WO 01/ 44158 PROCESS FOR CO- PRODUCTI ON OF Dl ALKYL CARBONATE AM_:)@&.@AL\YIEDI aL
5 BACKGROUND 14 AN 2004 PCTIUSQOO 33826 This invention rel ates 0 t hod

of co- pre@qifagssdi al kyl carbonate and 10 al kanedi ol and, PERUSBRI® Yl ar, to
a nmet hod of co-produci ng dial kyl carbonate and al kanedi ol through the use
of a catalyst which is a conplex salt conmpound. Various honbgeneous

catal ysts have been proposed for carbonate transesterification. For
exanple, U S. Pat. Nos. 3,642,858 and 4, 181,676 di scl ose the preparation of

di al kyl carbonates by trﬁﬁ? rdedyi wraoeownates with 15
al cohols in the presenc gé%%éq%ﬁ%Aim?fpg% al conpounds w t hout
the use of a supportnlﬁlt'giylla TTUCS. i .4, , t eaches the use of

a catalyst selected fromthe group consisting of zirconium titanium and
tin @gxides, salts or conplexes thereof. Commercial use of honbgeneous
catalysts is restricted because separation 20 of the catalyst fromthe

unconverted reactants and organi BA@KGROUNBN be difficult. Because the
transesterification is an equilibriumreaction, in an attenpt to isolate
the intended di al kyl carbonate by distillation of the reaction |iquid

wi t hout advance RedicnGBaet 16 Hmethddalfetprodivingsijalkylichrtionateiandbr oken
during the dist i']i ation and a reverse reaction is induced. Thus, the

di al fgyl canhenadiel MACE fandRd, fommmethed Dbce-praduking dirtkyt srbemue end
Furthernore, due to the presence of the honobgenous ﬁat al yst,, side
reactions shahedis! tieaghnbside afn,caplisywhichis complens LoRORQURE. concurrent |y
take place during the distillation which decreas fficiency. Various

het er ogenous catVidrimis hiohmgeneabis catbly#s h@\fe(ﬁf@g @Epgo(g?d iﬁpg?:g ﬂg&tg | |
;[ La&S g.St ggiti;nigsaén%r::ﬁio-rnh chl)Jrse?(a:%];Jle?IlJl.(SélPlaE %\1065(?1 tcﬂz,@?ﬁ %ll'ld Q,Ellhjl ,%53 dﬁs%logé scl osed
the preparation of dialky] carbonates by transesterifying alkylene carbonates with
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 zirconjum, titansum and tin oxides, salts or
co’mpiexes thereof.
Commercial use of homogeneous catalysts is restricted because separation
20 of the cétalyst 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
separaﬁon 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 Gilycol-Dimethy! Carbonate



30 No. 5,498,743. Knifton, et al., "Ethylene dycol-D methyl14gypopate WO
01/ 44158 1+ JUN 2004 PCT/ US00/ 33826 Cogeneration," J. EFrushihstae

67: 389- 39D (11985B) di scl ose the use of free organic phosphines or organic
phosphi nes supported on partially cross-linked polystyrene. U S. Pat. No.
4,691, 041 discloses the use of organic ion exchange resins, alkali and

al kaline earth silicates inpregnated into silica, and certain 5 amoni um

exchanged zeolites. U S. Pat. No. s th se of a

5,430,170 _di.scl os
catal yst cGogauenitivg,’a). Molec. Earalh6Ha8%PODUIOIL) ‘if%‘:(f?sl‘?éﬁ%'éﬁeacf%ﬁelecal ly active
conmponent. The use of O is_disclosed in Japanese ' Pat ent
Ang i cat i onrg@{ﬁm%nsphirlfﬁ'l\)é?@Eﬂﬂn‘qﬁ@sﬂg%eséPp%@%ffﬁémHyg%&% cites is
di scl osed i n Japanese_ Unexam ned. Pat.ent [ ' . < 354.
Zeol i tes ipﬁa’%xrcgna-nb%& RfatﬂHO-rnggW‘5| ‘ﬁ'sﬁl%sfé?ﬁ’%é’ﬁgﬁgé’%gﬁ“gg‘%'?%ﬂ%"% h netal ,

t hereby cont ai ning, a stoichionet.ric anount : } sclosed in U S
Pat. No. 5!%%,33’63! “ﬂﬂl%@ﬁﬁa’ﬁéﬁ[ﬁ?ﬁe%ﬂﬁm%}%‘? ?%’ﬁg%il%gngg?% di scl oses a

process for produci a dial.kyl 8 ' Ake gt kY| ene
carbdnat e HPFRNEHP %‘ﬁ’gﬂgﬁd Zef’t\te%{'hg'c%gggeﬁ%g’% ,12@g§s§rggé%fal oxide, i.e., a

catal yst containi ng.t.wo _or I [ ; idee CORPMI g LSS
di scl gsed B ﬁé%&’@Béaﬁafﬁggf‘ﬁgﬁﬁlgﬁfd@taﬁg% c‘rgrgamlggmoﬁ‘dﬁt he i ﬂtgfant i on does

not utiliz ?F%é@ag@&%ﬁ‘:%é@ﬁ' 134k e/ShexafiicdPatent Applicatioh 6{1l 9514}t he

i nvention catalyst which i1s a single conplex salt conpound.

| norgani c hgs 631”.0%@%@'_'8%@/)@0?@8@[&&iﬁdﬁs@bseds'm Yapaenml stability and

20 easy regeneration. wever, these catalysts, including the zeolites
cont ai Ni NG fhexsthinkg PaRNEADplcaBioR B[1990]-44B 54 Zeditesdbiakthaogedvith net al |
general | y denonstrate low activity and/or selectivity and are

unsafgi St actapiall nfedl apasoratialind eapphetakttiensby cop@iniigss StOFBINTILRRBPYHN .
phosphi nes and ion exchange resins show high activity and good to
excel | ent fhecd)areidisclased mdd SeBate Not 56&9438%- reacti on between al kyl ene

European Patent Application 0 478 073 A2 discloses a process for
producing. a dialkyl carbonate by contacting an alkylene carbonate with an alkanol
in the presence of a mixed metal oxide, i.e., 2 catalyst containing two or more

15 metal oxides. Unlike the process disclosed in the European application, the
n‘1ethod of the invention does not utilize a mixed metal oxide catalyst. Rather, the
method of the invention utilizes a catalyst whichis a singie 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 ex;:ellent 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.



25 carbonate and al kanol ; however, these polyneric materi al £ 9804 appear

very stable and gradually lose catalytic activity, 'espec'&,

rel ati vewo ¢w4nss t enperatures. 2 WO 01/44158 11-! UN 2004 %3826

. Thus, there remains a need for a nethod of transesterifying al kyl ene
carbonate with al kanol to co-produce dial kyl carbonate and al kanedi ol which
WI1l provide higher feed conversion and product selectivity over a w de
tenperature 5 range. SUMVARY OF | NVENTION A nethod is provided for -

co- produci ng di al kyl carbonate and al kanedi ol by reacting al kyl ene

bonate with al kanol in th . lyst 10
Paving o for mil AT ipeierans anec akeguighad o ARl SUSRAE U0 5 2Pt ne

R L L i S

_ om3 to 6. Is a Goup 5

transition netal .and LS. _an | : (&' d Wile tEbérHuge f Or the

cat al yst isprﬂl’%ﬁgﬂgr}ﬁf féﬁgf%‘{e)rg&b@grpr%@kge%ygg% 5 transi t?on 15 metal and
A isO%\n al kaline earth nmetal, a preferred forrmula for the catalyst is
A(M0B). VRBE“Mis a Group 6 transition netal and Ais an alkali netal, a

preferred fornula for the catalyst is A2(MX4). Two preferred catalysts are
Na2Wo4 and Na2MoO4. Wen Mis a Goup 6 netal and Ais an al kaline earth

netal, a 20 preferred fornmul gU{\mmU}am#umUNA(va). Preferred al kal i
- metals for the catal yst are potassium sodium cesium or a conbination
thereof . Preferr adm@hesps frovidedfr cognodeing dalkyleasbenstdandplkaneshielhy, and
tantalum Preferred Goup 6 netals are nol ybdenum and tungsten.
reacting alkylene carbonate with alkanol in the presence of a compiex salt catalyst
10 having a formula A,(M,0,). 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, yis |

or 2, and z is an integer from 3 to 6.

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

formula for the catalyst is A(MOs) or As(MOJ). When M is a Group 5 transition
15 metal and A is an alkaline earth metal, a preferred formula for the catalyst is
A(M:0g).

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 metai and A is an alkaline earth metal, a

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

Preferred alkali metals for the catalyst are potassium, sodium, cesium, or a
combination thercof.l Preferred Group 5 transition metals are vanadium, niobjum,
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, ora combination of these

substrates. Silica is most preferred.



"In a separate preferred enbodi ment, the catalyst is suppor?tediiigin 25

I norgani ¢ substrate. Preferred substrates are silica, al pamaEsossgmoni a,
and. mXO®HEBaterials, such as MCM 41 and MCM 48, or a conbi nati on of

- these substrates. Silica is nost preferred. WD 01/44158 14 SOON 2004

PCT/ USOQ 33826 The process conditions of the nethod of the invention

I ncl ude a reaction tenperature of about 20C (68F) to about 300C (572F), a

reaction pressufe of aboyt. 14 4 SAROiR&h N ifclhdeirdctionr | y space
vel ocity of abo cpéc.’Ts“t%on%'o&Sfpfmeang a molar ratio of alkanol to alkyl ene

carbonate of a BRI €0 BEGO{ FBO°C B3 7aPB)s b seastio passurerofexchange
resins, tHgmBBrﬁgjl?%%ﬁﬁsbép{m%ggt aI]:?/sct)s used in@t he net hod of the invention are

thermal I'y a%%,ﬁ#ifm%ilu{ AshRnRaRliguid hbhAy xith velatityosf abbut0.g Hodfthal'yt i c
activity and selectivity in"a wide tenperature range, and excell ent

ther mal ~ stahid lbir ARE of SReNS iellkllchy corboridneofabbat ¥20s, render them
suitable for comrercial use in co-producing organic carbonate and

al kapedi ol 10 t{RIeGHd)RSE @stalgits BaIgs iom exdhange resihs dhe edmeplgesalt al

availability and | ow cost of the catalysts could significantly inprove the
process econgEessed Thhe aicgiad of thainbemamese treovallyestablyandregararalle: of t he

i nvention, dinethyl carbonate in particular, have potential application as
"green” rephecsiBmitioniofhighghalytienctivitysandisslecd b YidS 1EMPERYUNIT act ure of
pol yur et hane and pol ycarbonate 15 resins. DE_'I_'AIqITE@ DESCRI PTI F I NVENTI ON
I n accor darnge,wint lex¢ehientphermelstatibty @ag reasnerabili ¢dbe FAA¥HE ST for the co-
production of dial kyl carbonate and al kanedi ol thrqugh th .

transest erihthmﬂlbldn¥®fcoweéﬁlﬂyﬁ%ﬂbc%a UHae B'WFF%°§5Woﬁn%uaé]far?§d5’l conpl ex

salt catalyst. The nethod inc) ude reacting. t . I te with
al kol unispuglyestes §5CheBBRSERFORS @W't‘ﬁ%ger]ﬂag%@ggﬁ{ﬁdﬁg&c%%{p eg’%s al t
catalyst. 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 Tesins.

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 compiex salt catalyst.

The complex salt catalyst utilized in the method of the invention has the
formula A,(M,0,). Aisan alkali metal or alkaline earth metal, M is a Group 5 or
25 Group 6 transition metal, O 1s oxygen, x is 1 or 2, yis 1 or 2, and z is an integer

from 3 to 6.



formula A, (MQGa). Ais an alkali netal or alkaline earth

G oup 5 wo612815& oup 6 transition netal, O is oxygen, X is

.or 2, and z is an integer from3 to 6. 4 WO 01/44158 14 ' UN 2004

PCTNSO0/ 33826 The conplex salt catalyst utilized in the process of the
invention is a single conpound which contains a polar anion The anion is
a conpl ex ani on because, unlike sinple salts é’ 3)5 gﬁ the ransition
metal of the caﬂ'héyempkssaib@t*dj’&wt'b%?d lwliehl;"ﬂ‘k%? ShihgipvsaUcH 18 28l oy 5
nmetals are those listed as G oup qg ver5|on VB Ie% n} CEL%EI odi c Table
of El ement sompowidavhish caytgnp? BOIH’é'{"& 5 FERPS P, i | obI um  and

tantal um The G oup-6 neta t hose |isted rsion VI B)

of the Per P@dﬁfé’“l'alﬁlséhsoﬁf gEhéFF@nﬁ@ "aIBF’ %F’}e&g &fhoup {r)r’étq g%s FRE ude

nol ybdenum Snd tung}s‘ten 10 Alkali metal is defined as those netals |isted

in Group | WihAXY8E" TN Speri odic  Table of Elements, or a conbination

thereof Al kal i rth fid sf@ed in Goup 2
&%Sgﬁgugameiﬁ%#eap&% Iis 9‘15 %ﬁo aﬁ Weﬁs%}?ﬁ&rﬁ\@?

(11 AP of the Pe erren conmbi nation thereof.

Preferred gl engy Fﬁfeaﬁ] n%n&]k Ciﬂeﬂﬁh&%:%bws n&?ﬂ& HEude 9rddiim, Qliobidn,

conbi natio anismis not conpletely understood, such

15 alkal i ek Alends! 198 ollf8 el aenHtRdkicids GroipB (CASaRISAGVEBpL I ong

nucl eophi | 8% *4nT oni ¢ "¢oor nate conpl ex, which may be associated with an
| nerease | ge el befiddle Tafe dBemaha peferrdd Gicupi® émlsriadudeablybdepum

stoi chi ometry of the catalyst conpound be such that the catalyst is
stable. ForngxafpRled. when Ais an alkali netal and Mis a Goup 5 20
transition rretal preferred formulas for the conplex salt catalyst are
A(MX¥p and Alkali metal is defined as those metals listed in Group 1 (1A) of the Periodic

" The conplex salt catalyst utilized in the method of the IE@E J;u]as t he

Table of Elements, or a combination thereof. Alkaline earth metal is defined as
those metals listed in Group 2 (TIA) of the Periodic Table of Elements, or a
combination thereof. Preferred alkali metals include potassium, sodum, 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 corﬁplex, 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(MO,) and
As;(MOQ,). Examples of such catalysts are KVO;, NaNbO,, NaTa0j;, and NayVO,.
When A is an alkaline earth metal and M is a Group 5 transition metal, a preferred
formula is A(M;Os). Examples of such catalysts are MgV20s and MgNb;Os
If A is an alkali metal and M is a Group 6 transition metal, a preferred
25 formula for the catalyst is A,(MO.). Examples of such catalysts are Na; WO, and

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



" A3(MD4). Exanples of such catal ysts are KVO3, NaNo(O3, NaTaCs, ap%em%ﬁ?l
Wien Ais an alkaline earth nmetal and Mis a Goup 5 transition |<*%a
preferredodiasmsel a i s A(M06). Exanples of such catal ystsp%wsﬂﬁj\?% and
. MgNb2G6 If Ais an alkali metal and Mis a Goup 6 tfansition netal, a
preferred 25 fornula for the catalyst is A2(MXM). Exanples of such

catal ysts are Na2WX4 and Na2MoO4, as denonstrated in the exanpl es bel ow
If Ais an alkaline earth netal 5 WD 01/44158 14 JUN 2004  PCT/ US00/ 33826
and Mis aakdMiipa6roup6aransision metah| a praferred famuledor thefaladystér t he catal yst

Is A(M4). Exanples of such catal ysts are M 4 d (Scheelite).
The cat al y#i(MEah Brarsplppof sush caplysts WM&MPQ*‘HQ@%&WF@ @ﬁcﬁ%%)'?%}te. Preferred
porous inorganic substrates include silica, alumna,,zi rcogi e gsoporous
materials, 5 sTbhcaslynbE SHPRPIIGSIPAPOTRNS, INOREMS WRETRR Sicitmede

substrates. Silica is myst prefered, The incorporation of the catalyst onto

the subst r gpeue inerewnic sbsHASS nelvde sHica AYMIRR ZHeAMf FESERYOPS PRI own,
Pol | Gued byavapdrntrhard MoV 3 & edbbiga Gl diibess Sobitelat” SheiRg The™ ™"
ol o ning TOTRGHFEbnies mhaetel phfe el B the iSutiedad 88 O E0C L o
ormat 1 on’ arc b RAEFT pEn R RhaaRPEhdim plefb ATl ik mEOCC! 1 ©

pol yoxymet al llff?rltaﬁ %@ﬁ%aﬁ%ﬁg@g}uﬁﬁﬁ bt e @atglgﬁsiﬁﬂﬁwétfby éﬁﬁoﬁﬁhg‘r&ﬁbviﬂge to

possi bl e i ﬁf) e conmmerci al talyst material and/or 5 due to

side reactionse %B%Q%ﬁgfifeﬁﬁ?mefr&ﬁﬁm Hicanlyst &t thileé pol yoxynetal | ate

speci es are presen Is preferred that they be present in an
amoupy |esqf+§@£\ui1& (8b995010Y) Caridrcichiiripbdt highasmpéraaumes)>800tC}. Diiméngor esence of

pol yoxynetal l'ate species in such anmounts should only mldly affect the
cat al yst perik prgvede, the pH of the catalyst solution used is maintained at >7 to minimize
possible formation of polyoxymetallate species. 7
Iﬁ spite of the foregoing, polyoxymetallate species may still be present in
the catalyst due 10 possible impurities in the commercial catalyst material and/or
15 due to .sidc reactions during the process for impregnation. If the polyoxymetaliate
species are present at all, it is preferred that they be present in an amount Jess than
10 wi%, more preferably Jess than 0.5 wi%. The preseﬁce 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 ajkylene 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



General ly, all alkylene carbonates can be used as a reactant (1gn) g 20

I nvention. However, |ower al kyl ene carbonate such as ethybﬁpﬁmgg&ﬁgpate,
propyl enewocHrddvssat e, butyl ene carbonate or the like is preferred; ethyl ene
. carbonate or propylene carbonate is nost preferred. Generally, all al kanol
reactants can be used, provided the al kanol reacts wth cyclocarbonate to
produce the dial kyl carbonate and al kanedi ol product. 25 However, an

| i phat i ti I havi |.tp.1 ' f bl
Gsed, For exmpeemondemaalcona aangn e Ereieharenydr R aklndt < SO Yo
I so- but |, d but |, tert] idiIEsHW! t I,
6"V 01/ 442me1boR GoRToIGE e errsi P LY RRI; eI cHERE, A POCLET
2- ph | ethyl alcohol, .3:ph I | F I th
(i ko can biswRaPRRS Heohd R A et bl Simos frefritipusedtiventy, B 1o

al cohol such as .gﬁ;ha(g olngI et hanol is nost preferably used due to its
reactivi ty“éﬁ‘a"cfl %) sI‘—'urther, a phenolic conpound can be used in

place of the alcoholig Q EREL SR SLREceTithbalb@ifolie hydr oxyl (OH)
gr ouﬁ and react gp“ﬂ%fﬁa%h%g%cégr S?Ig?e to pr O?IIII(S:Ie t he carbonate The reactor

type in thig |OVGRLL AR 3B Afih MEPEhASRANIONY glaupumdseats with a
d ed, fiIx 8

cont i nuous PT&! bed or stirred tank, etc. Since the catal yst

used in th clé@ad-ggﬂﬂe%ﬁifodht@ihbﬁmhh@n is heterogenous, it is preferred
that a fixe e e used so as to avoid the expense of having to recover

the catalyst fromdfeactopgRi this ifivetivrast boamycypeigeretally kopwnisueh #nvent i on
include a reaction tenperature of about 20C to about 300C, preferably
about 60C tg.aHpRUbusiTiTbed fixedbed onstirmdasskyrets. Finegdbe catalystusediidlit 4000
psig, preferably about 50 to about 400 psig; a 15 Ii gui d eg ur | éd space
vel ogj ty ofmeahediof thelinventiabditetetOpénons, it ismatfemedithyt Hfrsdbeg bg usgd s
as 10 avoid 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 foliowing 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;WO, (Na,W0./8i0;).
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



“about 10 hr'; and a nolar ratio of alkanol to al kyl ene carbongt gjpfipabout |

to 20, preferably about 2 to 8 The follow ng conparatiyv are
provi dedwoiagsisst in a further wunderstanding of the in&ﬁ%ﬁ%%ﬁe

.particular materials and conditions enployed 20 are intended to be further
illustrative of the invention and are not limting upon the reasonable
scope thereof. EXAMPLE | This exanpl e describes a nethod for preparing a

catal yst enployed in the 25 method of the invention .e. silica supported
Na2WO4 ( NagWengei(DRYisil, geaienees,ci0ar426aueshifar drig shtdbe evl W@%@hm g) was
di ssolved in 500 cc de-ionized water, and, the resultant sql.ution was
stirred anghixurecsassivanoraGd tgdynesszt (§)°6 ysing pSatany evappiateio sl hepcr) usoo/ 33826

silica gel (Davisil, grade 643, 200-425 ne for 2. h, t he, end, of this
period, theemaining sokd oeialyse wapored BENQYEH Pﬂ/f?gég oﬁ?wpﬁlcﬁ@}eﬂﬁag‘“??ﬂ ary
evaporator. The renmaining solid cataly s dried | n e t 120C

over ni ght &malr ath®9 Lal 'Eherfélfmefjﬁa‘éh’ls”?ﬁd%Exf/a@r‘rfaleﬁé"??aquilﬁéﬁg%’a?%qﬁyst had a .
BET surface area of 116 n%l g, ‘?g% S5, ?nt ajned 1.9 wt % sodiumand 6.6 wt %

t ung§t en. ESTRIPEE 12 Wirk SOQUE 3P & O¥Ye ME¥ s net hod for preparing anot her

catal yst enployed in the nethod of the invention, i.e. silica supported
Na2MoO4 (Na2Mb04/ Si 02). 10 Commerci al sodi um nol ybdate di hydrate (31.8 )

was di ssolved in 500 cc de-ioni ZE%AWE%and the resultant sol ution was

stirred and mxed with 200 g of { (Davisil, grade 643, 200-425
mesh) for 2 h. Au.lNe eRdielnbklh teRffd fof prebiitng diottiet EstaMeceraplaged at ed t o

dryness at 60C using a‘rotary evaporator. E!Fhe remai ni ng solid catal yst was
dried in ap ASReAbd SRACHREAIGH Dblsilte upitsied¥d,Mol3 (Na;Mo0./Si0y).
10 Commercial sodium molybdate dihydrate (31.8 g) was dissolved in 500 cc
de-ionized water, and the resultant sojution 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 calcined

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 wi% 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 2 down-flow trickle-bed tubular reactor
(4" ID). Cal.alyst 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



15 in air at 550C. The cal cined catal yst had a BET surface Ta\ 145
n2/ g, and contained 2.6 wt % sodi um and 5.8 w % nol ybdenu %gam%i% 3
Transest w0 61/43888i on eval uati ons were perforned using each 6 e catal ysts

. 20 described in Exanples 1 and 2. The transesterification reactions were

performed in a fixed bed mcrounit equipped with a three-zone furnace and

a down-flow trickle-bed tubular reactor ('/2" ID). Catal yst powder was

pelletized and sized to 60-80 nesh. The reactor was |loaded with a m xture

of 10 cc ofedch® veszedieddonnys i SAHhnd nigogsn Moy wopstoRRad- D8 TE3HYF  Af t er
pressure testing of the unit, the catal yst Ws dri ﬁgoat. 404){:efor two hours
under | at poespires epntrplied by:? pieRsurg TeBBEN: VROED B¢t 1P 18V BNl &3 Behi s peri od,

150F ‘and nEG mgmanelmiasniees nap purPory saat 1o iy eLiIEEREALENIC, D,
Peod was ponddindiatimsesgorrts oftgped R s o spliar i T,
| ner chaed R AP b BParig e TG Fr DAl SERAUMRIIRE ©  tensed
wer o anal yyanemn R PR I8 C ool g B STkt BR e Pous

t enper at ur e \/ ' i dudernpératuyestandwer e
a%a@?%il %@téi) 'I:h% c!ﬁlfylfnc F%cﬁ@ﬁ‘%% Stuged atl pératy

eval uated acc e procedures described 10 above. Detail ed
operating ng@ﬁg{)qg@mgoﬁ@%wnts on EC conversion and dinethyl carbonate
ycol

(DMO) / et hyl'ene g (EG selectivities for Na2W/ Si Q2 and Na2MoO4/ Si 2,
are summarized iThehak] @talysteRére dvalb@edaciordiag yo the procedures described
| 10 above. Detailed operafing conditions and results on EC conversion and dimethyl
carbonate (DMC)/ethylene glycol (EG) selectivities for Na,WOQ0,/Si0; and
Na,Mo0./SiO,, are summarized in Tables 1 and 2, respectively.
| Feed conversion is calculated basgd 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 reagﬁon conditions.
 Since it is recyclable along with unreacted EC, the intermediate carbonate is
not considered as a byproduct. The feed conversion and product se}ectivity are
20 defined as foilows:
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).



" Feed conversion is cal cul ated based on EC converted during q_eu .
transesterification reaction, since excess anmount of net hge E d%gl ve to
EC) was WBow#esR for all reactions. During EC MeOH reaction, 2Z-nydroxyet hyl
, met hyl carbonate (HEMC) internediate was also fornmed in addition to DMC and
EG The concentration of HEMC vari es depending on the reaction conditions.
Since it is recyclable along with unreacted EC, the internmedi ate carbonate
is not congigRred asNa, WO/SiOu€Tataifne Traasesterication o Edhrlenpe oduct
selectivity are 20 defhpscharéwihl MewsnoHCooditwer: 300msig) (EC converted to

product s otfer— AT FENGohATOans/kEs | ssofeed)0DMd S¢bzetBvityl = (ol es of
DMC f or med)|/ es of HC convdrted to| ‘products othér than HEMC) 25 EG
Sel ectivity VPt es of{ &5 T orjned) 7 (nbl.es of | C conyésted to | products
ot her than IEIE@E). 9 WD1{01/44188 11" _'1 N 20 DPCT/ Tabl e 1.
Na2W | S10O4-FResitGumpesiébnTir ansestieri fi cation of| Et hyl ene Carboripte with
Met hanol ( Gondi-4ieonr——1t06—st 3 383
Tenper at ur §,"31 AP |1 50/ 1178;300/ L21'§5325/ 16%3 LH$V, h41.01|01. 00.50.5
Feed Conposi®on MNeOH-Be—retar3—853—$53-8531 83383 (rario Tothl Liquid
Pr oduct Total qum'ﬂ

Product

Composition

MeOH, w1% 45.7 47.1 48.5 45.1 46.9

EC, W% 16.3 17.6 16.2 153 18.0

HEMC 11.2 8.9 113 8.3 8.0

Intermediate,

wite "

DMC, w1% 15.0 15.4 138 18.2 15.9

EG, wi% 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 39.3 36.4 46.6 39.9

DMC Select., % | 94.3 96.3 96.2 95.6 98.1

EG Select., % 100.0 100.0 97.0 99.8 99.3

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

10



“Comsition McOH W %15. 747. 148. 545. 146. 9 EC, wt %6. 317. 616. 21}3 g .0
HEMC11. 28. 911.38.38.0 Internediate, wP/o' DMC, wt 9%5.015. 41%, g‘? ~215.9 EG
w-/11. OgbolRsefss3. 111. 1 DMCAEG Mbl ar 0. 940. 960. 990. 960. 9oPRULP [,33 Cow. ,

. 38.939. 336.446.639.9 DMC Sel ect., 9%94.396.396.295.698.1 EG Sel ect .,

%400. 0100. 097. 099. 899.3 a. HEMC: 2-hydroxyethyl nethyl carbonate - an

I nternmedi ate carbonate 5 formed during the reaction of ethylene carbonate
with nethanol i 10 WD 01144158 141 S NU PCT/US00133826 Tabl e 2.
Na2Mb04/ Si 02- Cat al ysed Transesterif cation of Ethylene Carbonate with

Vet hanol (Qondition: 100, 5y & A0 TAMREEAkHERTcdoR OMRSe325/ 163
Carbonate with Methanol (Condition: 100 psig)

’ Tempcerature, “F/°C 300/14% 325/163
LHSV, b 1.0 1.0
Feed Composition
MeOH/EC, molar ratio 3.95 3.9%
Total Liquid Product
Composition
MeOH, wt% 46.1 46.3
EC, wi% 16.8 19.1
HEMC Intermediate, wt%" | 11.3 6.3
DMC, wi% 14.3 16.4
EG, W% 11.0 1.7
DMC/EG, Moiar Ratio 0.93 0.97
EC Conv., % 38.9 423
DMC Sclect, % 90.7 92.5
EG Select., % 97.7 95.6
a. HEMC: 2-hydroxyethy} methyl carbonate - an intermediate carbonate
formed during the reaction of ethylene carbonate with methanol
r 10
Tﬁc examples demonstrate that the transesterification catalysts of the
current invention exhibit good activity and very high selectivity in the reaction of
alkylene carbonate with atkanol.
More specifically, NayWO/5i02 demonstrated an EC conversion of
15 approximately 36-47% within the operating temperatures of 300 F-3 SO°F. The

conversion was lower at the higher operating temperature (3 50°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



LHSV, h"1.01.0 Feed Conposition MeOH EC, nol ar ratio03.953.95 Total Liquid
Product Conposition McOH, w %16.146.3 EC, wt9%6.819.1 HEMC | ni el frefliyamg,
w%1.36.3 DMC, tivt% 14.8 16.4 EG wt%1.011. 7 DMC EG Ml ar Rati 00.930. 97
EC Conv., % 38.9 42.3 DMC Sel ect.,%90.792.5 EG Select., 997.795.6 a. HEMC
2- hydr oxyet hyl . net hyl carbonate - an internedi ate carbonate fornmed during
the reaction ofe80AyEHEFcEhoBBarkctivihwartytanotatdrhe alRxa T8 SodRIRSt r at e
that the transgst ertfi cation catal ysts of the current invention exhibit
good activity anac JEPNFRICERCEEEYity in the reaction 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 cobiwmeitasiypNayles W@QyRID, dmdnsRathl 98854 ﬁ@gpq nper at ur e
(350F) due _to |ower. equilibrium conszt ant with i Ecr eggi%%g e‘?fnpfe‘gat ure. The
DVC sel ect iPVi t3PPRRIgmately 39-42%, at a process temperature of 300-325°F. The DMC

selectivity was between approximately 91-93%. The EG selectivity again was
greater at about 96-98%.

Therefore, the method of the inveatjon is adaptable to commercial
10 application because of the good level of activity, very high selectivity over a wide

temperature range, and the stability and relatively low cost of the transition metal
compound catalyst used.

12



bet ween approxi mately 94-98% for the full range of tested operating
tenperatures, 11 ? |- AN 1004 i.e. 300 F-350F. The EG selectivity was even
greater at about 100% for the fill range of operating tenper &t4e# 7004
Simlarly, Na2MoWX4/ Si Q2 denonstrated a good EC conversion i.e.
approximately 39-42% at a process tenperature of 300-3251. The DMC
selectivity waWebdiween approximately 91-93% The E(3 selectas-ity again
was (greater at about 96-98% Therefore, the method of the invention is
adaptabl e to comercial 10 applicati on because of the good |evel of
activity, very high selectivity over a wide tenperature range, and the
stability and relatively |low cost of the transition metal conpound

catal yst used. 12 11- UNAZQ84c8%rodirBl Ia%ﬂ GRaRLAGuUC ng
di al kyl carbonate and al kanedi ol g Ogﬁrrrplﬁlg%dék?]sac I'ng aF ene car bonat e
with al kandl mﬂmmqmg)masmwhﬂene carlsoriane wtth&ﬂcﬂiiﬂ%ﬁﬂﬁ@;r@ﬁ‘cs@cdiﬂiﬁﬂnﬁﬁ: sal t
catal yst havin tﬂ rqué[ I\{yOZZi)l wherein: Ais a Gou 1alkall metal or
Group 2 al kal i 8PE§F'P‘T'F CPmpieR ‘scaéﬁlﬁtbﬁ‘{i%a@?m@%&m wheteiion net al ,
0 is oxygen, 10 xigl,2 nt.eger from3 to 6.
2. A nmethod as dESCI’IT) g%\ﬁ, %:Fal m%i&al\?\?ﬁg%g‘lqﬁ? e metal, 15
wherein Mis a G oud 15atGlan]SlSTorthﬁ§EG&’ans:ﬁ61ﬂm\Aﬁ£rel n sal d cat al yst has a
formula A(MXB) or A3(MXA).

O 1s oxygen,

19 xisl, 2, or3,
yis 1or2, and

z is an integer from 3 to 6.

2. A method as described in Claim 1, wherein A is an alkali metal,
15 wherein Mis a Group § transition meta), and wherein said catalyst has a formula
A(MO;) or A;(MO,).

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 catalysthas a
20 formula A(M;05).

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 Ay(MO,).

25 5. A method as described in Claim 1, wherein A is an alkaline earth
metal, wherein M is a Group 6 metal, and wherein said catalyst has a formula
AMO,).

13



3. A nethod as described in Caim1, wherein Ais an alkaline earth netal,
wherein Mis a Goup 5 transition netal, and wherein said catalyst has a
20 formula A(M206). 4. A nethod as described in Claim1, whereinl4%JdJH 2604

al kali metal, wherein Mis a Goup 6 netal, and wherein said catal yst has
a formula A2(MD4). 25 S. A nmethod as described in daim1l, wherein Ais an
al kaline earth netgl, waemet L ; : L ahd

catal yst has a fornmula A( w};ﬁﬂ%g&ﬁbﬁﬁg%ﬁ?&k%@ﬁgﬁﬂggﬁ%fehgﬁpﬁed in
d ai m| wherei & YaiMoQat al yst is Na2WD4 or Na2MD04. 7. A nethod as
described in Caim1, wherein said alkali netal is 5 selected fromthe
group consisting of potassium sodium cesium or a conbination thereof

wherein said Goup 5 net "ﬂmieﬁmﬁ% gg%ﬁ\%ﬁﬁ h%fa%‘ji \%ﬂ%"!@&ﬁlﬁmltgﬁlf&% gf

vanadi um ni obium and tantalum an erein's

sel ect ed frsom sdiectet fram the priuptcongstidp dipoyReanydRee, dewinasbep. 10 8_ A
met hod as described in Claiml wherein said catalyst is supported on a

porous i nor ganF¥MEinaEen thereod whereimsid Group Hmetal isseltcied fGmuthmgupher ei n sai d
bstrata i : he_.qgr. C jsting,of silic al um na
iiurioni a, Ia?\ sgﬁéﬁ%ggﬁgégﬁl ’srflg%ﬁ%%mg%ﬂﬁs ”r’l‘léEﬁ%SPidWSI éﬁ%@%ﬂﬁ*@’ met hod

of Caim1l whejsgelrctdi fbrp RGBS ERMRAHE 8P foHDARN :ﬁt\:ﬂ%ﬁé}?“ on tenperature
of about 20C to about 300C, a E?peacti ongpresgﬁredg?%é ou 14 to about 4000

psig (0.9653 to about 275.8 bar), a liquid hourly space velocity 20 of

about 0.1 . about 40 hr'’ nd a,nol.ar ratio of al kangl to alkyl ene
car bonat e léff about ﬁl.l_ ZO,A Iﬁ_lii%og as de_scnged maélmm 1 wherein said catalyst is Y

supported on a porous inorganic substrate.

9. A method as described in Claim B wherein said substrate is
selected from the group consisting of silica, alumina, zirconia, MESOPOTOUs
15 materials, and a 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 (0.9653 to about 275.8 bar), a liquid hourly space velocity

20 ofabout 0.1 to about 40 hr”', and a molar ratio of alkanol to alkylene carbonate of
about 1-20,

14



