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[0003] 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 be
either homogeneous catalyst or heterogeneous catalyst for the transesterification of

carboxylic esters, base catalysts are, in general, more effective than acid catalysts.
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[0007] W. Xie et al. (J. Mol. Cat. A: Chem. 246, 2006, pp 24-32) discuss

methanolysis of soybean oil in the presence of a calcined 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



tenperatures. [0008] Diesel engines emt nore

particul ates and NOx than gasoline engines. It is
WOREPH02Ba t hat dial kyl carbonates are effecti PET(§2009/032309

reduci ng particul ates in diesel engine exhaust.

Accordi ng to U S. Patent No. 5, 954 280, urea and

ST 958, LU a9 SSEHE 19950 S0Pt v

pteaipeen®er i nconveni ences. U. S Patent No. 6,017, 368
di scl oses ethyl carbamate as effective at reduci ng NOx
[0008] r om dPessel engmgisrrssit mors, panzwb\ms avd. NO, 1, 28:0lifd 8gipes. It is

cY; c: aci d

B WP EiS By b IR XU R o 3% Bt pign in disel engine
(I)ﬂ:@ﬂst HAglordiagne ﬂﬁSU P@teﬁtUNbl 5854080 Olﬁreé?)éﬁd“éhhﬁorﬁé 'afé: effective

duc s.isocyani ¢ acid ( HNCO whi ch i s believed
RETY oPubping st B AMIQR formigrgl gasne haipractical

a r t I Qf

?ﬁo@@ﬁ%@&g&ezo+ﬁz%satﬁgn%%%@§o L
Ieﬂ&rcﬁwatat mgiuaggnN@ fr 40 GB¢seNengiyés. MELSiyPateietr Nan#hue1,031 (1988)

aromati¢c amne with a

d act f
CieReith et SUhie %sé%ﬂ%lé’ 5rt-ganyb #n £Ffeete dgspiolor ghe glimination or
b@aﬁctﬁﬁt(ﬁih‘?@t Q{@l at ﬁi’ﬁré @ﬁﬁﬁl‘lﬁf@)nr(ﬁtcgﬁ’ndrﬁ %ﬁ?px@ﬁﬁ@e@(i?ocyanlc

of a cat al yst carbamat & can
ﬁﬁb&’é@b twhiph dsi Lb@be‘mdotmbﬁ ccespmsﬂbkn fareelahinetiew aff &dO,.  EP

oPERRR I B 0BhedTHRRR ol tRlraefs SRpw Ao ghor teraol as

caqusvmaﬁﬁ)ﬂmwtsh@k@nmﬁa@@g enf. catal yst. Deconposition
of tol uene dicarbanate at el evated tenperature yields

[00091 ol uenld-agyli rg@tbymloaénat{b @onloﬁuceddwmeactmrdf@naar@satlc amine with a

ST S S RRRLS S e S RBRRIAE o B8 o

C@td@dﬁ)th@hb&ﬂc@@ﬁ Atcatal@0- PohyIRidtEAL dagbhn@@e 415 be fdd€dmposed to
addi tives, etc. Dinethyl carbonate (DMC) is an

i PrRGHGea FEOTERLE HSAcYanAth o aelevatednispieatused Ber xpaple, toluene

n%é%&uﬂllta i®br F) (fdlagecp ?géé%{lilé) Eb]lﬁéneddlmﬁﬁy\lvltlg ﬁ{rﬁ& c%rbonate in the
car bonate ere are vari ous ocesses

fpresamoemﬁa catallystp Mboatposition bf folfine |dicaptense! G:tl‘elevated temperature

cammerci al process, DMC is produced by
X‘%lﬁ§ Y‘eé‘felc}?ﬁs%céiap%tﬁ of a cyclic carbonate with

[oomret hag@hgah{a Ja%na{e§3&g§t§rs U carbaﬁfzs%fds %anse%ﬂtc%késa%hnds that may

ate i scl ose use of "honbgeneo
da’t anlsgdstas mivdlxest, ealhglanmg) uentaf hsbohglafion agents co-polymerization
transe cation of_a lic ca
rPe%Fﬂtén ‘{ﬁ"ét.“’ee% §t°cur1?181ﬁ%§ %b%m@ﬁ@@ lspﬁ%empeaant dialky!l

Ve dhar, B@ﬁflﬁﬁ)ﬁ@%‘é@ 4$a %W %Qc{térfjal ¢tk pddubBortSES f)&fyl carbonate
gyc

the production of DV, kely due to the short
| @Rt la diaryhearborsion élzhgse @ratvanym professessiot horpmmaiamductmn of

396, HEORE X RIL RSSO e Loy D Gpaion o

ajyelit) 8@Yondle Wathi ri¢tBari &€ thel préfeatd 684 hOMsgehe6ll catalyst. Although

patents may disclose use of homogeneous catalysts or heterogeneous catalysts for

transesterification of a cyclic carbonate with methanol, there is currently no
commercial practice where a heterogeneous or solid catalyst is used for the production
of DMC, likely due to the short cycle length of heterogeneous catalysts for such

processes. DPC is commonly co-polymerized with a diol, such as bisphenol A, to
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[0013] Z-H Fuand 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 MoO3 or V,0s supported on an

inorganic support such as silica, zirconia, or titania. The transesterification and
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has surface hydroxyl groups or a mixture of hydroxyl and alkoxy groups.
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[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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of the reaction tenperature as the catal yst

deactivates. This technique, unfortunately, often
WOZBPE0E5at es deactivati on of heterogeneous caP&{FSEYWs/032309

[0023] Long, stable performance of a solid catalyst is

generally required for conmercial production using a

etero .al yst, Catalyst cost d time .
[OOZZESS oci %t? gekg)%\/{\flieﬁﬁéglt‘% RV fnpregfﬁ%ioé ﬁgﬁfyﬁs g??ﬁgﬁ\g\%lf?@rls the ramping up
fafchoraaction ket ab e @itdlydidedaivatel hahished i QreisPHanately,
catal ysts have a mninmum|ifespan, typically grater
tq}&ﬁ agcsleraten deactivaiinn Hchetespeeneqgusmatalyiioendi ng upon t he

Q | ysSi f .
o025 0% amg] BRAL, ABRD BE' SOV ERS T AREoR gy

desmdrbiabl phyduttien wiging odl heeed@héds aduthlpib| Ce@lyls0B8sts, downtime
above, d;‘heé do not report longevity or cycle |length of
tasRPcEalghfa catalyst replaceraenix gk otherciactors askaopingds din art dictate that

iH’éYe?Eée%Eov}sh@atteﬁ%@ Ha\tée% Zﬁi?ﬂﬁﬂﬁ‘ qgg‘spﬁ%&%ﬁéﬁ% gga?%:et%laxr S’;’months, 6

undesirably short cyc engt hs.
trthenths, @x b ye&, depradingfupon thegeeess.eri fi cati on and/ or

i spropgrtipnati on processes, usjng. het erogeneous . )
(0024 ;5 yAlhough eterngangous cetalyais yalt vigians JFasFRIicalipvArRptions is
?Bsélﬂil'é, B SRR 2608 fb‘ﬁtsagr% Pﬁblic%ﬂ@&d higRAL %heﬁ/edo not

i scl osed herein relate to an alc ysSI'S process, t
pepaedmgevity odicyge 1énetidiof ghe emalysint K iatie experiane of the present

t .pof | ubl talli d .t t
oo ErPatiebBE ARy S bie DR ot Sl ol
[0025p0! ubl £ RFHRANOMELRLLT Cog@ePOUNthRRd fhe &Rhdelerification and/or

al cohol ysi s tatal yst each i ndependently conprise a

@igpugpdriionatioty pragesvds edimgrdinterogtheous odatalystatvathy shpramed catalyst
t he or%anorret allic conpound may include the same G oup
ISHPEESUp VI el ement in some enbodi nents. [0027] In

anot her aspesUmigr@ptfp}@ Shggein relate to
a process for the production oplgie}fqul car bonat es,

[0026} he priacssspere| dhtboddnerdts aficdgeBRerdinciel@d to &Nglcatidlysis process,
al cohol ysis reactant conprising at |east one of urea,

dhe pragessi incledingafegdiag regetants anded fracecameysm af solpble prganometallic
fiat i o . oL VS

SShbyRE RS HaS GO 0GR b 3ol Al AEREKEh he soluble
tdrgarontesdllic edatpoand lzamli’letheV\/SIﬂ'rcb iah:ohhl@isis otatalysil mgoinﬁsjr)]emdently
cat al yst and e sol ukl e organ tal.li c conpound eac i
i REBIER a&rpwﬁf;@n@mugg\; Leleertp the SPLd @ﬁ@f}fﬁp@}f ©r arganometallic
[ g.g,%], n 0 agpe e ' s (lhsGl Ose is

rcgl temltl oma?p;rngglggsago%&%lﬁemgr dggﬁo or@gﬁﬁdygrgfﬁgﬁ@ iflsome
carpdimaeds. t he process including: feeding an aromatic

[0027?222? ﬁéﬁa%? oggd&%g?qrg i agrll(tg l&iqccg{sgc? %g;e?n tre at{él t]:)lar fc’);ocess for the

production of dialkyl carbonates, the process including: feeding an alcohol, 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 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.

[0028] In another aspect, embodiments disclosed herein relate to a process for the

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



transesterification catalyst; and feeding a soluble
organonetal | i c conmpound to the first reaction zone,

WORAE 182336t he solid transesterification catal ygFTﬁﬁa‘mPﬁé””
sol ubl e organonetal |i c conpound each i ndependently
conprise a Goup Il to G?oup VI elenent. [0029] In

ect s rein relate .
a&,ﬂ{ gfé% gaﬁ)? & (%1ﬁl§9% %gllé)ﬁg% o l% f ﬁllsp Srngjckllaﬁ Zone comprlsmg a solid

dmnbmtmtﬁe:aumheatﬂyac axabfeediab udblmgle drgﬁdimfegalam c@ﬁpé‘(ﬁk{l t6 the first
hydr oxy conpo nd an%ga di al kyl cartg)onate to a first
r %“&’PPoﬁo%n&’ Bitbr hei sglt %HSF%ert‘ eBsedplyst @ad ghe soluble

Qﬁ‘éﬁ{oﬁ%&alh@r&n%§§§d RYcH i k)&meﬁt& r&)ﬁﬂﬁmﬁgtaaldrb II to Grgup VI

conmpound to the first reaction zone erein the sol
telemendst eri fi cati on catal yst and the sol uble

10029y B TPl A et JSCHBG0 PRI SlREHBr process for the
6@ kion FIOROLIEN LS Aaffin@R e thd B RER fn@iu@h%ett@ed?ng an aromatic

process for the production of biodiesel process
ihydtaxdi aegpofied dichg diatkyd Icetblooate snd fmstgbgt.‘(clen izchee tamprising a solid

S R T RN R —

QEgR0ATRbR, | WheRMPAYNdolid frdifedtériffdatibRA6AthI9E Z@AACthe soluble
wherein the solid transesterification cat ag‘st and t he

soganometalicy savwernd |cpeh dndepensieatle somuriseepéridant] yo Group VI
ggggﬁhse a Goup Il to Goup VI elenment. [0031] In
another aspect, enbodi nments disclosed herein relate to

[0030p prodasghottef abpiet, nesbdiheas didclcatd dkkewl reélitglto a process for the
carbonate, the process including: feeding an aromati

Hyedusign o hisdinsel. thedracess Hickifing: dpadineaarealeehod and aglyceride to a
rfﬁ?tg %éa% 01% %ge f qgf sﬁ"fgng %llﬁo*r&gsegtgﬁﬁéa%ﬁhe d[tiilgﬁ?tahg Nfeeding a

€ or ganonet a
cmmbdm nxﬂgatnmtetvehcf Idbﬁtpol‘,lﬁdictbl tm ﬁmnereac/bfmr eone, t Whersinl itk solid
transest ri.ficati on cat t he sol ubl

fealien ¢ caialysbou h %0 eﬁfféﬁ?mﬁtaﬁ’anp‘quugd each
n&ént%o@p‘ﬂ‘é@ a Wro@ﬁ ﬁ"f@ Croud V9 gl%}nehf‘ anot her

ments discl osed herein relate to a
[0031pr ocesIa drothet lspqur, octnipddimentefdidvlasdd deedin relhie torapasess for the

[ udij f | cohol d [ .
FPUECIOBGE, oAb 6 T CISRE g BSGTS erding: Tesding' an aromati
M RAIRSE SR dcuh & ahd Qrdhfﬁ?ﬁ%labb%hate%g readhdi®ndoa®bopEsing a solid

organonetal I'i ¢ conpound to the first reaction zone,
wmexsatmﬁdaaoxs otalyst aahfeding wisblublet drganasatalliy somawmdtthéhe first

ble or neta C und eae h.inde
SBPre SRO PR g sERTURUT Eihe  FRBHSE g e sotubie
agAltRtct AP QSnpoh® RdtHedepeflicntll OsRtbriter £iGtotg ! 1atte Gup VI
a process for
element.

[0032] 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 II to Group VI element

[0033] In another aspect, embodiments disclosed herein relate to a process for

reactivating a spent solid alcoholysis catalyst, the process including: removing
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reacti vating a spent solid al coholysis catalyst, the
process including: renovingpolyneric materials
WO&@‘k%‘é’Fsﬁéd on the catal yst; and re-depositingPCT/US2009/032309
catalytically active netals on the solid catal yst.
[0034] O her aspects and advant ages wi |l be apparent

fé{ogﬂxérbcegfﬂol { %&@%ﬁ?ﬁ?rbﬁp r,\ﬁigefi%g)ﬁ ”g%%w@agy active

ifetals dhA sdlidedtadysocess flow diagramillustrating a
ﬁrocess for the production of diaryl carbonates

[0034Fccor c@fhgr aspeetprond advantages wslk be spparerfeam thq BdIRBJing description
E]Pj? i ;éehc?edaclacti r;rpl ified process flow di agram

trng a process for the production of diaryl

car bonat es BMEFQDESGIQIFI@N‘ OFDR Alwgygged herein.
[0037] Figure 3 is a sinplified process flow di agram

[0035] | | ustHigirerigisaa RimslEfel Hrotess Movipldbh iiDnst@kingiadptokess for the
car bonat e ccor di n% to enbodi nents di scl osed herein.
Jut

mpé@aagv 4a1bg e@@@&gﬁlwo enhodiments disclgppdderein.
t
10036} L305TABRE L 2-IA0) AR P SRIR S ERIDRL3] poces o e

qaddicyish ofdiaiyt Ictmboflﬂ'bé @mﬂﬂng?@temwimerﬁadism@dd efein.
according to. enbodi ments di scl osed herein. [0040]
[0037]r; gur digire 3 i g stpplifics) proegss o dingram ipsteging @ process for the
| ubi
g@&ﬂmgﬁ oty chiboHiENa ol iALR Aol aRAOU Rrein.

anonet a I"C conpoun reac

[0038]accor digget @ dobodpimphicsl dieprba@ibnhefeiansdsReifitdtion using a
Figure 7 graphically conpares heterogeneous catal yst
AOMOZERSPUGCAtAlYSL| i d catal yst activity when a trace

nmount u
10039 2 T iBlrs S LR apos T PE RS o RABRE Bl SRR caralys

[rOAMiRbtidri georliny 1lo$nabo@hﬁ@h$ datloseldtepsirnt ati on of solid
catal yst activity when a trace anpunt_ of soluble

[0040)yr gandrigalq isca eippisahirpresengien of solidhsatalysicacsivity when a trace
%91{; %’Ej 'o@ u%le %ﬁbm IR 96 pﬁclu?laeq 421%&& 18 -tné Q0 a%ccordmg to
ires 9R and aré a gra representation
&mhbodnﬁattﬁﬂmslbsaldtemnty during production of EPC and
respectively, when a trace anmount of sol uble

[0041]or gandiisttsl 1 | @repeibusempares distarogesee e crtakiet gptivity with solid
%%gg}gsg hé}gufy%mgé il @n@b?é‘dl&ﬁ@ O 51%%@}11(‘1&%&)%1md is added to

grap represent
hi¢ eracge aeording &t a@hlyetimants Id!SICIGﬁedjhﬂ‘rellng production of

DPC where the catalyst is grafted s Itaneously whi | e
[004Zher f orliigtig Saist # grapbisak FaPresEaigtion of é‘é‘?{l FeAlyFoeyfty when a trace

If'lg%}ﬁ'h? o%% ﬁfb?ao B@%&n&aﬂ fdl Hoctﬁficﬂﬁlgslstznﬁe&: QBMURE %&Ebroe{ccordlng to

embodiments dlsclosed herein.

[0043] 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.



the absence of solid catal ysts according to

enbodi nents di scl osed herein. [0046] Figure 12
WOgPRHNEBal |y presents results fromthe al cohoPGElS2¢9p/032309

propyl ene carbonate with ethanol to produce DEC and

propyl ene glycol in the presence of a solid catalyst

oossEo g stbad popa alsloned ner sl (OO v
YBd MeRcITEBEE @&91?}&5 aB8dRiNE ko ehBOHBkenfs @iRed flerein.

presents results fromthe productlon of DEC using a
[0046]s0l i d Figural 12 tgraphicatlsli pgsdns eesolisli firemt the dalsatodgsid of propylene

herein. [004 ure 15 ied process flow
GrLp A VO el RoaeiRoR TS i BRORyIent B ohg o2 mefdge of 2
&0B@ Lty §taJc@$M§% 8 eEMolinkhts As@bRaterapnt s di scl osed

her ei n. Igure 16 presents results fromthe

[0047]pr oducfhgurn 16fpraE@tsfmmhset‘rdm thec prodaetaneo fUREG gisingsmhordogeneous
ca%g! st according to enbodi nents discl osed herein.
¥ Figure 17 presents results fromthe al cohol ysis

[0048]Of carngbge Al pritdehty RERIRRGH tH@ bGP ﬁE@aﬁﬁﬁ%§tsohd catalyst

according to enbodlnents di scl osed herein
Ricoprdimg 18 einbodinsintgplisdiosed bpreocess f 1 ow di agram for t he

[0()49]‘308n:;r OUS ;g%:gl%?ﬁp(ﬁ%r%go ndfg?gg ff%bﬁ-&pg,\%éﬁcélon of dialkyl

Q:@fﬂ%ﬁé‘t%& ﬁsﬂﬁ\g b Roed £ANOkt a'chrHH@ t9 E%smﬁ?en%fd@mh ihgrein.
catal yst according to enbodi ments di sclosed herein.

[0050]DETAI LFE@rBEIS@Rmﬁtmqmmp then pmdactaspef:DECeﬁMChﬂm;d reagbamate

| { t .
iR RSB R OO SO Pon
[0051]Jr Ocesfsiglﬁl &7 sced ké%uﬁ@tﬁ%hy feSalcAI8E6r BRI Bil with methanol

al cohol termed to represent various chem ca
nsagtd oiid cabbyseaaording torintbddymients fisclosedplesueid. (al cohol )

PR A R RO 1 X S
& BEeakid grdponds %(1&0‘1 c@pr@@ﬁd@ﬁﬁfnf)&f&rﬁﬁﬁ’@ @10%?1@1‘%1@%1‘ propylene

het eroatom Y 0Of ecul es by an al cohol nol ecule
(d%tﬁbd)nateAmﬂm kthapelein the erasertstdfonsolidneatilyst igeardingdayambodiments

g a nol ecul e and the carbonyl group itself is
‘éfci‘ii’)sr‘?gg‘eﬁeﬁlthe product nol ecul e. Therefore, the C

atom of the C - [YFIOOH EP DFSCRIPPIOA! om of car bonyl

group of a nolecule. CGenerally alcoholysis is a

[0053!; ever sinblger egpddt,Oremiviimemy BRclosq esedinedehs to alcoholy31s
ollows; OOROH + RoCGY < . RaOCRb + H Ywhere Y is a
Heansesteitiingtion. andios iSPERROBIANGHOR PFASATSES HHAE S@l%e?;saly%tﬁd As used

Ff%réiﬁ, a%(h%hysisqg ¥dimed 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 O
I I
R?OH + R°C-Y <— ROCR® + H-Y
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or a functional group having one or nore heteroatons.
[0054% Exanpl es of al coholysis reactions are the
WORERHSA of an al cohol with diesters of car b8RTASAWPE32309
esters of carboxylic aicds, urea, and carbamates.
Al cohol ysis of a dialkyl car bonat e (often referred to
rificatio ite t h phenal, .

3, o8 SHeRgbake Lhoatont SEA BtcRbogtsbstah BSTR is iy, ary,
/&recfb@dtmhal @buphaesd 6fc AfmeRmeRXHibrs.aci d with an
al cohol exchanges the al kyl group of the ester wth

[0054) he a|Hegampéqsmfm1@motm@ raactmn@ prertht aeagtion af dn pleoblelcwith diesters

ohol. C s s of Wit h .
IR TAROR TRLEEY TR IR ol LBl Aonots of o
Alislrflotaybirited{offen RfGRd © @ﬁfrﬁ@ﬁﬁéﬁﬁ&dﬁbh 1ﬁn11tafaﬁ,ﬁb)3lwﬂh phenol
produces_a_ di al kyl carbgnate and anmoni a. Speci fi

é’i‘é‘ﬁ’}??%§ kyt amyl catvongtsiaad rraaaleqhohs Adeeholyig of an ester of carboxylic
AR S N UL OE081 RE oi

\mldoihohmohlculermti prcmdmzemi new alvohahmolecaleb ahiadlenlysis of urea with an
carbonat e and ammoni a, transesterificatjon, of
taﬁ@épif PEYINERS o OREARS FATRBPatE ANy eaﬁlealanef\ﬁsﬂhogweﬁ)fsan organic
(RidiaeS Qlith &NAIQGhYLC ?fdd'&ces[ Y Qﬁe'fﬂ(ylAHrB&%e' and ammonia. Specific
di sproportionation of unsymetrical carbonic acid
dixempks of ahaphplysis rrearttom rarmfheatramseﬁtmcabam lo6 At wijht phenol to
al coho

B Yol Rl are Fheforic ERberdp aigyen ateohol to

rRédice WRSandé @ar@hﬁ@ted(ﬁf dingdl ae&b@ia@@a@d YfoniL Qﬁhbé@fb‘élﬁ@étlon of
wel | for conveni ence, because ps. (R is_ al kyl or

atrlglyceradedwmh methapgljerpredusemsihyi |estpt§gbwdw§@}wn%gl§cenn

[00551 gxg: El%ﬁ)l ngt sr%é(gpeqrﬁ%r}?ggg?gﬂﬁ?ﬁ’e%fenﬁgﬁ (éaqrgomg ac% diesters and the

desdtiof I ﬂ@m? c@oAite WIBLEh afzaginanineEld fotaheslRe lay sil@hol as
as necessary for the description of various

erﬁtfémtnetnt% considesed drere feat ahessh Fs Pk 1PaCHERS G also defined as

TR SRR BRNE TR OGP Rl Kbl S or

+anBQc|15 oﬂﬁg@%tom oR n@irbgen | dtoriNki2) iR @I d- inR(bel readfion @addi2nisms at

+ NH3 O O |
molecular leveJ Therefore transesterification and disproportionation are used as

synonyms to alcoholysis as necessary for the description of various embodiments. A
few of the alcoholysis reactions mentioned above may be represented by the

following reactions:

o)
I
(RO),C=0 +ROH <+—>» RO-C-OR’ + ROH

RCOOR’ + R"OH <«— RCOOR” + R'OH

O
Il
(NH;),C=0 + ROH <«— RO-C-NH; + NHs;

O O
Il I
RO-C-NH, + ROH <«—— RO-C-OR’ + NH;

11



ROCGCNHR2 + ROH. ROCOR + NHBOOOII Il Il 2
ROCOAr . ROGCOR + ACCQAr OIll (RO2C0 + R NH2 .
WORMPOIANRIIR + ROH [ 0056] | n another aspect, enBSHUPRHPE32309

di scl osed herein relate to a novel technique for

mai ntai ni ng catal yst activity for a solid catal yst for
an extended &/cl e time. The cycle tine or cycle length
of a solid c&alyst herein is@efined toObe the tine
period over_ wWhich a solid catalyst can cdntinuously be
used wi tHBR-GROEr reption fRP-GIOR nt SNERE-OAeni cal
reaction. For exanple, if a catalyst requires catalyst
regeneration or replacenent after «»ntinuous use of 6
nont hs, the catalyst cycle length gf tinme is 6 nonths.
Accor di (ROJ,CI@ChRINHE di-scleseROM-NHR' $ORIOH

catal ysts for al coholysis processes may retain

catal yst activity for an extended cycle tine, such as
(0056l et dp anRtbAT SSriShiRbodEnsrn rislosed Peaim relats ty gaogel technique
. ; - r i .
o AR, AT i ok 3 <o LB e R endo RSt time. The
dyalettinmabt oycloferzdt of agelid oatalyshatbinst slefimed fot antherime period
oxi de .and a E? xed oxi de of niobi ug and _ titani ym oxi de
I PT80Sy aganneiltigheusiy &8 5§d tHEpt duigrpption for an
| iR OEheRich] TEROOA E Fok RxAfSle, ff Llatdli& refifes catalyst regeneration
ubl Depol f pol ynmer " bui |l dup on

publ | cati on. pol ymeri zation o

tdrecplateaions aft¢rcontipuas aise af G mymithsatheioatal yst wade Ength or time is 6
denopstrated..in Test, 6B of. the ' 672. publ.i,cation. .
iR SR T g S&Q%oﬁ%ﬂi%ﬁ oy lggpolysis
r264tséeBndyre@iih YatalyBdctivay féremoseinde®bydlB@nR] kehna!greater than
catal yst activity. The nature of catal yst deactivation

vionds, § monisuinyRer.sk dyerratand Ratcatsi arEorg.go yaioys enphpgliments.

een rprisingly found that het geneous C
10057 72 S R e o RS Pasrghe dspstivation. of
kb ycilesud Gital Ak (d@tabidt okt@@ahd ¥ atiRedlobtidé 6f hiwBium and titanium
primary causes: polyner deposition and | eaching

) ol of )
cattidg ymmebilized gaisilica) wes Abseseh bidhe Prasertanyepioesissreported in
Ly f ' di .
CHURLAR, 0 AR S n SOADAAEE B om o
abdppadvedaambyist watvityprasndsd demahstrated in EestioBnef thé ‘672 publication.

catalytically active netal. co nent.s.. [ 0059] Duri .
AHeWRGTy Hiescaiply st rgRneEatian; by dzbslgmeriei i%?ﬁ‘él]‘qgv%‘r only a partial

hel PP ENGRURichBl [h¥B5Bactiity. atbaatirs 6RLANyaCIda¥iBration was not
net al ‘conponents on the solid catal ysts may | each
fully understood at that time.

[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 leaching of catalytically active metal component.
Heterogeneous catalysts for making dialkyl carbonate by transesterification of a cyclic
carbonate with an alcohol deactivate primarily due to leaching of catalytically active
metal components.

[0059] During alcoholysis or transesterification 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
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out of the heterogeneous netal oxide catal ysts and
organonetal lic catal ysts i mobilized on vari ous porous
WOIKPHH2I8 i nto the reaction medi um under PCT/US2009/032309
reacti onconditions, resulting in permnent catalyst
deactivation. This results in an unacceptably short

: Life. for comercial heterogenepgus catal yst .
ERRMGE elfickatn GRS S o SERINBRUE | aliprrendts in an
MRBERPBLD JRA) Catdl gt 1B dbeSomMdidl iRaddaneodScat@ it eHaethay be
above, ntgol yner deposition may al so affect the -
pEfd St cenruoys pregustian of iveriewn piganie peghopates. Additionally, as
f 0 I cti.vatian ksS..Pai.soni
PHBRE TS bl Helos A Wt Skl O of o
consastecif@hbtidn catadyded fusthet mbddofSdatdipst deactizstisrodd|peisoning.

| ongevity for both cycle tinme and total service tine.
[0060]apsentA ﬁas‘iegtﬁqus calatyst fo bpased insa gemepergipk fixed bed reactor must

gﬁgg%ééoﬁgmef osgégytgffc% 88t acgkf‘é HRROGAE R REALY Sitne,  Absent

rate of di lon of dn active netal conponent
fposonimgh etd nH ghene 41 wo cat Aitlgsdeposiyion etf ggalymerstdrea heterogeneous

| ongevi of e cat.al yst. [Q061 nbodi nent

GRBBRY b e oE s Bl 47 b b Bl ComBPREL A hefigogeneous
CafAR)sBhy AbteNBRE thOPBasAMy oTehd chta@ital yst activity for

an extended period of tifme acceptable for continuous

[0061]pr odudimtpdiménty slisctnsed beganiedate dorponcrstss fior maintaining a constant

GEaFH Sorppent ROty 6Bt R dce s Pebay b g Socdptable for
QRbARidhs GRERRABA BF vafibehoRdn®l iMloudd ROAbREnerélhifddal. Such
carbonates, and al kyl aryl carbonates, as well as in

dreresses meayskespasti¢ularbavsedd foethetdontmuous peerugton of varipys organic
productiaon of bi odi | .. Sel [
ALl é)fxgtgse? C‘T?uﬁh as &ar%/? g rigréastesf glaglg};l %grbggggg 1% S %ralll (r:]ellr})]%nates, as

erern rocesses 1or marn

stdabheincathed tyafseaeificatiby réationy tsactdadfqrahé pebduttian dObiodiesel.
| arge commercial reactqrs for continuous pr?ductjon_of
Sredsstfdcenbedimais edisclessd hoxsini relaisei 9 woresess Togrmainipinipg stable
SERB iy bURE T BOUFL EENE il LGP A
qyoduetibh 0E ofganiclratboaslds, vgrtexyiiaaed astenantr aygarsotarbamates.
active _netal conmponents to the liquid feed streamto a
[0062k o) i d %%Vﬁlsfte@l%ﬂﬂ%’i%ﬁ mgﬁwgg@tceiﬂa‘i‘mwé@lfpf a ppficyeatalyst for an

RfRaNty Q& tifh%gé tl%? Q@&ifé‘?g ttﬁi@éne%ln}ﬂﬁt FShiuBld ¥ ﬁ{etalll components

ext ended perio cy . was unexpectedly

fto timedliquhidi feed dittieay ta atsphd eatalystuenntafing a¢aghirengcieswlein a constant
netal conponents to the liquid fe streamto solid

Ci By SOPROR, SRV 200t BT Re BT ThI O S50Rrape It was
Qfﬁ%?lg%?edl}hﬁ)uﬁ&tt@t al@%g adtiRe houftoMBldiec h@ne sl dponents to
0 e

he solid catalysts, such as by redepositing active
rthe diquidoivpd eeam do at Yodd catadysi-sentaining repstay may eifectively counter

g%%?%f&‘i% gitg: r%étralp g)gé dlgefo Q)ity glrr]rtéet%clﬂ%gh%%g?&gox gl#p %&efi’doc\éga:l¥sésh tsuch as by

abd@obisinp Yactitee netad $6Mpohdi &ML BE catallist atalfifiain & @badtyElor near
activity may be nmaintained for greater_ than gne year

(spnstaRi (el st peldly avseriended peiafs| of cyelei tinae-ndiprprample, current
CHIR Lﬂ}dﬁletpqesent 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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liquid feed streamfed to fixed bed reactors

containing a solid catalyst. [0063] The anount of
WOZBPNEShet al conpound required to maintai n a®ET{HSERPIG$2309

a solid catalyst may range fromless than 1 ppmto

about 3000 ppm dependi ng upon thespecific active

, r t eed
ST T T (f gy T
smutunasf haivetthetapinoie déddo sudhf asofog @l prodactivanet @garly carbonates

transesterifi.cati on, may be one, two, or nore orders

SV hASRTERtPRAIEAY PR ARC. T OB AER PFdsEs pfhmagnitude lower than the
ROABRIBARON Soff A dpehedusd rgbl S i
usi ng honng%neouéxga?gﬁyggggﬁﬁgggrﬁﬂs%ngsgﬁégg%nzﬁ?§§s using
theemagendone catatyat owlyniosnnie rraybodandrds) the activeahetabéompdund may

Q0. ppm by .wei.ght : to 300 ppm by weight in other .
IROGRPIAHa S 38 5 0B S Y 4 g5 e in ot
etdimai;si5s #0200 ppRlhyP RN iNVeHER teritddRhdHRS; 20 to 150 ppm by
enmbodi nents; and from 30 to 100 ppm by wei ght in yet
orght Enbibar sebodimanss emmdofiomhd0 ttet K0 ppingby wefighthia yet other
| . qui [ t [.C aGgtio ne. .. 00 . .
eafHS . Habioh e B b Cor RE TR e (e tpaction
mehal , such as a Goup I1-VI netal, a trace anount of

a sol ubl e organonetal i c conpound havi ng the sane
[0064iG oup Hor example: wherefetosid catelysbinclusigs ep ative metak tsaeh apa Group

TR .tQI, taq?ac@%ﬂo\ﬁ%}ﬁf Qfsoﬁllgf‘e] &%Qﬁoqilé‘t?ﬁ'@lo\éﬁlﬁ?b 48 hQVing the same
speci fic’exanple, ere a solid catalyst 1 ncludes

tGroap LWl activemealt maebdrtidab theareactbidl raiatajrathe netivaty oftthe solid
;g 2 % ggs ép s%lpléiglle ggﬁéhfeg&bgg&?%@&%taigs? grichgd%g ?1?2]1n1um %rs %n active

3{1&91? §§6lﬁﬁfef&r%@%h{%&m@@d}ﬁ unl I F6dih € Bitalhdl nfdy be used.

sproportionation reactor, a trace anount of sol ubl e
[0065]or gandWhatrelal setiecofifeatod isragedpauched atanssseeridicatiat fRactor in series
reactqQrs to maintain catal yst activity. in the )
dpe dispraporERBton teAciPR, adpies ABIopBLe _ HelS oggnomagafif Gompound
gﬁ% Be %@?6‘ on@forSiiH BE &1 A5 38 AR Ic?.tﬁlygp HRAKHDint f?xle_ rgspective

the first reactor in a series of reactor$, soli '
cadcidrys in sané vinbydimentsh by dieedittgzd tieet amound of sdfible lpeganometallic
react or Faqr .ex le,. where a transesterification. .
BRBOERT fo- Y eI TR PRI SRS BLCAROBaTalid il activity may be
trhdiaRIned iAREcH b BelidhctaRd ForHxaRpRD WHet DA dahBteFiGioMid reactor
contains a solid titanium al koxi de grafted on silica,

doelndes a8 t 3dide mitsdntoxide seglalysite obr Gitandumt g4ad umobium, and a

C ti al X . to i . .
ARG onafid deftior'ob s AR MiiphCatk iia plafia on silca, adding
cairadeyshounm®wy sbRibbxdrgaasianiiO&dipolind, sehublti#anium oxide, to the
organonetal I'i c. conpound. may be recovered and recycl ed,
rSirgastoe dhe Qyfledueokas it At wolid qatabiss mey g% griended
conomyca r ' b . f .
10066 20T coteorqtbile, RERRANE Atnolfs TLF b ORI and repyeled, if
tdesiral t insentesdnabodimenteo,ne atayinot béecomadtano edcolerethe active metal
st ream may befrecovered f{omth h%ﬁg bott om )
from the reactor effluent streams for recycle. n recovered, the active metal
component in the reactor effluent stream may be recovered from the heavy bottom
stream as a solid material and converted to a soluble organometallic compound, which
may be recycled to the reactor, such as by reacting the recovered solid material with
organic carbonate or a mixture of organic carbonate and alcohol at an elevated

temperature. The recovered organometallic compound, for example, may be a metal
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streamas a solid material and converted to a sol uble

organonetal | i ¢ conpound, which nay be recycled to the
WORBRMOBSS such as by reacting the recovered s8FTdS2009/032309

material with organic carbonate or a m xture of

organi c carbonate and al cohol at an el evated

fagﬁ&gcieé%ﬁcwﬁ allg—&? {)g}ﬁoc\é%o?&‘ O(Fr%om fo?lr%é%b%rl&oﬁc? %nbester) ora

ahikyired&rénxﬁnate (metal salt of carbonic acid

nonoester), or a m xture thereof. [0067] The extended

[0067L cohJW‘sP’éte%‘éﬂdl alcehelysiy stolifl; eatalysiyEfcathus Aeaingghynay result in
t S

fcgfrHﬁe{gclth{ 9% ogg%glfa)&gir’ ag%sgesi%# ng: t@lé@ét%ﬁ of B gébﬁ?c CifSonates,
ahmﬁ@ﬂqp&o@smmdﬂbr oﬁteheanstestanﬁ%ioarprcﬁcee@m Sl‘gnlﬁcant savings may

&? Significa savin s be r eal Cg due to
¢ dFE cg‘feaﬂys%tee@%ﬂ ecafal eudtire o gisared: isgppration
@@Hf&&ﬂ%n(tfé)vérftﬁiﬁ\?& ptitidns Oﬂ:gﬁlﬁhg% otehBaUal gitﬂgaddrb erating cost

otential capital and operating cost savin (P ﬁ

FSeVI}agtér deposition on solid catal ysts may al so cause
ta t t - h

[0068%22; i %ﬁg%ﬁ@épln\éla B%talg'é% glglaéfr ajgggasl.ﬁ? loss of catalyst activity.
qﬁ psQJcMn@rc'ag@td QRadtRGRA Cuisl stdin?l | s egbeher: a?édnb gbgmerlzatlon

U.S. Patent "Application Publi ca ion 2007/
D@cﬁmimrdlzdosndn hatesm ouh italk® Meteal Applicatipn Phlehcatlon No.

Tt AP SRS ChE B SERITOS, 0 s g olowi

aiéblo‘l/}hhéhztaﬁo@th@ﬁ&l&@ér@?érﬁoh@mdﬂyﬁfdoeﬁ hef ﬂ&ad)vea‘tﬁd ditdlyst activity
the heter og‘zneous catal yst may reqlil‘u re netal

rtecpétpwppta lewglcaf @rsgla@l achivityy the heteregengaus gafalyst may require
ggqug%%gufapﬂcﬁﬁgﬁ RaAR T %&9@8& ﬁ\@&%aﬁ@sm@a Bedefh.

eactivati o

[0069E eposi Wheitvah thef@ i bathl@@(Cﬂbactlb’kﬁloﬁaéa’alse}tB by Eb@)tﬂ yblyyhefrRigposition

e restored by the catal regeneratj on
raag aasteldeachn theecathy s getévi @ar be estased By ﬁhe ePF?éY $ &gegnsration and

s

JERSNREL A A ERES LRLBA nial, PIRP SateRER AT AL e of two
rﬂiﬁp akpblyaterizatid emdesmfhd:estmpiltldmng hia fher Srstststegp, and metal

eactivated solid catal i S _subj ect
g‘?ﬂoﬁlﬁ’@ml?éil? Shcard Srt%l?mb % FHeteP: 6*’1 gﬁ%c“é’a‘ieflc?"hd catalyst is

t
R oo A A o bR gn e BNl Mty and then
cxun(iacm eoditisnipgrifyodryeny. t dn dbersestsdt @ep,onedvmsaionl ofsactive metal
The reactivati deactivat ed_.cat al

OLROREY 1S rPeFF%FBe(L P aFTmpPEPEF 4tg 6%1 WEr e Té‘ §t aefas? dyation of

r RASHVa¥ da@ily AREN BF dIsCGRBE IhbRUetdiElatk@nsi dered, it
may be beneficial to have multiple reactors in

[0070bar al | Whersocatslystoreattivation omdéuwntegenssationp prsdensidsred, it may be
ToRAdaLES 8 IpiRleld SRR P! BR0S S8t R A" for continuous

't b8dPaBove > 6l i
%r@&mﬂbﬁ Yufing tHeatdk Bdatfivatidhia@d restdiition 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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di sproportionati on processes disclosed herein may

i nclude feeding reactants and a trace anount of
WOB19(19?¥6act i ve nmetal conpounds to a reactor EERUSEHPER309

a solid catalyst, and contacting the reactants in the

presence of the solid catalyst to al cohol yze,

t ks ry. di.Sproportj te at | east. a . portion
o{)@{]ﬁ)ges, trrgé‘{@ %(lsn{"og .thesh% ug! oglo%tlotﬁ%g%pf]g?ar{)ona?es, diaryl'carbonates, alkyl-

targheebdratdsf biodiekelf, or@dnicl egers ORQN Ni@adik A tafy@ &S 8%ong other
nag j ncl ude, forexanple, reactions for the production
JeadORF-kyl carbonates, diaryl carbonates, alkylaryl

[0072§ar bonﬂﬁﬁ(@xghbhg&hﬁgc? | Sith 0{%@%} Ctoesazc% (rs%l%lsfssl{n 8@’?1%&3[[&{ﬁcaﬁon, and

| kyl car bamates, anong o reac

Alispropgtionteivarredgidnyviit erfefs PG Ye, tthe akteMien ¥Ekisch processes to the
transester%fication, and dij sproportionation reactions

i RTOaHaR aPT LBEANIC qaphonates elss lefatlest bslpom plbSedsteat tApplication
t ; ' r [ t 518t aj .
oo QU B0l ar T PO R P4 (218 5EhAE8 above,disclose
200cs90908 2he (PveiiRyiomrnd @9@¢ GhrbbA2ted using 1ddteroasneons eakalysts.
ove,..di scl.ose processes . for_the production of

ggﬁéﬁﬁgkﬁ%PﬁﬁﬁgvégaﬁEWﬁﬁﬁﬁ@ﬁ%&gﬁ@ﬁeous catal ysts. Each
f th j | I . .[ 0073]

100738 ;o e SRERRAYL AR PRk -Caltibnd s Briiiiont 01

[0074] 0074]Of@agiariacbonateh @n @t gmiocarbargates mag ebameihesusivayrodaced by
cont i nuousl roduced by using.a single or nulgiple
rEHE HFING s%éﬁgltﬁp_ FAEOpFERTE BF RIC$BES A @ 2pHd yaralyst or two
MFerdhi JobidRAtal R, | Thafiidl dBliyst off BRa158S khupdlaal ltaet92[ce amount

catal ysts require adding a trace anmbunt of solu
adtdolubleractive metab comgoumt into Kee feed dstretimeafhthefretdier to obtain an

SR P10 % SR LaR SRR B aft e and
| iAElu8el Qa@lsl Ggandah@ane Bhpolihds BEABIUAGS oh PORIs|supsstts, and/or

on _porous supports, and/or_ oxides containing an
e¥dRs reonENnipg [an; Pemend] emanltiple elementgpof] Groupy §I, ULV, \W and VI

. i tabl T
A UPRRG B B SHBbRD BRI PR AP BR Sl 0 catyos o
dakatataiysts. The tdtalt mhowmitol citalgficatBt aatiyé neadl loy ngegdl ice@ponents on

metal or netal conmponents on a supported catalyst nmay.
ra POrEd FRIALNSL I, BDETONR ABPUKLIA Yoo SR 28 gHels in some

g‘{w&rgﬁg%gfforﬁ L O80: ARRULt D B30t 182630 Btter SRS imEisD

ments. [00/5] The reactors used in
[0075Enbodi Thentesctaiisaskd $ie dmbediaientsndisclosed lhetbén any ipdlydd adl physical
q§yices or a conbination of t or nniﬁ devi ces. The .
r&YEESH 8 anwnmaww VELST M9 FRYresd el ssackags may have various

Eﬁg%ﬁ(ai bibAedsthos GRRE Mgh RN PR MRRRS Ydpbatidd agdd i C.

76] By adding a trace anount of sol uble active
[0076)et al Rpapbognd ttaoe ambemcbfsbiubbanactive aidta waipelundto a feed stream,

activity may be maintained for surprisingly |ong cycle
(TS catilyet At B dtrameinAnGk Tor, SRR ioes gFelg tmes. For

SRampleS a@@tibY 8f WREAhmERTR 8P AdoiuBlctactivE @M compound into streams
fed to a fixed bed reactor to 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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fed to a fixed bed reactor to produce m xtures of

et hyl phenyl carbonate and di phenyl carbonate na
WOﬂ@@(ﬂl“@%ﬂ n acycle time of nore than 14 nont RST#y2009/032309

streamtime. Such stable catal yst performance may

result in higher productivity of a desired product In

ts having a se ors
a%c(tg%t £§§ arf g%?e g%‘ot@ g a8 V8 nrg ﬁ%@p%‘be i\ Sbeo?ﬁkifd to all
treadtére. feed streamto the first reactor. For a

arallel multiplereactor system a trace anopunt of an
[0077kct i velheeeiivecowisb rromponesis beay dedude o @Qmpm@écomasmlxture of

Cc%ﬁgé%)h%&g]%%ﬁ% ihi #}é 1 I)Iah}o%) ReAE gs(h%ﬁ Ignlﬁl e 0\2 ang VI of the

ure o nmpounds™ cont
Meieditelabls Dfan@iéwcﬁf detive hietals invludy Mg)€CayVnoLa tAg T1 Zr, Hf, V,
Per i Odl c Tabl e. | es of active netals i ncI ude

C}}.j\b Z’ﬂ Cr, Igb We Snﬂ)b ethThe\pctlmmetpé cmgpou pr l:g;nsoluble in
%Pﬂ r{sﬁn%(t ryb‘? @t%dsy Efoxqf‘ftaﬂlemﬁfﬁ%oum %H&Hlltéjo ?ace metal in the
u I'n tﬁe reaction m xture or, east orm
dioed sream mipbe anﬁiﬂmﬁlydﬁwtspaseo lbeteaénqmncalt)euﬁneeehsary to recover
strm }/ be sufflc:lent Iowgo as to
NPy wsstﬁttté@etgg%ryy  plthaugh oas WFQPOSFFBHP;%? ocess
trea .
[0078? 0078{ﬁ 'h? n%?e/ gisgeragﬁtfegg@g%c ?Ilgt\r}gtag%é(cégﬂg?i Be tr@acﬂgaé&’ in situ in a
rrelatvely shant thee,rsaat tos e echdyntosieplace mnathee k@t:tow gh\service or to
short tine, tob read o repl ace. anot her . )
Ted stvitE: IBRsRe o e Ve RS GistRRd Bheipanay require
eIl RBAGS dSfentih@ RS BFAE FenPibSHItRSQHaINA 28H BtHER Yactors.

require a spare reactor, depending on the cycle length
[0079bf t heProasadsy disclaswl beteer nﬁa{cborwrtlc{ummmlseﬁnbé@sﬁas continuous

ST B S0 bt L HBEDL. 0 o

JuBh @8 \ethyt PhboN adatbondlek ¥t daiIv] @esodaRral &&h &Ltﬁ&h?lscarbonate or
et hyl phenyl carbonate, or dial kyl carbonates, such as

dlimethy C@h@@dﬁt atke ectinmior yedugingistars catborpie mpay-he pesformed in
(O BRRIRY TSRy Foe U BPREH T IR LE RENAER Arl. The firs

reacti on zones, such as a

sresqivd i(ﬁa%t@@ t@ qReeform hﬁlrﬁarﬂg ttranea&trifmatmo oé asdial\kyls carbonate
to erformprlmarllytransesterlflcatlon of a djal kyl
cwith am atamagicialeohal torprrdysecanaliod eyl cagbopriggelthough ashialljamount

a5y liafR RORRLR Pﬁg éggyg)rg o@uglg%.hl AP WBLorRf redb @Y Zone serves to

carbonate may a The second reaction
zmenforimatispespdridonztioh of 1am dikyp aryrb omrbbmatata prodode d,larydtlcéajvbnate and

chibigf By BERRER o G SRS URAY oo R one is ot

SREeRE: staﬁtug%néﬁm; chodeab uﬁ’@&ﬁﬁﬁi@da)z’al sl t hough one
may chobse t0 use a solid catalyst [0080] D al kyl

[0080F ar bontatky] caibohatas SDMCas DNIEGr DESZ beypreopiedeckdblyy performing

Do A0S ELESLION.h & SYBUAS: SEAERIE'S eyt

Wat bRt RathOe@anslt He&8hndl Nn @ S} AHanABNNERe rebdons producing
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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di aryl carbonate and di al kyl carbonate are perforned
inamnmltiple reactor systemw th material separation
WOgM% 192356 r ecover products fromreaction nmi xt EF&d/S2009/032309
Unreacted reactants and i nternedi ates may be recovered

for recycle or finished by performng a second

dt t f ti .
BRI RD AT LR LSRN oL bRl rocuc
taﬂ@nqﬂﬁhﬁr d:tfld:rcﬁbﬂnoﬂhe ZORioNEy stofh. seﬂgkataﬁdn@rﬁdﬂe lof RédcBdrs with
perform ng disproportionation of alkyl

yl
da%t%ﬂéﬁzar%twnd%m@ is pehingherkpyiicdgs fgbeseial @&im@m skill in the art.

0081 Atk L RN BUE R BAIR wer

systans akt ppejucardratigaienid odporeRCiiaftthivielliliBELAN fodthe desired
se ]féaratlgi unlts is wthin the know edge. of those of
SHgrtien-y Adgimalively, engemay perforpgrrachqg 1p digetd pitvse.augh as where

I t

RREe FE 20 % R Skl S Pitinl AL S 0 YIERE boiling
gioirfts of the rea;pﬂuohlphwdustm then & ipecfehered ramge of tenaeranres for performing
Ahternatlvel y, one may performa reaction in liquid

QEBCUYch as where there is no or little advantage

[0082] N ShifhbRGmERY ik dedMEBRC b nalgb'ebet gséﬁlgt}?rprp&icllﬁﬁ%rgamc
points of the reaction products than a preferred range
chrtiopatesr sich rae stlfyd rphpeylf ardnate, nishyl gadenylocarbgra@g 2hd diphenyl

SRR DY St Brares Beion, e Bl Ea i Ajh as diethy
GarfanRteR difBhhyéarbhRny witdsHeasabed dﬁBﬁ)p@ftﬁJﬁﬁ'{Wﬂ of an alkyl aryl

carbonate, by perform ng transesterification of
daaehomyﬂe guahbemn ethisk phenyé lsatbonafie exrhppthih phrsiyhcarbonate, to produce

1I¥Fetngycar arponate, wi th phenol, and
por T"8iati on of an al kyl aryI carbonate, such as

[0083Ft hyl RhBsHine AR Hiodladed ﬁéreﬁ‘ﬁtrﬂi‘agr' aRBepY lusefl Bangioducih® dialkyl
produce di phenyl carbonate SL Enbodi nent s
¢

dlaghonasesichas rnethﬁwab@@wo@r digthyLisarbonaty; by dkapsegterification of a
Iygit %é:%rb‘&%%%ﬁta% al olﬁ%r ASofle G imERS %}f}ﬁ% 32\0915)1}(}‘[(1:?1} (():f dialkyl

carbonate ransesteri |Ca 1on O
cardyaars Gdlﬁﬂ(ylf'baahibrﬂte&ﬁhp be ptaducddieyr aled)i’ﬂﬁjzﬁlsmmmsa fadth an alcohol

the productign of dial kyl carbo at.e .
clartlbeoprsﬁe@cm§a E%hdp%%mséeé%sxaav BHBF[{/ t@?‘%ﬂ 7P, dialkyl

exanpnlﬁféhﬁ' prb@%_aeoaggﬁﬁg %Cﬁorﬁég%lgi&gs%aﬁ%ﬁgh%ﬁfﬂex RQfalyst in the

qaeimcmbﬁ ai lsiglm iboilingedledyonudomy aoheoDGENED S uslvcntg awdt @ rprocess

t.h f hi.gh. boi | i .
GREEbF SRABEY SUTOEE TS AU ShemoatEmny P doudherein
PAiRR Bgahie’ PRFaANMES, SRhi 8s GAl N-%§! lidgCofBihste! tay also be
embodi ment s di scl osed herein. Various or gani c

crsllv atageously wu@weééyanamthaaqyﬂ(yarb@mtbamﬁt & ajpaatic amine in
A -6 Ak ANLAIEONSL N PLATNGE D YRR il Ra oAby

m ne | presence o0
[0084E0| I d &8¢ RlpEf r@eref&g oy Det e d sty B the dea&ﬁb@ss@@kcnbed herein.

]?}{eeclayémples of reactors suitable for carrying out the reactions involving organic
carbonate or organic carbamates reactions may include distillation column reactors,
divided wall distillation column reactors, traditional tubular fixed bed reactors, bubble
column reactors, slurry reactors equipped with or without a distillation column, pulsed
flow reactors, catalytic distillation columns wherein slurry solid catalysts flow down

the column, or any combination of these reactors.
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[0084] Any type of reactors may be used to carry out
the reactions descri bed herein. The exanpl es of

WORBREOBSE suitable for carrying out the react PERAIS2009/032309

i nvol ving organi c carbonate or organi c carbamates
reactions may include distillation colum reactors,

i vid | distillation.golu reactors, traditional
(0085f' 1, ultfleeraisitSvstdiia Gea Th GEBp et Hinclosed Bt may include
S 4oy of BRAGIPN FeabRH &prﬁgltfﬁlet ﬂ%a&ﬁrs%iﬁﬁﬂ%l fr the first reactlon zone.
distillation colum, pulsed flow reactors, catalyti

df etnredust isoprodeded rfim wbestastnvis lagrinigrisadiatd pnatuat yssd:}s as an alkyl

f W conbi nat i on of .t

o B Brboaag W ieaflor Alnt o, Srishato QBT rproduce. the
Gﬁ‘ﬁéﬁdtdﬁﬁel sltidugk laqfiRdr BRbeht oAl irddetivll eraiiusemb: f§1n(ﬁiltaneously
nmul thﬁ)l e@reactors or, multiple reactors in paral

tOgePre i g dirstapacsign@ond.f a product is produced from
ct .oduct ch
[0(]86]a|eﬁl I afHe%rX%%? gt:{])nani1 h‘Smt”iﬁg ﬂ?%t?gz{%ﬁpg :181%6 ﬁtgrz%rﬁ%plﬂ%yff any alcohol
md\déalkpl @irboratd, leyitepy ROhe8etdidl deRdtRmNEhc abvﬁereadléﬂyp d@Bonate is
nor anount_ of fipal reactiqn product
gqrr%r ﬁ@&gsw h isg-nEpdstst diadkil parhemate;  Wihile égmprlzﬂqh%l@%reacuon
2% o yﬁethg CAaHHe réatcﬁ@???n{er He tfgﬁg?]sftellrffﬁsﬁg&?ﬁlg% by Ileultaneously

ter stri'ppi ng any al co
cmrﬂorma‘l: ghifiang the squnhbtlhm rsationdoward ¢hé fonwardregctioher e

di aryl__carbonate is, produced, al ong with co-product
[0087Lyi al kyYhec a5a5HpRT Prodisinge &ganic pﬁarr@nrare@ hele OTRaRic tGaghpmates  are

ﬁlﬁgéﬂf}l &rERel Ng act@rtﬂﬁ%rﬁﬁ%% 1r£ e ot 6 $bout ﬁ]@ °C to about 260°C

ansesteriflcation neously per or med,
Shbduti22§°K he aqutr 3G05F) momamhodlmmrﬁomhﬁlf’ﬁrtmmbdut 232°C

C(el?Ct :?%B‘é‘%[t 8‘% %%%E{ g ?rg?lglg)r Odu g'lhg %gur% for a reaction

Rﬁbéﬁs%%o@ﬁng%&@tﬂ%ﬁ ﬂ@trumaﬂt@ ath oﬂ@éiﬂ%hé fypEoaRABor to be used,
104°C to about 2600C §abOUt 220°F to about” 5000F) in

@@dewmtb@dhqmrhtog duat ¢ SPZ(I"aEDII bhab!dmexggzml(eammon zone. In

250§r§ Ir%a bl(,)plfléssﬁ' 5§;r{::3, ﬂbehrgr € {rrct? Odl mn%sp%l%rl hpiessyre to about

tzhzebarr gasiuanis paaﬂlmrm@hsodlmbﬁtst arrmemﬁ dbeaict. 005 bar toebout 17
used, and whether liquid or dual phase (vapor
|bag (9-d\psixtosabout 359 paia} aneten smbedimenisy I@e"hé’@&? of embodiments,

SERTERL oRATRS PEOmIRAGRR: b Qolqlfe SORYR, AR oss potpertee with

pgpa@umnoﬁmmnmmqmmﬂmnents and fronrabout O 005 bar to
about 17 bar (O psia to, about 250 psia) in oth

(0088 oot Iesieied prRbAdEIGALS CboUmSHis Jeeitsed h?régh%rr aﬁ%wHI&w useful
R (ARl Bt GiA) CadBhHEN o) Gl te and
.bfﬁlt” erféer e Wla%S%e ar gtclwonlglg/? reactl onmpro uct 3%61%%86 anc an
Ianomaﬂlcehy@dxprcbmmomﬁhtwph extibd i;)t(&imt’sioml of diphseyl d:mebcmate (DPC)
p f for.the co nuous uction .
JrotnR ko caftiootic 8 Wheasly A Rpyior RMBUAE LY o fidhs friction of
a:ﬁ QAL dafbdhuely @)BC)CQ[’EHD%%%I iAYEN pRSerdcB®f %@%‘%dr@ RoRd catalysts.
di phenyl carbonate %
The advantages of producmg DPC by using DEC may include energy saving and
material saving for the construction of a plant because separation of materials from an
azeotrope is not necessary. All materials need energy to produce them. Thus, saving
construction materials, and energy, is considered to be “green.” In contrast, the

current commercial non-phosgene process of producing DPC uses DMC as one of raw

materials. DMC and methanol have to be separated from an azeotrope-forming
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froma dial kyl carbonate and phenol. One route for

produci ng DPC is the reaction of diethyl carbonate
WO2HAP25/Pt h phenol in the presence of one or REFASIYP08309

catal ysts. The advantages of produci ng DPC by using

DEC may i ncl ude ener gy saving and materi al saving for

&;H(Fcegé) gﬁ‘é&# Gog" %lvé)nft &t lctiav%t dlsgﬁéa(gcfne é}égaé%?g e(g(rt]r&ﬁlve distillation

m an azeotrope |

mitelid elesgynvchsBRe rAlyhdugh Predii¢tion bh&PC iFiaLBM(SﬁVj:b@ﬂble use of
construction materials, and energy,, |s considered to

HEC gagdis prefered dig to4he enqrgﬁéar&ma riel eyinger ci al

non- p 0 f e ..
[0089] R m%?@% cﬁ?%i;ég hegél {ﬁﬁg cpﬁagvlgsse EI}/CP 1Hg dialkyl

s:agbanataebly framaﬁﬁeezmtdfm@cmco&aﬂbmw @itk as akRbhéelasachys ethanol

sol vent extractive distillation. Operating extractive

@irgtqtl}qng{, on units is ener gy intensive. Although

[0090]P" odu er k er%f g@%cfr t%e i lscapt?o%%{ bi}!ﬁ!t gﬁ'&% Vo%g t%yreactlon

be pre ergy and savi
[s&@S;Qt}rarEemmﬁiamnn $n @l|fseﬂ mad)nrmmeJ follomyed aindlsﬂiep(braelﬁaﬂion ina
for producin I k car bonat

%%@é'g%cgpp? bt e?ﬁtwgs %1 ﬁ%%&yaif&ﬁétf%“wst h an

al cohol , such as ethanol or nethanol. [0090] Producing
DPC from a di al kyl carbonate and phenol involves two
reaction steps; transesterificatigpn in a first
reaction zone, followed by disprogprtionation in a

- \ d
TP IOZE R T SO Bk islon

1
CnH2n+I OC—OCBHS + CnH2n+1OH 0) O Il 2 M)
CnH2n3.O C- OC6H5 . ( CBH50) 2C=0 + ( CnH2n+10) 2C=0 (2)
vvhere he net reaction may be illustrated as:
2¢C AG70 42 GBHRGQH 0){ BB R, ORCSTR2n+10H
"t-%.rg 91] Reactl on (1) is't %ansesterlgﬂca)t%l on of a )

di al kyl carbonate with phenol to produce al kyl phenyl
carbonate and al cohol. Reaction (2) involves

dilscRé eHealet featadr @Ry bE ilRisityted phenyl carbonate to
produce di phenyl carbonate and dial kyl carbonate. Both
reaction steps are equilibriumreactions. Hovvever t he

(CHbrOIRREO RALHRON ; ar¥asT | RCEHEOBR-THE2 CFhmiOH (5

transesterification is primarily performed in the.
[0091F i r st Remation ¢h) iscthe trappestenifivatjon ng udalkyl 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. Both
reaction steps are equilibrium reactions. However, the disproportionation is
thermodynamically much more favorable than the transesterification.  The
transesterification is primarily performed in the first reaction zone, which may include
a single reactor or a multiple reactor system. The disproportionation reaction may
then be primarily performed in a second reaction zone.

[0092] Producing a dialkyl carbonate by transesterification of a cyclic carbonate with
an alcohol is also two-step equilibrium reaction. Both acidic and basic catalysts may

be used for transesterification of a cyclic carbonate with an alcohol.
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a single reactor or a multiple reactor system The

di sproportionation reaction nmay then be prinmaril
WOZB¥¥1823%d in a second reacti on zone. [0092] PFE/(!{%‘?OH@””S’

a di al kyl carbonate by transesterification of a cyclic

carbonate wth an al cohol is also two-step equilibrium

eacti pn. Both acidi.c and. basi ¢, catal ysts may be  use

10093F 2% | Ahorph y EfbéthRef dise Rt iR o Boseeg Koyt ovele

dbgah,0h 11208 AdlouAt 60 atioleblé AneabaFhFERME Sis didded @6 ek reactor feed

herein, to obtain prol onged catal yst cycle Imt@h, a

tsirgem. akipu fanssterfisgiaphpk cridicararbergso orith s H te @roduce a

t e e For i:4qr i £ [ of

B CRERHord BFEw 3108 WL RO 87 A oleBAL WD Rgped. Ome
aasbaBaterfond the diraisest@ifidation dysalbsttutiage portiagiod alcohol with
cat al g{ rm%/ e@e used, ,91e, may al so performthe
s eSUEMARYC R B Sty Lsting e bF mgriarpet 1 & fist step, followed

0 P> I

D et D Mo Y bR ahd FLRELEL e ai-alcohol
mexttre onpoiducme glycel 4seaimajor reastiompbmivat i thedecond step.  Addition
internedjate.with a water-al cahol .m xture to produce.a
ity sabstatially dperpsst I SRRSO Of CYSe OB bR aradigvity of a
RSt t HeWerdr, VIR Rated WRSArAdYel 18l dnly kdMiz8RSE S felifeed yield of dialkyl
conversion of cyclic carbonate or productivity of a
diedionatdonever, the water advantage is only realized in

redyced, viel d of dialkyl carphonate, [0094], Catal yst
10094 o i CFiapHls gitnfl 807 i€ LRI GIe  AndayRREe Corbamate
Rreduetioon [ 0095] As descri bed above, catal ysts useful
for organic carbonate and organi c carbamate production
[0095hmy i n&d wigscribgdpabraved cetalyists ©safial et ©rgpmid regrbonateoand organic
nor.e active tals fro oups _Lt, Lk, |V nd Vi
SR BBl RO Fim R SR polid caiablits HadREote or more
e o8 hivels srof Sedupsdl MM W dddcV e thealPeriodic Table. One type of

organonetal | i c conmpound or nultiple organonetallic .
cofbstinaseielf iphembpdiments eligclassdi hershy [ 1ngladesofng organometallic

0 ; . -
88K Sa PRGN ERLRURSHRAERHSEL e U LGP B Sgiton
saich pasoubwdpgoey | Poroms pappatskeful dn enbedinmntd diselssaf herein may
hydr oxyl and, al koxy groups, chlorine, etc. anmpl es of .

sli}?.)‘t}g‘? swrfarg fupeiangbigroups eck, asgﬁ%#@%ﬁ aﬂrﬂmsna{%ﬂ BERPErixtures

i i ' i Olofd i il

S oS R, Qoo IRYBS 7 gy g
i silidayl dfiliograbunbinadtaniamdodde, eiconiem pRide6dr Zolite meatériads, such as

SUPROr.L S ' de. car bon, and/ or, carbonacepus .
PP MO SRACT s ey S S0 Be SRt SRRt raraipder and o
spbfigce functional groups, such as hydroxyl, carbonyl,

or both, to immobilize organonetal lic conpounds on the
[0096F ur f acAlternative supports may include carbon and/or carbonaceous materials.

Carbon and carbonaceous supports may have surface functional groups, such as
hydroxyl, carbonyl, or both, to immobilize organometallic compounds on the surface,
as discussed earlier. To prepare supported metal oxide, hydroxide, or oxyhydroxide
catalysts, the surface functional groups may not be necessary, although may be useful
in some embodiments. Carbonaceous supports may be prepared by controlled thermal
dehydration of carbohydrates, such as wood, coconut shells, starches, cellulose, a
mixture of starch and cellulose, sugar, methyl cellulose, and the like, at elevated

temperatures. Carbonaceous supports may be either unsupported or supported. To
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as discussed earlier. To prepare supported netal
oxi de, hydroxi de, or oxyhydroxide catal ysts, the
WO 19886 F unct i onal groups may not be necessaWT/USZ"OS’/032309
al t hough may be useful in sonme enbodi nments.
Carbonaceous supports may be prepared by controll ed
rat on of carE

h
R o SR e Bons PR FERGN ey e ¥ GRposiced on o

%hﬁiblé‘l pafshs Oﬁbbéﬂt F5kowéEd BR confiBildily thefifthll &R tioANE ahhBevated
i ke, at elevated tenperatures. Carbonaceous supports

regPHatuEs, tSH@h ay) A JeIPPRIPUER inothe SapgsoremboTh 3 B Faioel 000°C, in an
a

RO GG 8 LU0 oF 05 Y RS T o o

oaypem ket drlaanixaire dedtgodr Supportsabr aajb@iaﬁvwseﬂaterwfds may include

terrperature a errperature n the range rom

ABY oregpe @afeéla%@mf%@ FHNIRR HiARAL Slféq%giﬂré% $Ypipetignand natural

%rery@sraaﬁaﬁl %ﬁ{&%ﬁﬂm% 2Rl otHRFip ppdF eogr&%v@h #HWE hramount

oxygen, steanror ‘'mxture t Supports for
[0097 ]c ar boﬂhesupportsairemrm ambediments) mdpmln;te iréra6 g of condensed water
rials, such as alumna, tita silica, ﬁtﬁona

mat
Y PRAROE BHEF aCOREFtRg gjganomgta U:d pw&pounds with the supports to
el tofiR iRl BiRA%ion ANAoRfeASld. FHRP AL & sﬁﬁp(ﬁ'ﬂ WMefiftd! Ni8e as water

rt. [0097] The supports, in sone enbodi nents, may
reegignt dat may bakernodved drydbping dhevsuppprtiaha tdmpqwn@sn phé mnge from

to co in rgaganetal lic conpounds with the

Bport T b MR AR T o SOVER B, devabundersadig vpon
&hSMRBPEIMp it dMABE siyiost. SolidaiafilyseOike@ Mereidday 58 Yrdpared by
renmoved by drying the support at a tenperature in the

my@ﬂrznm@ﬁa@mW%wg@Qmetakbé PompoBrds haying: a,ctlgagamly(swltes ona

Sord BBl T EBERRE 80 FRATESEL GETRBRLH B i

péc&marued sughi aT@pifting nghahg, adssrptionr ga;normdralekample catalyst
conpounds havi ng active cat al yst srtgs on a por.ous

ﬁpp@t@gﬁﬁmquep ,fﬁbgqgapgrgt:tpglﬁ GPEyPOHBRAY gch&sﬁEamumlkomdes on
N lsﬁﬁ%&i/s S ibBch &@&Brydqﬂafe B9 BuBicaflbAf ti ng,

sorption, For exanpl e, catal yst
[0098)or eparAtsecwndttgpd Bf qatelsrsrf ﬁsreﬁﬂ rig @mbiodinadntd disclosqalohareia includes a

such as titanium aJ koxi des on p ports has been
dnetal eade mpxed Haeta Wéﬁrmoa%ﬁwfg Hf%g@& 9&* 8B @opfyous support.
(ARG s Ahie obég%tof%aﬁfyg} arb 3]G HRRMISBR T the 46 PbbHEon.

hererrn inc a net'al oxide, m xed netal oxides, or
[0099)oxy hy Buppbde mageiosi the cfomn odl ppbﬁamtmdaﬁps;rdphexﬁx,agrpmées honey

of this type of catal re Iso di scl sedln
T, a@rbrheﬂﬁrr Breizes & e %ﬂ’f)ﬁ’gPWs P 1 abohS pie fr Sfaious fixed
OJedr}sAét&rss ’Suﬁﬁ&‘i#%ﬁder%ﬁ”ﬁﬁﬁﬁ%;?h&é aHlsGfay HRH ¥ Lrg@dm) for the

, In sizes rangi ng from about 1rrmto about
Eprepnrzitmn qfavaiabw thibg ededofod slugaer stiged &aptpor ts in

owder_or nicr here forns a e used to

1001086 PRI BF Sesond ik of GBS Greghbib ool Gran g eauie a
Shubpdre thavBRC tsﬁfface[ Q&R FEeRRr atHRvef, blracse@@Rdonal group-
type of catalysts déscribed above may not r equire a
containing supports, such as silica, carbonaceous material, alumina, etc., may also be
used to prepare metal hydroxide/oxide catalyst by grafting metal alkoxides, such as
titanium alkoxide, on a silica, followed by steaming or hydrolyzing and/or drying at a
temperature from about 90°C to about 500°C.

[00101] Another method for preparing metal oxide or oxyhydroxide catalysts includes

depositing a salt of a desired element or a mixture of salts of two different elements
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support having surface hydroxyl group. However,
surface functional groupcontaining supports, such as
WOPYY188556 car bonaceous material, alum na, etc. PCREP2UPQE2309
be used to prepare netal hydroxi de/ oxi de cat al yst by
grafti ng met al al koxi des, such as titani um al koxi de,
on as st eam or h y o
Ao oPbpe] oS! B iSPR B8 PramuBtdicR e o 1000°C 1o
aieeeomp&e@ﬁecsau[s&o&@ﬂaloﬂa@; her method for preparing
metal oxide or oxyhydroxide catal ysts includes
[001021eposulﬂnd¢g Rroessh t capflitipnge siansedteafieatim and dispropertioeatoh in a

f rent el enent son ort . f
alabTiedbatit b hEY ERhuR RPN R B RBR S raomBat gt
dﬁﬂf@ﬁ'@t@sﬁl ke réa%hbﬁ ﬁ‘l@dlmﬁt alcr@XéglesThd @R 02usddn @ the catalyst
process conditions, transesterification and

d%%‘ﬁ?"@ﬁ%‘l‘t disenssechnabayea leaghing t and rrodvngtordepesitonmyalso  occur
an%bl{)%] hﬁlﬁ@o@&étlﬁ)na&mhﬂ nCOW"BﬁQ 4 ﬁ{!ﬁe? rlie 531{1‘& ah.%sy 1llot cause

ary car ate react i'on mediram i ner ases
tpeomarkeus elanfage tohe cablgbty she cetiet | mathl @onghosentskaching out of

bove, | eachi and olyner deposi tion, al so occur
ef?m&eaﬁ%ﬁ@%mq ihelet Fratiden eanclimaidorois i PeEMBRE} damage to

4RPASHAIYLN JQEIoROLorRRER D REVIRNEN hdaRRE:Fidtion or at low

catal yst, the active netal conponent |eaching out of
fcenmnug‘emsog% akkat atyjsansl dum:},é rcartmmetes o catalystdddactvasionossmostly

resul.t t .danmm the catal yst.. At 10 .
sBhreryt SR S fes e TRas sl S EPP RS gt s Mpatalyst into
|tRVréaefiee Redainh O offler alidsity, thé Yhusdnst shr@bdnt catalyst deactivation
car bonates, catal yst deacti ‘vation i s nost| y caused by

mnégroalmea@wncwnélélpnw mheteldpachingal yst conponent s froma
eaction.

l'id al
l0010%7!8r s, ATHE VitrebCiReqilP o RBR R RR et pobileft, dffogjgon on the

st ehyst adnlsed el faSter EAMEbt de@btdvation. W%B*mdr&i@pbﬁltn@l is primarily the
[OO As the transesterjfication convers

iTAgyl s es1 proll i reagiapnssaftalion vl qnﬁéh%ra{ aarygltat@a@g@otemlaﬂy
e[}(a%g raIr%yrlglr tﬁ?):lpghyesu?lte {naﬁ@% s r e }ggftleg%)g%h%h& feed and

reactrons o
qirkd/dcedr B aﬂdbsdie@r yildeaeercbomt s r(uan‘d: ppteiidsil | yTherefore, to
trace anpunt

ol y_hydr ox ar o t | Cc
i GoptiRyQuskysProduce ‘?)‘E’é?{’éll ck eaa%rﬁ@ﬂibp and mnf]) ﬁlﬁaﬂgga}fl’@}fte such
Sds‘éﬁetﬁﬁ%ﬁfﬂoﬁﬁ‘@ ok glrﬂétﬂﬂtcﬁr%ﬂﬁﬁt intthe §9esen-5@%"fﬁét%f(fgenédﬁs catalysts,

cont i nuously produce di phenyl” carbonate from phenol
an dnay beé abdayiedc‘ar mhhmseqat@imsi hdeastiition$chussdr o athe (Or polymer

deparipln ol (BTt 4 RaBHRE Olatiss Bot HRgET. Components
dRAGhéY ddo@ﬁﬁmclﬁuga%@ r&sdd b{ onBOllMEBIondERRRI thfentration of
and (2) ssolution / |eaching of active netal

cmlaatycscarbmﬁmn enbeth ipdhg aaiplyéie perstion gangrey mentioned above, and
vrlao ng?ﬁygg 3% cg%% ath oslucltlg ?19 b(gl?(ﬂgs%asll Offe §?g Ilﬁ{glﬁlcc:ﬁrdean tL%Echlng is
Z@ideesseds vireatdiapes w@dvevemoartd of soluble organometalhc compound, as
described above.

[00104] Immobilizing (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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via catal yst reactivation, such as disclosed in the

'672 gubllcatlon Leachlng i s addressed via addin
WOPpRA828fount of sol ubl e organonetal | i c conpoBR§US 0;.09/032309

descri bed above. [00104] Imobilizing (e.g., grafting,

t et heri ng, adsorption etc.) organonetallic conpounds

PQ rbonace ter
By uBSTRE! oPURR VS, Bl BPFRRREE 48T Y e meas
dn@lh&eyMg;aIaan@L@ aethi, phersl v My, P CamMd,eW, SHE PhSH ete. In
single reaction zone ste or mJltIE e reaction zone
p

Siedpys epbadipeats, din 41h@<16¢s@, alohsinatlkpxidess Pt ins oxides, alkyl tin
d I I

S5 3LEBECOUIS| UARSHEL B, ALY B LSRR e s

and v\célll ehe muetab . oEmlhrphé& o[f(R@QlM@]a aﬁd ahfetdl nelkest® Mydroxide

Ac, Ti a, C, M, W Sn,
Sﬁzog&x(ogﬁé] Of gt of e%%?d.oefﬁﬂkgxﬁ?ﬁ And| Mg dydroxide are

Eihé‘lﬁdledt Whefl QX h‘@r%ult) kalort\fl%lé?fférgenc‘r 2al[7, lf>¥|4 J( L, 1,2 or 3, and
hydroxi des, dial kyl tin dichloride,” alky

trt & 4rd ate. dndekcioil xtmbodinapts, theasgarmpmtalhs cmpmmidl masbe one

"ﬁyefﬁlzﬁ%gx. Eéa{l tk 0X| Sﬁf&é%ﬁ) &N%V%ﬁoﬂgqsa%lf tltfiﬂ%}g or titanium salt of a

mhieomae&omteal KRX3hohkH b@XiridRrstdod tHAE Iéigd alkWRIAES include
Mis a Goup IV, Vor VI elenent, n =2, 3 or 4, x =

@or_n_)megs YATIGUS Q;}g@mq:rs* oxa mm,tur&:,ofo\ran@us mnglgplezmdedlgomer specws

L, b
SRR e S ARIBY By AP Y e P o
tor tagylakide [Sde, fort exabipie, C&ddrdiaf @hmrhanJ 2 (8947 299-318; J. Chem.

nonoester. |t should be understood that netal
aﬁ%oﬁ%@@%ﬁﬂl ude nonomers, various oligoners, or a

[OOIOSJ'eXt ur Qéscﬁé‘{qﬁe‘x‘ém”@ﬂ%ﬁg agp&i tr%élgﬁma ?ﬁ)fcﬂa%sall the s}pecies of

ng on e catrbon ¢ I'n I'en ructure
tdm@dt)dndg\ramps Oflg(aﬁetal Kot i eﬁkem@te avhileotkthaien| Stﬁﬁ)ﬂdé @Ti(OEt)4]
exanp Coor di n. Rey., 2 (,1967) 299-318;

HOR n@é%y aggrmey 1@@9)11% sthencd oy beazenes sterigally hga,d@;eg titanium
aalllktf%dege%}la{ R AR G BE, alclre RondfRrié! i Bgﬁxngnp§(déocarbon

speci es’ of monomer and various ol i gomers. For ex
whlutiens.i Fartxampks, Hitwiwe isopropQkidy 49 badicved ® axis toptlpgs monomer
oi | |%n1%1‘ et hanol or benzene, sterically

tri .in
Hfr‘h%ﬁ@ét?ﬁl?%‘?ﬁ %Y koxi des, such as titanium

[00106]SOPT PHrl& %rtg%@dimlﬁ'w%noﬁs ReldodRSerdty Qll‘is‘éfb'éé@%rem may have
sol utions. For exanpl e, titaniumisopropoxide is

Isetfaesy bydropylegriosps, mbletyygraspsiomdmgh. i To arepaiel thagporous support,

o BSe B Mlmenanetl s B S A SHFEO U rmlybdenum

RXEHeQ ¥ Nd vaRAAURS oxRicKRAMY tRItRIRY, with akabim cbRtaBliBPSA& or more of
t he porous support, porous netal oxide supports, such

a0 al¢ahahiagraraatielearbonaie srrluas dimatkyl agptoppigedistybsarenate, etc.,
%@9 t arﬁge?%h%”h%é ‘%ﬁo ffg}ho%b%u{ [5REGE btk 0BoE i &R embodiments,

cont ng on
from 150°C to 350°C in other embodiments, in a vapor phase, liquid phase, or a

vapor-liquid system. The stream may contain water from 0 wt% to about 20 wt% in
some embodiments; from 0 wt% to about 10 wt% in other embodiments; and from
about 0.005 wt% to about 5 wt% in yet other embodiments. As water has little
solubility in DMC and DEC, the stream may contain appropriate amounts of methanol
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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tysed {0 misBateilgmablizad §0%9at%!|y§té> Bangyseusgd ag splyplerganometaliic
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speci es include sil ooxane or siloxane conp ounds$ of a
tqheasd toi asid anisacg|amnyshofeneryf thpmaaourmﬁem#etmlfe@dwbg reaction

and al k x1d may i ncl ude vari ous
O%Olnag tgin ?Solkf%alﬁ%ly%tlaf:goﬁérs may be found in the

[00109p DI i CW‘hbﬁ’ narrPihgBo@d@ispropbitionatiradf @¥kyl aryl carbonates to produce

diaryl carbonate and dialkyl 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.

25



Coordin. Chem Rev., 2 (1967) p.p. 299-318); J . Chem
Soc, 51955) 3977]. Che may choose to add a trace
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reacti on zone to obtain stable catalyst activity.
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al cohol,” an ether, a hydrocarbon, a m xture of
rwzmmmlmm sredmovarinahe aftolFor oxanzpled sccondingoto By Tenigol ¢¢ya|1 Appl
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MBeX pféphmt aby QGrafiifg @anilBt aopbiodidexhste thett sley®irg/calcination, the

supported catalyst having a strongly modified original silica surface resulting in a
catalyst different from those obtained by impregnation and co-precipitation.

[00113] 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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where the netal is one or nore fromGoups I, I,
IV, Vand VI of the Periodic Table, nay also be used
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[00118bodi Trent &rpeshefl smiedm rediak aexida gcasrlyeini eayasonged for the

b 05 5y T g L A Lt e
ssvide endlpds reRtiscludndnd somoabderherfls GOm Gréapsdilabouy, dhd VI of

wt % in ot her enbodi nents. Sel ectivity of the catalyst .
rths PBofitpF 2l SUBRPTIER 1o SERME t TBRiHEPPIARPE oF the’ niived oxides

g?lﬁgl ] §d1RMb 38 catal}Rt iﬁﬁ# &dntAXd 9% G2&R) MEhSntE6nD @I‘OLH)CH of the

at a tenperature trom about 800C to about 300
i Rerimdici Fabl¢ agrphkanfHaoide$ or actindsasi amca edppoitmeOptiamallpangtmay use a

m nutes to about 6 hours. [0011 Two types of m xe .
rfg{aamaéy(iaggn%?ra! fygfcglc?&%ra[gg .85 g%hqr\é\? optggsﬂsi.ca suppor)sc. dI‘he oxide
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V. and, Vl .of the Periodic Table supported on a
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[001 lﬂ sol i ActhRsRetdicanpoherith 3F thd BédndStypd @alystsWay also leach out
elements fromGoup Il of the o L
under transesterification reaction conditions, resulting in catalyst deactivation. In
fact, it has been found that silica supports may also leach out, only at a 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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support. Qptionally, one may use a quaternary ammonium
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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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abl e to undergo catal yst regeneration and reactivation
many tines, resulting in long catal yst service tines.
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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 cycle time. It is

understood that the soluble metal component leaching out of the solid catalyst in the
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i cABB% KRGS SR R Ryt olf, BRUBGH of varius

@nbsnhatelhe catal yst surface conditioning is
necessary to i mmobilize titani um al koxide on silica
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ous y 2 Fes rRg acc VS hort TEe

tcbﬂi(poﬁﬂfd%t ini ﬁtutbl’ﬂ&‘auleh@éfaﬁlré Cffodl d0QeC ¢DIBTEY & 316°CG€BUOBF)Sm some
The | oss of an orlalna st activity to about

IeERbodimaants,  fram 194 °¢ {44 @étt@r% Tt OR) dn osheyj eapbagiments, for a
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our s-onstream Cc early I na ate
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:gé&fegloﬁqnﬁgygp%rg s?: Oilnlilbqluled ghatsle Vaemg(%Ei% ase, OoPR l‘ilqulc? 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

catalyst are alcohols (preferably methanol or ethanol), water, or a mixture thereof. If
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the two-step reactivation, it is now possible to

extend catal yst cycle Iength and carry out cat all%/
WORER0Pat i on nultiple tines for the conti nuof§T/US2009/032309

production of various organic carbonates. [00122]

Depolynerization of a deactivated catal yst may be
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an

anol janol . When water is used in the

[00124je|00| YO magtdl@nuset Heomaiitein tiedepblyniehizitie. MUSERI SolvB)ts may
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tipelder benzgra,tbhyenc iwlewan gnifep kexane, aivtang. dsane fetrahydrofuran,
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meyiod| efo fipse aboubl Meminiigs t toe 4@eb@llny mandez agthbient Psesbwke or a
ben%ene t ol uene

] .
SR SR, G oRa iR B R P ectve 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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ether, etc. or any m xtures of such solvents. The

concentration of solvent in a depolynerization m xture
WO/ 102836e from O wt % to about 90 wt % [ 00125PCT/US2009/032309
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column reactors, where a solid catalyst or two different solid catalysts are placed.

L
O

-

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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prol onged cycle tine. As an exanple, transesterif
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WOZR¥ 10 once-t hrough, fixed bed reactor w t RCA35e09432309
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[0013%) mag]Fﬂ regaEer| Basplubleapt Ve anelaheQRRqught Bhthssbottom stream of the

art s 9&{6‘8% C?@r%lﬁ %Bhﬂ MdtBial’ ﬁl@cﬁe'a%;‘ Wik BHRO%( s@&anPFrom DPC

concentration in a reactor
erécfdvaamolsmneam bs trestad [With het watemnge niixbme abstetm2thd water to

mtoaouth m ependlgnthe nmount .of . ..

R dieaine 0 BRPhor 87 XH 1 PsBPIch Pelbfifpium containing
[BRR thﬁollﬁhitﬁnlhﬁvﬁ?ﬂem itdte i t1CRRESLY PhalOls separated from liquid
ecoriom cal |y favorab fo recover Ti fromthe reactor
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30 R34 2 X0ato 5 0°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, etc. Examples of the liquid
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reused by reacting wth organic carbonate or a m xture
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WOREHH8ERf ure. The recovered organonetal | i c coRp&HIEAHF2309
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S T g R et 8 P o MRSl S, which
GAdyabY Sherbfed Rtk 368 Mtrhdsphéigc bieksifres Wi selected embodiments, processes
disclosed herein may be useful for producing diphenyl carbonate by performing
transesterification of diethyl carbonate with phenol followed 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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reactors in series for the transesterification. The

third distillation columm reactor may contain a solid
WORHP403¢ or alternatively may not contain a $6[{l§$2009/032309
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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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oxi de supported on a silica support. In general, there
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reactor Slagﬁiéa&@xr Yi&h@Serfes SRGRE SbcoBASdakbRR nfRRBE up ‘é@ﬁfe%r@t reactor
primaril e EPC di sproportionation to DPC and
occurs. L arware aeucacqpresq of the p eno |n

é&@ seref farward ngad):of t he phenol

t he st t he t._ reaction Zon

e o (G ROR bC R iplo SR e & s e f G pd second
zone pri @actich RiHleqeidi@s tvhﬁl S8 PRy RAGhd ©RpaeRéactor for rotation
Al ternatjvely, renoval of phenol in the heavy effl uent

st ream oPCtPRRN feryise andeaialyH nenlasrancih{repetiveépBy ed unt | |
after (gj BRhL Ql%r *éa&nz?cttllvﬁ '}bac‘#&pﬁxng' O {lﬁsem%%lgle reactors out of

concentrati henol 1n that sfream
cat al yst selmcs &‘r\khcc eatdgﬁsrﬁadtivetlmtaa hycdssany,tandibiring 3l spudeyreactor

deact i va . Ther e ferent. o ons
onat ] mabgeseifi s FRks Afade pad besrgns is@lub g afvice to replace

service {h@rre&g&qwlogpopger@wrmtl c carbonates and
catal yst reactivation: (1) cyclic rotation of all the

[00138]eact dn smi altemmtjve ptacass, owdeeactdrs éu serieyi arensakas/theeirst reaction
time with the o react or com.n t .of service for,
aane ¢ Seclsien /R brd SAECE e ARGPIGE PRl DeSGem Beine e
ffrasiRadtbr hRAMd YRLARY reftd! MRk sbﬁliélné Q‘BIV h QveSpdrid of time, say
first reactor in the series of nultiple reactors

(eivery. 600Adufs; this ratatomtrepeats asrpany gries ay nesessend ; These i spare

gkt soR e SdUohd! RS AR Ui fyn® Frtlion is possible due to the

SEaNio8 &f aicé BRol@s bf hadetnétal CorifRINGStd 88 fir&tSeddi6r in the series.
second reactor noves up as the first reactor (reverse

dIE¢ gnrduphenos Bythe seean fr@%ﬂw dust:reqopipn zpge fre gemeyes! by distillation,
d

St TR, R9HPS Bhi b ARG T o grodce

dPRC einr eh«:tsemrﬁd) rresicdioat izoie. be{liveren agertwioc e;vay@dcarrylng out the

cat al yst. repl acenent / reactivation; (3) bring the
Idé?i%?f}/é%?‘?a\?@nr eactor in a series of the multiple

react Qi S LWk Rt rﬁ@tﬁM& CfisirObtidiaBoft & Mripinel SR el Haldn®d of solid

as necessary, and bring a spare reactor
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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(wherein the catal yst already had been reactivated)

into service to replace the reactor taken out of
WOBIN0ES6 1 In an alternative process, two reBETAIS3009/432309

series are used as the first reaction zone. The

sequence of the two reactors are periodically

alter d . bet ween bein he. first. reactor and the .
secon § 2%&?%?“8?@ él?e%%oég \ﬁ‘ec ﬁﬁar.og)gytlogaté?ry égnp‘ﬁgﬂ'“@@l iy catalytic
tinme, sadisaligiion RA&0r hothe Sbsdek D aofilli BRLYsE Qﬁ‘@ﬁl%r@%% no spare
many tinmes as necessary. There is no spar€ reactor for
t he” secoffdctoeadiicqstiye palublpnnetak spseiesfin tiresteeinoeomisg from the
possi bl e e the ition of trage ampunts of
active ng?%il r%%ﬁ%gunzgggt tgélslﬁe i r'st ﬁ?%g%etn(??usi nCqiggst for the
seri es. DEfropodiopbgsoteactiont he stream fromthe first

eaction zone are renoved by distillation, and then

[0013§]he r dbiS W pteadr bainihe catalicetistillatipn column, wherein a solid catalyst
) . h ‘0 othe s

o SEREChORPAPA, Blr e Seck B PEOHME Zoi s dsPishRF i R cop
diapseopon of diwatolomn (phgndlretdvery secsion)redrhedprimarily to distill off
di sgrlogthonati on is tg{g{jfor med_in E‘Q% presence of solid
PREATly8thy fogming eactiptymixie: fEpm Jhc fird geackipmzgrg end the bottom
iaft debdict | 1o I [ far e
e P Lo TP Ao bRRLRa R B PMPES In an
cdemiaise precesuldesignea thenclateabysly codeni andt & omatalytic distillation

descri bed earlier, ( In the cond net hpd, the .
GBI BB PRI Flo pRpreAo0Rh soma iitpenczion may oceur n
dhé bbitdratseibn’ 8RBHA! kdtoldte RRRAMC A Odtatdd 38b¥ed depending on the
catal yst. and there is no spare reactor. The active
senemsliation: o4 phepelcine thej imcemings faed asiteemmianghenobmeqolvery may be

fj cld. .on. 0 e s .cat al yst. .
S SR A
uhel estalytioddistiifitioh hdhaad ak Ydviethedd Stapdd stdag albdkWiith DEC. The
wherejn a solid catalyst i s either present or absent,
feafalitice %@i‘aﬁw r R o?f)rzswerqurtwag IfhaBas Lk apsEafed rmder a
tsﬁﬂatﬁl%kéheﬁ% tds@iteOf the colum (phenol recovery
section) serves primarily to distill off phenol in the
[00140]nc omiHigure daie tai sivaplified fiow diageam tilestfating b pressd fop nhez GstRinuous
hal f section serves pllri marily to

d the b t .
3)@?%?13? o ﬁ’%&?ﬁ@ thremeatalyiic distiligsion golupms acperdyg to embodiments

Qii&%’s@@tﬂe\’&n.pr?%_séatg?tﬁé Qﬁ‘still%ti&:i‘ec%ﬁhnﬁseﬁp\é&‘ié’s GHUNE the first

and a catalytic distillation colum are separated into

troastion lzann for twinsdstanificatsanel BESpwitip pherobto pmduccERE and ethanol
t.he bottom secti gn, of enol recovery. col unm. As

3 TR BT B IO Ao LOH GO OBt emet as the
isBcdnldgeddfion FbRdfot ARPropoliRMRioRo PRPO 8 pfoRGQVEPY ABDHE

del ayed until after disproportionation, although sone

[0014Hf phdedtrringpoydo Stgurp peaipotéssifor thh eratartényof BPC from DEC and
\%h%xit;'ci)l {flé%ggd%?ge%oo lerlfl Odifen SVS{SQ[%S‘G RaRR issltl{u(s?t?épecf | CPand 2 are
catalytic distillation columns for performing transesterification; C3 is an ethanol
recovery column; C4 is a DEC recovery column (phenetole purge column); C5 is a
catalytic distillation column for disproportionation and phenol recovery; C6 is an EPC
recovery column; and C7 is a DPC recovery column

[00142] The columns C1 and C2 are a series of catalytic distillation columns, wherein
structured packing devices are placed in reaction zone R1 and R2, respectively. The

specially structured packing devices contain solid catalyst. Phenol and DEC
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catal ytic distillation colum for disproportionation
be operated under a subat nospheric pressure.
‘VOFUéi WBPFigure 1 is a sinplified flow di agr aRfT/US2009/032309
illustrating a process for the continuous production
of DPCwith three catalytic distillation col ums
accordin odi s di scl gsed herejn. Two .
SEREISRY Bl ABRRF 4t P sty it dRraliced 8 iy iprfhe upper

fsbdtioh dJfeaelytenlitiRboh 06lulind TIealdard, fabsd theRa@fytidE action zones
wi th phenol” to produce EPC and ethanol in the ‘presence

&1 ?alds%?r i dhe aold spgo of B to phenal lytthcc freshsPEC aaifeash phenol feed

SR T Y SR Ratgy LT FERTHRLOFEE fh fhogepin e i
r&fidd zoRaf R ranagu)mwtemflawwmbuea tPecRsEs abohit 11e to about

gr ogucti on o C from DEC and phenol according to
o RIRE SmBpUEIEasE HOREHRONh -4 t9 FbaRs(l; Aireefhersmbadéments; and

Hotn SR %bgﬁtslt“rl%o%rgﬁb nfsOr perform ng

transesteri | cation I's an et nol recovery col umm;
[00143¢4 i s AasﬂEﬂer@gMﬂe}talﬁ@ldﬂm@oﬁﬁmwakal1ﬁtr@dlrcg@ t6 @ W )ri the top

G5 s at.al |cdst|IIat ncolurmfor
a?@ap&g 6flt Yia Ao 14ne nHommenpie. faich@pipm-egntpiging solipeatalyst in
[‘%@a%ﬁéfﬁ bdnes Qilué'ﬁa R@rhdso%ldnscoﬁta%ﬁ%5%891‘5%_rt“1taﬁﬁ#1%mnpound such as

42] The col ums a series o
da(CHtt(QPlYi (whkteakiiorD, clol rhor 4hher ditanismr &ad:us urfechrbonic acid

PRGBS S SRR ot ST Saor Ry BliEaipay v
GRS ﬁ)Othé @op:@it @k Yidt- caﬁmmlstﬁrmoﬁ)%@ﬂm RhétbNa1f g8 solvent

streans 4, resgéectlve y, are i ntroduced to a

forate |0ﬁtaimé sqlpmrr canebe PEE, ofmixad aplptios oG prdiphensl, a mixed
é?ﬂuﬂoxa @E@ﬁ %anglb 4 rEnx d%ﬁlﬁi‘af)x If‘ﬂDEr(? e%an%? a%(anp%enol for

e |’a 00 phendl
fek@aple DEC and fresh phenol feed strearrs may be
approximately 1:2. The nole ratios of DEC to phenol in
[00144lhe oAl Bovre st u@ncaz@m@sswumnm beheantsolied saele that the

%8Hécn&#o of ﬁta?ﬁmfl fn? 'Eﬂeaiki) '&%ad'& f‘)(? g%ou%a}y_ls:% érlls itl.{nenﬁrst column

roma OUt

Q¢deeor 1§ffbﬂ£ﬁbﬁ6&ﬂ1($pprﬁ el abau 0@ ppiatacivd metal &fitanitml1fod tHerexample
yet ot her enbodi nents. [ 00143] AI§8IUb
GP‘iijﬁbF@P%?l}% lstedol a@aew@lsa?aé%gr by dtisieht mngome; gragodiments;

ffﬂ)rﬁ BSouk 9B ppRClo HBuCdo ,i% g gslleiﬁ%lﬁ% 'ofhré{s et%bocﬁﬁfen@xmﬁ&n about

or a titaniumcontainin catal yst in reaction
B0rpps &l aband7(Rhym by salight iiroyuet@drﬁr aimbiodigneats ol ubl e

oousd ST SiE e Ty (R Gl Cnere
3fl CIRRORAE &) &n BHEH RERINRENndd E8RiM MR Y 8. This overhead

carbonates, or m xtures of these, may be introduced to
tstrearh apayo s henfain sninemambynts of diyspriotets isoeh esldiathy! ether and

e.solvent for.t sol ut i

sepadiofis it 8 HEPim Sponet eyl Eher Sl fBtde may
R réthb Rl &f o@ﬁ@a@% fnal9. Bfhagolthaxesk %@b%rb@ RiaQf side drawn
DEC, et hanol, and enol f or
from column C3 via ﬂow line 10. The bottom stream 11 may recycle DEC from
column C3 to catalytic distillation column reactors C1 and C2 via flow lines 12 and
13, respectively.

[00146] Column C1 may be operated such that the temperature of the catalytic reaction
zone 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 C1 may be within the range from about 2
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exanpl e. [00144] The flow rate of the catalyst

sol ution may be controlled such that the concentration
WOg@ZPON102¥Ai umin the |iquid stream above the c&F&Up309/032309

the first colum reactor is fromabout 20 ppmto about

100 ppm active netal (ti tani um for the exanple

75 Bisbie BHPOLL 2 Tk e e ot T D eiise aBo B SP e bottom

aheath 78R ﬁ{@ fhrse GHRAI G dlbﬁ‘llaﬁfoh%f)hﬁﬁp@ij 'Irﬂﬁ'ﬂeslntr@d'ﬁéeé f(Ptm: top of

about 30 ppmto about 70 ppm by weight i'n yet ot
entobiicriesitistion couns] COrdithemdy bapperated seeinthata m@enature in the

A0St el BRI A . o

BREF towubblemd Bt dndans eamnalrﬁacy OB edtbd Bl AO6veREAH Prs@t in the
by- products such as_ di et h%d et her and car bon di oxi de
Bhol

angealroma seb-aimnsnberiss gbR bar(®tnsig), & mbputadd barr KD psig).

?Iﬂféhgify g1 kﬁ%cflgrﬁo(\fﬁ%c e QY HL0e @C’ gﬂé)arm ? %Q%t??duced to the
tthanol” may be recovere Vi‘a 2 s

CBluntiraC T hed\CR iviefld linddvea dott4tpmespedtivaln. 11 may recycle

ﬁEC fromcolum C3 to catalytic distillation columm
[00147]cact dhe eomeenitatiop of EPE| Bigrqasesemoymeadepyn Ftages in the catalytic

u%%msﬁﬁsqﬂ ¥&huHms [@P&é@]cz@ Qe dlggrxp&%oﬁ%n%@ﬁpé%h%»c and

e tenperature of e cata C reaction zone
DEC nctdre in anlpenrf reauhoab@ﬂ:tanﬂlam’ Gh¢ coadentrbtidil 6DOPCahmwteases as

3200F_t o ,about 41Q00F The oV head essure col um
el The SR SEEa A Eoth if OB OIS BeACioR oo i6 St § DEC
Q&&L&Erﬁomt4a%exle%§€ (@RRBlerdd 1n70\R§héltdtv% SPQHmOR6. Column

psig). The ttomstream 7 fromthe first catalytlc
di4dspy Ibatomnateddircuma tejnpﬁlawrb of ifnoty it 437 W ota dhwut 3P4 6T (about

SRR e tpouf 0N o o i Beore 3HR ARoTRYL P ehout 4 psia) to
Bt 1.9baZ QalSoUER %)lsnSirB@n rangay eroi’ﬁtr@bﬁHéH tl;ﬁéiﬁeﬁo‘l Qecovery

about 216° C (about 3250F to about 42(1‘)F) and th
@@hmmC?’rﬁysqper%EEé?tw r&xen%lrth@we%hbﬁaw sicam sl @fhpw theyPEC and

| (0 psig), to
ggw naz[y ?Bgie“ aot I'ona %/lj(g%l | fractions of
[00148’]eCyC|’131levefHeﬁ& Qtr@.ﬁﬁ: 53 fr@@n&&ﬁﬁn@ hﬁ&raI@J(‘:(ﬁdalh@E@ end small
colum 4 and C2 via flow |ines 4a _and

raeweetqf\pélpwolpomw] Frkcthyiobert vide ﬂ@ﬁv %ﬁea@t? from column C4

éﬁq%{ | ?| a?%, %gry%?unnw a%%%%kgﬁézg%ﬂhﬁﬁdp of phenetole in the

dyspmoportionation of EPC to DPC and DEC occurs in
colum reactors C _ and C2, the concentration of DPC

[00149]cr e dBBatiomssstigam) 17 fie@ Boume4 coBiaASipmegsRgous catalyst species
Spb i Sy 2Rl T 0 TSP
spbsi&iamlﬂﬁhe @gl savtioAf nigtillgom pe}uatneGSf rGotumn C5 may be used to

o a&lggrgpo%mrfw{tgrp otb %&% 1.31%5 r(r%a}tl oop%ggeﬂ y %grﬁ;l% 5611 erogeneous
catalyst in reaction zone R3.

[00150] 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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260°F to about 4000F) at an overhead pressure from
about 0.3 bar (about 4 psia) to about 1.5 bar (about
WOZ90949233% . Stream 16 may be introduced to et hBR$US2009/032309

recovery colum C3 to separate DEC and phenol that nay

be in stream 16, where the DEC and phenol nmay be

recycled via lines 11, 12, 13 to C and C2. [00148]
(00158 o g misthoad Ve stierh ﬁ@#%%ﬁ%&l%%&@dd@m% may be

%CQHQOSJMdmsa@@%Hsc@fviaogt‘?&‘?ﬁsot@’mﬁ’l'quy?éspeﬁﬂfgl . C5 bottoms

olum 4 nﬁ& be

et hanol . A.S|de QraMIstrean118 fromcolu
gtreain 328 (whitle pattaine DRE, gecenveetwd ERG,npheingl, iphetrioledhgavies and

of etole in t syste 0014 Bott o stream.1l7
RO A e or 0 YR Rl B oot g B (B bigh may be
GpEafed dtr0 a8 Srdeh 2806k (R°CERL b 2 3oCeaibodt/ 3383 to about
be introduced at a suitable position in the top

$&&%) end anderi ibiatmesnheric eeissires D5the CangenforTsbaw0.9% bar (about
?24??%%23? ﬁ@&ft%fs'? i %é)ﬁﬁ@gr tionation of EPC, and may

y coitain-a erogeneous catalyst in

[00152393_Ct IBPC €OREnRS6 bt SfearEs 1§ ehtiucébto @Y DPE recovery column
esi gned and operated to serve two purposes: renpve

SHdaaecover BPEas sidezdraygtreave 2¢ 0 Tpe B GctecoR eolamnt(hkis operated

o0 R I S OSSRl ST A 26 o o
epmbaice dvigo EPGadohirhe (toomgieiad Gtisami3aand tecydlehad calomn C5 via

zone R3 tenperature is in the range from about 165°C
{i§edbout 2100C (about 33C0F to about 4100F), and the

olu | r u
001 TR L LT Ay 5
\caabyst siay damreddefedosn difposednifadesired) ViR dtadiymh eatalysts are used
B Soicld Lo col e O and © v SLrca 2O
¢PROBHNOr PRGix O 6P TUBIE:; Ank Bihoxp iatim AIERELBh&es) for recycle,

heavi €s and soluble Ti catalyst) from C5’is introduced ~
tas diERGssed corliery Asobumispsal wieitldd, srgarh @8ogser et sant 4o aditanium

teoperature f about 168° about 213°.C (.about

S5 PR 4 DRORS™ SRR B DO e el Pt ecovery and
RuesissidStrains, Wigich aRg®ithinOiie a{‘i’l@uilec?e Q3 thete dfal@mbryOsidll in the
psia) to about 0.55 bar (8 psia). [00152] EPC Col um

@8- bottonms stream 25 is introduced to the DPC recovery

olum, C7 to recover .DPC as side-draw str
oo1sfioc T gl eboruimr e orsitnyer if abiadioniR Supg i pre and
(PEQ maydpddfored ifl thelordsepsd af a s6hbedglast iattheeamlztc dayillation
be conbined with EPC col um C6 overhead stream 23 and
cebya) €8. Selid sptalystsds G may, iheweyer, dpastiyaig fastgshan solid catalysts

& ﬁl%vsgg(yndc%ka;fquuﬁgtgpa%o}l R éf,aipi%ra&‘aq;l @i’léﬁir@ 9.

heavi'es an
[00155] As discussed above, where C5 includes a solid catalyst, various options may

be used to cycle the distillation column reactors so as to maintain sufficient catalytic
activity for the process. Sufficient valves and piping, not illustrated, may be provided
to allow for the cycling of the reactors, and is within the skill of those in the art.
[00156] Figure 2 is an alternative process flow diagram, where like numerals represent
like parts. There are a similar number of catalytic distillation columns to perform
transesterification and disproportionation, and columns for the material separations as

in Figure 1. However, a fraction of overhead stream 19 from catalytic distillation
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catal yst may be recovered or disposed. |If desired,

where titaniumcatal ysts are used and fed to the
WORBREOBSS for exanpl e, one may recover titani EmMIAS2009/032309

soluble Ti catalyst (Ti(CEt)4 or a mxture of Ti(OEt)4

and et hoxy titaniumethyl carbonates) for recycle, as

cussed earlier. osal nethod, stream 28
CoRHE RSN b bl Tatn i PERYRESNPTY OPEBS A arine HheRecycle
Qﬂ@hﬁ@@@ﬁﬁ& tRRGIL KR aHeHBAR %?etﬂda el ﬁ& H%tpiﬁﬁgésmef y

and purification trains, which are wt
[00157<]nOV\A dugeeod itlhsssuesofinadhati admrlyatsfkl procésa fldve ﬁhéme according to

%ﬁggb%ﬁ\% d("eﬁ'?g %ﬁj%llﬁ%ﬁ’Eﬁén gﬁ%aaﬁ%\égn?a gge like numerals

ﬁ@;‘il%&rnffﬁﬁe ipBrtd. NEhP FiH %%Eftl‘éfdlﬁllﬁtﬁbﬁ @ol‘&ﬁ{naél/%t opetattd$h more or
catalytic distillation colum C5. Solid catalysts In

dESSrﬁa}lﬂaI‘r@el@v@ to thgeuevipymeases digeres 1 haad 230/Hagvever, the operation

5348 K b AN S5 B2 S BLOHEALL R0 S o o

aipemd wwﬁffereﬁﬁfaslﬁ@hyﬂem ewohd @sés’it @blysin C¥ afayMéSoperated at a
options may be used to cycle the distillation colum

regher JPRPYBtuES and AV ARTRSSYLE fhapi RsYiodsicasept | Ehe recycle DEC
[ f [ e

S o1 OTES B LR S EDnaDgy g or e

tfresh dYiEC istrgarnf4 triag alwabé datsnduasttitd thevibdttoim of belugd CR. Due to

of those in,the art 56 ure S an i

RPel RRet Dbt Godietitpie AIUaRRSF AP Trere HoTiRES sirea dccontains

NERrBEENt Chi kR rIRBA trearhN B RoRtafis %h%hé"fbiea%nﬁﬂgt%ﬁﬁeroéomponents
catalytic distillation colunms to perform

tStegame b4 andyf be antrashicedh o @pkiprmody whereaCi dmttomsdstream 17 is the

col u for the material separations as in Figure 1.
I-Qg'\m%ﬂl?puﬁgefsﬁrg%?‘i on of overhead stream 19 from

[00158]at al YE)dn“enfé'l}Sbhlle' BPC%§9Iw%}eﬁéemnb%rdd%cmpte&o@@&é< produced
to DEC recovery colum C4 via line 30. Recycle via
|a|cmzfd®@ tﬁaaynhqduserm Hisolosgdl kdreiar nkhei igh-purityodPE€gnay be produced

hen [00157 ure3|II strat
e P feRion SPE A Sber Rse SIh a5 e ape-diethyl
%ﬂ’m@dmmm% dins sdras @ehbodingdnds, the mdly’&rdetd@talﬁleg Uhpwity, att@r than
., Where like_nunerals represent like parts. The i rst

d)&@mlym the gpefied PRC yadech iyxantigne;in ap gmoyntaep torpbeph @S ppm by
S [ I t V,

A O e e e

(Iaiahd)wttlﬂcppﬁh by N\Ieigiitl m'ace ahalyses@? impdritidsen DT preover yecording

col um t ed di fferent fashions from, )

3P srbpteeidaibe %ﬁ‘ l‘iﬁ’éf'ythﬁ %swlﬁ't @&ﬁ%\ﬁl’gf phigiRed is much

EREAAIHES: BRE: fhal BIBT LOBEFIICHHAAORABH | RS RE Jaboratory

The recycl e DEC str 13 is i1 ntroduced into

lsbemipalsof the colum C2. Optionally a part. of the

resh ream 4 may al so be introduced to the
[OOIS%OHO%@EI% C2. Due to operation at higher
[0016ﬁc]e”pe'f\ﬁ¥tH the éf%gh@ﬂ"%f E%@é‘éxﬁé‘ﬁtel H2rAREL QT Beatibh $&idRs of DEC

ontains | ess ead 'stream 14 cont ai ns
phriénphanob wesmperfprotedan upelhge heiling. point reactor. Therefore, vapor and

liquid phases coexists in the catalytic reaction zone. The dimension of the fixed bed

reactor was 1.3 cm (1/2 inch) diameter by 6.5 cm (25 inches) long. The reactor had
separately controlled top and bottom heating zones. The fixed bed reactor was

mounted vertically. The volume of solid catalysts was 25 ml.
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Stream 14 may be introduced to colum C4, where 4
bottons stream 17 is the phenetol e purge stream

WOROWBI6 Ext renel y pure DPC may be prepared fPEMUSEYEE32309

DPC products produced according to enbodi nents
di scl osed herein. The high-purity DPC may be produced

0016ﬁly t| onal st.al |l j zati on using hydrocarbon- et her

| 4 ur UNPAYRYE eﬁgfﬁhé di et hyl ether nixtures.

0 one t [ [

(001630 SNBRARRRYS! tréﬁé@st éﬁtlgﬁgﬁg%?lggﬁg B wefe g{gne ed in the

than phenol, 1 n the pur| 'S Xan
i presgncea o uhnmcnggntmlsabtamunﬁ) Bkeyide atalyst ghyt usifhpea phieredl 50 ml

i f C b . h
s p R ¢ o Bt Bl B ou PSRl Ak PECLphenol
Qhixtu¥®Ws di&)Sln' TaRPE, PIHRUHERINACHEY fiiﬁrﬁ&sécplneﬂpeﬁ'b%%scontrol

di scl osed herein indicate that the purity of the
GRACHOR sempesatiiee MARerglesiormingrihe macmﬂcthdwattocr}axp Was removed from

OB BB AR AR T B SRRt SRR i an

Exqeeioh mERturd , Ti desultsatsigsicadtiong aad lishdd ineeld nns of DEC
wi th phenol were performed in up-flow boiling point
reactor _Therefore, vaporl@iled |iquid phases coexists

Temperatuyey
°C (CP)f i

tPressee gl Dutaio rleaEatadyst zoheCatalies i RERSH dn Bhendhe | Selectivity
Jélarfmig)r eactr |was Tip8 cnJ (Arh@untne hPh@HaneC@rvelsjon | of EPC
6.3 cm (25 |i nches)| | ong. The| r e@uat or | hadblsepanmbki %) | and DPC
control l'ed jtop ang bottom hept ip@gq)zohegana'he fixed bef (mole %)

174 (345% €4Char(29Rs fmynted YRidibgal | y.475he yolise di sglsyd 62.97

catjal ysts s 25 ni t@lg;n L] Conparatjve Experimsnt 1

Lnl

r esenc

174(345%.”‘;*19‘7]*125;' TentyS "gfémugd” et '7iT AT d”' =55 1524

wer e pe

aaneaou flt:\m r\:\f :\I vet hy gl

horo atalys g8
174 (345§ti r?t‘gc&gg m %\Utoclg\f@“}‘@actor“%fhe a&-%?cl aveg\rﬂa%3 20.45

fillled with about [35EHIOXie a| DEC/ phehol i xtiure, as

174 (345yi veR.Si@2)abl e21. |Théiteniwmc| ave 48as | mEkdsed i n0dA oi 91.2

batlh to control reacthwoxitlenperaturel After |performn

174 (345) he p&a@s) gn, 4he lauThaliame Was 42enoyec2.35 om oi B.Skath|  95.01

and quenched w th |celLeityatier! No di phenyl etlher was

ObServed in any reaction mxture. The results of the
reactions are listed in Table 1. Table 1 [00163] Wen

[00163]he TiwaendenTi adncerteations i ¢hef feed sslotiots wae 4vef7 @pﬂﬂ 6y weight,

égm by.wei ght, the maximu henoé conversion .afte

%maxgnwam holSRAVPISIPT, RS 0RNT AJGUES TESHM tifeyifsabout 15%
& Ve°r 861 devdctivitd ;Sa%QO 3 Bk 84 V8 Wbc ERfpped WREn %h\év}@&tlon time

ere tlon time hours, the conversion o
pzb%rfdhoumsthd aswetstarnfhenal veasdesis dlozni Sfiot the welsctbatytveas, better, but
bs!fllh 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 wt% DEC and 26.7 wt% Phenol (2.19 mole ratio of DEC/PhOH)

having various amounts of homogeneous catalyst of Ti(OEt);x(OPh)y (x = ~2) were
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still poor (63 nole % . Wen the catal yst

concentration was reduced to 42 ppm Ti by V\BI% t he
WO281988235¢i t y was much i nproved, but conversi oR FA$2009/032309

poor. [00164] Conparative Experinment 2 [00165] The

obj ective of this experinent was to obtain

erl H’!c% dat a of a]o gmlqegous_ cat al st as._ a
rpé‘ %Eﬁ%%if P Ve feactign equgiginsdrom 0 to 768
&féﬁﬁr(ﬂi ﬁﬂ:afrparﬁi”éh@tg fr@ﬁm%@tbsl@k@%‘égrs%rs?e% THR'&n ratlons of
no solid catalyst in the reactor space
didp thecfe@chm@ttymtrangcdtﬂmn 58 potnoo ANQpperPi lyy weighe as tlnawn Flgure

8 R S B e R g S B e

hisredde Meblee. cat al yst of Ti (OEt) 4-x(OPh)x (x = ~2)
wer epassed t hrough the reactor up-flow under various
reaction condit i od@blerdplmangesterifgatingur s on st r eam and
t hen| f riagmerpeream (h362 haid 5331384 1 326 hd26-1362
concehtedaflowe rate @hl/hin)i |n Che| f ed m xt@re ranged from
59 ppmto 709 ppm Ti by weight, as shown Figure 4. The
flowrate was 0.5 m/mn for nost of run tine. The

[00166]i st ofhaspl fncthe cpmpositedransesterificatien piodudtawas distillgdbffend then

rans rifi Et hangl in.t
OB B 1 AL BT B msdatte 102 15 by ieing DEC 1o
@tdpatn dedoh& nrdas@te@ﬁ&aa&d gebds O Thl uédonaheaxmrﬁhﬁhbﬁr%&is had
ratio to 19 by addi ng DEC to prepare second
@P&lﬁs%%wrﬁfﬁl’éétaubew 330%emgn pheretele @d @bout 300 ppm DPC by weight,

tog(a)eg/?ﬁ%& 0 %%émﬁ%wrg Q)tf (}ﬁi %grr?g@g’bo%g%%%&%t %omeB@Etg & in the second
wengpsterifioatiavieedsge listeién Malde 8ry of t he hom)genous

cat al yst concentrations 'it e second
transesterification feedd@P€3isted in Table 3. Table

Time gn Styearn th) | K8n¥p4 |n&34e9 0B Or] Gd6 ) H26-1098 |SI008r1d 94 | 1194-1266

Ti ppme by wieigher i 183t i on WAs ber i % med f ABM 768 t 300264 220

hours on streamtine. The phenol conversion in Figure
4 for this time period is the overall c¢onversion

[0016'ﬂhr oudsingbthrser foed apigtupsde ther raudk ranseteafigation was gwifegped from
T8 3000 S D LSSy L 1 B ime

]5Iaﬁoai arihe oodrall benveesiart troyphdmsiui s andadsd framtahﬁckttioﬁ. 9

to about 5.5 bar (about 27 psig to ahout 65 sig). Al

[00168]0act | a0 o %rrﬁafé@ndamperﬁa%?s et B‘Pﬁg 16 fﬁ%’c (345°F to
[
42 Qatoeabwaﬁ tSolrar lattctud B tpsigpterabbutr 6353 png 0A89padtibes wehecarried out

é 1301 1%%31%?5515 at’th%rnef(l)r% td{]eereragt?(g:rlt IVV%Q pg]rfX It'rrlilerde a3 2 mixed phase
system (vapor and liquid). The temperatures in Figure 4 are reactor bottom
temperatures.

[00169] 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 to
address the line plugging problems. When the concentration of Ti was 59 ppm, the
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ppm Ti, there were adverse effects of the catal yst on

t he conversion of phenol. The cause of this adverse
WOgPgeEsSPs not conpl etely understood, but nayPE&USHYW/032309

effect of two ethoxy groups on Ti catal yst. Al so, when

the Ti concentration in a feed was hi gher than about

r%glgl %ﬁ}ree feﬁe ?}e?ﬂ R il)]lléerr]xg \%95'6(?% ﬁ Bl emsﬁrll (fatrpg low activation

(mbﬁgyycﬁttran?;&&frﬁfc@ﬁ&i ofDEY Wltﬁ’&)hérﬂﬂ | 'Iﬁ@ hfghle!i,teﬂhei’l\@isconversmn for
installed to address the line en

tthe fiesh Hrassester{icgipnovasabopitl. Sgﬂqipa‘v Wit e3t3é rppm at a1r294°c (400°F)
geqt 5 OBt S0 pgﬁgfvacﬂ%\/eﬁl hap pgef'n%?d%nverslon for the second

icating |0 tion e ergy

ttrammtf&atuﬁn was atwut 0f.5ile Wb bl BREBR0°FT gl DD BALEY psig) with
\[/J&ggnol onversion for the first transest erl fication

PRBb Gt CHECHTHONe e GPerimant ghiniugeesit loxsa eenvengon for liquid
PhélscheaetRAI(4 G BRI B barl(160 BN .BBGRE] conversion

for the second transest about 14.5 nole
[00170,}) at IBPOAmEsI0F) and 2.9 bar (27 pSI g) with 188 ppm
entration. The experinment al so suggests | ower
[0017lclonver eoRDIeEtives; fLithis perersEmeah cvere nio( demoststed () ghe in sinu

lffi‘é ataHR _I‘g%::ringi)&e ofqﬁarﬁmgfﬁﬁﬂmd[e o A T L ﬁﬁ% %é support, (2)

71] ] ectives I'S experinment wer
d@hnugle et eat{l g3t redutivations iahd (P thp peddintmct of b ﬂuﬁlqﬂxa@é fixed bed

“ti% . hgé?an%%)&(% C&ﬁ@? ﬂll bgﬁ%h%%t r@&{@,{ o ?%ﬁ in figcpatalytic

(r&)cﬂbﬁ@oxﬂﬁﬁzﬁ@ér%@@ﬁ B8bilidg WileatiSRixhirged bed reactor
for the transester|¥| catron. The dual phase of vapor

[00172dnd | i4§uiddg phgtahelac siliad gell @©8 rmeshb wap tzateé witdsa ssdahdgdroxide

SPfigh S-3% e 35D lvitiad i afing 42 ke tqiorertod 7 mimutes with
saidgnachmtbisntielgp éiQﬂuH:t | PRe £1ﬁca5%& WRAGQkhshBd, TRS:t Wih WBidekater and

at about 420Ctenperature mnutes wWith stirring
dperayyish dwt V\taéqm@bcatt $OC), Theesoe tra:egenoumOf/mimad on the silica.

f ter and .t he wat er. o
Al ERL LML £ o Gk B ML ToRD ol LR R Sboec for 2
SiolitsCéhder” hﬁrol‘gen? plitge N O Her @ addedillicil ¢ol Gapr@el habs3 gpﬂnada 8y weight.
1250C for 2 hours and then at 3000C for 2 hours .under

piliey el Terpod hadyths; followinge propapisst 29 hanf/@ BET, 1.052

el support had
Qﬂm@ﬂ?ﬂ P ol o i AL S il | *ED e g
[00173]or e \25lilvef thedirikG.gariuldt silvear & Sufite(ablo@nes %9 was loaded in the

[00173] 25 m of the dried granular sili caog port
CeAsHUL /b Hanim palutpdel seluiion g Prepateddy. diss 1{1&87 Lgn@f titanium

b Al ﬂPS(gpllnFHh to‘i\@e?lg 05[?19 "f’l'i%x%rmél ?)El@é ¥6lﬁ%@xfa9p19£ed ina

titani um n-but oxi rie ene
tresesvoin A ftebciranatohg the ltitdriiam nAIalﬁonldarsethm tlrough the reactor up-

RERE Pyt g kSt ptoile, AT BULeKdey
ﬁg";;(g g§3t52ﬁfm%r1ﬁ‘&§dﬁ1% JfAbodtS STHaU6S Dsigh."ehs ERGNIRTonWASS 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
cc/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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168°C (335°F) at a pressure of about 5.5 bar (65
psSi 9& The circul ation was continued at 168°C 3‘335°F)
WORBYIA256 hour s and then the reactor was cool e§CTASEWP/032309

drai ni ng excess solution fromthe reactor, the
supported catal yst was washed with dry tol uene up-flow
ur.s. IThe washed . cat st was

4 [mn f 1. . | k
0 3 ! Gl DRSS AL S o v
(pepfothedin thepreseR@UsSthe T ?itﬁ-Sx%B%ﬂeH gglid @at_ﬁflygtuihpar fg?@&f 54 boiling

titani um nbutoxi de catal yst grafted on silica g
rOaMUFastors Ypmdrturogf PEE gndpheanol (25r Wneds phetiol andif4.65h wifo DEC;

' ]...1st cle Transesterif U
S Wl BRSBTS BT AR SNk e v
He8POr BBSPH)N2 MhBarpespsigeam at RE) D mBMWWIICNSHEfte. This test
sol i talﬁt in a fixed bed boiling point reactor. A

dc bea.
rﬁoszftl}llﬁsg dhe BrEeyels P gresrsterifizatiogyang tie speits lareitlustratedi i Figure

% ; j: 4 P

th e o FatalystiealiRgd il a0 12105 BR3EE8n of phenol at
(aB8GI0H) houds dn btagan(. 2Aftpsatgut 8O ng’s oﬁ sredn milrﬂd,T'ltHe da{wydst lost most

flow rat.e. This test constituted the 1st cycle of
N a6 Tt deeBipsd rtene asstbiested fea L #tirerstivaticapsfRllows.
i gur : re e i )
(00173, 9 45D Colihfst ToeaRli¥itlont €188 1}t BKLIHER BEMIPHSEY gwo steps;
satbstndepiflymerizaiont/ B8ffabo vorslithonisg aedmedepositiont bf active titanium

T s Lt e R AL
frolub e300l MO pflowSdt aadiddtehpEared aM@thdNthe tHRene was drained

catal yst reactivation conprises two steps; catalyst
depo tianeactont 0dA g titwivhaodutonds weodissgvedih 2 liters of an ethanol

SRR 5 G500 S TR 0GR LA

Wb hulbiofl a8 (habseld URMdR K B0rebttdr 82.2 Infwn ikt upTBWeaRt1 68°C (335°F) and
tenperature and then the toluene was drained fromthe
rldakar {160 gsigd foy 13.3 herism Altprudinies cygess Hianisn pakytipn fom the

] sqQf | b L Xl -
SRSl SO0 PE PRI SRS P comin
wdisogeaspeflow Hon4y imities. r Aaditaniunah-bAtoXidd datutionufd3f [gotivanium n-
t 1680C (335°F) and 12 Dar 0 ig) for 13.5 hours.
Retatdeinag ﬁ?%to ok et F?%?té#%yaﬁgj} 8 retatesrAt Nemi/min ip-flow
I " ? o o o .
SERR Bl EBCTAN S i s OB S )7 0500 v
fombhews. After ceolingnexcesnrobikiodevasalrained froltBs repctor. The catalyst

o SO RO, L5 Gead b P B The SR St s
tdeiepedtalésre {335°R0 300t @Sman@ditkdiRed @k dh8o& €332 Murs. The

and 10.7 bar (140 psig) for 4 hours. After cooling,
asactiyaied eatalyplotasiised dr apesend fraesesteriBcativacyele.as foltow.

at al yst hed with .4 mn tol uepe up-flow for .
1001761757, 85 95o TreiSreti ity 40, R B R g péfiimed in

(FRBiCH) mhiheB @O 16(CEyIeN The FeROR s UABHIHER fih BYgUr®'5. 2The reactivated

hours. The reactivated catal yst was used in a second

catghsktdiderqt oeEafm g g@9@ lag iy gher it [cygle, and the catalyst died only after

about 40 hours on stream. A 2nd catalyst reactivation was then performed as follow.
[00177] 2nd Catalyst reactivation: After draining material from the reactor, the catalyst

in the reactor was washed with dried toluene at 10 ml/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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[00176] 2nd Cycle Transesterification: The
transesterification was perforned in identical nanner
WOB0944255eycl e. The result is illustrated in FPGLAE2I/032309
The reactivated catal yst did not performas good as in
the 1st cycl e and the catalyst died only after about
am A 2nd. cat al acti

AR e T el PO 7R SR et Dt ethiiol and 1100

rrelaotuenawa@ Passéd tRugllthai rBadier ABtEkhi/alin [ip I i€ 68°C (335°F) and
reactor, the catalyst in the reactor was washed wt

deitaa (19 Rﬁéﬁefohﬂz 10howrsy mﬁerw}iamm\/@m@ssmbltl@ntfrom the reactor the

r a e
ORI AT
wasflaly ifed] aburl 63°tﬁa1(13615ﬁ-5ﬁ1tokidemolutmg€(m3fggﬁlta’iluﬁﬁ@butomde in 2

¢c/mn u flowfor 1 hour. A solution prepared by
fht%”’ ﬁalus o We\%tcgfmla@got%fﬁugét 8§ isRCtah aP 1200l/min t"é’l’ﬂ@ﬁ et room

Aagpassactr 0l 6y K CII G1SATIO AR T8 oo

Apbursr  Aftai pdalipgexxeess titapliwr i sohution omast dreined dcdmrthe tduetor. The

et as; F2066 b 7 mAre alidRe spINDRY b3 BoRBu Thoywashed

tchiaBRt WAl AribAhOX6FHE S95UY)iiRN00 b3Mmid Hitrdé 2R gdup-flow for 2 hours.
n-butoxide in 2 liters toluene) was circulated through

tTHPé reastivated catelyswad theupeduip-afthudverele pbthatragsgsteridicatien reaction
gérpl ﬁ)va nutes and then at 168°C (335°F) and 10.7 bar
(a (8 psig) for 6 hours. After cooling, excess titanium

[00178J0! ut i3ed @RGe ATRIMEREErTcaid: NEhe eRGdsedterifiifion atvab yﬁérformed in
was washed with 4 m/mn toluene up-flow for 1.5

hdsmtisal mprnepde f étdCY@!-ﬁ alheresplids dhustatedtin Fagre 5S¢ 3BBOmRpctivated
cgtaggp 8&?&&1 d aI 1P gse {}IGQZ%W ng k %V\ﬁ sft %gcl% hi I%Pe refthel{:g; eth? catalyst

rea use

tdlimietfreaabﬁweﬂabﬁrsmtsmmnreactl on as foll ow [00178]
d Cycle Transesterification: The transesterification
[0017%3 pelieotaseidvated Fefakyst bafherisasier was sebiected dpetworpere catalyst

gga?:g'v&tl nS uhéielfruﬁfrﬁlgf %gnéhﬂf)ﬁ a%ldr § tw-[)h o?ee %Bée\é?e%gqité(%ns, with

orned as we e cata
&Mﬁil:ﬁ reN&tse r Afted thesSth legele aifai’a}‘lSéStejlfﬁldtlél’f teactioy) tlie &@alyst was

hour s n stream [ 00179]. The act ed cat aI
SHBeRERia otk %@Erﬁa@EY iony &5 follgWrihe he qrx(of Isyst reactivations

'ERA eVl kP RnUPE&LrBLdbdigy. condi tion and then two nore

transesterifications, with simlar results. After the
[0018(Ht h c\3ed €atflyst rRuastbettion fAfiet draming avtt albtis, mhteeial in the reactor

gé‘%al ﬁt vx?a subjected to a 5th catal yst reactivatio
ST oM. Srercachitapsssierificaton. s cataly g therspgtomwas washed with
td‘?i%d 361@61&(91(5“1/&11% WHEAGK P afhbRe) @ pdrA ARk ISEdjar and then excess

al yst Reactivation. After draining out al
rmluemq whs {ninted drane dest wactbrf Thy eatai[ystomtm d:aetpc Iwas drled at 157°C

SRR e 2 g0 B RO AP L B s
nRIRBR Sl Hvatet, F00Inhabdnodmst hmrmpe@ms 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 cc/min nitrogen up-flow for 1 hour. A titaniuﬁ 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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tol uene was drained fromthe reactor. The catalyst in

the reactor was dried at 157°C (315°F) in nitro
WORP0EESSec/ min up-flow for 1 hour. A soluti onPEF'&Eé‘?"g@””S’

by mxing 8 mMm water, 500 m ethanol and 1100 ni

toI uene was passed though the reactor at 2.2 mM/mn

t 315 a 7 bar 5. psj f.or
Jir lélﬁ?sﬁ 3‘% ereagPL ﬂFh%gcagg}@gé’%as s%arst}%‘fg’ﬁt%f4 g‘mninﬂe“ﬂuene up-
rfﬁa@ @ 1.5 thdrsc alied Wadhedastallyst s @1&1ea4h9°1§3<(c8 Fﬁr) hﬁnfftﬁf cc/min
anbi ent pressure in 200 cc/mn nitrogen up-tlow Tor

HotiPgen/gas BpARW on hibRexi de sol ution (135 g t| t ani um

o018y, 0+ e Bt R, W R RbIEo FRLEHR BifEntil®n. e

fpetfoRflaritenuife sthandeddiiontedt chbalyst (Wab5 sihilandio/. heband cycle
for 6 hours., After cooling, the excess
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shed, | ugn ow far, .l
IOOIS%EShe iiige: g:ll}f/&t ?eam\)at Ern? e‘gﬁer dr_aL goleat(egil,smdgj: rﬁ:aﬁ[o:g d?ftover from
ahé A cyulé nagssstegidisativy, [tBavchtalysR il el @actbd Vb8 Mash&® with dried
reactivated catal yst was the subject to the 4th

PR ek K} munupdipw thampient tsmparidereder { heur and then the excess
GRERd Wal & rfeﬂtf?drﬂ $he Iyléﬁcc‘to?esu«% @ﬁtal Qt 1'i1hcﬁ‘e ﬁé&gto?ms 1ed at157°C

transest er| I cati on.
531$°(F@11821]tr0%h g@&ta&lZﬁ&tCC/ﬁaﬁo.tpl-ﬂmlfonl h@ilt erA eklslatldm pg:pared by
mat er i in th or Ieigqerfrrlomthe 4t h cycl e

{piX %ﬂéwa%qr Bfethaioh O} tolyene pyas passed Hotgh e reactor
washesh ik Ripdidve dt 1537‘°Qe(3@5“¥) ahl 27 b QS%lé)lfQiNl@tl hours. After

anbi ent tenperature for 1 hour and then the excess
tdshinimgecxness splutiomeftomr thenredntony dlaec casalystTives datchlayéﬂ%Ch (300°F)

L BRELRE PSS i 2l R e S ThrL Bran bR oA, Baum n-

yatdRidd @@luﬁoﬂiﬂ(lw fitanR@R Wbutekidanial 2 aners1&hns) was circulated
tol uene was passed though the reactor at 2.2 m/m

abmpgh.awearfeaqw @5 (r@lirsqpap oy ap rm%mm%urs@@%() iputes and then
g%é%’(@@ﬁ? %E;lgt%r ga[r@%ﬁg) dﬁ}( %Eg% 68?%% 8%55? ?odutlon was

alrhined froprtés seacer. IThQ Qfxabyst msl’lwalsﬂed egthd midintih eoluérer upkflow for

ho A titani um nbutoxi de sol uti titani .
:ﬂb%% dehei \Na&%eﬁi .%ﬁéf@t P8t dEpd pt %é@’é@? Lﬁ%dpé&ot %?raulgwtrogen

té&?u EI(%E'thF 28ouds® The fEh&ivaRdl do QAgrg?twarsQH L& @ragf;ﬂgg:?cle of the

m nutes and then at 157° 315°F) an
(tﬁmsqsmrgbcaﬁm 6 Tho uresformabncer of dbt i catplyst xwes simdérute adnd cycle

PR AT O
[00183Shed; ¢ abalye Reé(@ﬁfaﬁi(gd @H’Le‘?tdra}ﬁiﬁg ekt 3 ﬁF )n ﬂh@ réffbr, the catalyst

cc/mn nitrogen gas up-low for 27 hours.
ripaibei wacted ‘eant ataghed weith tlRemlivsieddiied aolﬁclln: mpeﬂlce?vcﬁt ambient

satargare f bbin £2) VB exris (PP T AL REREL b tarpagtor The
TaRlysefittht résztd?ChasdiRdmt 12496 @I5%F)3n nitrogen gas 250 ce/min up-flow
for 1 hour. Water was passed through the reactor at 0.3 ml/min down-flow at 152-
154°C (305-310°F) and ambient pressure for 6 hours. The steam treated catalyst in
the reactor was dried with 100 cc/min nitrogen gas down-flow for 1 hour 20 minutes
at 146-149°C (295-300°F). A titanium n-butoxide solution (135 g titanium n-
butoxide in 1600 ml toluene) was circulated through the reactor at 15 ml/min up-flow

at room temperature for 20 minutes and then at 127°C (260°F) and 3.1 bar (30 psig)
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[00183] 5th Catal yst Reactivation: After draining
material fromthe reactor, the catalyst in the reactor
WORAW/\WEShed with 10 m/min dried tol uene up-f PEWUER009/032309
anbi ent tenperature for 1 hour and then excess tol uene
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aBkyweeagt.or. The catal yst was washed with 4 m/mn
toluene up-flow for 1.5 hours. The washed catal yst was
[00185ri ed The a We@pelzlseﬂts}iemngw ey itinpassibleogapacgaate deactivated
t 4 S
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transesterification é@ performed in_ identical manner
feciest log fha continpeusisediction ef Momage FaPeERAYTS Fi gure 5.
he r gd catalyst performed as well as in the

[001861 %}p&{ﬁ{%{ter estingly, the catalyst deactivated at
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Fi %olrf ?tkta rbtuthQdeé Iiftd: thEQURY Seant. heflﬁade%!:tfﬁsatted catalyst
eng hort to practice

cycle

freahodl egyiei maﬂseatgﬁimmmnc]ﬁmermtﬂoms fagaint babjected to a 7th

conti nuous production o nati c car. 0186 .
Bﬁ Frarivasop b Tl er b AR B G, e é%?ﬁ{@ra. e prayst in
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attai nabl e by ding a trace anount 2 ppm Ti

vied hhoyr zm‘d thers @Xc@m olugine owrybmn fmm haireaetar- b'ﬂteo;amw in the

S8 S LA T SR R LA YRR .

atRED s@ldﬁbrﬁ‘@f ehtdrQ4awt’¥d) i &:‘tlﬁn&iBWaﬁ @a@%ﬂ \tlarou g tk&Sreactor at 1.4
follows. After drai mir;l% material in the reactor,

aalfrainydawi-Howié 158%e (D0 Tinand s bient RipssHre1for @ hcmrﬁa e catalyst
% ’cl'*?éj réagjtoll'e\pgs Hﬁeci lvﬁﬁ{t ??0 Q:m&nﬁltrgg gﬁsatd?&fﬁ- fc]r 1 hour 25
our al fied fromthe

then excess tol uene was
rnﬁﬁﬁﬁe@ rat [BAeCc@tiat)st A nitdnhemr edotoaidevasduiibn €67.4tg titanium n-

1240C (255°F).in 250 cc/mn_nitr n gas up-flow for
Roioradesn ORah brhe) Bs BPSS%QEPHQ%WQ@;&OW% SR vp-Fow
W8oin RARS& St R YO m I s" £AGEG a2 72C4260°F) under 3.4 bar (35 psig)

for 6 hours. 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 follows.

[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
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m/mn down-flow at 1540C (3100F) and anbi ent pressure

for 6 hours. The catalyst in the reactor was dried

WORPPR0ITH cc/ min nitrogen gas down-flow for 1PREHS2498/032309
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asse r.eact or at Jmn up-flow
RBATBER i R Ao S it e e T s Pxperifhint A mied foed
(s8RRRR)ofUnIBIWid,HRAG1 4ndB00E1 §) of DECE3PAURSle HMd 8f DEC/PhOH)
coollnggyexcess solution was drained fromthe reactor.

™S used forytbe fige $9hdetns dnvatnematoliomedl iy 1261 83ewmeYaghehidloand 74.17

(Vgtg/b%)'%% !'(‘%523%012 I} 1c\>N%§ %@g@gb g rt th\ggrsemda%{ﬁ%d f tt}f:l'lg’uno until shut
hiownsat 7A9ehdu@a6h Isttézhﬁd Tehiahy atbut@dds wal &dnde® it &he/ bRemixed
t sterification cycle as foll ows 00188] The 7t

tﬁ@ﬁ@’g@ﬁﬁeﬁ iselatipas TRectead gaies watierd- 2 mlanin fox the dustrdg3 dours on
s’h@&ﬁ tERD O mi/A&fn IQR)'E} 153 Ry 4(YYeh&H?£ bn gfreatn'l taﬁl@'tﬁéwo 2 ml/min to the

-butoxide into t eed streans under varil ous
reedcotf non cBimdirade anslyschvad thié produarsamples thkenat varisis\warseream time

158 54t02) g RS SREeios Dl HBEROYS: YHPRDIL o 49 howrs 31

thpnpfgtWT%uY@SI lfbﬁﬁldf f zﬁr59§ hSudsi S'isbpr'i_igﬁ atﬂq‘l‘f ﬁo&}@ and 31 ppm Ti
ream fol |l owed by . w % phenol and .

BEC74(92 hogrsyro(Tder msuI@ fo tlmE@kPemntf or lltustraneé nmu ﬁtwre & The

rg ergf?lr %n&tﬁ(}t 0.k 1§1ére\?\§mwe6? élhe eéxp}?%ﬁ%rtlzreorﬁg 1Bg %%dboﬁom of the
%ﬁd h&'dl f’El%jteﬁ?bté&ur@ Réadinph et feasp bethe TatdBisebdd \Zere usually 1.5-

n for the first 353 hours on streamtine

oS T danes Ehaflotha GraRLPIT peseigpeise on he ethanol
'Uoﬁ%nﬂah&’n if18pe %?U ot 5t&hm Tltﬁﬁlcta{ﬁ%%a@}%a}/ﬁﬁ St Uthdrld® at the top
n reamtime

uct sanples en at” variou
IsladldrﬂtfexitaZysl bpinLdwenteadr bfﬂueﬁt teﬁh@etamres'l' at the tap0&f the catalyst

helrs bgcarse y‘?ﬁ”‘ P e Sbanh &av%entrsﬂ r@dg]ﬁﬁérpgaivégwsre higher than
h@Bhs 13n¢t 341 Pﬁ’éﬁe@le Jbas 'the r&tecfﬁlBﬁe Tﬁ SHdducOf THAI Shenetole

experinment is illustrated in Figure 6
tselepvigt based ox pha! ivas Ksgthae 063 meledot he t enper at ur e

(0018915100 45 s BeiHg S, Tt W oo Gah s Shaeitiany g dp entire run
WRAE (LRI, iu&ESsailgfe&im%sﬁ)mﬁg)%E tﬁehwﬂalyhecyma@ﬁgh could be

bot t om t enpér at ur e endi ng on
coteoded fratn less than 8A émprsciédé@ lsmrse@nponerhﬂ @hﬂanm@luble 42 ppm Ti

\k/;)é,porl 49@*} ge &Qanol at the top section of catalyst

el ® 8{18 EPY 1 uent tenperatures at the top of

[00194]he catiR| My P afitRGEANT WAL drfaB3Rl 8t iht chBf @ledAOAnd was mostly
concentrati ons in the product "were higher than about

yelowt goanulehe matho semoasatalyiss grmlylesj edagle tbype in color.  Titanium

by- produgct . henet ol e_s based on p

R8s S FORL bF i T bl Yer BRSO B Bhatysis of
Ghe tsp&t ecaniigst adicakdl /53 vileadl ionathie Oghtalidtl NThishwas a surprising
entire run tinme (749 hours), successfully
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[00191] 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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extended fromless than 80 hours to 749 hours or nore
addi ng sol uble 42 ppm Ti by weight into the feed
W0§999é1£i5ﬁ56[00190] The catalyst in the reactor R&§¥/US2009/032309
anal yzed at the end of the run, and was nostly yell ow
granules wi th sonme catal yst granules dark brown in
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etreated S| |Ca was |rSt r|e room

resepeinfar e cdapstdsoletbnawag Joted Wﬁh g tisaniern rls-baﬁ@dlde solution

then at hour. in ac dr
S wl ety ng ™ i RS, 0 o, onl, il cotast
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eca on was a titanium
nd thax théeznsﬁﬁul-.;tremw) bﬁp@sed/abyvadhaisugb-ﬁbwgwﬂm Solgene at ambient
' ' uene Thi s .cat al

titaniumn-b tOXI de
SOPORPERE e Tep el %é‘é&glgﬁmf{ﬂ bl ?‘Eﬂg A fiehergiie epos foluene

Frdnh ¥ FedltSr, Qhe @gtalgjsll Fh datd ﬁt’@&e@t (2@@‘13% %ﬂQ LHoﬁrsf i‘ﬂr35@occ/m1n
m nutes, and then at 135°C (275°F) and 3.4 bar

' ngenfgas up-flowur Ehe 1aultng cajdlystrvga,s ushé inex et sycle altaaise,%@rlﬁcatlon
soI |on was drained fromthe reactor and then the in
?Li %BFar ed catal yst was washed up-flow with tol uene

00198 STOECSc A AL K. ol | AT o e
vathoubmjecting sohiblel titeniumespedies ado e feadsiGapRande) bcnbmg reaction
rc‘:(o)Hcliiaorilsnof?’ ?&°&C(3ggd%) 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] 1st Catalyst Reactivation: After draining material from the reactor, the catalyst
in the reactor was washed with dried toluene 10 mi/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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nitrogen gas up-flow The resulting catalyst was used
in a 1st cycle transesterification as follows LPOlQS
e PCT
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T e AL R B s o e 1
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Sesterification were o
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npw feedinbabrtmatelys dbd foad iecdmss tirbid| vehem it awas biandpd wiithditanium

LR Y R R ——
cemht & Gedt Blu@sil thanCliR breRvus Sfe€d isbiutidhd. ONTIAY atalyst activity
Idleclzlijnsezi rfaz:.lstt %vqth 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.

[00200] 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 ml
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in Figure 7. Asimlar result to the 1st cycle
transesterificati on was obtai ned, but the catal yst
WORdO%IShed a steady catal yst activity for anPEXtUSAYEH32309
period of tinme. Trace analysis of a sanple taken 270
hours on streamindicated 47 ppm Ti by weight. After
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cat al yst activity. [00202] Experinent 6

impregnated with titanium n-butoxide solution prepared by dissolving 4.71 g titanium
n-butoxide in 80 ml 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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reactl ons in the second reactor in series or in sone

skagwatipe poihetdatalyss exsopered diost the raanten atdhagrd ebthgirys indicated
) Ao bR LS DE 15yl 0D ARRAIRN B84 i by
fwabght,t indicatmpatsiut 8% loskueft Bi dueamicieting into the product stream The
transesteri f| ation. ese feeds were used to perfor

age epaliessstieft 1 et P@cht ma@éﬂalfﬂneatt P0arfidindntdal %ﬁ%é@urs on
SRERE HRALat e, @?%H&"?ﬁ' ghﬂlt eyf\gelg é&wef?he 2nd or
ificati d’ co

3rd transester ositions are
[00204]i st e@hicrestdtbdfethis. exphementasisait Mmcfnstratted ahe maﬁmuous productlon

f d 185 C 65
DL el sogtonaien By it sokivh T Feditle Mt pdth 1858 edfalyst cycle

SRREGY B8Nhg laStrdck | Mffuhbed sbRbld BUESNFHundNg 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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conversion of phenol in Figure 8 is the overall phenol
conversion fromthe 1st transesterification throu

WO/ 19256t r ansest eri ficati on. There was no i nEFEAS ‘B’ﬁ/032309
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98648 7hashed of f 1594f or mi ng sol UlBl28 @Mgano it apH10m® 0.38-0.4
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1173em@zgh [ for the gg me reqw red {@s (3™e catal ¥3h-128 [0.74-0.78
reacti vati on. The conbi 'e@f’%ﬁ{sg&&ﬂﬁ’daﬁ;%n? EPC and DPC

YEsCls W aﬁm DT 034 HUARPHEd Fot IS ¢ st (9 82)

PNt '-th

conveErtea—pne aftt—oeP Hg—of—the—+uh

Table 4 [00205] Exper i rrent 7 [00206] The Obj ective of

[00203]hi S exPefilme@nt was to denpnstrate continuous
production of aromatic carbonates in a series of

[002061ul t i AThe obgatvo pSthis/experifennvagtot deanssiate cofiimaus prodaétion of
i henol. i n t.he Pre ence of t| t ani um et hoxi d

DEC with ({3‘
EERR ST D ORRIES e SHE AL FULINS E40198) DY BRGDE [igpsteitication

DRDECHRBPHERAN in RN BresdrRe OF atti@ﬁnﬁﬁrett}%)xu@(&%lii_ﬁﬂﬁno%ﬂlzed ona
and 7B. In Experiment 7A, inmobilization of

stlivexgeldwipporta silica gel support was performed prior

o performng transesterificat,i The .
100207)3, Lo T SR RIS oo FR s ek enfl e 1 Egperiment

74, iARYAHon l0T BXAR6%iABBh o Bilich Rl 2Rppbkt SRAPErfbindd Brior to

reactor was |loaded with 25 M the silica gel support,

aadompiagt wansseerdeationc atlihg nfe\ﬁéscqmaﬂmdr retiows @meunts of soluble

OB dohp e (PR A2 B8l BlphiRR BRI 27 mgoace in

shd teacdt alay Jbadedepiali 25 i mNtheaslicpded rsuppdrt, Yand BE ﬁdnsesterlﬁcatlon
silica gel spheres (1.7-4 mmdianeter). This silica

guas petippesc Wrbept grdting &1 tefrarciiopid egﬂ’“dbﬁ silica support.

[00208] Experiment 7A

[00209] The support used for in situ catalyst preparation was spherically shaped silica
gel spheres (1.7-4 mm diameter). This silica gel support had about 6 hydroxyl groups
per nm?, 392 m*/g BET, 0.633 cm’/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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per nn2, 392 nR/g BET, 0.633 cnB/g pore volune, 6.48

nm aver age pore dianeter, and about 0.58 g/m ABD.
WORAI940%ISP | ca gel support (25 m; 14 46g) was PO6EHASZP§32309

the reactor. A titanium ethoxide sol ution (45.25 ¢

titani um ethoxide in 800 m toluene) was circul ated
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t
o ;g s vyt Ll B i

distitting eByandi sfrorh| theg cetmpasitd roduets Heoms othpodist, e2nd and 3rd

r od fromthe 1st, .2nd, and 3rd

P irsBtifiss i A 185 SRl mislse BT htharesk foiole Ardpdrdgnd 4
t@hsdsRReifidMtbns 31 dF AT H Hrk afs ED6BT hid Gat 168sm Hh@N a mixed
973 hrs to 1064 hrs on streamtine, a m xed

fransesiefieation engt fisprogadicanten mestien ovaatmesarmedet 1 3HC (345°F)

SR8 REPATTAT Ba) F Iy 3] s P ednBide BB g for the

réretioe aak i18/1359%sDEEG, BSBWomlbﬁyIl&&%ﬂéjﬂ 28304 bhenetole, 0182%

ar bonate, 0.283% phen tole, 2% nown, 57.5
plﬂ@wm 7.598%, aﬁ%mb 3%@@% o4 noécﬁﬁjuf/enﬂp %enyl methyl
CabB! ?eﬁétﬁm Boghol .13 %IPE’% b%sféfe'mtreaﬁﬂrﬁma@g%at the major

resu icates t or reaction is
aid:aspom Fsodl‘spropratmmnonBLButtth@amh)edlg/sﬁ the dhtat A simpestattemeed for

SHEL S ECSRRE ! Yo DY BResRrorion 26 Fi88Y DR the 2nd

PaARS R84t dnk CRbreO ef o) D7 :
& %Ear l(%to s @g)e gﬁg&gfeg % /‘{ncpﬁwmsh) h44°b€r (B#3sfg) and 0.5

@dhn@m/lﬁathe } copcenfratigreincthe Seedirarging frmn4444 mmento 69 rp@ Ti by

;ng%i;{g % }Vﬁf ggt thlillld tragl 5Sg%§?fgﬁﬁlgseW§r%dpf§fgngec{ 8t 157405: (345°F),
2 PodraR7 (pdik) PAE )5 ailnia. withriHenTincoticédirdidg idifeed ranging from 45

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 ml/min with the Ti concentration in the feed
ranging from 51 ppm Ti to 73 ppm Ti by weight.
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ppm Ti to 75 ppm Ti by weight. The 3rd
transesterification was perforned at 174°C (3450F),
WO208/192856 (22 psig) and 0.5 m/nin with the Ti PCT/US2009/032309
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ppm Ti by wei ght. The 4th transesteri fi cati on was
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59 TRGBRHGIHE rgﬁ’Bunt of sol uble titani um conpound
[00213Flnto Hpefinert A [ Eﬁ%ﬂl PP213] Experinent 7B (Bl ank
ectiv

un) [00214] The o e of this experinent was an

[00214t t enﬁthetcxbjdctma‘)bf ihth&p’Ehrrﬁhkﬂus sieatiing® t6 lnhtrfb@ﬂfz@ﬂﬁ@ﬂéoxxde on
vvhlle erfor ngthetransesterlflcatlon Vari ou
PRert Sulg peeonmipethy waryeiyrification nptasinys gEts of soluble
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SRS B A
l@érDEQ'inpis p}gﬁnol Tee peebuhed iab 174‘1@1@45%)&&@ D.9Fbayu @@ pbl). The

00215] . Co Bl ank in Experinent 5 (Figure 7)
i) &h&sﬁrﬁgﬁ @% Ell gure 10) with the result (Figures
[00215A an‘to%ﬁ)anntgtﬂ% Bldnk if |]§@Er1ﬁ‘n€§tdS glfi uﬂep?%ﬂlExﬁ)bﬂglent 7B (Figure

titani um-al koxi de on silica gel po rio

36y withrthargsult élﬁge@s 8A amdc%)l, thes 1s©lmpacedn@r ﬁnnmhﬁatngvc&amum
ment ure 4) with Figures_.9A

ARG Mot &5 Spneheb it @ Pt HpdheyERncatiohs Coinparing

iRedpacdting Fx Ip@ﬂl‘ﬁbﬁlﬁ laankdr PR @8 By Mithofig®es YR! HdaB, itNEsuperiority

organonetal [ic conpound to the feed, over the prior

&f tth‘i’ J10x¢ls golid @aﬁalyyt drshoelegy.aadding [a0 0206 pmBuple of sehibleg active

ERRAEL AL Bt 3 PP g

[0021d]n th@xgaﬁ;@aﬁeg of soI id catalyst, but in the presence

of solu
[00217] 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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Ti catalytic conponents. The feeds for the
di sproportionation were prepared by distillin
WORPHANS6 DEC and a part of phenol fromthe CBEE%PQOQ/“B”
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. The experinental results indicate t
oneneed durinEPdspropodiosatiqar ad leoedmpuntadfiiabowtin3§ opdPGy weight.

h th I by - duct s. d d. durin
AEhTSD Erer Sa bt eledR areRo ® ands iR st A the by-
\Weodifdts. wik FREAYI.0 ahbier vonas 3Mtmdletrct atlisi BxRivhen® Meh®nstrates
anal ysis. The selectivity of all the béggpr oducts was

spenepduldy e ERY% dispepertiasationsto Tpducex PBEI amchtDEC according to

ully the EPC di sproportionation
%%?%@%@ﬂ@@ﬁ‘g?ﬁc according to enbodi nents
[00219]i scl @@eriﬂ,@ﬁ@ n. [00219] Experinment 9 [00220] This
xperiment denonstrates the purification of DPC. A

[0022(50 nmposlihi® apeinerodemonsitatesn thsr autificatianorof EROPEr i mntcosiposite
ST BB R Py AT R, o

on y usi I'rat )
@6t iapsibsthstial Pofionespteholobyraies labordtdryt disilthish iehliphiedfs. The
flask, had the follow n??éi;:)o osition: 0.024% EtOH,
aerpiangpneterial iy thy, dipftlfation) fask had 1thefollemagrromppsiting304024%

N T T e
Capaivd diffier 49.474%f D@ 288 0922%60€)viems Blyt perfedhing 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 analysis. 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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The conposition of this crude DPC was 0.535% unknowns,
2.112% phenol, 0.013 % phenyl ether, 0.030% EPC,
WOGRI%BEHS DPC, 0. 026% xant hone and 2. 73% heavi BST/UBA08/032309
crude DPC was re-crystallized in a mxture of 5w %
di et hyl ether in hexane five tinmes. The final DPC
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I's comonly produced by performng

[00223]r ans@sm‘tmdnrﬁemaﬂlsolnsédhdrha hveeyen oéfeo praaedsosttog eraimoimg dialkyl
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aayoiegludy sihicay @ﬁaélueﬁl @ﬁyhltwamtewaﬂ@o @;ShMQMrf’é, MCM 48,

Sy B OSSR ot

wm acdl oxidegriydroxidsus omsthgdicxlides ¢t ene ér aReO 0 the above
pe of sollgg catal yst includes mnet al [

i des, .
fifeat drdesi B PRFEFCIPRES. db TEHBIHY® HAPle Calsphastivity, a trace
aRRVf 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.

[00224] The transesterification may be performed in any physical devices, such as
traditional fixed bed reactors, catalytic 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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el enments deposited on a porous support. To maintain a
stable catal yst activity, a trace anount of a soluble
w@ 200al19255€ conponent is added to the feed strerem/UR009/032309
doi ng so, the catalyst cycle length can be extended to
be suitable for comercial reactor. [00224] The
tra ter| I cation erf d i n any. physical .
o PBL PR e Sl &5 PRatPise ey Bt ey e ivied out as
cat ﬁtrd‘ﬁtbp‘- fliastidd, | dhbRN th&k UBRS twBOkthiyD gprléﬁyleﬁe %lycol carbonate
reactors, divided wall distillation columns,

f Ingsxmediates o Adso e r@moe @Fﬁﬁruﬁmqntﬁﬁn&yfmalh@'geumsevf segroducts, such
SR ool oI SHRL R BR Y EQRUHF i opytene sl

dbys DEC.at Then tramdesterificaat May ber pé‘rﬁﬁﬁie&rllnf 4 GilgledReadfion zone or
%ﬂh carbonates with a primary al cohol, such as
e r%ﬁ‘?ﬁﬂﬂﬁﬁnol may be carried out as a two- step
act i p I
00228F2CL1 e TR RES, I SIS AL BAES Conimons
cpmtlmtm ABEC andrptopyenefglyoyt @r-praddattshy }Sd.ﬂﬁiﬂm&% transesterification

col ethyl ether i soners, produce
S ERRyTERs BrrboRets, PO A EE! 6 JReopretpobela Spid catalyet accordin 10
tEARGBSEAL T Hisdlosat heRidaY THE R&EQEHBt0bR g Sg@?ﬂrﬁed, may be
reaction zone or nmultiple reaction zone. ] 02
Flbegfmmec_l& a lchtalytic atistlatiors remplor flD b dt @ tapamesaturfel fomn about 149°C to

ot B G Py OO, FaBT i <O P P B abpu 1.4

metbdw 49 sI@rt@ rmb 3@1@) aa;réaaﬁ@tcﬁl the tBmBbRAROLS telcttdemixture. In
presence o solid catal yst according to enbodi nents

chdslétians &y Cﬁéb'élp rdistiifpsion rgpetess 81, thecproress, inglades two distillation
f
e 307 TBY A0 [ BB A s o o 2

1i49@kich &tlﬁlltatil?ﬂt flay &hOld)bata&)Oc’PEesﬂDpﬁ)@QI’eﬁé ddﬂﬁbﬁﬁte&eed 105 is
pressure fromabout 2 bar to about 11.4 bar (about

pRIPiResl WEB res¥Flg)straap dAdrRg ﬂ@rporrrbéne@o%%@. 10p dﬁl%ﬂOduCGd into the
r dit
(PRAAQRSIA Coruh) Y Mkl BEIANY hbdve the solid catalyst bed
dliegdtion|zane 84. col ums, 102 and 114. Catal ytic
t I t I 01 nc des .a reactjon, zone

[0022 LS ' I?Iu%l%gl& ?qr%@gfliﬁ ' wlrtatf‘a?féaﬁanﬂ T3 and  tights, such
E&IS?%%%?‘%%QIEESBP%%@%%&‘E?%??@SI%E RgRfth 103, of B/ Ehfration of
i laEG frdme lightentompanediss tGaluran il @fhowhwdn Stté)a]:n 408 eay be introduced

Aol B o I8 vebedtior 653 ap1 0 thaeit TuByLF e orep s vented

]tﬁFougH IiHext U, e Tk Iefuid@RHanolDieodeRed |fddh ldbum SMONinAStream 112 is
carbon dioxide, is 1ntroduced to DEC recovery colum

19ombinask withethe diesh sthasel &red pReamr B artdgthee(rombmed stream 104 is
n

SR A 8 GBS 7 S0 TRl P 101

%[tahilatpbsﬂtlloﬂ etbve trératioh zbiieo RIZgabasillMest edlutd D02y Botkd e stream

]039 The |iquid, ethangl recovered fromdrum 110 in
Sk éé)ﬁfaillszthp roduct, 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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conbined with the fresh ethanol feed stream 103 and
the conbined stream 104 is heated to produce ethanol
WO 2pono0issd roduced to catal yst distillation col pemusNag/032309
at suitable position below reaction zone RZ.
Distillation columm 102 bottons stream 109 contai ns

(O TRAFR o1 Pt Bomel RSPt a8l RpdS pSVeted from

B¢ hartusd eaeainl 314 b9 ralsttimau@@trﬁimhb@n}il €blunrAt | 14>Bottoms stream
col um 101, which contains prop ggsne chol prog)é ene

cldlﬁbéﬁ%éledﬁ@él‘@waéiﬂyfilmdléﬁl#é@malo m ARl Byoyghdinestld 7 end06. A
gjsorl!lo etop?)é s Rl arll% 'g‘gtfg:ed Ofn?m tﬁﬁdsyﬁeltnr% stream 118 to

ca alys are- |n e’secon

dirétdnt baild- Qploﬁh)éavmslﬂﬂlﬁstystemecover an over head stream
115 cont ai ni ngpr opyl ene glycol, |I-ethoxy- éli*é)r opanol ,

[00228) c. PA oA erveowt yafotoluhly dsganomeinlias camppwRd fihantroduced to the

e oD LA LB e 15, 1
cotrel eriboelielersts,i the @btalyst sodbitivmis fBd at hraeghicH thaethellighid reaction

and 106, A portion of botfons steam 116 nmay be purged
FIRERHTE idowipg  eawy j the sqaiag)am 1epEHIeT) ZPR vt COBS aufgsacef amount,

rs'{g?i}j,’%lf}é f%o?ré ta§1n g’r}‘?g%/ Zﬁg &fFoul 498 @m AntA% pt oPf oluble metallic

't c conpound is I ntroddcéd to
cangloptntcswth st Mg, &1a), dn, I |Aegor TOnawomds. cat al yt [ c
eactiQn zone t.hrou

(0022948 ot vaseductipnc b BnaiplSF egrbtinatsS, S TR oy ppefollowing

| dxguiiglefiigact i on m xture flow ng down the catal ytic
reaction zone RZ contains a trace anmount, typically
[00230) om FExpernmteot Hbout 100 ppm netal by wei ght of

ol ubl tallic _conmponent, such , Ca, Zn, La,. )
(002355, “orThe o RGO S CRPRIIDYY W do 3?’6‘21%%{%“%@6&1‘”18‘?%}{W°n of
I t f pElco :
gﬁ%lg}?l&@ E?rgbﬁa[té O\l‘éfglg é'tl?etngg rt?)i’r%%&fogtaoo%%@ Qbr(_)l_%yelene glycol in the

abpeots vEacblid m‘ml}sk pdhbe rseld catalyst i wfem;red; n aitie by hmmobilizing

transesteri.fi cati.on of. propyl ene carbonate with
HHARIHE oS hg EchEet EB%‘P%r opyl ene glycol in the

[00232f esenﬁf‘e Rhctdr $a5 'l(%d@@tv@{hyﬁ ml [e-S8kn alaﬁ@'{é}LMiSB sbl@erlcal silica

prepared in situ by immobilizing titanium ethoxid
aged ishppat. g&he swqaglmqf th¢ (szf] wFhé0.08a @ oThmm,llqao@li éupport had

nm di hers, cal
bt Bl o T BT ik T, D PR LS By Y infand 13.46
Tdth Sivérad garegﬁhm&'épp@f tltahﬁﬂl athoxide @ohulﬁdfl qAylg tﬂﬁﬁluﬂﬁethomde in
per nn2, 314 n2/g BET, 1.055 cm/& ?ore vol une and

183)04191 Hrieag vag @lr@e}a@d dipafhasy dirougn thetrgagtometet hapkimia at ambient
SEAHAR: 0030 ST 7288 s RS i o
Moum @tafaﬂmnanﬁ ethoxide on the silica gel support. After cooling, excess
solution was drained from the reactor 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. v
[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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tenperature for 30 mnutes and then at 135°C (275 OF)

and 3.4 bar

(35 psig) for
we@eiwosoxes on the silica gel
excess solution was drained fromthe reactor

suppor

t. After

6 hours to graft titanium

C OOPETIY$2009/032309
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C%'ﬁrlbcgﬁ dnaye E‘i H]é)d?lggg L}anff Qrring frangesgarl 1c }{ a cyclic carbonate
CRIRR %E‘Ef(ﬁ)tyle@ne cRiboNAERARNGRMD] ﬁ@ﬁh@'pﬁ‘&%n&a& s%ﬂdﬁﬁ'ill&ﬁlde catalyst
bywei The transesterification was perforned

1@80@1(1@31591;)& SdmandiaﬁupPQIASbypgd@)lgamdraOe Eanmwnmqf a Fhluble Ti

kbl Salou e S0 e R Gedton Y, BV A gt i o
£n 5132 @v¥ERIn hours

%treding tlay edtalge z&:ﬁlvﬁytde&'lhﬁe% xﬁjﬁxdl‘s_)EéIs_ SvidIrOP
are 95.7 and 94.3 nole % respectively. [00239
ri4%8nt HB [ 00240] The transesterification was

[0023§]erfor%%rimn{ pp presence of a solid catalyst. The

[00236]
propylene carbonate with ethanol to produce DEC and propylene glycol in the

The objective of this experiment is to demonstrate transesterification of

presence of a solid catalyst. The experiment consists of two parts; Comparative
Experiments 11A (non-invention) and 11B.

[00237]

[00238]

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

Comparative Experiment 11A
The transesterification was performed in the presence of a homogenous
mixture was 6.85.

The concentration of homogeneous catalyst was 57 ppm Mg by
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starting solid catal yst was MO supported on a silica

gel support. A magnesiumnitrate solution was prepared
whooditexsed vi ng 10. 098 g of Mg(NGB) 2. 6H20 i n 22p@BUS2009/032309

dei oni zed water by incipient inpregnation. Magnesium

nitrate was deposited on 30 mM ( 11.777 g) of the sane

HEIEEG n 2Bt AR R ey Bt Cad b B (245 psig

1&@@5' Rl/MAE URe Q¥ail fsOlluRRed AU igufol 3. 0RE R¥rage conversion of
cal cinations at 5100C for 2 hours to prepare g)

sHiopBicpe gadbanale | ik ehoyleP4.3 280lel % 10y avgiagoiseleblivty of DEC and
Sgrrogglgﬁe daré’§5 9%nd 843 HSIE 0BT s'\{y%% apd silica gel was

F eactor. ranses’t | on of

[0023P] opylgﬂ@rﬁmnbdngte w th et hanol was perforrred at the
various conditions listed in Table 6. Table 6 [00241]
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B L1 e O ICE A
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[00241] The reaction products contained 1-ethoxy-2-propanol and dipropylene glycol
as by-product. No diethyl ether was detected in any product 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.

62



Addi tionally, the above described heterogeneous
catal ysts are not as effective as honbgeneous
waledatigldssé n di net hoxi de catal yst. [00245] Accoprdi/ns2opw032309
enbodi nents di scl osed herein, dialkyl carbonates nay
be continuously produced by causing the al coholysis of
ea wth an alcohol in tw steps in the presence of a
[0024§E>I i d Dialkyl starhopates, direm ojred epady Anecticohal; jAgeprding  to
rEﬁﬁkH ents Pi&iNe8&Ei2! cohol s used to produce the
di al kyl carbonates i'nel ude met hanol , et hano
[00243} opandkcording. tol pubilivatibns sichsaep. ®allt be of eadt DorWamg" @A al, as

is_reacte an al cohol a re ctlve disti]lation
cBiRRregpp Vﬁegefea?sene%r Wtﬁﬁstgsuf fory dhe pngectio of dialkyl

Z@NBonakdd £bhNEEa bAE aﬁ‘%ﬂﬁ?n&% iREIGSE mz%gobeﬁP C%B@'s}'l&ta Fused
to produce al kyl carbamate and anmoni a.
nSiOznie @t 8 aiplyist rbut meayf becsmesla@q@ft'rceianclhb qnmsemcrvpmﬁ' li’RhgesZnO and
ed Sst.reans..such as u anmat e
of Sihadbte 38 3 Sl Rshbiea® Mo REST 1Al T BisdiiRn from urea
zgﬁi&a@gcmnl protecting downstream catal ysts. In the
second step reaction, alkyl carbamate produced in the
[002414] r st Hewevdrometginexifle cralstsesuahi ah ZaQ:ohMgft)olemIodutef solid
k rbona n t.he prese
SRS PR PR n RO, e ulidle P VpRrRERL; Faefe grpetivation
cgbtuly@s oyPlei MeRigth rieagdrpr Fuportahi GR  8srAmSRAl ﬁﬂ)dﬂ&tldrhfbf dialkyl
second reaction zone, The two step reaction may

i $arpiatest BHngsA featalifs digtillptiquyopluma: epactqropas . cm@ Ndigtillation

[%‘%Igﬁlgf ﬁﬁhgsﬁﬁllﬁ a’la - a%wﬁggc&gﬂp%}éﬁlg di%n thyHi%uld catalytic

i meaethinl inzddiigm,0 ulgpnmlrtgl tthec aligikoyln darbonaga I’;ﬁo&ninlvrtp nynd selectivity.

0&3@3 55’0 l}écﬁiﬁ&ger g3’ ori g% réltegeiél\g%}p(gis galftallllyf%g ag% dot as effective as

aﬂhh&&ﬂ&nﬁqmﬂﬁﬂﬁﬁ%nﬁ&%oﬁhg¥&£b@ta'kOXIdeS tin
koXi des, antinony al koxi des,” etc. O her types of

[00245b| id Aattcmdilylgt toaembbiimeanks dleschrseérhelrafmnyhablxyldearbonates may be
a

t t.. Th t f ]
SRy RDy Eipafeed BiGhnine iy Drotehois Laeed B aRelsohhig wo steps
ti‘{lp@le %e&ﬁ&@by atsolidl IRt a]h&ﬁxﬂegﬁlonastgﬁ‘st ﬁje &RtbrRim feactions.

carbonic acid nonoester, or a mxture of these,

i Fraskpples o€ caleshols ysRdp ey preslven the dialkylc garbpnates include methanol

aceous I he. s ondt e. of thecta
Iegfﬁms? aqro% e SUE)ltg {'1rs;§r {%H g Seurgs% 1qn, ure%ﬁs regctg w1 n alcohol
ainUard¥dtivé diséllation Zélu@@N(pe-readtoPDPRavERUS 1het ki ﬁﬁactlon zone, in

eeti’é:h'er éx%ta:b\s/eence 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:
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netal conponents may be el enents such as Sn, Sb, Ti,
Zr, Zn, My, Ca, etc. [00247] Again, a small anount of
w@:2@oliedsse netal conmpound is added to the reack€DNS2009/032309

streamgoing into the reactor to maintain catalyst

activity over an extended cycle |length. By doing so,

the catal yst cycle length can be extended to be

suitable for use in comrercialOprocesses. It is

bel i eved that the working catallyst under the steady

st &NE 6/ t BOH s a—retal ROKG:NHe + NHal al koxy

al kyl carbonate (salt of carbonic acid nmonoester, o1(4)

ol igoners or mxtures of these, imuobilized on a

suppolQ. The concentration of s@ ubl e organonetal lic

conpouhd, such as dibutyltin didl koxide, in the

r e&-iCGoNHz xt R@Hi s signiki cRuQ-CyORJWeNHshan t he 5

honobgeneous catal yst used in U S. Patent No. ®)
[00246] 074, BRel soll 004§kt NaPitdhprbPirkd BY iBRhIERLing IHER0ATh compound,

triglyme, may be used as ‘a solvent in the second step,

aerdanEanjiERonycompoynd #te |oysatsupnorit mwellmemwrbnnacaw material.

206, BSLAL 0 b TRRELR) Lo RS YE500] i D) i v,

catimong abldxidesgac. Ooiver wypes 2066lid mlmly:h add @8 okide baghitimony oxide
removal . of DEC and ammonia fromthe I|i qw d reaction
nREPRRR] AR & SHEOVapbierpas SVaIteReg o ealuste @b sheoboginming of the

ViRRlonSTHR ﬁfspﬁ}g@g)f 9t yst f‘ssﬁ{lettalEE%oiéi!ae hi gl tof a cgrbonic acid

productivity and selectivity nent's di sclos
haomesteo,f bera anxtatd ef nheseyemlmmlmeddomra)smrn‘ ouch as silica or

T I O

b@%ﬁéﬁ ehdILaL ANEL MrAink Oftalih, El'rcfbnc}e?“c@fbﬁﬁﬁcebﬂs M3%erial, etc. Active
process streamis substantially réduced. The tracé

angfaheoneiionsals uislyebecederadnys sushaes Spolindlii Ar, ZheMg ecde

r eam, st.ays the s recover or, .se .
1002435 SSTABHE St pEouY b bR e ppioudt o SRR fe resction
%SQ&M% 1fthOt%égr]:adl_'dngW fatieaih | dathdf <t ALBSitR o(/éroéﬁ’l extended cycle
di agram o process for the continuous production

ﬁngDECBé(Gl@m&ﬁOn QietC@taéwb exfileriength agh deleatsadechiorhsi sitable for use in
dc%%grcgi g e.%r dit 1% Ib lleq}ed?h t(ﬂ?e rnOH? ggt%lg{ ttlﬁxgq; élg ds%ea%y state

o remnove | nmpu

Sdoh@Rivh 1anﬁnfewl dlmldmmﬂaalsam@xyoﬁlkyr earbbRatet(kll of carbonic acid
carbamate (EC). Urea sqlution is prepared in drum 34

H)oRAeRichgol PHEOMEIS O3 MiXtaFRy of thesel mmpbilinehon Erwapet The
EaRadsn TR¥oluBfe! Heendridtsllc ShX ?{j

et Ea‘%{cﬁa ?rrlom (r)ecyc g str e%rr? ﬁ ﬁP%zgg ﬁélbggg%ln dialkoxide, in
gbé¢ tetacoon Bixthredssignifivcadly losver ttandhbkebedoganebisecardlyd lueed in U.S.

p [ rower col um section of the double

ggaé Pg’ 9@86\&? Teactor 36. Reactor 36 serves as a

00248) ©- T SRAfiEH bbiling! SRAnHR EH%

[ ga]mmnl umI%gr arrg |nn tuhe ng et HO%E% a%l%gsglvent in the
aacbndostepnamst servese as aoccEGitalystpor improgamefioh rmat and selectivity.
gn% gteatfy, Pecause 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 ammonia 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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36 i s conposed of ammoni a, carbon di oxi de and et hanol .

The cl eaned m xed solution is renoved from pre-reactor
wW@200a303566 t om stream 38. Stream 38 i s i ntroduckdI/Us2009/032309

primary reactor 39 (catalytic distillation colum) at

a position above a catalytic reaction zone 39R

BR DB DR ol Rerpias oo SE-CfllfBlees. The

eﬁﬁtﬁ%ﬁodﬂﬁﬂﬂﬁolﬂile QaBBEL cbAPoiR] AWhé BRoceststdelthi says in the system.
reacti on zone 39R. The bottom stream fromthe

chp degaviesy @r separptian eh selybleneptalwsti eompaupd | iadthe recess stream is
eft%§sh above the feed point of line 38 at the top of
um “39 through lines 42, 44 and 78. A snall

[00249] | pstFigara 48 flluemattNe MEGY diagrdr@Oosr ke pRIvRENESH Wd Bontinuous
bottom stream 65 from DEC recovery colunm 63 to stream

eyodugiioarrti REC mceerdingela qngbadinaanis disclosed: hereing 7Alouble diameter
p&%l&dﬁ%ﬂ c%hﬁﬁ? ré‘a@{o?lﬂit 1'5% &??gm aé}ezrgauz‘?or t\fm"eﬁxlavé ?mpur.ltles in the
er sna ar's ni ng

anot catal ytic I'on col unm con
afesd birehnesednd| fps the cBhvqrsibn efinred 3o ptyl tarbhmigte (BChavUeda, solution is

CHFBAHA LMY o 1 Biiey et Segatiedtl SbHIobytEn B Gfithanol sream
heph e eI fRosh baaRol BRI arRf etﬁé}{o‘lJ b &%&é ¥i#dam 74.

conponent. The bottom stream 65 from DEC recovery

[00258)| urmTlﬁi'%ulrtita)solutllohLBCiSefr(-):lt"xh!rhrncZ%lr aimroduced totthy Imiddleyf an upper
car bamat e, and race apount of catalyst. The
ERER e G OF 1 rOCPle R er Daer sy SmyRenctor 36 serves
| 3CA PRErcAFIPRY Aearflip Yhe ApUIRIes Clter @h&ahoil &arbamate) in the
et hanol, and DEC. Bottom'stream 69 from cl an-up

reeds; ethawyl and yir¢an enditheccavem brea, to &iChy V aparistream Ggyom pre -reactor
d§6e ts'n}x}npgéetaeorf’ ! h@n@a carbon éltﬁ%%ﬁen%t%cp é{heaqoi ?Eggl argelqgﬁh d solution

car het'er ocyc’l iccC

of rembudl Gofaprtigattiof 86RO RNOm bedAb3R. BRrkdaaii8tis eaidduced to
69 . fromreactor 67 is cooled to precipitate
HEHBTE ciPastPE 38 ofrptabiftigs dishllatipa e@amrlhg'»tfa ppsfion; pbevgma catalytic

7 tﬁf”?% roduct is renoved from
slggcttg%%?gé §%}$ggﬁ asg}ffdca BI d stream 72 from
[0025 ls})/St enR&QcB:wthainSl $teeatniv0 Stlﬁ@@dﬁée& ht@RehcidB 3D @s b@Rylidated ethanol

to clean-up . reactor 67 and prinmary reactor_ 39
repeak 3 pesijjon ?9‘92@ e ca?bﬁwga@t@pr@aﬁﬁﬁlﬁ Theohetism sepam from

rtﬁ@%ﬁt@{y’té%lﬁﬁ}é’ugﬁ CSRIEHH s Sif(hecp\’c? ag)%gi%?e MR eed P;?int of

from cl’ean-up reactor 6 ream ead strea
dine 3§ ainthptopraf yolumac&%lﬂmﬁ&hrimps “42ch4ded dBnonsmall Gistream 43

di eth et hanol amat e,
e e Yol oo BSmed Wb EOHoR S G uitem Ao ACoyfy column
Bt &) ¥@dam GBI i iftRRAT A td %le'al‘i‘hb%ﬂ&@ld 670t a position above
distillation colum 43, where |lights and heavier

cotdisgactingosepuligh Lscanomfte smelédatgkytle alistiflatién entumn containing
%&)tl dI %a%{l*’S?n ng)lsﬁlgarﬁqe tﬁ% qmaye{nﬁe de < lgngf ﬁ%ﬁgﬁ’rﬁ%ﬂﬂ dmine, diethyl
Cphiep) DE@ \6thiyh carbamate, N-ethyl ethyl carbamate, triglyme (TG), 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, ethanol, and DEC. Bottom stream

69 from clan-up reactor 67 may include ammonia, ethyl amine, CO,, diethyl ether,
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overhead stream 37 frompre-reactor 36 to stream45 to

introduce to distillation colum 46. [00254] Over head
wareeamsdy fromdistillation colum 46 is cool BCI/US2009/032309

cause the reaction of CO2 with ammonia to form

ammoni um car bamat e. Ammoni um car bamate is precipitated

B BRI AP R E c33nRl, JRe SRS nds and o
stra@admdft bf Ym0 ehtaR8Y donljogEntSyst em 48 is sent to an

amoni a storage tank. [00255] Bottom stream5 1 from
[002528] urmBaBommastrdant 169d &oet hgdctari 62, is déaeidily lto girb@pitate heterocyclic

e d.a trace DEC. Styeam5 1 i.s.intro ed .
CSOBRRSIR B 1 <GBB R RleCStam 155 T o reBie e P o roduct i
stenevell Hidni Sys&@n 0 throagls ligg age ucgﬁdr str&h 79 Rop 5;%%}% 96 splits to
fromcolum_52 is conbined with bottom stream 55 from
dives sreams oh 88| Thip 13yels 1ot ¢leammyrs gcackr refapmd erijmary reactor 39,
I pkrRduged to ether recovery columm 57. Ether is
renoved fromdistillation colum 57 as overhead stream
[00253B, whOeétrhesd s 410fram @i rédciradPembPBK corBBinb®With overhead
stream 59 fromdistillation colum 57 is introduced _
dftEm & pancled-tinragtor Oétin atienm fec Snerkead shrgam i1 from primary
[ 0 h S i
r%%tgf]gg Rt‘?@p\éfﬁ‘lﬂr&rger ?/ltn Bgdzglgét’ 065,6739%{&% %g%_e Ug{er acetq%e?f’ @laml’ cthyl
acuibgmate,r daethpr e8] ( carbainatey HBC, Tite athaned aneayic| & catalyst.
sfream 74 is m nor portion of the overhead stream 6 )
18O S P ohirRr i B Detieh BrIomacy By ks heavie
Sdrings dreSRphiated! OOVEhERI S8R frdhf ’diszigl%ﬁ&g céfimn 43, which

Stream 73 is recycl ed tocl ean-up reactor . Stream

i may éwjusleeanmeonidy G, 3thylamings disthyhethonand ethamd, is combined with

solution, Str 40, whic be, a mgj ortion of,. .. .

RrethiafGareding 57 B nadesglig v Strpasl ol BBFOdeEY o stilation

sédl@anub2 from et hanol recovery columm 60 is

i ntroduced to DEC recovery columm 63. Product DEC is
[00238kcovePeethens! sirpamialdons wissillenigucdlnmmAdiis eodleditol aanse the reaction

C t tQ a DEC stora tank. ,The hottom .
8 £33, B ARG o 13RS PP AR e elbemate i
Npretipitatedtiny liggidr baimings ah® eosbvadt aaGoliadmabmughf line 49 from
sol ubl e catal yst conponent. This stream 65 is sent to )
ctoeling/filier estany 8.6 Liquid apmpniggreapdd fem eaatingditensystem 48 is
and urea in a process simlar

Itogoegt ?&%@%%&%g%@m ng DEC as described with

[00258F s pecBottom Fstrgarne5 1L frontHowlRmer 46 intay fhcliddedtbla@ehel Madthyl ether,
t he fhggfg pr odugt DMC is recovered froma E@{g‘gcess
stthanghanthg iage af RECh aMErarDRIsipEedycsp do ethylagyiag yecgery column

j Iz y I

S r e i TR AR08 3 A G2 SRR BB VAN 54 from
sapddmm§?2 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 recycled to
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described in U S. Patent No. 7,074,951. [00258]
Experinment 12 [00259] The objective of this experinent
WO goovaoxsedonstrate the reacti on of ethyl carbaPelt/ES09/682309
et hanol to produce DEC and ammonia in the presence of
a solid catalyst. The solid cat aI yst vvas pr epar ed by

%rrtzltl}lalrt%elé:g nggbuéllr/ aY %égj nr%%y Zf Iflgrlf (}:)faep atlon of urea
S Retidic alstrkars A achish |n'12§/ab69 &l majop %Fﬁonu of gtréaﬁ’n t6@ €j s recycled to
Experi nent 7A was | oad in the reactor. Adib Iti

dprarygRacder bl Betiam (Sjﬁl\mn p? &onr gharyy rfn:g)wrﬁ g:oBlang6O is 1ntroduced
d |
A L5 B el ST S o

adibiikniont IR 88 Whe samictol BESUSteragd k! €BI Bttof@ Stream 65 from
heated slomy to H Q0C (23Q0F) V\,hlle flowwng this

seplvmndy wgy fingliesethy! mrbﬁmﬁte Arethyloethy) gagbmete Tieand a trace

S LR A Ui 0 P QLoD s

avid li&e%bar (35 psig), the dibutyltin di nethoxide

| ution was passed through the reactor up-flow at 0.
(00257 ) i nDMS; cen (PG preducsdtfeam dBEhaned and e in gmrmqswml}ar to the
t S
DRSS 01 Ploctifine DR AS teliibgh it kitBeci 3 FadtRb 127 Hgwever, it i
handesstooththatnths Hexll petdattyBMQvissredovesetl ﬁbmlﬁ)ﬁfcﬁeiﬁs@@ﬁ) having a

B OVE BSRE  Teeoyacel dmdypbreBiised Byarc-DMC
PARSIrblE By 8 BoHlehPBxidctild d?stl?’f‘ht%rmé'chlﬁaﬁ@ AREE doéﬂnéﬁe%such as

triglynme and 55.44 % et hanol by weight up-flow w't

ndlaseidiepelrin 458 Raterd gh/19§4951i d catal yst bed in the

il ol nt actor. One may also carry out the
[OOZSBEact l“ﬁn Gbwn-f | ow reactor. Trace amounts of

[00259] but yiid B T%b{% '&@)@hﬁeeﬂiﬁhﬁleﬁ{ 804s dde'rrﬂ)tngtrétg' the reac’qé)ln of ethyl

sol uti on. reaction conditions are listed in T
7caalpranat avithe sthhnal tof prodiee DESY ard eminpdniss i sheedreisence of a solid

Fi gur . I ssof the react.i on odu I ndi,cat
T A3 PR YRR Bl ook Y P B oL i e on
ed §18¢a gel b i6 ShpebhMbte, of DEC based on ethyl carbanate

was in a range of from98.5 nole %to 99.9 nole %wth

[00268] gene}inl fMe?ﬂjg)GTf SﬁhftrrC@HB shaped eilise gehdupporaysed in the Experiment

C | of car te in

B S okt B aei AU ST iR 0e AARIG des prgppred by
DES{HE@W @thﬁl[t?ldih&ﬁﬁ‘wﬂibﬂiﬁbdﬁ gditaRbfelN&dldne. | Thet R&ctor was filled
first ste et hyl carbanmate was produced by reacting

LvEh tb&ﬁtqf’?ﬁ@loﬁa‘ﬁbﬂo‘i’vnatt HabighisCHPETAHHE And RIBFSYES: (Tbeée@@r was
A S0 0o PR ARG D,
el a8 qR30°R), tthe 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 ml/min up-flow for 1.5 hours. The washed catalyst
was dried at 104°C (220°F) under ambient pressure in 300 cc/min N, flow down-flow
for 2 hours.

[00261] 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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presence of a solid catalyst and with addition of a
trace anmount of sol uble organonetallic conpound to the

wo e@d/16256€ans to counter bal ance the | oss of nRCHUSHOL032309
to | eaching. The commercial production of DEC in the
second step is preferably perforned in one or nore

el apld bfal it dn R REUERBUA faribe. ORobrbeBa oy Sh e reacton

[ R02&H-fBhothase! Thas é}ﬁ&ﬁnsobpd%@qimbnnﬂahéﬁam blended into
transesterification of vegetable oils and aninmal fats

wihishsoketioma e neﬁctmecopdléls)eﬁw lmtedwl@rfb@ém’émﬂ@ateaﬂt}sxféhls test

ag}g @Ssltljagficg%%u)fvé 5968 ? gg%loq%lﬁée fegétlotﬁllhe ?LIC glca%a tr@ﬁe amounts

a@ﬁN%ﬁ}& reﬁhytbEaﬂba@h&ranﬁ&héthyla&hﬁs Thehelecavity bADEC based on ethyl
(veget abl e or animl oil 9UI d) is usually

e Y Tbd Famee Of &1091:%&5 a@ét) &t mylea«é.va@ eneral trend of
{i Efi’%’segﬁﬁj\r h/rb% c'i)ﬁ{/ 108°5¢ Eﬁi F@atr@rrﬁatg fncpéaggsr

em stry YiIAVO I'n produci ng
bi 0o- diesel is the cat al yTahte %xchange reacti on of

Time on Strédir ATe@peratuge, (NPdebduye,gl Yoy Rates) NwiFldw Raer | Deutyl Tin Dimethoxide
(h) al cohpl ¢tymhcal |y pat hanqnliin th?)r}eb/}ninﬁn Al C@Bﬁi $1€by weight)
sol ut| on of a basefdsgyal |l y Na potass|u
072TTE[ no Iq94 QJS)SOMI6[§T€7S?[ HOXIOUSE) !bly Ubi ybeu :li‘ d.,wﬁ I,.6§O
ZET AR ARZY L SN 5T A O S N D DR T
96- 15691‘1‘\/ nr17%z—’45)a‘n- r?riﬁﬁ; s /cerlal ch_ahounts 1300
156-254 om 116 16 (A wt| %2 @b ies@l- mayl al sd-Zontajn sonme 1950
254-298at t y| adi7d 34Dy dr 814/@B% |pr odufcts |of esfers) | n minorl1950
298-4(6mount s 18¢ 31 ng sa(6Bhe amdunt of watled in the feedl950
406-439 the qagedqsst usedesfd|ycenigde G yceriod Fatty Acid 1950
ESter CHHO COR 1 CHZ-OH I Base O COR Z ¥ 3 RAOH™

CHOH+ 3 RCOOR 4 1 Catalyst CH O COR 3 CH2-CH (6)
[00262her e RbiOdxperim¢hanotessinlle tdhmionitratdl thatF@ECRﬁa}D tbe R3oduced from

[00265 e al kyl. grou Rl, R2 and R3 of t nat ur al
PG G8 §1a§)eler F%ene rét ey gfBHerapamale as g uced %(er@actmg urea

C&ﬁh RitaROGh thesfledRUT %eca%flys'tJ (b%@tUS” ?6174) 95 1)The 1l de¥bnd step, DEC
groups are usual ly straight chain and have even nunbe

owa$ ardslopedaby merformmegatheoreagionThe ethyt @pnbamnta with ethanol in the

anched fvaov Iderl %@ﬁ&}ﬂt g}i—{g) %1}(1:%}]2 V\,hl ch occur.s

|Wef‘e@f3%t? 2 §/oe} amount  of “soluble
Ut aidnietled c&@bbﬁ/ndat@ltﬂé fdaa\sﬁeatmptocuouhiaf Bﬁaﬁ@tthb ®shenfital due

Itr<]) leaching. The commercial production of DEC in the second step is preferably
performed in one or more catalytic distillation columns.
[00263]
[00264]

oils and animal fats with methanol in the presence of homogeneous catalysts and solid

Production of Biodiesel According to Embodiments Disclosed Herein

Biodiesel has been produced by performing transesterification of vegetable

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 to 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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the al kyl chains. Unsaturated fatty acids have | ower

nmelting points than their saturated counter parts. The
w@b@onolsengt h of unsaturated fatty acids i s gePer/ak1099/032309

in the range of Cl0-C24 . Canola oil has a higher

degree of unsaturation in C 6-C20 chain length than

ol B eoo R nidbaEr o Posiar o wifEE ko Bl Rl Berieed as o

W!:dtzil?fﬁn Theehint, bidafieRE '1:!j acﬁiﬁhﬁéséﬁ mefti® dredt lo&QéﬁQivaarlous
catal ysts disclosed in the prior art (See Bac gr ound)

afauraied gng ageat@atemfw acidsurif opraduet islglycerndt whigh amounts from 16
i C n C S cat unde

LA R, ORGSR O B Ao ko e o
destart)l i ahinoNamdime dgdending aihah€ amaluytsifsvadren figs feé@ by the catalyst
active catal yst and require higher reaction
t eratures and | ower feed rates than nore basic

Gly&glg! ysts such as MyO or Ca@i &g theﬁae%ge{dtse&ch out
of the solid catal yst even faster than the zinc

CH@:}P grat es. [00267] Transest qeif-oHpt i on of vegetabl e

| or animal fats rray be carried out with nethanol

| th f lid
CH-GLCOR r@'l?,z)ak&wee " P sei O eactcr R GPURI al vt ¢

distillation cqu atr ce anount of sol uble
CH-GeCa@R1 i ¢ conponent |n the f ddd-@bkt ure in a one step
or two step reaction. Starting catalysts may include (6)

net al oxi des, such as nagnesi um oxi de, cal ci um oxi de,
zinc OX|Q$€ sg@hunn%§%gsiOp&hgﬁﬁrQHHQXko kanthanum
oxi de, etc., suppor on a pport, &uch as silica,
al um na carbon and/ or carbonaceous mat eri al. Car bon

ou268], P ERERRGER PR TR RO AR DL 3 fenr

t differsapti the ZRaigNgmpitonkt @égrc&ofclﬁﬁ@@btﬂﬂ)ﬁ Qthe ll@l gtiupaafe usually
of the support [00268] To are supported neta

ostragghs chagy arleta%%svendwrr&@y 95 QR s froa 440 20 dde exception is
f n BT S M c
S%g%%ffﬂsgh\éﬂ&géje %ﬁldng@HggéE@ﬁggnt e dcht ﬁg&@? NACRPHRely large
clrhguohtsaini dodploss. cSmb@hwlnnated fatsamltdsdmvmmd or thoexodauible bonds in

el | starch, ul o a mxture starch and
BF | g SR A R ol i o Bee? i s e their
L QIRAEA LIRS ! HRBRASA llél_ﬁ%‘ BP Qs furfTBY fA@@ a%icfsh? kenerally in the
unsupported or supported prepare supported
cango nb Eeolis n@@ecrla aiil, hasaa bighytidegres oaruesatepbsle@n 6he-&20 chain
UI tg:?h 295 oyis support followed by controlled thernal
S & an el evat ed tenperature from 300°C to
[00266P000in Refdtall Nedsk @dtﬂ?ﬁﬁ’h%e nfre 2EFFRLND Sflpefrfnsesterification of
conposed of an _inert gh a smal | anount of oxygen or
stackorybe eb@tSWWltBLP@p'dW of ghare agid atadystus Thetheteregenconsycatalysts
bcﬁ c%‘s%d IHOLBQ ? gf{ B%éks T LH‘[% aﬁl LHQSQ a taf})sts.a nﬂJnfortunately,
T ¢ & um na, o
actlve catalytlc components leach out of sohd 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.

[00267] 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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[00269] In the two step process, the conversion of
triglyceride across the first reactor nmay be higher
wao b@o/1edseat 90% Remai ni ng unconverted tri gl ycReT/tig2009/032309
di gl yceri de and nonogl yceride in the reaction product
streamfromthe first transesterification reactor my
?ﬁ%\&ggasc o(rertr I(e) c%reglpffic ﬁp&lﬁé‘té(?l‘g?élﬂlg%l S)giéhs 'f? ﬁrg@ed amount of soluble catalytic
t ¢omnsomshteini the ¢add lktirg iR atoMe SRPASEIWESREH kédBtion. Starting catalysts
performng transesterification in a boiling point or
pt@r% apclnde mpetad @tidss, wreh aaur@agrlesmmaﬂ@é@r ¢al¢igmgexide, zinc oxide,
I )
oy BT R RE R o TR 0 6L S5 oo AP dr gty puch o
tm]ldaa ldlgmind carbion rmdiod daﬁioaad:e@us Gﬁateﬁilal Yairbdae bhdtearbonaceous

wher e no C reactions, occur, res It|n in

U8R B ﬂten?ﬁzr?‘e@tharsr FrEace {1agtipaslseraT1IGE @8 hi@iosyor carbonyl
r@f\%t}hiognnﬁ@&hi’é Sr¥andniifallif BARESIRS ioh itedirBe BPY \Mgﬁp ort.
performed at a | ower tenperature and pressure, é%

[00268kans Toweparcupportctt metal oddés, apdronidis, Idry)xybfdromdes the surface
nt to

[00270], The addition of soluble catal ytic co

ezl i gt b Boedey o F 8roDR Pl PegtE Ty pepgrared by
tQ@nabned tlﬁgﬁalﬂﬁﬁ%&?éu&‘ﬁ b BrbOHY dPAEE sﬁ‘&p@sd\kf@&f”c&onfuf SHBll, starch,
about 5 ppmto about 250 ppm’by wei ght in other

ecrr:ﬂumsmmsxtu@mf ftarolmand celpreseo smr,ppmhbycwelﬂ@h,t etc.n at elevated

S REPSLs STRRER e, B W oSG e T

2oropidrd @uy@iﬁwxmamazwm@ rﬁateﬂﬁt ey Ry RRX iagke deIstB@ on a suitable
et hoxi de, zinc al koxy carbonate cal ci

RFHHSPPYL f«d@weédwoarfplé%@ﬁm debxdrerlQnﬂwtqlmteééemperature
fiI38P ALK E@Oﬁ g ift%h i Mﬁlgerngf%gxyp#ghere composed of an inert

- met hoxyet hoxi nmagnesi u
r@gmesmarlﬂmmbhmxofdﬁgygemgmﬁsamm bethh Supgert foragmﬁmawnus materials
but oxi de, esrunra‘ko aIk X carbonate |.ant hanum
AFRORF B8 NG AISKURY 2 Riinds g ailca iTcqeios Sy silica-
ofiuktabgyxy! i ¢ acids, magnesiumsalts of carboxylic
aci ds, cal ci um sal ts of carboxylic acids, and My, Ca,
[00269d Zringhgl two isttpprocsyribe odvmherson Aﬁtr)giyneedefacxtobeﬂxe fivstyreactor

a5 e Figbenae bl S0%uc RPRG T WRoBYisgAHelPHifofigh teride and

tihessyyeREaé inMte tedtion rp@&ﬁicf: stERAMPROAL Be st Qraﬁkéﬁe'r'lrﬁ%at‘?(fn reactor
organic carbonate and an al cohol, or carboxylic acid

gnaybercanyeried 3o corm@é@moo i dhdesephd éraams@nﬁn@rlcanread:tenhsmce the

Stya%gcees?ear t{?re {éo a?sgarln t\g% pgter}g%g&%%gu frgnsg&tsm,ﬁ_iatlon in a boiling
Rfoﬁﬁt&fr@hls&d floentehtdr QA bidl t33&n€pc(rt2 P& trigly 4669 Moldchles, methyl
qui d phase or presence of qui d and vapor

qg{ers@ ﬁa@ sticlonglyseag! ‘élﬁfa}tgélecafaéys‘t @@E?\? &ack gad ifﬁgflhbetween bulk liquid
usgﬁ%ﬁ%ﬁﬁ ?nttexg%r ercﬁbﬁ%ts?gelﬁltlsc th%f g@@%t%gta cl{teéﬁ%%ﬁs ?50%{, resulting

ng trace anount hes
fireblight prednetivitya r¥iact eatatystsoldisaloseds Heeeiy leagt ahight activity, the

gé%%%;éh{rcgtlonr %aayl be %%yfg;mgg ata %t o\\gv%r r{gégelzrat%;e rrag aplressure, which
means lower construction cost and utility cost.

[00270] The addition of soluble catalytic component to the feed stream to the reactors
is from about 0.5 ppm to about 500 ppm by weight in some embodiments; from about
5 ppm to about 250 ppm by weight in other embodiments; and from 10 ppm to 50

ppm by weight in other embodiments. Examples of soluble catalytic compounds
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on a solid netal al koxide, netal hydroxide or netal

oxi de catalyst is fromabout 0.05 wt %to about 20 w
woriw/1e36€ enbodi ments, and from about 0.07 wtPC%/US2009/032309

about 12 wt % in other enbodi ments. [00271]

Optionally, all or a part of di- or nono- glycerides

converted to or.ganj c canbonat o
car ugfgmt é%lcortzbo?thowﬂ'?)é(éctl oFAIGHPT %:/Ee eﬁ@?’“ge zine  2-

2methbyypropexidd, eaichastiaixéde, MeinbY lallXyDAMBM € carbonate, calcium  2-
2-ethyl-1-hexyl carbamate, urea, or a mxture of these

| HERQYYRIPEAC c?awlaﬁsé%‘f’élldpaf icalgiym n mgthaxideet palgiom jafkoxy alkyl
T%?bo?ﬁfeondn{agﬂgsﬁﬁﬁ pﬁ-rﬁ&fl%@’%ﬁ'{ LYael 1 &aglmo[u% r ef‘%n,ghoxypromde

resulting organic car and amat eS
sagresams aethoxidd, e spbnesiloh t m‘e&&lo&gientmig)fesmﬁﬂ Ueitdx@de, magnesium

ETHETH T ETG N
Valts QfScdib llcaﬁ@&’é"trﬁ?%{esﬁlﬁle §altsat)f Xaftok ngﬁc aEfdg ec&lgltuw salts of

aci ds needed to be renbved pretreatnent prior
pesraxyhit agidss andskgt €aj and angbycevmeda agrong| atiodre| Ammxtdne of these

Pt FRE hecte it SPEBabR A Gh AYoRT S fecay SEipained by

achdmgwixide oEh raale bﬂtlfeg@mgfa@m% &adb ca®bfate or a mixture of
catal yst. One such acid catalyst is sulfonic acid

i GFE®NF | azkeamatsn and ar bléﬁlade@Uscaébﬂwb?taClchpp@r mixftage of organic
d&ﬁﬂog( f .t!-?&ée ed?lare&gh@h %ﬁ{l‘f a%l ln?e‘?% hF r EH et%oxyethanol etc. at

ation o oconut of Carbonydrate
Swmparatl,ed fiom amm 260¢Ca206°HoRr SUSF 5 ppgforbly foemf 101 A Rg 232°C

f t fatt cids. wth an al cohol in
NGERE ﬁlqglém%qu?%%@%ggpgmg ang, vapasa Catigpslly one may
dipgbid {oal"écg{)errtﬁ@%&ﬁl Uﬁﬁ it ?%?QQ Mgl gfé?)ared solutlons are

conti nuous renoval romthe reaction zone
arse doheddisg stace amoudr pf/ ihege trtaeal e’atoeth'ef feeditsiream ttowaredctor to

| et d t e dryin
Tl g AT L T—
tdrPSARE @blaf hikakide methl hydrekide 6F hﬁl@al wxfdla catilyat GoRGh about 0.05
Anot her i nportant advantage is decreased

et értofabewit 3wt ¥4 imesome] @uimridpents,| antdrfeans ebowi0.47 whd orabout 12

rg?d/:t | I owi ng exanpl es were perforned in
p ! Iov%rFrélgé?%}eg% The di nensi on of the fixed bed

[00271]eact qnptmu} all &8 fakl & dinsithofb-gRRE S es N ayohe c%n‘}é‘i‘tédzda organic

inches) |ong. The reactor had separately controll

tCEFPORAES 196 r Mt earbamgiey onbath bhecapiéend witht IHMﬁbm@hyle%rmhyl 1-
v ( / n veget abl.e

O A, s LSS Sty PR Bl G5 e o

ttheser @aatdition Wioe trandeb@ritivationt memnmetﬂanw dowhe | ®cond R€actor or
cat al {I C reaction zon:i\]é Trace amounts of sol ubl e

CRgRYDT | & SHpbFReAtoT e rs%ﬁ%geargiam%caab%% &A@ |carbamates may
Skl S pmlisaciyen et Pl YoBREE N cppins, o
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 to performing
transesterification with an alcohol in the presence of a solid base catalyst. An
example of such pretreatment 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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m . [00274] Experinent 13 [00275] The objective of
this experinent was to denonstrate the

wao e@nsexsseri ficati on of canola oil w th net hanedT/Us200$€32309
presence of a solid catalyst in a down-flow boiling
reactor or catalytic distillation reactor. The solid

0] t ed I 276] A
RolE it O BBRGD 6 Reod el o Soxpobrrtir vavmgoried or
18erR6itall b aNSIRo - fipp6tl fPe?f@nﬁm%%s&@if@d@i@nW@ée fa§9 #ds(with an
11.91 g) of a silica gel sphere support (1.7-4 nin
dlsehal an theyprssgnce qfw:pc&rgi}@cmg cdalyst wea catalytic tistillatipy reactor has
/ 46
R AL IR et

Notetladads sakath] driving @i ésegifieaori toweirdessinpleidiniafid! @liminating a
The sili (cia gel sphere support. was prepared by an oil
dBREN g e ns§he. ofar ther %WIfW@UQIhePN%F‘egHB?II ofp performing

p%ﬁg@ééér%fgératlelq %?grlﬁ%%%é;%wi 5an 10%!20?.3%&18(;&0 7 %&gﬁgt Rvantage is

l\@f@@se{d Stardicatigstimesns | oaded in the reactor. Canol a
urch ed froma | ocal rocery store) was
(00273} epar‘gﬂ %98?#% rgtioretarstins inghafligwing exgmples Were performed in
C@(ﬂ)@ﬂ ﬁo@i' readtSA: Glihe"\ﬁlmélsmﬁ_ he tl?é}?(ic“]_ﬁd’ %d’l‘_ﬁeaeﬂ‘or w883 &t %72 inch)

acid of this feed was
tdlamses br BB QmI(mechéS) detrgnl "ﬁha)relactw hid sapuiaeiplcontrolled top and

ormed at 1 33 nd 19.4 bar 267
ESPPEL BFAUGE 0B an Bt <t Petpeiny S i neRGEbR o bkt (6 wi %
nﬁléﬂﬁhﬁbl@@% tA118 BR vefd Rbiranel gnﬁ‘ﬁ&j idtc@ehyest 'tB bPhe react
nmet hanol fegeed to hgve 28f)p m}gl 1|g ht |Iﬁ ‘he” © Teacton,
cwherp yha va geeemsdipvw épwn n[xtgoneraa}talme reacfidw aone. sTIraecamounts of
0 Cc r s Top I Qnt ai
}'@2&%&? o(gpa?ft? ?&1 %)}%;nst i lex’?"% bh 21{ gfs R0 2ol already
wmtzrmwdr peedaliy d:(givyiﬂed pebelact s'[hﬁmaV"Elie?lg@luﬁﬁrﬁf%hd Qhtalysts was 15
onverted triglycerides in the reaction products,
gludlng met hanol fromthe top | ayers, was about 1.2

% T | ayer contains nost of the unconverted
mﬂ”ﬁi gl y’%g)re?g‘geé?mrhe result is illustrated in Figure 17,

[00278hi ch Tiedbtgedies of thik @Rp&irBétt alagab demohsir @ fetrans@RedHRhtion of
Experi nent 14 t1LOOZSO] The objective of this experinent
waeolwlbwhrf@@ andd g dhs Brosensg qfr?esqleln%twﬂgn a down-flow boiling

Y f I nv.
SPRRELST SO SE OO bkl S BB, tiorca on
failigtget.eactor, in a second down-f 1l ow boili ng poi nt

reactor or cat alytic distillation reactor
[00276kt i orfhl PpSRetYR| @itae t F@uﬁq%nwa%fprsp@%gbé dissolving 1096 g

INBASEHS-61LD i 34 QeidOWater. 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

cm3/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. After 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/SiO, 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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[00281] A magnesiumnitrate sol ution was prepared by

di ssolving 9.04 g MJ(NOB) 2. 6H2O in 19.1 g dei oni zed
wowraeno2s2@ m (9.14 g) of a silica gel sphere BUPPs009/032309

(9-14 mesh, 309 nk/g BET and 1.03 cnB/g pore vol une)

was inpregnated wth above magnesi um nitrate sol ution

ﬁ?ﬁfnu gﬁ?gh5%$m§?) Ii i ue.(:gg %)S_%é)h&}%egﬂ}gt Q%g§anola oil feed
Cﬁ{cpm&ﬁgn(ﬂtat 6.2Gn1/fird Qkh 2Wg§es1ﬂ}ﬁ %t}fdxﬁi%eﬂas%s@méatm the nflethanol

contained 4.5 % by weight. [00282] 15 nl (7.2 Q)
t fred piervsi2® @%&ﬁm@lgmg th@%ﬁ!iﬂamtl(t reagtinn mme react or
nt 13. The two yers.of .a co

d
100274 &G P ¥R TTERPm dfert FmeB o s ReER L b pogre contain

C#hB Oprad@it | mthi/h esBishARD kmiR r SnSRRAbAtuRdor verBl ttl‘l?lycerldes The
conposite product by using a separation funnel

u%\@aaggscqr@@ﬂsoff sreonmertesh daglycaridgs g sthe rieagtioni preducts, excluding

oF g%h%@ 'T¥0é1£ lci}fé V\‘gg %ﬂ WW? gﬁ"#f%%‘%gﬁ '90&8 nplgyer cogyams most of

dﬂhg Iuylé:(ﬁrvlededstngiﬁyckrl‘dbs Y8 eoreedt jsaHustehes], 1nQ'*‘1§-urth% which indicates a
tﬁe” , w % net hyl esters and 15.8 wt %
nSé? %ﬁ%}PySt'lﬂ? Offéét&?econt ai ned about 8.5 ppm sol uble My

eci ht and had 0.32 ng KOH g free fatty
[0027§£| d \?Ea n@r ansesterification was perforned at 160°C

[00280B20° F)"h@(blﬁje&ﬁfefof lolik exEBBnddS m@} tdMerpodiaftdcodvddingithdiemaining
feed and 0.10 m/m n nmethanol into the down-fl ow
DEIPRYRGICH Fmparhglhc converivd mugiials dmdhe sk siteame (e layers on

a{‘{% % u eé% N OmeihkNEFst FLactdd® i WP F«%cgﬁ? c)ﬁ})éﬁeﬁm b(ﬁﬁl?% pas St Rhctor or

ef stream was a cl ear ow SO
(itaighie distylbatipn[ 66283] ofheptemiigsirédyole o thee fiomp of a single

conposi t roduct feed was 1.12 wt %triglycerides,
Otr%gewnfg% BP’QF?&@H des, 3.78 w % nonogl ycerides, 7.47

R At o I S5 6 B oo
OMEINQy-.KBED gn l'Ehb gt daorsest water.i 2t mbr{9Wdg)per 4 tsﬂim el sphere
o bat (155 35 a7k T il DR TR IEPRE VatuRer smareenated

nRith ab&le r\‘i@?ueﬁiﬁﬁpﬁi@ratdﬁdl’uddﬁeo}f RRIIGH wellt8s ®ch¥Qué.l AdHer drying
transest i cation products from conposite bottom and

t15p I@Bfﬁ’ﬁééﬁqneprﬁd@@%twﬂegd@r vieh@irc i wrisreadrings! @i $40° |G for 2 hrs.

crude bi odi esel .

?‘tee f?%%%\%%? cr ugﬂl Gﬁy% g@e@: gflal ned 0.36 w %
[00282NCONVES (.2 g) of the MOS0 al9st AasTBadsdhh thd Ja8R keadtbyused in

aci d val ue. 0284] The above experinental result

Skirneageny| 1%/ de%sttwom lagers haf ®i @mmecssntec@rpd@ét from the first
f

&é&g%ﬁ%ﬁcgyorﬁp%&?%ﬂngggcaﬁx 8?S\g’vﬁ% Iq&lgcgl%ndé? el% Feparatcﬂ1 from the

proRgesite pafduat by lusitlg casaphyasion [0S 59 bASJSd@&E ifedade cdfor the second

above, enbodi nents djscl osed herei ovi de for
et;&néﬁséeégcat%n react}on JI"I?Ie: composition of nhep{;ottom composite product feed

was 25.4 wt % triglycerides, 8.5 wt % diglycerides, 3.1 wt % monoglycerides, 0.1

wt% glycerin, 47.1 wt% 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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catal yst cycle tinmes for various solid catal ysts

t hrough the introduction of a trace anount of sol uble
woe@aneses al | i c conpounds with the feed. O herPCT/US2009/032309

enbodi nents di scl osed herein may include a nethod for

continuously produci ng organi c carbonate or organic

e at a tabI ate techni.ques for in situ
(00283F{ o UEES BlBsTiofonl he! Roborpoul. Stdual detth W 412 wt %
t @ AYES 0f3T witsh "c‘ﬁgi%'dé'nﬁgs st ?@lv@%cﬁ‘abﬁd)gi%erﬁ% | M7 Yat% methyl
for Ion&icatal yst cycle tinmes and service ti nBs so as

t estaye (503 wilhsl adydenin apd RTel3cwite ndthangl.bdte ﬁ@acfattyr arid amlde of this
[ reactivat | eactivat
Jl%va% 6§1 r%%gg@?PgA d\}gxgttté%n ste ’agg%bvgaéi Wéﬁ 8 over the same

mmyﬂ%dheh e4rat Perhiptatifeoymdl pre%ﬁfre tat aNBE2Shighinf feedtflod rate. No
alys[s havi hg an extended cycle | ength, therefore
@@e twne| methapelries BiAPedciaia the geacturi dihese Wq Finalrteagsestarification
[ I
g uclc IO AR BolTh ERI0] EompAtEl b AT s s bftbined to
udisttl] ofe exacsh gnathemoh and ge nreomer catdel pmtlickelonTharre@vered crude

RPHESA GO RGR D B0 ee THBHRIAG HeDeP A G Dt IO fee futy

eqdppddipent s, those skilled in the art, having benefit
of this disclosure, will appreciate that other
[00284}hodi Tt vawyxprenciesl seult B\tdccslsflﬂky dﬁnmorﬂﬂ'plas that bardies] can be

t he,scqpe of .t he esent |sclo g
SR G P et g on,P Y YreeubE o i e dlcatel such as
Cthath Aol G- Ne\Pesthéd ofl Ssotii@hBdi 1. An al cohol ysis

rocess, conprising: feeding reactants and a trace

[0028g}m untAsfdesaibet I @oms,g ambnémmts disclmpb llmadam qarawde ot @xtended
i d_al cohol. ein the

i S8R Imentrar e Rt iy I iR SR of a trace

adrmmloyssomm@bagansﬁle@ﬁw cd)rﬁﬁ&ﬁﬂ@ deit e &RAPT O8Rr &mbodiments
Goup Il to Goup VI element. 2. The process of claim

1dlsqm@¢1 dierein n@yan@@%at {nsihod; for gontingAudy praduringArgasic carbonate

or dopggmgr At %t & ls%'b%] I;E.tm\é{@pr s tfglsa fnal'l?:lp I@a%l%g‘ﬂ Erebgratlon of

roportionati on 0tess o
Whﬂn(ﬂnﬁ)zddhﬁ)lﬁloéaﬂﬁtfﬂs oteglatiquast @k |hain@inipn lﬂlaﬂleaCHia]yi’teactlvny for
solid aLpohoh}sls ca alyst each conprlse the sa
aPBE FRtRIYSt eycts Bmps 9id sqriice dimesso afie bespitahle f%fcoeva?rﬁﬁal fixed

ThedGOABRSLS SAnA%in if 93 Iﬁ%ﬂioﬁ%f tr@ﬁ%tl{lﬁﬁl%tcﬁ%tfvaw& bl18 catalysts.

presence of the sol al cohol ysi s cata
[0028G) cohohgwmtagtolsbgst erabgdimienisn disclokeel r haxeirantrﬁay amdovide for

! ecowgp% E:g% 1o h%vdrflé %relnéxtgno rcyci n?entgtr}]le tISlere okf)elz edecreasmg
operational costs assomated with frequent shut downs and catalyst changes.
Additionally, due to the trace amount of soluble organometallic compound used,
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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al cohol ysi s product, and unreacted reactants. 6. The
process of claim1, wherein the al coholysis process

weowpnizses at | east one of an al cohol ysi s, PCT/US2009/032309

transesterification, and di sproportionation reaction
produci ng at | east one of a dial kyl carbonate, a

di aryl carbonate, an al lrf?ftj Mé carbonat e, bi odiesel,
an organic ester, and a Ai c carbamate. 7. The

What Rc@E6sg of claim1, wherein the soluble organonetallic

1.

conpound is fed at a rate in the range of 1 ppmto
280@lcopolyhiy preeeghtompiasegt on a total wei ght of the
feed reactants. 8. The process of claim1l, wherein the

sol P BRERY'S| adcaiaps amopRingl sdwle oreangmstallyp gorpound to a
an | MRk} &b GANAId AUNIIYEQARANAT and a support ed

titani um conpound,” and the sol uble ‘organonetal lic
conpdwrain depolide organpimetablici noropopduand thelsulid @ldoholykis catalyst

f eed tants.. 9. Th im 1, wherein the
ol i o SFRGRRPYSeEty SPRpBRC Ghitpn LEGRUP ViR of

. alhd OB b Zlatn Of GBdeRahE hl@ﬂh&gﬁp RuUNchrddderfficatpRor t ed

cal ci um conpound, and the sol uble organonetallic

- chipBasrss ebpipim dewhereinghe plgphdlpiip burdisopartipration. t he
. ;@fe?%{og?sggoﬁgﬁﬁmip'v\é}g %P)F/Efsl% g(ﬁﬁg’leo(;r 'c{:nlogjle allre C%S%Lﬁ)@n%ltfﬂﬁe solid

ySi s conprises at |eas
adlcoholysiy datalystl eachgRngiRg fRssati) Group Ol Grats VA element.
support ed fmslgne i um compound, and the sol uble
oﬂgfaﬁ’f%eéﬁﬁ PR e PRIRY & onpr i ses a magnesi um conpound
sol i e r 1 Jole .
ol o o T B Bl Benc Pl JRE sB@TAAoRis catalyst 1o
conpr i aedholize latksst aqroetiaf ofthe remotabist aked or ganozi nc
compound.and a supparted zi nc.coppound, and the .
sol gerbr}ggﬁﬁ‘é?fi ra%ﬁf“‘émc‘iﬂ%lfm? nspﬁ’l?‘? e organomgpallic compound,

CONPOUAEbhDBsisredidh ahB@nfpedd r&rRthants. 12. The
process of claim1, wherein the solid al coholysis

- cHiealrpesss @b sisim sle svhgrein gresalcahodysist prapess enwiprisészas deast one of an

€ organomne ou

i @lilklyls cdrbibrlage, | 4 didirgl tadondteasd afltyd-aryl ScarBdifte, biodiesel, an
process of claim1, wherein the solid al coholysis
CIBHNS SHieTe B3 Yganig canbamate. one of an i mobil i zed

i d ed ti .
?%l]%)%gg{stsg'fr&%gggrlilﬁgatl%?aﬁ%l %gﬁlgﬁ%ﬁlgﬁﬁgoégrﬁ%?%g)ggcgucm%nng least one

TR T SOOI T O o o

aortpe raes odnl pprhi toOP0 Epp by rvekbiglt) biseé onra tdid Weight of the feed
et S

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.

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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14. The process of claim 3, further conprising

recovering at least a portion of the soluble
woe@anases al | i c conpound fromthe reactor efflRenus200%5032309

The process of claim 14, further conprising recycling

at least a portion of the recovered sol uble

0 hG. C und .t o _t.he alcqhol ysi.s reactor.
1Olgggﬁpopr%%#scslalfno?’r?%éelﬁlr%% ﬁ%lfcr?)lﬁo%chysd? g\flﬁﬁ]wt comprises at least one

caf honamambiliRe Pigaf@BsereSiRY icdohipdund e/ RY s@fported magnesium

al cohol , and an al cohol ysis reactant conprising at

| eBpousde a9f theegolubls eiggnemetaligr sempewnd gamprsesy el megnesium

c ‘Qﬂﬂ@ f j.on zone conprising a solid

al coho ggf@ﬁgg?é*ig%?hggéﬁﬁhg a sol uble organonetallic
11c'bhppronesstaf ddim 1,i wisdreinehe solithalzchdysiswbeilgstreoblpeissOat 1dast one

al cohol ysi 5. catal yst, and t he sol ubl e organonetal lic

e dmRobilishd PR ERASAMPY s AR PsBPBORELERC cpmpgund, and the
Gddetle WrgRlofiFRillic cdrh f i | . r &

t he a?co%of IS éhca|E?ﬁhgfﬁgﬁgﬁg%%2&%ﬁ%ﬂg@3%gggmgﬁ fil the feed
ctea¢tamts.6, further conprising: contacting the al cohol

the al coholysis reactant.in th resence of the
123065 WS Bargin € kGRS i eonb FRERSI oo Mg atdpast one
| sl imnfsdilize@nor@hndthe cahpOlidl X&d & §ppehed iinedpdde, and the
al cohol to format |east one of an alkyl aryl .
c e preansmetalli¢licampyynd: spmprisasea tineeompeundgsenble in the feed
e&%&gﬁgt fromthe first reaction zone conprising the
ubl'e organonetal i c conpound. 19. The process of

13cTled pnodéss offvdaimi I wheeein elxe $adid AlbdHoleid cdtalydthdmprises at least one
.car bonat e, rocess further

conpri ses .al kyl aryl he p
c%trr%‘r TPy iz9dergRRRFNEIOPE SEMPRURHFN] & SURROT'EH @nidpRY, gprpound,
f oAt g_@lut)leroqr aldr@d1io @oﬁg?ﬁ‘fcf Sorfipride§ AN ‘An{il%aﬁ# 'c@ﬁgound soluble

zone; dispropOrtionating east. a portion o
alinkly fead yéactaatsbonat e to form di al kyl carbonate. 20.

The proces f glaiml19, wherein the dial kyl carbonate

14 Hifpo S ohelam ds RrtivEcmbTdiag FiyPYerihest easte Rfvdon of the soluble
dorgRidhydtali8 CHRPAIRL froth thdreREOCERSedi0r the production
of diaryl carbonate, the process conprising: feeding

15abheapensass ef aimokys ﬁmhpb@nmpaﬁi@garemcéinglyqttdbasrtb@rmrtézon of the
bl ot BSRAIRARR S GBI 03035l

16 .04 pasveseioate prodwanipn N dialky] t&Bohatéss ther;ﬁ&b%% e ]
wherein the sqlid transesterjfication catalyst and the
sol nggcﬂngaémtagmap@k@gﬁl‘yé@ﬁgactam comprising )allt 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 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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each i ndependently conprise a Goup Il to Goup VI
el ement. 22. The process of claim2l, further

W@ 9pnizsseg: contacting the aromatic hydroxyl PORpS290#032309
and the dial kyl carbonate in the presence of the solid
transesterification catal yst under condition to react

ast a | t he di al kyl carbonate with the
182?%6 e’ Ofglg )}? félgﬁ%oc[ﬁ)ﬁbn "58'% orm at | east one of an
al ky:bntaétydg ther dleghal @nanke alcehalysb rét@HR RS presence of the solid
recovering an effluent fromthe first reaction zone

conpr i AFplisie cRiGhHbsuscoBditiany ty ToBt athleagh gcperionf of the
cl ai m 42yng \{\5% e%aggla](-‘p%ﬁleﬁ%taq h%i fid %}?1{11 eaft lf%asp%ﬁe of an alkyl aryl

conprises t car bonat e
furthemnbumnﬁammamgﬂk?b@ﬂhnguﬁt | east a portlon of t he
ef fl uent . fromtgﬁgfl rst r ac ion zone to a secon

r eadfOYH D 7: cHluept élwn { Agaclion| &St C%en%ffltlg dhe soluble

of theo@gmetﬁwlcoﬁ 5lggpate to formdiaryl carbonate.
24. The process of claim 21, wherein the aromatic

19Tl psogesscaingaimd 8¢ wluprenrsﬁ@ phetoplefflRbt fiitter poopeisss alkyl aryl
cl atihm 1,[ wher ei he diaryl carbonate conprises
i3 Oéﬁffl’ he RPN eﬁ%omlﬂl%q%cess for the production
of  gdedalgat! least ¥l po@ﬁdrb@ﬂﬁfe%fﬂﬁéiﬁ‘ R GRS HrsE AIABdS Lo to a second
feeding an aromati c hydroxy conpound and a di al kyl

car borf§e®iongogesf i rst reacti on zone conprising a solid

ORGP AEDSE P SELDA Sl om i

V\,her eiqartidmatesol i d transesterification catal yst and the

| ubl e or onetal I'i c ¢conpound each i ndependent |
20 Pliog%%agf%qa% 1P} vhereep dhep digtkyé | carhoppte comprisge af least one of

leQtﬁ?lS&rlggnafel a?}ld?ll%@bh?’f rbdfifte, compri sing: contacting
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transesterification catalyst
2. The process of claim 21, further coniprising:
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 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.

77



feeding a sol ubl e organonetal lic conpound to the first
reaction zone, wherein the solid transesterification
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least a portion of the dialkyl carbonate with the aromatic hydroxyl compound
to form an alkyl 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 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.
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29. The process of claim 28, further comprising:

30.

31.

32.

33.
34.

35.

36.

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.
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.
The process of claim 30, wherein the removing and re-depositing are performed in
situ in a transesterification reactor.
The process of claim 30, wherein the removing comprises contacting the solid catalyst
with a solution comprising at least one of an alcohol and water.
The process of claim 32, wherein the solution further comprises a solvent.
The process of claim 33, wherein the solvent comprises at least one of benzene,
toluene, xylene, hexane, octane, decane, tetrahydrofuran, and an ether.
The process of claim 30, further comprising conditioning the solid catalyst prior to the
re-depositing.
The process of claim 35, wherein the conditioning comprises drying the solid catalyst
at a temperature from about 49°C to about 427°C (about 120°F to about 800°F) in an

inert gas flow.
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