WD 01/ 44158 PCTI USOQ 33826 PROCESS FOR CO PRODUCTI ON OF DI ALKYL CARBONATE
AND ALKANEDI OL 5 BACKGROUND This invention relates to a _nethod of

co- pr odudNongj/4#13f kyl carbonate and 10 al kanedi ol and, inPS3YS0%d38¢F, to a
met hod of co-producing dial kyl carbonate and al kanedi ol through the use of
a catalyst which is a conplex salt conpound. Various honbgeneous catal ysts
have been proposed for carbonate transesterification. For exanple, U S
Pat. Nos. 3,642,858 and 4, 181,676 disclose the preparation of dialkyl

car bonat es by transest ePRQCRE§SHORICOPRAPVSHTEIAN O t h 15 al cohols in the
presence of alkali neyp{BKYL GARBONATEANDARKMANEDIOLhout the use of a
support material. U S. Pat. No. 4,661, 609 teaches the use of a catal yst
selegted fromthe group consisting of zirconium titaniumand tin oxides,
salt$s or conplexes thereof. Commercial use of honbgeneous catal ysts is

restricted because separation gﬁAgggggpﬁﬁbal yst fromthe unconverted

reactants and organi c product c 1t. Because the
transesterification is an equilibriumreaction, in an attenpt to isolate

the intended di gl ky.l bopate by diisti lcl.at | i & j i quid
i thout - advance 1 PERPRPRaHEsY o HmleBl o ool dalfy eI TELC

duri ﬁ')g the agéaﬁ&{ié)ll Al ﬁ’l'])fa?tﬂ:qla? toaGH&hSE of &3 Fd.dﬁéln'% FialkyWewiBohatd Butb, t he

di al Kyl carbonate onte ‘formed reverts to 25 al kyl ene "car bonat e.

Fur t her mor giiafétfiollthrduf (RS Qe oRE Gatalyst Whichvbgmiglessaiaioaippand.  si de
reacti ons such as deconposition, polynerization, or the |like concurrently

take place durivgicub8osibgénieblhiedataiystsiivelbeetepropased fohearbérfatei ency. Vari ous
het er ogenous cat al ysts have al so been proposed for carbonate
t r ansest er itfansasterifioatiobh & an searnple,dl BaPatn dosad, 642,848 and hi8 1.6 disdoss scl osed
in U S Pat. 30 No. 5,498,743. Knifton, et al., "Ethylene G y%ol - Di et hyl
Car bonat e the preparation of dialkyl carbonates by transesterifying alkylene carbonates wit
15 alcohols in the presence of alkali metals or alkali metal compounds without the use
of a support material. U.S. Pat. No. 4,661,609 teaches the use of a catalyst
selected from the group consisting of zirconium, titanium and tin oxides, salts or
complexes thereof.
Commercial use of homogeneous catalysts is restricted because separation
20 of the catalyst from the unconverted reactants and organic product can be difficult.
Because the transesterification is an equilibrium reaction, in an attempt to isolate
the intended dialkyl carbonate by distillation of the reaction liquid without advance
separation of the catalyst, the equilibrium is broken during the distillation and a
reverse reaction is induced. Thus, the dialkyl carbonate once formed reverts to
25 alkylene carbonate. Furthermore, due to the presence of the homogenous catalyst,
side reactions such as decomposition, polymerization, or the like concurrently take
place during the distillation which decrease the efficiency.
Various heterogenous catalysts have also been proposed for carbonate

transesterification. The use of alkaline earth metal halides is disclosed in U.S. Pat.

30 No. 5,498,743. Knifton, et al., “Ethylene Glycol-Dimethyl Carbonate



WO 01/ 44158 PCT/ USQQ/ 33826 Cogeneration,”™ J. Mlec. Catal. 67:389-399
(1991) disclose the use of free organi c phosphi nes or organic phosphi nes
support edWEhO1#4F8i al | y cross-1inked polystyrene. U.S. Pat Pcﬂﬂgmﬁ?ﬁéﬁ, 041
di scl oses the use of organic ion exchange resins, alkali and al kaline
earth silicates inpregnated into silica, and certain 5 ammoni um exchanged
zeolites. U S. Pat. No. 5,430,170 discloses the use of a catalyst
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| on- exchanggg, $:Eie 10 s2phaiNG, MBd0al 043 cRisestthk Bd SfforBai¢ fonBkRdnge t her eby

cont ai ni ng 'a stoi chionetric anbunt of netal, are drsclosed in-U. S. Pat.

No. 5, 436, 3R4ins, BiKaR AR BIKERAECEthARRIeS ahprepndledliftd &ilch, A¥d edrfatd 0OSes a process

for producing a dialkyl carbonate by contacting an al kyl ene carbonate with
an al kanol ammotiti® gutlemgad ecalitesa UISxBat. Not 5U3@tT@ldiscloses.the aseartaal yst
containing two or nore 15 netal oxides. Unlike the process disclosed in the
Eur opean apgakalyshtomainingraerarerearthodetall oxideeasithe eatalyticallyi @eivernenmpeneiti ze a ni xed
nmetal oxide catalyst. Rather, the nethod of the invention utilizes a

catal yst whTkeruse of ¥MgQ isglisclossein fapanese Unexasmiped Ratent) Appligationc6[894r ogenous
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transesterigﬁrﬁégli?ﬂ;(ﬁﬁﬁﬁg& UREPAERD, 3l4glsgae 25 carbonate and al kanol ;

however, these polymeric materials do not appear very stable and gradually
| ose catal ytic agiropédnyPat&ftResplication (0478 ®130A2 Uistisdsiagltocess for

producing a dialkyl carbonate by contacting an alkylene carbonate with an alkanol
in the presence of a mixed metal oxide, i.e., a catalyst containing two or more
15 metal oxides. Unlike the process disclosed in the European application, the
method of the invention does not utilize a mixed metal oxide catalyst. Rather, the
method of the invention utilizes a catalyst which is a single complex salt
compound.
Inorganic heterogenous catalysts generally possess thermal stability and
20 easy regeneration. However, these catalysts, including the zeolites containing a
stoichiometric amount of alkali or alkaline earth metal, generally demonstrate low
activity and/or selectivity and are unsatisfactory for commercial application.
Polymer supported organic phosphines and ion exchange resins show high activity
and good to excellent selectivity in transesterification reaction between alkylene
25 carbonate and alkanol; however, these polymeric materials do not appear very
stable and gradually lose catalytic activity, especially at relatively high

temperatures.



tenperatures. 2 WO 01/44158 PCT/ US00/ 33826 Thus, there remains a need for
a nethod of transesterifying al kyl ene carbonate wth al kanol to co-produce
di al kyl ¥é0 ®##as%e and al kanedi ol which will provide hi ghdCTHEEY¥Ehversion
and product selectivity over a wide tenperature 5 range. SUWARY OF

| NVENTI ON A nmethod is provided for co-producing dial kyl carbonate and

al kanedi ol by reacting al kyl ene carbonate with al kanol in the presence of
a conplex salt catalyst 10 having a formula AX(MyQZ). Ais a Goup 1

al kali metal or Goup 2 alkaline earth netal, Mis a Goup 5 or Goup 6
transition metal,, 0 S O ' | : kyRR z is an
integer from3 t%hlﬁ’. h’\s?\lheer)r%)é |g%e@6é§?%h€dr%%gr§?%%n%gé} ang Ais an

al kal'i et alypRafBhiehkshl of 6P dc Qlalkyh@rbetagd atitalkamedioMiBkh a¥ill A3( MOA4) .
Wen Mis a Goup 5 transition 15 netal and Ais an alkaline earth netal,

a pref erredyrbeidulghef Red boi&vepsidradndProditt SdldRNAY overdhwideermperatuc oup 6
transition netal and Ais an alkali nmetal, a preferred fornula for the
catal yst i safg{ MD4). Two preferred catal ysts are Na2WX4 and Na2Mb04. Wen
Mis a Goup 6 netal and Ais an alkaline earth netal, a 20 preferred
formula for the catalyst is A(MM4). Preferred alkali netals for the

catal yst are potassium sodiu cesiu conbi nati on thereof.
Preferred Goup 5 transitio L 3 } ni obi um and tantal um

FMMARYOF 1N -
Preferred G oup netals are bdenum .and. t.ungsten. |n separn at e
preferred enbodi gr@?ﬁtlfo‘{’ﬁ@r(bvéq%gfo'%o é’ﬁlﬂﬁgfaﬁ Egzg onge a‘é%glf‘%%e?g"éﬁ?’c
substrate. Preferred substr i 1 I i d
nmesopor e r’rarteg(%n&aik,yﬁjesn G& ﬁﬁ)é)g k/gﬁfﬂhﬁ‘&é‘%‘l“mrﬁ%n@? Fgcgéh{gﬁﬁg'{ ?%%@(E)lf t hese
10 having a formula A,(M,0,). A isa Group 1 alkali metal or Group 2 alkaline earth

metal, M is a Group 5 or Group 6 transition metal, O is oxygen, xis 1 or 2, yis 1
or 2, and z is an integer from 3 to 6.

When M is a Group 5 transition metal and A is an alkali metal, a preferred

formula for the catalyst is A(MO;) or A3(MO,). When M is a Group 5 transition
15 metal and A is an alkaline earth metal, a preferred formula for the catalyst is
A(M0g).

When M is a Group 6 transition metal and A is an alkali metal, a preferred
formula for the catalyst is A2(MO,). Two preferred catalysts are Na,WO, and
Na,MoO,. When M is a Group 6 metal and A is an alkaline earth metal, a

20 preferred formula for the catalyst is A(MOy).

Preferred alkali metals for the catalyst are potassium, sodium, cesium, or a
combination thereof. Preferred Group 5 transition metals are vanadium, niobium,
and tantalum. Preferred Group 6 metals are molybdenum and tungsten.

In a separate preferred embodiment, the catalyst is supported on an

25 inorganic substrate. Preferred substrates are silica, alumina, zirconia, and
mesopore materials, such as MCM-41 and MCM-48, or a combination of these

substrates. Silica is most preferred.



substrates. Silica is nost preferred. 3 WO 01/44158 PCT/ US00/ 33826 The
process conditions of the nmethod of the invention include a reactian

t enper at ¥¥@0Bf41¥hout 20C (68F) to about 300C (572F), a rezf&TﬂbWO/ﬂ?ségsure of
about 14 to about 4000 psig, a liquid hourly space velocity of about 0.1 to
40 hf', and a nolar ratio of al kanol to al kyl ene carbonate of about 1-20.
5 Unlike polyner catal ysts such as ion exchange resins, the conplex salt

tal yst d in th th f ' td.on. . th I I d
Fegener abl o, - THEC BERERTAPTBRTT i BITOKaron Gt dioh i LaSIAP S Ty i
i de t o é ki d
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in CO_—prodﬂs&ﬂgwég@éﬂt%O@Fbgr@ﬁ i@nsurd) ¥abewiadity? abbuitaup kb #6het, exchange
reaction. Also, the general availability and | ow cost of the «catalysts

coul d si gnhiid & afoldryatiopf atkasol foaalipri@eaasbonaeruinbeas.1-Jhe or gani ¢ car bonat es
produced by the nethod of the invention, dinethyl carbonate in particular,
havespot enti al &jntiké palyimemncazdystgsuebnt ionegichangewesins, thecomplexssgiéne that i s
used mainly in manufacture of pol yurethane and pol ycarbonate 15 resins.
DETAI LED DEsaRsteusedNn R mmhMF e inventien eredtheroallvstebleand regeaerable. i nventi on,
a nethod is provided for the co- production of djalkyl carbonate and

al kanedi ol TharembiRationeofthighheasalytis activity and selestivising wide &P aiifonat e wit h
al kanol using a conpl.ex salt catalyst. The thod.i ncl udes reacting the
al kyl ene CE!"%S’FFA‘&?%@W é?%éﬁagﬁ nd rﬁ?%@%@’%Bﬂ@Fﬁ%E’étsi frdtfe  presence
of the conplex_ salit .cat Skt L . : i Ju . {n the
nmet hod of rrp}%n ?urllt\z}iélﬁ tfcl)rocr? %L%esr&g ]huesla%f g@:ﬁﬁ%@f&?a{éﬁ(ﬁ&%&%e %{? A(}l @gﬁﬁd nmetal or
al kapi ne eﬁ'ﬁ&?_gl{rgsiiéglexc%géreactgxpuﬂlsé, Jﬂé gerferal GVAUBILE dddABW ddsPBr Bt @l , O i's
oxygen, X IS of 2,y I1s 1 or 2, and z-I's an I nteder

catalysts could significantly improve the process economics.

The organic carbonates produced by the method of the invention, dimethyl
carbonate in particular, have potential application as "green" replacements for

phosgene that is used mainly in manufacture of polyurethane and polycarbonate

15 resins.

DETAILED DESCRIPTION OF INVENTION
In accordance with the present invention, a method is provided for the co-
production of dialkyl carbonate and alkanediol through the transesterification of
20 alkylene carbonate with alkanol using a complex salt catalyst. The method includes
reacting the alkylene carbonate with alkanol under process conditions in the
presence of the complex salt catalyst.
The complex salt catalyst utilized in the method of the invention has the
formula A(M,0,). A is an alkali metal or alkaline earth metal, M is a Group 5 or
25 Group 6 transition metal, O is oxygen, x is 1 or 2, yis 1 or 2, and z is an integer

from 3 to 6.



from3 to 6. 4 WD 01/44158 PCT/ US00/ 33826 The conpl ex salt cat aI yst
utilized in the process of the invention is a single conpound wh

cont ai ns VWO BU#4P8 ani on. The anion is a conpl ex anion becalFsCeT/USOﬁﬁ?ﬁzﬁe
sinmple salts (e.g. NaCl), the transition netal of the catalyst is
coordinated wth oxygen anions. 5 The Goup 5 netals are those listed as
Goup 5 (CAS version VB) of the Periodic Table of Elenents. Preferred

Goup 5 netals include van diu ni.obi u and t alum . The G oup 6 netals
are those |isted q& CG@WS‘ é’tzgﬁllBlnt YPE)CeSHE tt‘%g‘vﬁ’gﬂndﬂf‘émﬁ’tébl e of

El ements. Preferr 6 et ten.

Al kali net &P“ﬁpgu‘b‘gWP}%cf"g‘é"Fﬁo"S i o ?“??E‘t%é‘y ?g‘?@i aﬁ?‘%%‘%’%f the

Peri odi c earth netal
s deti ned CATkEgRpISREREL Sf“%@%tt@edﬁ?ﬁ“a“’é‘ﬁ%g‘ww%ﬁ T T e
of El ement syitiPéxy@en aMORY. Nati on thereof. Preferred al kali netals include
potassium sodium cesium or a conbination thereof. Wile the nmechanism
I's nog conpl et el ThelGdap Straedls asdihbselitstal dsabioupt(@AS wrsionyVB) ofetak| y
coordinating cation, creating a strong nucl eophilic anionic coordinated
conpl ex, m/rl’ienbdmﬂiabteeofﬂanmtat BrtfanredtGranp iSoetala srehide vasadiwit niobivih, t he
catalyst. It is preferred that the stoichiometry of the catal yst conmpound
be such thand tamdumatﬁie@pupg reetalb e, tthlWr@uPMSASN¢%O%NIB) kal i
nmetal and Mis a Grou’F 20 transition netal, preferred forn&]as for the
conpl ex salof theResiogia TahleofEvmeyts a ReefersdvEroup giaisiinduds melybdenumy al yst s
are KVO3, NaNb03i NaTa(C3, and Na3vO4. When A is an alkaline earth netal
and Mis add l6&555‘3?"transition metal, a preferred fornula is A(MO06).

Exanp) Ie: gf ;gﬁgﬂgalt aI Istqe Ivqg?se rggtglfsjg%gal %oup 1 ﬁA') or e I%ln%aic et al

and

Table of Elements, or a combination thereof. Alkaline earth metal is defined as
those metals listed in Group 2 (ITA) of the Periodic Table of Elements, or a
combination thereof. Preferred alkali metals include potassium, sodium, cesium, or
a combination thereof. While the mechanism is not completely understood, such
15 alkali metals act as a weakly coordinating cation, creating a strong nucleophilic
anionic coordinated complex, which may be associated with an increase in activity
of the catalyst.
It is preferred that the stoichiometry of the catalyst compound be such that
the catalyst is stable. For example, when A is an alkali metal and M is a Group 5
20 transition metal, preferred formulas for the complex salt catalyst are A(MO3) and
A;(MO,). Examples of such catalysts are KVO3, NaNbO;, NaTaOs, and Na;VO,.
When A is an alkaline earth metal and M is a Group 5 transition metal, a preferred
formula is A(M,0s). Examples of such catalysts are MgV,0¢ and MgNb,;0s
If A is an alkali metal and M is a Group 6 transition metal, a preferred
25 formula for the catalyst is A,(MQO,). Examples of such catalysts are Na,WO, and

Na;MoOy, as demonstrated in the examples below. If A is an alkaline earth metal



25 formula for the catalyst is A2(M)4). Exanples of such catalysts are
Na2WD4 and Na2MoO4, as denonstrated in the exanples below If Ais

al kal i ne @PV##1Bktal 5 WD 01/ 44158 PCT/ US00/ 33826 and M Fé”‘és"f’;%% 6
transition metal, a preferred fornmula for the catalyst is A(M4). Exanples
of such catal ysts are MgMoO4 and CaWH4 (Scheelite). The catal yst can be
supported on a porous, inorgani c substrate. Preferred porous inorganic
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acconpl i she n nera nown, pre m xi ng the

substrate wit h AFHEQHTy P CArtibd %@D%ed HEa péloRl Mrdrghft sebvpdtedYpreferred

evapor ati ng/ renovi ng excess unt of water, drying the resultant
supported GREr&lsiRbrgahic Fhbstraldd idcRMRaIliRh, %@ﬁnﬁ@@rcéﬁr@ fapsoparshsGadteriald, ng at

hi gh terrperatures >400C). During this procedure the pH of the catalyst
sol uts on ussach asMON{Atlaind@dCh-48; ortacombiriativa ef thesesaibbirates. oBitied ison  of

pol yoxynetal | ate species. In spite of the foregoing, polyoxynetallate

speci es maymest prdferod. Fhe snentporationtaféheceatalysy ontodthe substrpteseantbee i npurities in
the commercial catalyst material and/or 15 due to side reactions during
the processceamplished vinmenyonethpds gqmeraﬂbkgwyrmfarabb'thy BFiEthe are present
at all, it is preferred that they ?'M rese n amount | ess than 10

w % nore prbRtEtaPIY) apercussalyHonobthgcaaly 1?) @:heepsraﬂa&rr%szvﬁ%t all ate

h t h d | | dl f h | t f
Drcror 1y el aepnieivans dbis e Yestarh stptisted Fetaly S ald, Y °1 Pt o 30"
i nventi on. ,Howe kyl,e t b te,
el on kS éﬁutyr i“ae%sacr%gln%m% FroBtiallrBeCBOINC LIS BRr PONA .
carbonate pik 6&8&(&‘9&% p&g@?@@ga Etsso Fé@i@%aﬁrﬁﬁne@ﬁt”ﬁ%ﬁ&nm&le' al kanol

reactants can’ e used, reacts
possible formation of polyoxymetallate species.

In spite of the foregoing, polyoxymetallate species may still be present in
the catalyst due to possible impurities in the commercial catalyst material and/or
15 due to side reactions during the process for impregnation. If the polyoxymetallate
species are present at all, it is preferred that they be present in an amount less than
10 wt%, more preferably less than 0.5 wt%. The presence of polyoxymetallate
species in such amounts should only mildly affect the catalyst performance.
Generally, all alkylene carbonates can be used as a reactant in this
20 invention. However, lower alkylene carbonate such as ethylene carbonate,
propylene carbonate, butylene carbonate or the like is preferred; ethylene carbonate
or propylene carbonate is most preferred.
Generally, all alkanol reactants can be used, provided the alkanol reacts
with cyclocarbonate to produce the dialkyl carbonate and alkanediol product.
25 However, an aliphatic or aromatic alkanol having 1 to 10 carbon atoms is
preferably used. For example, methanol, ethanol, n-propanol, iso-propanol,

n-butanol, iso-butanol, secondary butanol, tertiary butanol, allyl alcohol, pentanol,
6



wi th cycl ocarbonate to produce the dial kyl carbonate and al kanedi ol

product. 25 However, an aliphatic or aromatic al kanol having 1 to 10

carbon atwesl/#dspref erably used. For exanpl e, methanol, et 00/33826

n- propanol , iso-propanol, n-butanol, iso-butanol, secondary butanol,
tertiary butanol, allyl alcohol, pentanol, 6 WO 01/44158 PCT/ US00/ 33826
cycl o- hexanol , benzyl al cohol, 2-phenyl ethyl alcohol, 3-phenyl propyl

aromati ¢ aloBROEaNRL TebaAeR Rapey A bR g AR b RRAICEr et hanol 1 <
f bl i i Vi . . ,
phenol 1 ¢ cOmBRAY Eaoldr | ieah BRSELIS e a8 EB R AL 6T 2% e

conpound which zgi%ﬁat‘?c NYSHoPXYdh s hAAbPSPetRAH] [sGRGs Praférhbly uSsCdia@r bonate to

produce the carbonate. The reactor type in this inventioh can be any type

general ly Imqmtiwggn@ﬁ)w@os@_onti nuous fluid bed, fixed bed or stirred tank,
etc. Since the catalyst used in the 10 nethod of the invention is

het erpgenous, i tFurthepragihensiRconpaundicdn becsket) érilplbee ofthelalsoholes to avoi d the
expense of having to recover the catalyst fromthe reagents. The reaction

condi ti ons cofpbhnd as thre entipound which ies ahydraxy! (OH) geoypeandirgacss with about 20C
to about 300C, preferably about 60C to about 175C, a reaction pressure of
about 14 t eyelbearbompyo proruce the 6arbpraiey about 50 to about 400 psig; a 15

liquid hourly space velocity of .about 0.1 to about 40 hr',6K preferably about
0.5 to about loTh‘Frfe?Ct‘érnfdP%t‘%'glsd?anﬁ?? Saat e%ﬂylé‘.ﬂli’ﬁnge“?f?ll?éﬁ(f&'f"gﬁ‘é"hcaér bonat e of

2o provi aderongniGEid bed SRR il ke pign el T SeHETRRbERAE T e
e L A AR B R T e
scope ther @l ayoid the expense of having to recover the catalyst from the reagents.
The reaction conditions of this invention include a reaction temperature of
about 20°C to about 300°C, preferably about 60°C to about 175°C,; a reaction
pressure of about 14 to about 4000 psig, preferably about 50 to about 400 psig; a
15 liquid hourly space velocity of about 0.1 to about 40 hr”', preferably about 0.5 to
about 10 hr''; and a molar ratio of alkanol to alkylene carbonate of about 1 to 20,
preferably about 2 to 8.
The following comparative examples are provided to assist in a further
understanding of the invention. The particular materials and conditions employed

20 are intended to be further illustrative of the invention and are not limiting upon the

reasonable scope thereof.

EXAMPLE 1
This example describes a method for preparing a catalyst employed in the
25 method of the invention, i.e. silica supported Na,WQ, (Na,WO4/Si0,).
Commercial sodium tungstate dihydrate (30.4 g) was dissolved in 500 cc

de-ionized water, and the resultant solution was stirred and mixed with 200 g of
7



EXAMPLE | This exanpl e describes a nethod for preparing a catal yst enpl oyed
inthe 25 nethod of the invention, i.e. silica supported Na2WX

( Na2WD4/ SvO)/4415€omer ci al  sodi um tungst ate di hydrat e (30. RCHYS&S826

di ssolved in 500 cc de-ionized water, and the resultant solution was
stirred and mxed with 200 g of 7 WD 01/44158 PCT/ US00/ 33826 silica gel
(Davisil, grade 643, 200-425 nesh) for 2 h. At the end of this period, the
m xture was evaporated to dryness at 60 C using a rotary evaporator. The
remai ni ng sdidagget@aisjisgradmed d0ed2s mesh) Byerh. aAt thoerd @a}élfsrﬂe&ﬁﬁia #&d t hen
calcined in air at 550 C. The cal cined catalyst had a BET surface area of
116 n2/ g, an@rtursw(@ﬁmon?éeﬁm@vmss/&ég%i@hlﬁ'a&afeﬁasf W%%’ﬁgiﬂ‘en. EXAVPLE 2

Thi s exanpl e descri hes a net hod. f.or prepar,ing.anot her catal vst, .eppl oyed in
the met hod [§Ma¥RS %oﬂ@gﬁ@kyatnvyasi. ?‘%FFPX %U%go‘?%ﬂ’“ﬁh'zwg’dﬁe%ﬂ%‘%%/ Si ) .
to Commer ci.al . sodi bdat ' r [ v in 500 cc
de-ioni zed ‘M{’eﬁ?f%g%-%é"ggé‘u‘f g%%ygshgﬁﬁté}%%s@f/aag):gt@?ﬁfggégﬁ@, %ggi(ed wi th 200
g of .silic ( &1 dodiutl] AfEs 9 #425 nmesh) for 2 h. At the end of
this 5peri od@nﬁlléed fh?%%rggdwg{s evaggj‘&eﬁ%gg%tggdr yness at 60C using a rotary
evaporator. The remaining solid catalyst was dried in an oven at 120C
overni ght and then calcined 15 in air at 550C. The cal cined catal yst had a
BET surface area of 145 n2/g, and EXAMBLE& 2.6 wt % sodi um and 5.8 wt %

nmol ybdenum EXAMPLE 3 Transesterification eval uati ons were perforned using
each of the cat aThiseeampilddeessisbaethpd fapqaegiriag anothercatalystpmployed
transesterification reactions were perforned in a fixed bed mcrounit

equi pped wiinghemethod of theriaventiom A €esibgrsurPaBehNaiMeR + NagMoLud@2) ubul ar

react or . .
10 Commercial sodium molybdate dihydrate (31.8 g) was dissolved in 500 cc

de-ionized water, and the resultant solution was stirred and mixed with 200 g of

silica gel (Davisil, grade 643, 200-425 mesh) for 2 h. At the end of this period, the

mixture was evaporated to dryness at 60°C using a rotary evaporator. The

remaining solid catalyst was dried in an oven at 120°C overnight and then caicined
15 in air at 550°C. The calcined catalyst had a BET surface area of 145 m”/g, and

contained 2.6 wt% sodium and 5.8 wt% molybdenum.

EXAMPLE 3
Transesterification evaluations were performed using each of the catalysts
20 described in Examples 1 and 2.
The transesterification reactions were performed in a fixed bed microunit
equipped with a three-zone furnace and a down-flow trickle-bed tubular reactor
(2" ID). Catalyst powder was pelletized and sized to 60-80 mesh. The reactor
was loaded with a mixture of 10 cc of the sized catalyst and 3 cc of 80-120 mesh
25 sand.
After pressure testing of the unit, the catalyst was dried at 400°F for two

hours under 1 atmosphere, 170 cc/min nitrogen flow. At the end of this period, the
8



('/2" 1D). Catalyst powder was pelletized and sized to 60-80 nmesh. The
reactor was |oaded with a mxture of 10 cc of the sized catal yst and 3 cc
of 80- 120V@eEMM1525 sand. After pressure testing of the unilqufygpémé%?Pal yst
was dried at 400F for two hours under 1 atnosphere, 170 cc/mn nitrogen
flow. At the end of this period, the 8 WO 01/44158 PCT/ US00/ 33826 reactor
was cool ed down to 150F and nitrogen fl ow was stopped. The reactor

pressure, controlled by a pressure regulator, was then set to 100 psi, and
the EC/ nmetrhzsion was sqalededqgventp 194SF 9%@8%8%&%&%@6@ héhe BRFCOf t he

t t 1.0 h"' Af t th 1 d,f th
o or Tt satutt pntipled by R LEATAG O 0 e i@x?ﬂémﬁgﬁéerme ©
Li d d d t -10C.
socn 11 ot e RS TS fae Flntbed BhE RMGTS 184 55 g thERAUL: BOF 021
reaction %}%ﬁew %&Hhe}’%‘é&t@k‘%aﬁ eammw (58 Rife réabi%\/térﬂpéfi’th)’e Vbs

conver si on two catal ysts were eval uat ed accordlng to the procedures

described l&eaRAVYS mlt%bﬁérlaﬁﬁ]g RAReired Liqd piddaas vanélcarietiddin an EC

conversion and dinmethyl ~carbonate (DMC)/ethyl ene glycol (EG selectivities
for Na2WO4/sHiifilessanet] BeopbfPdtSit G°CarBoth liquid and eff-gas pladticasyéreand 2,
respectively. Feed conversion is cal cul ated based on EC converted dur| ng
the transesalyeed bcGC. dFhercatalyticapaction mae stidiedat vanausempérammsesandol

(relative to EC) was 15 used for all reactions. During EC/ MeCH reacti on,

2- hydr oxyetldf}$Viievasyy EC spversee (HEMC) internediate was also formed in

addition to DMC and EG _The concentrati on_of HEMC varjes d;gl%ngl ng on the
reaction condit i Bifstwogsatalusts wereevalaated pegarding to g RiPeaduiRsdsseibe t he

IR R T TR STy X
carbonate (DMC)/ethylene glycol (EG) selectivities for Na;WO4/Si0; and
Na;Mo04/Si0,, are summarized in Tables 1 and 2, respectively.

Feed conversion is calculated based on EC converted during the
transesterification reaction, since excess amount of methanol (relative to EC) was
15 used for all reactions. During EC/MeOH reaction, 2-hydroxyethyl methyl
carbonate (HEMC) intermediate was also formed in addition to DMC and EG.
The concentration of HEMC varies depending on the reaction conditions.
Since it is recyclable along with unreacted EC, the intermediate carbonate is
not considered as a byproduct. The feed conversion and product selectivity are
20 defined as follows:
EC Conversion = (EC converted to products other than HEMC)/(total EC
in feed)
DMC Selectivity = (moles of DMC formed)/(moles of EC converted to
products other than HEMC)
25 EG Selectivity = (moles of EG formed)/(moles of EC converted to

products other than HEMC).



EC Conversion = (EC converted to products other than HEMC)/ (total EC in
feed) DMC Selectivity = (noles of DMC forned)/(noles of EC converted to
product s WOWeM4Ban HEMC) 25 EG Sel ectivity = (nol es of EGFHVA¥S#nol es
of EC converted to products other than HEMC). 9 WD 01/44158 PCTI USOQ' 33826
Tabl e 1. Na2WD4/ Si O2- Cat al yzed Transesterification of Ethylene Carbonate

wi th Methanol Condition: 100 Sig) Tenperature, 300/149 325/163 350/ 177
300/ 149 325/Tde 15/ C NasW 04Si0,1Catalyzed Tranes@rificatiorebBtiodensosi ti on

McOH EC, nol ar 3. 85 3 (Rybdndte vitiBBc3h@l (Candiviohol®) psighiui d  Pr oduct

Conposi t i on| TdWpedrtureMm % Atoo/49 7| 25A& 5 |450/10746 3Q/14EC, | 3MA63L6. 3(17. 6 16. 2
15.3 18.0 HEFC 11.2 8.9 11.3 8.3 8.0 Inter&di ate. | W% DMC| wt % 15.0
15.4 13.8 1BLesvb’'9 EQG 1.0t % 1110 11.119.6 13038 11. 1 0-DMT EG |{Mol ar 0. 94
0.96 0.99 0-96—0-—99—

Feed Composition

MeOH/EC, molar | 3.85 3.85 3.85 3.83 3.83

ratio

Total Liquid

Product

Composition

MeOH, wt% 45.7 47.1 48.5 45.1 46.9

EC, wt% 16.3 17.6 16.2 153 18.0

HEMC 11.2 8.9 113 83 8.0

Intermediate,

wt% *°

DMC, wi% 15.0 15.4 13.8 18.2 15.9

EG, wt% 11.0 11.1 9.6 13.1 11.1

DMC/EG, Molar | 0.94 0.96 0.99 0.96 0.99

Ratio

EC Conv., % 389 393 36.4 46.6 399

DMC Select., % 943 96.3 96.2 95.6 98.1

EG Select., % 100.0 100.0 97.0 99.8 99.3

a. HEMC: 2-hydroxyethyl methyl carbonate - an intermediate carbonate
5 formed during the reaction of ethylene carbonate with methanol

10



Ratio EC Conv., % 38.9 39.3 36.4 46.6 39.9 DMC Sel ect. %94 3 96.3 96.2
95.6 98.1 EG Select., % 100.0 100.0 97.0 99.8 99.3 a. HENC: ydroxyet hyl
net hyl cav®on#tss - an internedi ate carbonate 5 forned durP(deUQ‘We" $8acti on
of ethyl ene carbonate with nmethanol 10 WO 01/44158 PCTI USOQ 33826 Table 2.
Na2Mo4/ Si O2- Cat al yzed Transesterification of Ethylene Carbonate with

Met hanol (Condition: 100 psig) 5 Tenperature, F/ C 300/149 325/163 LHSV,
h** 1.0 1.0 Feed Conposition McOH EC, nolar ratio 3.95 3.95 Total Liquid
Product Conposition MOH wW%46.1 46.3 EC, wt% 16.8 19.1 HEMC

| nter nedi atgpwe 2 a INa,R1607Si0NCatalyz¥d Trafsedterificatibn oNEthylénd 11.7

DMZ EG_ Mol ar Ratio cbz%%oga&?wuﬁglgﬂﬂﬁol (C’&:a&m‘ﬁ :480 psighMC Sel ect., % 90.7
92.5 s EG Select., %97.7 95.6 a. HEMC: 2-hydroxyet hyl nethyl car bonate - an

i nt er medi Al G LRREOFT 300/149 325/163
LHSV, h'! 1.0 1.0
Feed Composition
MeOH/EC, molar ratio 3.95 3.95
Total Liquid Product
Composition
MeOH, wt% 46.1 46.3
EC, wt% 16.8 19.1
HEMC Intermediate, wt%"® | 11.3 6.3
DMC, wt% 14.8 16.4
EG, wt% 11.0 1.7
DMC/EG, Molar Ratio 0.93 0.97
EC Conv., % 38.9 423
DMC Select., % 90.7 92.5
EG Select., % 97.7 95.6

a. HEMC: 2-hydroxyethyl methyl carbonate - an intermediate carbonate

formed during the reaction of ethylene carbonate with methanol

10
The examples demonstrate that the transesterification catalysts of the
current invention exhibit good activity and very high selectivity in the reaction of
alkylene carbonate with alkanol.
More specifically, Na,WO,/SiO, demonstrated an EC conversion of
15 approximately 36-47% within the operating temperatures of 300 F-350°F. The

conversion was lower at the higher operating temperature (350°F) due to lower
equilibrium constant with increasing temperature. The DMC selectivity was

between approximately 94-98% for the full range of tested operating temperatures,
11



formed during the reaction of ethylene carbonate with nethanol 10 The
exanpl es denonstrate that the transesterification catalysts of the current
i nvent i oW@AH#IFE good activity and very high sel ectivity G388 ct i on
of al kyl ene carbonate with al kanol. Mre specifically, Na2WX/ Si Q2
denonstrated an EC conversion of 15 approximately 36-47% w thin the
operating tenperatures of 300 F-350F. The conversion was |ower at the

hi gher oper at} erat 350F) due to |ower .equilibriumgcgnstant with
i ncr easi ng"?'eir?@g?'éﬁi}?e. ?ﬁfﬁiﬁt@g RN A aB%‘ﬁ\%@éﬁ’b éﬁg?eo@ﬂrmt ely
94-98% f or _t he |l ted operating tenperatures, 11 WO 01/44158
PCT/ USQO/ 3%8°¥|8P%r?t1'%tg%pgég%%§ The EG selectivity was even greater at

about 100% f or Shediy! Na,MARER/SHD, QOFERIALRA o RITRHEEIHVEBSionTleTl | arl y,
Na2MoWA/ Si Q2 dgm)nasfy’r a%zed a@g/ood2 EC conver sai on i.e., ag)f)lr oXi mat el y

39-42% at afprBkidfaestp 39-2DREChEd pioteRiteBPéa@iedbE 3000¥2 SPVCThe DAVIECt i Vity was
bet ween approxi mately 91-93% The EG selectivity again was greater at
about 96- 98&ectilirgimak bettveed Bgproxihiacely 01-98%¢ TireE@iselectivity agalaptaabl e t o
comrercial application because of the good |evel of activity, very high
sel ecti vi t greategmt gbont 86-98Yenper at ure range, and the stability and
relatively |Iow cost of the transition netal 10 conpound catal yst used.
Wi | e t here hav@hprefare,dbsmethod of Whesinventionpy adsptebleyto semmey@d] t o be t he
preferred embodi nents of the inventign, those skilled (n the arf wll
real i ze t happlicatigmbreaussof thegenod;le Pg?’@“’ y"e&éﬁ‘&ha@eqt‘l’@yé’f’g WMrout
departing fromthe spirit, of i nvention, and it . s intended to claim
all such c%@%‘uﬁﬁa‘?%ﬁ?qﬁhEé&*@?%a%re%‘vg]é{ll?w\ﬁﬁtﬁ&H‘ettﬁaéjsiuloﬂén Aope of the
i nveigti on.
compound catalyst used.

While there have been described what are presently believed to be the
preferred embodiments of the invention, those skilled in the art will realize that
changes and modifications may be made thereto without departing from the spirit
of the invention, and it is intended to claim all such changes and modifications as

15 fall within the true scope of the invention.

12



12 WO 01/ 44158 PCTIUSOQ 33826 We claim 1. A nethod for co-producing

di al kyl carbonate and al kanedi ol conprising reacting al kyl ene carbonate
with al kaWeloldHder process conditions in 5 the presence ofCHUSYWRF¥x salt
catal yst having a fornmula A ,(MQZ), wherein: Ais a Goup 1 alkali netal
or Goup 2 alkaline earth netal, Mis a Goup 5 or Goup 6 transition
nmetal, Ois oxygen, xis 1 or 2, 10y is | or 2, and z is an integer from3
to 6. 2. A‘getlhod as described in Caim1l, wherein Ais an alkali netal,
wherein Mi¥®5% & oup 5 transition metal, and wherein said catal yst has a
formula 15 A(MD3) or A3(Md4). 3. A method as described in Caim1l, wherein
Ais an alkaline earth netal, wherein Mis a Goup 5 transition netal, and

wherei n sai d catal ysta Rasmda fof S5-BHdaciig MR8 carBBnate arft AIRAMREMHI as descri bed
in daiml, wherein Ais an alkali nmetal, "wherein Mis a Goup 6 netal,

and wher ei %o&%ﬁﬁin@@éa@ﬁﬂ@hlkﬂ@ﬁe @arbéraavith A&aA)dihder froceds o®ididshsag descri bed
in Cdaiml, erein Ais an alkaline earth 25 netal, wherein Mis a G oup 6

met als, and thépresinte 684 domplerlsyis tathlgs havihgafodnaula A(MLD),), vitidred 01/ 44158
PCT/ US00/ 33826 6. A nethod as described in Caim1 wherein said catal yst
is Na2wH A is a Group 1 alkali metal or Group 2 alkaline earth metal,

M is a Group 5 or Group 6 transition metal,

O is oxygen,

xis 1 or2,

10 yis 1 or 2, and

z is an integer from 3 to 6.

2. A method as described in Claim 1, wherein A is an alkali metal,

wherein M is a Group 5 transition metal, and wherein said catalyst has a formula

15 AMO;) or A3(MOy,).

3. A method as described in Claim 1, wherein A is an alkaline earth
metal, wherein M is a Group 5 transition metal, and wherein said catalyst has a
formula A(M,0s).
20
4. A method as described in Claim 1, wherein A is an alkali metal,

wherein M is a Group 6 metal, and wherein said catalyst has a formula A,(MOy,).

5. A method as described in Claim 1, wherein A is an alkaline earth

25 metal, wherein M is a Group 6 metal, and wherein said catalyst has a formula

AMMO,).

13



or Na2MbO4. 7. A nethod as described in Gaim1l, wherein said al kali netal
is 5 selected fromthe group consisting of potassium sodium cesium or a
conbi nat WMOU444% eof , wherein said Goup 5 netal is sel ectP&d’¥YMB% e group
consi sting of vanadium niobium and tantalum and wherein said Goup 6
netal is selected from the group consisting of nolybdenum and tungsten. 10
8. A nethod as described in Caiml wherein said catalyst is supported on

a porous inorganic substrate. 9. A method as descrihed in Cl ai wher ei n
said substrate i& seléd'ﬂ"ég(’deﬁ‘gﬁ?‘ibﬁg?‘bag‘ﬂﬁ%c%?‘gts?‘aéza ySEis| aég} “al uni na,
zirconi a, m;&mm materials, or a 15 conbination thereof. 10. The
net hod of @i Other ei n said process conditions conprise a reaction

tenperature of about 20C to about 300C, a reaction pressure of about 14 to
about 4000 psig, a liquid hourly space velocity of about 0.1 to about 40

QL ', 20 and a mplar RahdiRodhs dskiealin CRiANIKWhERM @Rl ARARMEPE about 1-20.
5 selected from the group consisting of potassium, sodium, cesium, or a combination
thereof, wherein said Group 5 metal is selected from the group consisting of

vanadium, niobium, and tantalum; and wherein said Group 6 metal is selected from

the group consisting of molybdenum and tungsten.

10 8. A method as described in Claim 1 wherein said catalyst is supported

on a porous inorganic substrate.

9. A method as described in Claim 8 wherein said substrate is selected
from the group consisting of silica, alumina, zirconia, mesoporous materials, or a

15 combination thereof.

10. The method of Claim 1 wherein said process conditions comprise a
reaction temperature of about 20°C to about 300°C, a reaction pressure of about
14 to about 4000 psig, a liquid hourly space velocity of about 0.1 to about 40 hr’,

20 and a molar ratio of alkanol to alkylene carbonate of about 1-20.
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