prefreatment methods is esterification of free fatty acids with
methanol in the presence of an acid catalyst. One such acid catalyst is sulfonic acid

immobilized on a carbonaceous support. Support may include those prepared by
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[00284]The above experimental result successfully demonstrates that biodiesl can be produced by
performing transesterification of vegetable oil with an alcohol such as methanol in the presence of a
solid cgtalys&[gg%gﬂ]égsggscribed above, embodiments disclosed hereinﬁ{?x}gﬁ@ 3e%%gﬁnded catalyst
cycle times for'various solid catalysts through the introduction of a trace amount of soluble
organometallic compounds with the feed. Other embodiments disclosed herein may include a method
for continuously producing, organic, aré)onate o[ organic carbamate at a stable rate; techniques for in
situ catalyst preﬁ%ﬂ%‘f’%#o%ﬁ%?gbﬂ%@ 85/ ta‘i?%?g}lie%aﬁﬂqBﬁsc%?%ﬁﬁ]ﬁi%ﬁﬁiﬁﬁpﬁﬁfﬂ% Chtalyst
activity for long datadjisti aycte times anpbserviterfinsiagesasifdiesuifable fangcanuseriakixed bed

reactors; and an,in situ. method of reactivating deactivated solid ca g{. Sts. [i'il) 286] Advaptageously,
embodiments dr%sié%)ﬁgtéén h%ree?ﬁeﬁ%?/ep?oﬁggﬁ%rat%gncs%% eS?! %a%igar‘ltaé }éclél%l a(e%li\ﬂﬁge ﬁt%rxgg?\ded cycle
length, thereforedteaiesesinyloge ratoraitovsts assosiaied wittefréque issherctiowrerangs catalyst

changes. Additigngi, sedo.hediags, Ao Rkl Ralhl AR oflE %ﬁ%&gﬂ&’%&ﬁn gﬁ% femoving

the homogeneous catalyst from various product streams may be substanti ed. [l 8287]Whi|e
the disclosure ifER#RS adifited HgMbeY oftBenbeHmmEeREC0BEdK e diiahe tart, PRIAFGIENEfit of this

disclosure, will apRseEIMEHIRNOMRGH SRRIIENRALS MATBRHe ViSRnuhieh, 8RAPtaeRAELrm the scope
of the present cg{%glosurse. Acgfordinrgtlg(, the scope should be limited only by the attached claims. WO
G870: t

2009/102556PCTIES ¥EHTCIATMS What is claimed: 1. An alcoholysis process, comprising:
feeding reg62a8]s and Allreseanetcitisalblenrganengialin eRmRMIBI IR [REBIH.AaMPrising a

catalyst each i AEEATR B prE & AT BRI PEIGREHE 27 e BELLe BBl 1.
wherein the alcdhaiytis bg athnseStenfidatdinR. THe progeshaf claimitywdeteindheplaaholysis is a
disproportionatigg, ., heating zones. The feed methanol stream and vegetable oil stream (6 wi %

methanol in vegetable oil) were separately pumped into the top section of the reactor,

where the two streams flow down into the catalytic reaction zone. Trace amounts of

soluble catalytic component were blended into a methanol stream or already

contained partially converted product stream. The volume of solid catalysts was 15

ml.
[00274] Experiment 13
[00275] The objective of this experiment was to demonstrate the transesterification of

canola oil with methanol in the presence of a solid catalyst in a down-flow boiling
reactor or catalytic distillation reactor. The solid catalyst is MgO supported on a
silica gel.

100276] A magnesium nitrate solution was prepared by dissolving 10.96 g
Mg(NQO3),'6H,0 in 24 g deionized water. 30 ml (11.91 g) of a silica gel sphere
support (1.7-4 mm diameter; about 6 hydroxyl groups per nm?, 314 m*g BET, 1.055
cm’/g pore volume and 13.46 nm average pore diameter) was impregnated with the
above magnesium nitrate solution by an incipient wetness technique. The silica gel
sphere support was prepared by an oil dropping technique. Afier drying the
impregnation product at 100°C for 1 hour, it was then calcined at 510° C for 2 hrs.

[00277] 15 ml (6.30 g) of the MgO/Si0, catalyst was loaded in the reactor. Canola oil
feed (purchased from a local grocery store} was prepared by mixing methanol (5.39
wt %) with the canola oil (94.61 wt %). The acid value of free fatty acid of this feed

was 0.48 mg KOH/g. The transesterification of canola oil with methanol was
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4. The process of claim 1, wherein the soluble organometallic compound and the solid alcoholysis
catalyst each comprise the same Group Il to Group VI element. 5. The process of claim 1, comprising:

contacting tq,g&%a%tﬁggbssgn the presence of the solid alcoholysis catalyst tpﬁjﬁ%g&)d%gz%least a

portion of the reactants; and recovering a reactor effluent comprising the s organometallic
compound, alcoholysis product, and unreacted reactants. 6. The process of claim 1, wherein the

alcoholysis proceF?_f?_}(:g()a prises caé least one of an aécoholﬁsis,,transeste_rification, and .
disproportionati8 A dfodbiciAd st 1 g bhd BRaHIRT Da P st e hrarehelérBBrETe, an
alkyl-aryl carbonatembihdiese  @mdrghniadstézandiam ethaxid: Garbaittatesd infthe pedeess of claim 1,
wherein the sol%)ég organ etalli %mQVour}lq s {Ed %a?#ﬁtgehgtgggzrgr%ge of 1 ppm to 2000 ppm by

weight, based ona tota?welgﬁ}t)rgf ed reactants. e process of claim 1, wherein the solid

alcoholydi803ata)yst cofimprisfseat kastonecod amipwsabilfzed alganagitaniufior tappowodiand a
supported titani splyb allic.co nd compri a titanium
compound soluble |%p§§§%§e%§lpgg%%%%%la T%]%%ﬁ%?é%@%gf. Jc) aﬁc?f%v%#gii%%g:gﬁ%galc&?ﬁeoIysis

catalyst comprigesragieestieie s virimvacedizdal epdrsciicibie wertippuprdduetsa Snbptinged calcium

compound, and e, saluBlePIARAMERYIGEMRANNS CAMPTIEESIRERIC TR CQBRANTHSPlDe in the

feed reactants. 10. The process of claim 1, wherein the solid alcoholysis catalyst comprises at least
one of an immolifiZRaBHGERE HHegrsErsHh (%Fﬁﬁ%ﬁ%fd‘%%géﬁﬂb%ﬁ%&&n‘é@fﬁm%%&nd, and the

soluble organomeidigeoranauRetheapprises a magnesium compound soluble in the feed reactants.
11. The ;Z)[é%c% 101‘ Clﬁ%’r‘] 1,,Wherrfin the solid alcoholysis catalyst comprises at least one of an
immobili q’f% nozincBEHBEAd and a supported zinc compound, and the soluble organometallic

compouri@gzaprises Fzinkjecipobdsalphieimiimiesdspnatants. cbivdiigdracass.afisiaim |,
wherein the solid alcoholgvdosis catag?/ [

t ises at least f bil t d
and a supported i RSTRbIh SN ESEIRBH:. BRUEHBEAN: EORFBMFEB IS Thibompound

soluble in the fesshitagtdinis: 18: The peacess iof ¢laivoid vioeneifictvebtsdlitalgihoyaisaatalyst
comprises at le ofianimenil organganti y oynd.and a supperted_antimony
compound, and%gw{%%go%u.b%gérg%noméegt%%é cgc?m%%?jrﬁﬁ c%rrrm%grg&é% g?l gﬁ%m%%rﬁcgﬁlpaousﬁ@goluble in the
feed reactants. tansererdieiosgescitaim 3, further comprising recovering at least a portion of the

soluble o[metallicAcom%}}é&qrgo%ﬁg%re&q{g{ogfﬂ%gt. p;;@(? ptgg)cqﬁ&gfﬂ@'m%f ther

comprising recycling at least a portion of the recovered soluble organometallig_compo'und o the
alcoholysis rea @p05ksedas! bt thelpRniFEiBRIST didfk e 6nged, andlisrogelserbsinprising:

support (9-14 mesh, 309 m*g BET and 1.03 cm®/g pore volume) was impregnated
with above magnesium nitrate solution by incipient wetness technique. After drying
the impregnation product at 150° C for 1 howr, it Waé calcined at 510° C for 2 hrs.
The fished catalyst contained 4.5 % Mg by weight.

[00282] 15 ml (7.2 g) of the MgO/Si0; catalyst was loaded in the same reactor used in
Experiment 13. The two layers of a composite product from the first
transesterfication reaction of canola oil with methanol were separated from the
composite product by using a separation funnel to be used as feeds for the second
transesterfication reaction. The composition of the bottom composite product feed
was 25.4 wt % triglycerides, 8.5 wt % diglycerides, 3.1 wt % monoglycerides, 0.1
wt% glycerin, 47.1 wi% methyl esters and 15.8 wt % methanol. The feed contained
about 8.5 ppm soluble Mg species by weight and had 0.32 mg KOH/g free fatty acid
value. Transesterification was performed at 160°C (320°F) and 19.5 bar (268 psig) by
pumping 0.12 ml/min feed and 0.10 ml/min methanol into the down-flow boiling
point reactor. No additional Mg alkoxide was added into either of the two feed

streams. The reactor effluent stream was a clear light yellow solution (single layer).
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feeding an alcbhol, and an alcoholysis reactant comprising at least one of urea, an organic carbamate,
and a cyclic carbonate to a first reaction zone comprising a solid alcoholysis catalyst; feeding a soluble
organometal|j to the first reaction zone, wherein the solid alc ? ' @ t and the
soluble orgi%@n%%@ﬁ%%ggmpound each independently comprise a Groupgl ?(2%%)%%} %(%Iement. 17.
The process of claim 16, wherein the alcohol is an alkyl alcohol. 18. The process of claim 16, further
comprisiﬂﬁ' g?ﬁ)actin he alcohol and the alcoholysis reactant in thee%resence of the solid alcoholysis
catalyst 4 nditiohfo FRRRCSIINL PG Bﬁrtit(?ﬁ of RS hBIgLSteaethritatith -iHe Hicofiol to form at
least one of an alkiyardearthonate snd ggiatidekcarbbrate; iecogbrisgqe, effiyentdyamthe first
reaction zone comprising the soluble or tallic compoynd.,19. The process of claim. 18, wherein
the reactor efflu%%? ﬂﬁﬂ%r“c’%@ l I fi/llréa?r’y cvavj(r “o%‘g%gﬁgtﬂlié gl;%%ggg %tf%%?lgsovﬁ?ﬁﬁgﬂgﬁeeding at
least a portion dE¢Hevetflleht frenkibE st Thadtiometneimizoscvonpedantion zeerettdisproportionating
at least a porion oyl i bl cRRRRALELoaIRI B ARl LE PP AEnAR. 0P RIRCRIE Ohgam 19
carbonate and dimet

wherein the diallcyl carbonate comprises at least one of diethy _ yl carbonate. 21.
A process for tHé@inatisibereiarss pamsdaeo thes pedess Hewpivaripscsensesiar fasioatic hydroxy

compound and g glialy|Farbenaieste adishiaastiop é&ﬁﬁo@ﬁ@ﬁ%ﬁ!ﬂ pafliddranagaiediigation
catalyst; feedin%,a. olgéle organometallic compound to the first reaction zone, wherein the solid
t

transesterificatiGh? SPESFRY (S EaehIGr SR rETRRTRIFE B nistif e ad RS HEERERER i Comprise a
Group Il to Grosjp¥ibeierosnin@20 Fhevioeass afraldim ghlcciddaent OMPRsiNOOH /g free fatty
acid value.
[00284] The above experimental result successfully demonstrates that biodiesi can be

- produced by performing transesterification of vegetable oil with an alcohol such as
methanol in the presence of a solid catalyst

[00285] As described above, embodiments disclosed herein provide for extended
catalyst cycle times for various solid catalysts through the introduction of a frace
amount of soluble organometallic compounds with the feed. Other embodiments
disclosed herein may include a method for continuously producing organic carbonate
or orgahic carbamate at a stable rate; techniques for in sifu catalyst preparation of
immobilized solid catalysts, techniques for maintaining stable catalyst activity for
long catalyst cycle times and service times so as to be suitable for commercial fixed
bed reactors; and an in sifu method of reactivatin_g deactivated solid catalysts.

[00286] Advantageously, embodiments disclosed herein may provide for
transesterification catalysts having an extended cycle length, therefore decreasing
operational costs associated with frequent shut downs and catalyst changes.
Additionally, due to the trace amount of soluble organometallic compound wused,
removing the homogeneous catalyst from various product streams may be
substantially reduced.

[00287] While the disclosure includes a limited number of embodiments, those skilled
in the art, having benefit of this disclosure, will appreciate that other embodiments
may be devised which do not depart from the scope of the present disclosure.

Accordingly, the scope should be limited only by the attached claims.
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contacting the aromatic hydroxyl compound and the dialkyl carbonate in the presence of the solid
transesterification catalyst under condition to react at least a portion of the dialkyl carbonate with the

aromatic hy%gﬁh%@gund to form at least one of an alkyl aryl carbonalg%ﬁgglzgugll{%%hgarbonate;
recovering an eftluent from the first reaction zone comprising the homogeneous catalyst. 23. The

process of claim 22, wherein the reactor effluent further comprises the alkyl aryl carbonate, the
process further comprising: feeding at least aﬁgrt' f the effluent from the first reaction zone to a
second reaction zone; disproportionating at | tl\zﬁgogtion of the alkyl aryl carbonate to form diaryl
carbonatey24 sThgpeacess of claim 21, wherein the aromatic hydroxyl compound comprises phenol.
25. The process of claim 21, wherein the diary! carbonate comprises diphenyl carbonate. 26. A
process for the PPAIERRRIKSET ARy FYRATERBonate, the process comprising: feeding an aromatic
hydroxy compoundiadihg sisdtadicashionaiactoatntitsit repshiablzangpomanBiogeriRligd to a

transesterification cat%I:\é%%‘;);egdingSg}soluo II? ﬁggﬁﬁnfnggsega li g,{_)mp(jund to the first reaction zone,
wherein the solid tran5&&ierification c%taa?ys an S [H) eyor’ganometallic compound each

independently comphigeia Beoghuhitootomomarhlée mweme@yd T throsdss dédiaipsi2 Gafeisttter
comprising: contacting the:ako RH&W%?E@{J&&Q@%%%Q%%EM%}’éxﬁéﬁpo”ate in the presence of
. f : X

the solid transesterification catalyst under condition to react at least a portion of the dialkyl carbonate
with the aromhafihyERessH Cohapninihe it o cargiyaly iscatrosefieriicaiioaring an effluent from the

first reactiomzong.GRRMRESITGIHS NOMRASAARUI GAGYE 128 dyRtgressiialoie production of biodiesel,
the process comprising: feeding, an alcoho| and %?I ceride to a firgt reaction zone comprising a solid
1o

transesterifidation°cHiFE, Yoty b ¥8RiBR By e eBsipbE e tHadired s zone,
wherein the solidctiRsissistesifigatieicabalysiand taamsaluhlp Lrgapametdlldeaampound each
independently campHse 3 Gl 1azgup,y. element.
contacting the reactants in the presence of the solid alcoholysis catalyst to
alcoholyze at least a portion of the reactants; and
recovering a reactor effluent comprising the soluble organometallic compound,
alcoholysis product, and unreacted reactants.

6. The process of claim 1, wherein the alcoholysis process comprises at least one of an
alcoholysis, transesterification, and disproportionation reaction producing at least one
of a dialkyl carbonate, a diaryl carbonate, an alkyl-aryl carbonate, biodiesel, an
organic ester, and an organic carbamate.

7. The process of claim 1, wherein the soluble organometaliic compound is fed at a rate
in the range of 1 ppm to 2000 ppm by weight, based on a total weight of the feed
reactants,

8. The process of claim 1, wherein the solid alcoholysis catalyst comprises at least one
of an immobilized organotitanium compound and a supported titanium compound,
and the soluble organometallic compound comprises a titanium compound soluble in
the feed reactants.

9. The process of claim 1, wherein the solid alcoholysis catalyst comprises at least one
of an immobilized organocalcium compound and a supported calcium compound, and

the soluble organometallic compound comprises a calcium compound soluble in the

feed reactants.
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29. The process of claim 28, further comprising: contacting the alcohol and the glyceride in the
presence of the solid transesterification catalyst under condition to react at least a portion of the
alcohol Wllth‘% 291?5?1‘35%%3 to form gt‘ least one of a glycerol and a fatty ac@c‘?(ﬁ%%hﬁ%ﬁ&\é%mg an effluent
from the first reaction zone comprising the soluble organometallic compound. 30. A process for
reactivating a spent solid alcoholysis catalyst, the process comprising: removing polymeric materials

deposited on 6h? catalyst; and re-d?p‘%%i%g% r%iget?%l&gé%igg cé;ggsrg%?#%ﬁg éﬁ)?}?%{% ( at%l%/gé. 31. The

process of clalin %%PW Brein the Temndy
transesterificatiof reactomn@iliddle promessghciamm 30mpbendinathie e mppintedompgissiieontacting

the solid cataly 1 'Quzaéol H)r{h%or&ﬁﬁi,&@q) algoa}ﬁg o ol and.water. 33. The process of
claim 32, wherjfn\qtéﬁe sofut%n further compri?ges a s%%né%ﬁ?%p%%%@gé% gf %Iarln"%gggs,lw erein the
solvent comprisesrolssstobdaonibh @edacasititie, xylene, hexane, octane, decane, tetrahydrofuran,

and an ether; 13.5-11%?096%08?%1%&3@'R}%Qeiﬂ»‘ﬁ&@%6&@@96&%%@%%&%‘8%%&OMM§ prior to the

re-depositing. 36, The process of claim 35, wherein the conditlonln% comprises drying the solid

catalyst at a terRpEFaitvaGPHiAASESRIZNTCIDIRTS S0OR) HRRETErEgasamReund, and the

soluble organometallic compound comprises a zinc compound soluble in the feed
reactants. |

12. The process of claim I, wherein the solid alcoholysis catalyst comprises at least one
of an immobilized organotin compound and a supported tin compound, and the
soluble organometallic compound comprises a tin compound soluble in the feed
reactants.

13. The process of claim 1, wherein the solid alcoholysis catalyst comprises at least one
of an immobilized organoantimony compound and a supported antimony compound,
and the soluble organometallic compound comprises an antimony compound soluble
in the feed reactants.

14. The process of claim 3, further comprising recovering at least a portion of the soluble
organometallic compound from the reactor effluent. )
15. The process of claim 14, further comprising recycling at least a portion of the

recovered soluble organometallic compound to the alcoholysis reactor.

16. A process for the production of dialkyl carbonates, the process comprising:

feeding an alcohol, and an alcoholysis reactant comprising at least one of urea, an
orgénic carbamate, and a cyclic carbonate to a first reaction zone comprising a
solid alcoholysis catalyst; | |

feeding a soluble organometallic compound to the first reaction zone, wherein the
solid alcoholysis catalyst and the soluble organometallic compound each
independently comprise a Group II to Group VI element.

17. The process of claim 16, wherein the alcohol is an alkyl alcohol.
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18. The process of claim 16, further comprising:
contacting the alcohol and the alcoholysis reactant in the presence of the solid
alcoholysis catalyst under condition to react at least a portion of the
alcoholysis reactant with the alcohol to form at least one of an alkyl aryl
carbonate and a dialkyl carbonate;
recovering an effluent from the first reaction zone comprising the soluble
organometallic compound.
19. The process of claim 18, wherein the reactor effluent further comprises alkyl aryl
carbonate, the process further comprising:
. feeding at least a portion of the effluent from the first reaction zone to a second
reaction zone,
disproportionating at least a portion of the alkyl aryl carbonate to form dialkyl
carbonate.
20. The process of claim 19, wherein the dialkyl carbonate comprises at least one of
diethyl carbenate and dimethyl carbonate.
21. A process for the production of diaryl carbonate, the process comprising:
feeding an aromatic hydroxy compound and a dialkyl carbonate to a first reaction
zone comprising a solid transesterification catalyst;
feeding a soluble organometallic compound to the first reaction zone, wherein the
solid transesterification catalyst and the soluble organometallic compound
each independently comprise a Group II to Group VI element.
22. The process of claim 21, further comprising:
contacting the aromatic hydroxyl compound and the dialkyl carbonate in the
| presence of the solid transesterification catalyst under condition to react at
Jeast a portion of the dialkyl carbonate with the aromatic hydroxyl compound
to form at least one of an alkyl aryl carbonate and a diaryl carbonate;
recovering an effluent from the first reaction zone comprising the homogeneous

catalyst.
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23. The process of claim 22, wherein the reactor effluent further comprises the alkyl aryl
carbonate, the process further comprising:
feeding at least a portion of the effluent from the first reaction zone to a second
reaction zone; '
disproportionating at least a portion of the alkyl aryl carbonate to form diaryl
carbonate. _
24. The process of claim 21, wherein the aromatic hydroxy! compound comprises phenol.
25. The process of claim 21, wherein the diaryl carbonate comprises diphenyl carbonate.
26. A process for the production of an alkyi aryl carbonate, the process comprising:
feeding an aromatic hydroxy compound and a dialkyl carbonate to a first reaction
zone comprising a solid transesterification catalyst;
feeding a soluble organometallic compound to the first reaction zone, wherein the
solid transesterification catalyst and the soluble organometallic compound
each independently comprise a Group II to Group VI element. |
27. The process of claim 26, further comprising:
contacting the aromatic hydroxyl compound and the dialkyl carbonate in the
presence of the solid fransesterification catalyst under condition to react at
least a portion of the dialkyl carbonate with the aromatic hydroxyl compound
to form an alky! aryl carbonate;
recovering an effluent from the first reaction zone comprising the homogeneous
catalyst.
28. A process for the production of biodiesel, the process comprising:
feeding an alcohol and a glyceride to a first reaction zone comprising a sohd
transesterification catalyst;
feeding a soluble organometallic compound to the first reaction zone, wherein the
solid transesterification catalyst and the soluble organometallic compound

each independently comprise a Group II to Group VI element.
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29. The process of claim 28, further comprising:
contacting the alcohol and the glyceride in the presence of the solid
 transesterification catalyst under condition to react at least a portion of the
alcohol with the glyceride to form at least one of a glycerol and a fatty
acid ester;
recovering an effluent from the first reaction zone comprising the soluble
organometallic compound.
30. A process for reactivating a spent solid alcoholysis catalyst, the process
comprising:
removing polymeric materials deposited on the catalyst; and
re-depositing catalytically active metals on the solid catalyst.
31. The process of claim 30, wherein the removing and re-depositing are performed
in situ 1n a transesterification reactor.
32. The process of claim 30, whercin the removing comprises contacting the solid
catalyst with a solution comprising at least one of an alcohol and water.
33. The process of claim 32, wherein the solution further comprises a solvent.
34. The process of claim 33, wherein the solvent comprises at least one of benzene,
toluene, xylene, hexane, octane, decane, tetrahydrofuran, and an ether.
35. The process of claim 30, further comprising conditioning the solid catalyst prior
to the re-depositing,.
36. The process of claim 35, wherein the conditioning comprises drying the solid
catalyst at a temperature from 49°C to 427°C (120°F to 800°F) in an inert gas

flow.
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