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DI RECT EPDXI DATI ON PROCESS USI NG | MPROVED CATALYST COVPOSI TI ON FI ELD OF THE

| NVENTI ON This invention relates to a catalyst and its use in the
production of epoxides from hydrogen, oxygen, and ol efi ns. BACKGROUND OF
THE | NVENTI ON Many different nethods for the preparation of epoxides

have been devel oped. Cenerally, epoxides are formed by the reaction of an
olefin with an oxidizing agent in the presence of a catalyst. Ethylene
oxide is commercially produced by the reaction of ethylene w th oxygen over
a silver cat aI@IREC'PE(E@X@%le@Né’ @@ES&HﬁNGdMRR@?\%@J Aly'Seacti ng
propyl ene with an organi ¢ hydr opeCOMBOIXI@NzIi ng agent, such as

et hyl benzene hydroperoxide or tert-butyl hydroperoxide. This process is

performed in the presence of i num cat al yst, see U. S
ST B HETRYENER?

Pat. No. 3,351,635, or a het ania on silica catalyst, see U S.

Pat. No. 4, 367TBfinvention Rsaicdeto axyaeiystindnal ikylusey i dherproddetion hyfdr ogen
peroxide is also a useful oxidizing agent for epoxide formation. U. S Pat.

Nos. 4, 83gpewdes iropsbydmgenaaygernandalefing.or exanpl e, di scl ose ol efin
epoxi dation with hydrogen peroxide in the presence of a titaniumsilicate

catal yst. Much current research is conducted in the direct

epoxi dation of olefins wi BAO)@B@UND@IF})]’HE)!NMENH’H\ONN S process, it is
bel i eved that oxygen and hydr en rea in sit forman oxidi zi ng agent.
Many di f f er ent N@é’tYaldyfgfi@nheW@t n 11 S SUGPREY 'olﬁ‘sé’fl SPPfide %IﬁTaé’@t begn

epoxi dat BQVQIBBQQS%eﬁér%\l}?aéﬁ(%tldéé‘ﬁr&ﬁirﬁ{éé%y FRREAHRR ¢f APBlefinn®itiranand a

titanosilicate or exa 352771 di scl oses the fornmation of
pr opy| eneoridiziey fagent d)lpqlpa!asena@(pgang:atatydt hyidhylgea adeds gogupercjaly

containing a, Goup VIII um

ti tanlos: I B?H'“E;edilj'%é{ %Jﬁaﬁ?ﬁm SW; gﬁls‘?'g ﬁ w%tnnoao;y%gﬁ%t g‘“ | ng?tgaycs Fion of
oxygen anﬁ’r&Wﬂéﬁ@%&nd‘éstdéhﬁﬂlérd‘é{Wmgucé@le?)fbd@tlng\pﬁjﬁylen@(wﬂh ahngrgagient .
U.S. Pat. No.” 6,498, 259 descri bes catal ySt m xture of a titaniumzeolite

and a supbydl@@r@ade@elld!mg@g@héﬁuqmﬁ& ethytanzgnaryidsoraIpiept@deBrPWer bon,
o S - BHOFRESHTT1pl8 S78ike, ) GEBCl e B0 PP Bl ABiRfecs
see for exmhderitel datdlyst, Aepl U.SNPASNY41351,635, or a heterogeneous titania

on silica catalyst, see U.S. Pat. No. 4,367,342.

Besides oxygen and alkyl hydroperoxides, hydrogen peroxide is also a
useful oxidizing agent for epoxide formation. U.S. Pat. Nos. 4,833,260,
4,859,785, and 4,937,216, for example, disclose olefin epoxidation with
hydrogen peroxide in the presence of a titanium silicate catalyst.

Much current research is conducted in the direct epoxidation of olefins
with oxygen and hydrogen. In this process, it is believed that oxygen and
hydrogen react in situ to form an oxidizing agent. Many different catalysts have
been proposed for use in the direct epoxidation process. Typically, the catalyst
comprises a noble metal and a ftitanosilicate. For example, JP 4-352771
discloses the formation of propylene oxide from propylene, oxygen, and
hydrogen using a catalyst containing a Group VIIl metal such as palladium on a
crystalline titanosilicate. The Group VIII metal is believed to promote the
reaction of oxygen and hydrogen to form a hydrogen peroxide in situ oxidizing
agent. U.S. Pat. No. 6,498,259 describes a catalyst mixture of a titanium zeolite
and a supported palladium complex, where palladium is supported on carbon,

silica, silica-alumina, titania, zirconia, and niobia. Other direct epoxidation



- catal yst conprisin nium or vana

1

One di sadvantage of the described direct epoxidation catalysts is that they
are prone to produce non-sel ective byproducts such as glycols or glycol
ethers forned by the ring-opening of the epoxide product or al kane
byproduct formed by the hydrogenation of olefin. US. Pat. No. 6,008, 388
teaches that the selectivity for the direct ol efin epoxidation process is
enhanced B9talysé ex@mprlesingiidg gold, Yrpericshputianegiisales. SERoIAM BHANRIPoXi de 7
to the re i ' at. No. 6,399, 794 teaches the use of

anmoni um i;ar Io'rgg@é%n@d?%ogﬂgto decrease the production of ring-opened
byproducts. U. 8nePdisadMantage066 tHe Jeiserbdat Hitdee appxidatiopheatplystuss thsatl f ur,
sel eni um gr arseni ¢ nodi figrs such as fri %r/]enél ghosp%nezér%genzot hi%phene
to decreale¥ A preffude inspduge popmgaiectivg Rypregpctsnguch; ag gyadls Qfi d¥¢Qses
that the BHRSEIGMON HiAHROGTeREXIGor (R BYbARE NIHANE: oPBikaRE tReadkene

nodi fier gives signi antly’r d al kane byproduct. In addit’ion,
co- pendi nfpriviedl byrthe hygnolgenston olNolefibl/U4.80 ReB6Ndi 681085388 tdawhes Hieatithe of a

| ead- nodi fi ed.pal ] adi um cont.ai.ni ng tit.ani um or .vanadi um zeqlite reduges
i kane by BPEGUED fob AT oot epOxdalpf jrchePodh Sinanror Py ks oadlBhi
desir abl eat gitrdbbAl coripblihd fsiichNgs dArfRioAARERfdrokiBet fe tHRPPXAGRIN AixtiiRS.hods
and catal ysts. "We have di scovered a new catalyst and its use in olefin
epoxi dat i bnS. BaVIKRG,889,78¢ tearimesthenuse of anrheniuAy bisarknate nmoditiersitost

eoni to.  PRCRBS RpomoRbRtof Ht PRk Bt 1T o NETRROL TR i um

or vanadi tggches! thbeuss df phoepRerise dulfat, adelshiuapBpErsenig raodifibisesuct ak,
| ead, bisnmuth, and a carrier. The catalyst is useful in olefin epoxidation.
Thus, t hetripheayphegrhineool kenzelbiorhens! ©r dacregskithat Rreduption: of Lrepane.
conpri ses,;reags jn | ofq Y, I :

S L 022 A o d At IO H5Rspllod 15 BRRRFT Hiofidhy
and bi smubiethylacetylehes ensl/cruppasgieng! modifiee giveg sighificantly yedeckd atkaakkane

b duct f d by the hyd ti | i d t
P o0uet ayiamoay o) bhnsddlion soomarn a8 Bt FRE oSSt o8, | TeRaPEES”
DESCRI PTI %c%el%(ﬁtw@msg\'of a |ea25-gﬁoemteal }Séﬂ?dquréﬁ%th@ttthﬁuﬁme“ ses

a titaniumor vanadium zeolite, a noble neta , and bi'smuth. Titanium
or vanadi vamadiom rexdite oequdesealkdmee byrosiuot farmaltioni ¢ subst ances wherei n
titaniumor vanadi um atons, are substituted.for a rtjon.,of t i Licon
atons in the Igtst WY ﬂné(nﬁ%?ﬁc%f PP 5Ped |'§rd§§'@ie_ @ua%taérhbsgﬁai@}e,r and
their progHsiovBmerts fh R Spdi@itibr mdthedfbhd carydtsr \WEaEklisddveredat -

Nos. 4,410,501 and 4, 666, 692. _ Suitable titaniumor vanadi um zeolites
are t hosenewstalyst ard fauseiiaoiefifgpardatiqgior ous nol ecul ar si eve structure
with titaniumor vanadium atons substituted in the franmework. The choi ce of
titani um or vanadi um zeolite enployed will depend upon a nunber of factors,
i ncludi ng the size and shapgUMMARY OFefHB INYENTIEWOXI di zed. For exanpl e,
it is preferred to use a relatively smal|l pore titanium or vanadium zeolite
such as a titanherinentiondsia eatefyst Remprisinda neble mel@lr lead; pismiute. A n
such as ehighERCor RARBALAN Seofife. L IRUSRDEmBliRRfRAt Mhe Bl 18 RTARNIENe,
the use of a TS-1 trraniumsilicalite is especially advantageous. FOr a

bul ky ol etompsisitly @itanyurhairexseijurs Zealigeangarseippottadicabalpst conmarikingna
zeolite such as a zeolite having a structure 'som)rﬁhous with zeol lﬁtﬁe bet a

may be prBpPRler &etal, lead, Bigmythyrand @ sasten r D] i AR SimSUSEER A8 BIFIN
zeolites |j ; h : i SRR S
titani um gpﬁ%lgg ?'ﬁ'egpﬁé’g&% @%%rﬁ&lﬁ#@%ﬁ&%gﬁ”oﬁg anﬁﬁ?éﬁfgf{%ﬁ g?\%l ogous
to that otompeis&Siveactiigioiafinsidxyganeanediyidtegn if' T preganaei ofga aatalEst

t opol o anal ogous to that of the.ZSM 11 . alum nosilicate zeoli,tes), [, TS 3"
(oY BoRwrERtze) Grbiibal vaqpaIdROEOTSes Nable MeCRuRRe aDH oSkt e

t opol ogy i M\m 1 bHi !
Ti tani um ?@?t @%%?%Sg%%recﬁlgpﬁse?gs\}esl hﬂl\l}wga fg ?gérjreay\g%r% %}?ﬁgg%ﬁ?ggmed by

i sonor phothe hydrpgehatien béblefinneordpaiedeto thenragesy ssing Tatapst-sysiermsthatHvs,
and MCM 41 are al fo gui tat I%Pr use. The titanium zeolites preferably
contai n ngod19% eRtAN BISRAYNANEhIeBA ani um silicon, and oxygen in the lattice
framewor k, al though m nor anmounts of boron, iron, alum num sodium

pot assi um copper and the |ike nay be present. Preferred titanium
zeolites will generally have a conposition corresponding to the foll ow ng
enpirical formula xTi 2 (1-x)Si 02 where x is between 0.0001 and 0. 5000.
More preferably, the value of x is fromO0.01 to 0.125. The nolar ratio of

Si:Ti inthe lattice franework of the zeolite is
2



advant ageously from9.5:1 to 99:1 (nost preferably from9.5:1 to 60:1). The
use of relatively titaniumrich zeolites may al so be desirable. I n
one enbodi nent of the invention, the noble netal, bismuth and | ead are
supported on the titaniumor vanadi um zeolite. In another enbodi ment of the
invention, the noble netal, bisnuth and | ead_are SUER@_I ed on a carrier to

forma supported cat @53’6%@@%9%%@%%&% NV Nt ani um or vanadi um
zeol i te. ﬁ@te%tanyaeofcmte%w%ﬁu&t cmﬁng@y%n@thm&n%t \aRakil S80RE! g°s 2
carrier. The carrier

wel | - knownoble inletalatdad, Fa:rfd bmmCeTItahmrrcmrmmadMn zImﬂﬂesocgmpnsecthedes
cl ays, carbon, _and organic gé)l ?_//yher resins. Prefer i .nhorgani c 0Xxi

ed
i ncl ude oXPaRST geoliGBPstan gein ditanigm of vana ‘I"é‘n%tﬁfrbs arlsa?“tt?sé't}ﬂﬁal y
preferr edfdr@ggﬁﬂincoptﬂéjgnt&@ﬁ H&he ihRe qé‘ﬁcé'ftérﬁéwoﬁ! B, olecular |eve

silica-alumn tania, zirconia, nioblum oxi tant al um OXI
nol ybdenu8ucixi sidstanassg streh thoair qxesducam pdreuwetl i kreowra-isithecart. aﬁeepfmsus

zirconia-silic i ilic the like. The carrier may be
a zeol ite®X EHUPFQ éﬁgvt’gg%% %m‘?fﬁrgtﬁ a\I‘Qn gﬁgkggeol ite. Preferred organi >c/
pol yner resi ”SSUII%IBdﬁtthﬂIrMSéN NaR8diudh Yiéjﬁfésd'at‘é %b?@f@rgﬁt%n%p%at@ﬁé@

crosslinked pol yethyl enei m nes, and pol ybenzi m di zol e uitable carriers
al so incl h@\engr@mrou@omle@ulares'eme @Flmtlﬂr@dwﬂht titanian gaih vanasivte ateinsi er s,

h I I I
ar ti oul SeSPERCRT B el rdfsaehEtenSh i e s W iiC ERH o
zi rconi a, emipfdyied, willitfepgendaniéh élrmlnﬁt&értcbfcfabﬁfrs analudi®) thietsire Bt Ghapedd) -
PreferabIP{ the carrier has a surface area in the range of about 1 to about

700 n2/ g, lefip te oer enpxjdized s exampde t b isapieierred io Moe @ retataredy a@ﬁy, t he
| n/g,
pore. voL HBrefichflin i fdrblalsh JEtE LA a Yol Liflalel £ RERTDaTL 0,

about O. 8|ot/\@r@mphat|c80[éﬂms’tg:h &y etfhglema, propgyena\aribetenar t\\bleee Hiezelelih t he
carrier is in the ran e of bo t 1 to abgut 500 p.m .npre preferably from
about 1 t§ BISNENSoaNE Hsh of ¥§ogtt't%ﬁ"éﬁ‘e§ 6pf31 B opiRasAll a@varﬁag%tﬁ 100
rim The LA 0 g;@t |l o RAbRiHag

about 100’8&2 grﬁlg eélg[)ﬁ ou I(%I&é&!ae@%utd/%aogei\%ﬁgﬂ%ﬁgt prefera y about
50 to abozeolB&Bush as a zeothehawmlastruofurehsomnnrﬂmusovvltlalzsollteoln@al ey a

nobl e rretg . %fead and bismuth. The noble netal, |ead, and bisnuth may be
added to PRO'EIRAyst in any of a variety of ways, including: (1) noble
metal, |ead, apdriiufimt brét@bfe@qttaﬁuurap@ft\aﬂaamnﬁ hR olitelsaificifieOtheY 81aadlidfm

zeolite; and (2) noble netal, lead, and bi smuth may be supported on the
carrier tmolenuiarasieves comstonytrafeyead tonas éltamtsmtﬁlmllms( wlarly i'tarli’um or

can e ut (s 3] MFP GBbEyBhBlobtls, 1q e, oty MR pPRPERjce™ = ©

rut heni unyedipgd)umrs-2i trlfwn@lamwlat topoRybanglbyons tpathagdifuiile BSM-itmum
gold, a palladiuniplatinum pal | adi um gol d_conbi nati on are

parti cul a@'MV"ﬂ@%II(PaiQI@O“F%)I a u?r’h (as fezaribedeineBelgian Fiad Nepilc@91.8938LUnt of

bl t t f t 0.01
10710 woi g EERRTly ' (bl LMD" tdidico)) Srdlod i BTARCbEHETVMY
part Ihcul aaluhﬁﬁb?hcarteormglmr?l nqltahlem:-bomtelmmg rmI[)IIequImt edle\mypramdg:Jsgd
as the source of the noble netal. e, suitable cl ude
the nitratadewqrk shugtires igqraphogsdo, Ze@ﬁ%‘?@e@“ﬁ?'&'?ﬁ’ diéﬁpf%ar?%\gx& »at es
(e 9. aceégsb}e]% NS (ggeﬁli\/l@”gnamctﬂe lrrlésﬁ%(gwtrapﬁ BOPl8e TRk titanium

Simlarly e ‘oxi ddtion state of e netal 1s not considere
critical . zddltes phtferatdy abntedy nobeclements oklietahaoritaniane siiiopnhand dxygen0 to

4 nbi f i dat chi he d d
oxi dat | onNCHHE UAGFS CBRBPHAN T oATBP UG IBRET GHMENHECS! BORYn 5B e LB,

conpound g&yi,Re fot'aésYurﬁra&ﬁ:?ér'éHd el msg%qﬂegémer addition to the

catal yst. Satis actory C ytic perfornmanhce can, however, be attained
wi t hout any prErefededtltbhalnluTn ardoldes tvilh a@erlerell)stattaeleof at heompbsiéonet al ,

the catal gqsfg%rra g@gptcﬁtgyvel@é ?eemn;[mr%gmormul e.|c6a (1->r<)PSa gevI/]t[lerienx is

ni trogen,
between 0.0001 and 0.5000. More preferably, the value of x is from 0.01 to

0.125. The molar ratio of Si:Ti in the lattice framework of the zeolite is



The catal yst of the invention also contains |ead. The typical anmount of

| ead present in the catalyst will be in the range of fromabout 0.01 to 10
wei ght percent, preferably 0.01 to 5 weight percent. Preferably, the weight
ratio of noble netal to lead in the catalyst is in the range of 0.1 to 10.

VWil e the choice of |ead conpound used as the |ead source é(g th_i cat al yst
i s not crRdvanipgeausly fione O ite 994k (ast prgteneblydrenrbaxh o d).(Ehg use

acet at e) éﬁﬂ@%ﬁ%ﬁ%g@hﬂjm'r%liﬁé'ig&smap;agég ggﬁzeﬁirggf’eqes) , hitrates, cyanides,

oxi des, e cata e Irnvention al so contains
bi snut h. The t ypional erabodinterdf ofbihenmiventiorestaet noble trhetat,abiaimydh amdl leabde i n
the range of from about 0.Q01 to 5 weight percent, preferabl .01 tq 2
wei ght  pefteaHPPEited onathey titapiem gl \(ﬁﬂa%l'lﬁf‘i@@?e-n(yblaé‘o}’@ra‘?mEBQ'mW%h in
the cat al ysf i Sntifnt Op; o Wid &rd BGpSORAEBNOf Rt
conmpound ﬁ?eglvggl“??\’eh% éé‘nﬁlt%ﬁmggad,r gér'?lﬁht e cat aﬁ/st F|)s not critical,

sui t abl e fnmpausuispdrted cdtalystswhich isaheoxyixedewithethg. titaniuwn aarevargdiumt e) ,
hal i des (e.qg,, chlorides, brom des, iodides), oxyhalides (e.qg.,

oxychl ori €%§15tecar bonates, nitrates, phosphates, oxides, and sulfides.

Any sui tabl e nmehhediERkaRfystSEoineO InveRfoh RloRANR Idofibridest A anedr e ThHet al
| ead, and bismuth into ?ﬁagycat alyst. For g‘_grrpl e? tﬁfab nobl e netal, |ead,
and bi snutarrienys Ipeeferappra pdrasis miateriadol Garsiess arewelldimaver inbthe aftr dofiat i on,

ane o eciemm ik i
R L ek o
i on- exchapggnyv FiefdrRid BoAgaNie oxitls indiude oatiesamGroapc) Hrd,d&.6,1 13,tdre

| ead, bisnmuth, and noble netal are added to the titani um or vanadi_tgm
zeolite (4f alesentsed Raticwlarlyapraferred inEgaticepxide efders dncludengitica,

consi dere d11ic y skl S rr , e ngl :Bismut h

corrpoundsgléﬁ'b%e S?ﬁicr?églﬁ}%ﬁmpjgé’hgkéqléfe Zﬂ%ﬁf‘% rr@t8 gﬁmﬂ 2&?%%%10 u@gg{n?'&lgééAf ter
nobl e met glalyderim aoddbs s tuhgstenc oxjpesat araorphdus ditdriasilical samegihatusd.

Sui tabl e catalyst isolation rretig)gds i.ncl udg filtrati ﬁﬁ and .washi ng, rotary
- evapor at i gfceiia-silica, |amerrhpys pigpia-gilica; angyieclikgy PP CRArPRT shay %’euée in

epoxi dat | 9Q0|{'tgh%u?ﬁ§/ '3 4 gfﬁ?ﬁﬁl‘ﬁt f%ahédi@lh?fzébﬁt@ Y PréfeMedP8tganrO bolytabout

200C. The“catal yst nay additionally conprise a binder or the |ike and may
be nol dedresins ainctirdee cholystaeae, ostyesnea-duetylhenizenanycogolyimerd, f ooasipkedr t o

use i n epoxjdation. - After catalyst for i.on, the .catalyst. be
optional | 9°{yﬁ Wieginings, o 284 ipﬁlyg’eé'é @l?@;?'asm#w%bg)ege?ﬁmﬁ@ ﬁﬁﬁ) '\r/'gg%l&m
hydr ogen, ofJetien offnfier Qksirde drbfted Bito t iRSrgBhict IxicTERArTiERSIPRUBA IR i S
typically om about 20C to about 800C. It iS preferred to thermally treat
t he cat al pelyethylemimine-eilieace Rytferrech opgierscalsoaindlude gasben. aPeadieptarit ur e

from about 200C.to 700C. and optjonall.y. r at i he presence
of a hyd_ereéﬁ[rggn?%ri”ﬁﬁémgﬁge a%rgo?’eﬁﬂé?’agﬂgggﬁé@magbozﬁjtc@&c r{]%B'EO(?%.d _

The epoxi @gdri® (In=REaAS Matkbe titaniant dioridepnpri ses contacting an ol efin,
oxygen, and hydrogen in the presence of the catalyst. Suitable ol efins

i nclude any ol Eveferably; e carricehas agiiface yea-10 dhd sangrrabpRowchip abeif
Il to §0 i np |
I kene of TPPOMA. rloSopflbatly BoRfevoli S5t HbYyt BB0(nat: Trterehibitiel ! ©

parti cul aﬁbpe giuingd o tie® camisrXs dh 2he gakge 66 abbaf Dristo dbowt 4.0anLanenareubl e
bond may i i

= Ty obaPERIRTAY om 3BANED & G DAL dnand it sERER BT ADRHY Dot ai n
cyano, o (PPYr S EHila"PIeRcER (8RRt pallKls S, of e Bhel B PO
especi al | yanfee bfibbbar 0 dotovaisdutr& Ppuep yheeepreterpblypyorarsbout ildie. about 200

um, and most preferably from about 10 to about 100 um. The average pore

diameter is typically in the range of about 10 to about 1000 A, preferably about

20 to about 500 A, and most preferably about 50 to about 350 A.

The catalyst of the invention also comprises a noble metal, lead, and
bismuth. The noble metal, lead, and bismuth may be added to the catalyst in

any of a variety of ways, including: (1) noble metal, lead, and bismuth may be



Oxygen and hydrogen are also required for the epoxidation process. Although
any sources of oxygen and hydrogen are suitable, nolecular oxygen and

nol ecul ar hydrogen are preferred. Epoxi dati on according to the
invention is carried out at a tenperature effective to achieve the desired
ol efin epoxidation, preferably at tepperatures in the range of 0-250 nor e
pref er abl §upmﬁ%90 tﬂ?h@aﬁﬁl%rorr@tnﬁg'%‘f' Z0pdtes eW (2 r&w@éﬁe@ideaéuan y be
varied in f tE’r‘Fé(? e at
1:5to Z:R%Hﬁﬁe no gr% r%o@%&o%;ﬂ@g&ﬂe&tg@ﬂﬂn&i ?gﬁésua %Haiyé}a\)(lﬂfcﬂqgo and
pr ef er abl gheh: rhixed \ﬂutriﬂtam&lmmrr\/lamadgms zeaMeabsf.ormmeratalysh t he epoxi dation
process. As the carrier Py desired | ner G?g(ﬁ? can g sed.  The nol ar
rati o of oI ef i While aay ef e@&? g‘eﬁﬂér?atﬁ‘s%lupbz he9?'dn §AVEST PIRIHUR. ¢ o
1:10 and r‘ﬁ' | il FLRhéméFh osmiun s difter! Bfdre 96° jRaldohfinatitap! €
gases suc as Rt | um neon gon suitable In addition to nitrogen
and car bopald:hobumdplatlﬁanurgml@oh patﬂaahum/miemsuw phalpaladegpgoidatdmbinabpnand
preferabl

n- but ane, %ﬁ@aawyl?% ?%{’Eﬂ %m(aﬁ]{:}gﬁ %rqgg%tgr?r%f%{{ee% ?E%edﬁ'gr Oganedéflﬁocﬁs are

the pref eaétl% mat%ntpré@érﬁ' ﬁrth%%?aiyst%mtw psthef rah@e dflfﬁdrﬁcabdmferotomf noer
gases can al so Speci fi cal inth gom dation of propyl ene,

propane oweight hs&reen‘rarpre@relulpp@ Dédto 4 wae t@ef\@@ﬂtt h&hers ﬁFQ e padisdldte of

an appr oprl excess arrjer 0 s of
propyl ene’ Szfﬂﬁwmée?ﬁﬁf%ﬁé% Ch?l'fiﬁ?)gégR i‘ﬁggﬁ C)??)g6 elﬂile gz\)/&c()'fcgeo and
thus no eyl afible MmieidiUr EFgraRxbATpR, Bultbsler eampvunds mmludm theeditraitet,

di scharge |i nes. The amount of catal yst used nay be determ ned on the

basis of suiéatas| halidest (eeg-ofchiatiglesi bm@@ﬁb(ﬁﬁrﬁpﬁé@eﬁr{et%@qeﬁqtﬁhlQ?ﬂ‘i’%ol ite
to the ol t time. Typically, sufficient

cat al yst ?M%ﬁaggﬁto Ié%%%gé\)/fitg'g @?wt%m ol efin per hour nolar feed ratio
of from 0. 0001Sirnildtyl the oxidatibepstatd ofthennotie méetal isinbbchesideradt @dicat. he
epoxi dati gn accor di nt%lto t he |nvent| n.can e carried out Qn t he Ilﬂw d

phase, t h&éhgdwoliadeetal gpay be | H\eagtf% %tiquﬁ Fwudere WM 419 i*guPti @ ¥act i on
medi um | Scb@&ﬂratﬂ)ﬂ%fcﬁ}cﬂ Ixillatich E#a?&@.r 'é(cHlt@vé i besiRPLbxiBafYsREREIRN OF
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M The buffer useful in this invention may al so include the addition of
ammoni a gas to the reaction system The foll ow ng exanples nerely
illustrate the invention. Those skilled in the art will recogni ze nany
variations that are within the spirit of the invention and scope of the
claims. EXAMPLE 1: PREPARATI ON OF Pd-Bi-Pb/Ti 02, Pd-Birl 102, and Pd- Au/ Ti 02
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epoxidation. The drying temperature is preferably from about 50°C to about
200°C. The catalyst may additionally comprise a binder or the like and may be
molded, spray dried, shaped or extruded into any desired form prior to use in
epoxidation.

After catalyst formation, the catalyst may be optionally thermally treated in
a gas such as nitrogen, helium, vacuum, hydrogen, oxygen, air, or the like. The
thermal treatment temperature is typically from about 20°C to about 800°C. lItis
preferred to thermally treat the catalyst in the presence of an oxygen-containing
gas at a temperature from about 200°C to 700°C, and optionally reduce the
catalyst in the presence of a hydrogen-containing gas at a temperature from
about 20°C to 600°C.

The epoxidation process of the invention comprises contacting an olefin,
oxygen, and hydrogen in the presence of the catalyst. Suitable olefins include
any olefin having at least one carbon-carbon double bond, and generally from 2
to 60 carbon atoms. Preferably the olefin is an acyclic alkene of from 2 to 30
carbon atoms; the process of the invention is particularly suitable for epoxidizing
C,-Cs olefins. More than one double bond may be present, as in a diene or
triene for example. The olefin may be a hydrocarbon (i.e., contain only carbon

and hydrogen atoms) or may contain functional groups such as halide, carboxyl,



(approximately 100 g is required) and the reaction slurry is agitated by
rotation of the flask at 25 rpmat a 45 degree angle for 18 hours at 23C.
The solids are then filtered, washed once with deionized water (1.2 L), and
calcined in air in a nuffle furnace by heating at 10C mn to 110C for 4
hours and then at 2C/ mn to 300C for 4 hours. These_ calcined solids are
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invention can be carried out in the liquid phase, the gas phase, or in the
supercritical phase. When a liquid reaction medium is used, the catalyst is
preferably in the form of a suspension or fixed-bed. The process may be

performed using a continuous flow, semi-batch or batch mode of operation.
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If epoxidation is carried out in the liquid (or supercritical or subcritical)
phase, it is advantageous to work at a pressure of 1-100 bars and in the
presence of one or more solvents. Suitable solvents include any chemical that
is a liquid under reaction conditions, including, but not limited to, oxygenated
hydrocarbons such as alcohols, ethers, esters, and ketones, aromatic and
aliphatic hydrocarbons such as toluene and hexane, nitriles such as acetonitrile,
liquid CO, (in the supercritical or subcritical state), and water. Preferable
solvents include water, liguid CO,, and oxygenated hydrocarbons such as
alcohols, ethers, esters, ketones, and the like, or mixtures thereof. Preferred
oxygenated solvents include lower aliphatic C4-C4 alcohols such as methanal,
ethanol, isopropanol, and tert-butanol, or mixtures thereof, and water.
Fluorinated alcohols can be used. It is particularly preferable to use mixtures of
the cited alcohols with water.

If epoxidation is carried out in the liquid (or supercritical or subcritical)
phase, it is advantageous to use a buffer. The buffer will typically be added to
the solvent to form a buffer solution. The buffer solution is employed in the
reaction to inhibit the formation of glycols or glycol ethers during epoxidation.
Buffers are‘ well known in the art.

Buffers useful in this invention include any suitable salts of oxyacids, the
nature and proportions of which in the mixture, are such that the pH of their
solutions may range from 3 to 10, preferably from 4 to 9 and more preferably
from 5 to 7. Suitable salts of oxyacids contain an anion and cation. The anion

_portion of the salt may include anions such as phosphate,
monohydrogenphosphate, dihydrogenphosphate, sulfate, carbonate,
bicarbonate, carboxylates (e.g., acetate, phthalate, and the like), citrate, borate,
hydroxide, silicate, aluminosilicate, or the like. The cation portion of the salt may
include cations such as ammonium, alkylammoniums (e.9.,
tetraalkylammoniums, pyridiniums, and the like), alkali metals, alkaline earth
metals, or the like. Examples include NH;4, NBus, NMey, Li, Na, K, Cs, Mg, and
Ca cations. More preferred buffers include alkali metal phosphate and
ammonium phosphate buffers. Buffers may preferably contain a combination of
more than one suitable salt. Typically, the concentration of buffer in the solvent
is from about 0.0001 M to about 1 M, preferably from about 0.001 M to about 0.3



2 0.34 1A10.57 88 1B * 2

M. The buffer useful in this invention may also include the addition of ammonia

gas to the reaction system.

The following examples merely illustrate the invention. Those skilled in
the art will recognize many variations that are within the spirit of the invention

and scope of the claims.

EXAMPLE 1: PREPARATION OF Pd-Bi-Pb/TiO,, Pd-Bi/TiO,, and Pd-Au/TiO;
CATALYSTS

Catalyst 1A (Pd-Bi-Pb/TiOy):

Lead nitrate (0.69 g) and an aqueous solution of disodium palladium
tetrachloride (1.11 g, 19.7 wt.% Pd) are added to a solution of bismuth nitrate
(0.3 g Bi(NO3); dissolved in 15 mL, 2.56 M solution of nitric acid, 16.6% by
volume of 70% HNO3) with mixing. The Pd-Bi-Pb solution is then added by

incipient wetness to spray dried titania (20 g, 30 micron size, 40 m2/g, calcined

in air at 700°C). The solids are calcined in air in a muffle furnace by heating at
10°C/min to 110°C for 4 hours and then at 2°C/min to 300°C for 4 hours. These
calcined solids are then washed with an agueous sodium bicarbonate solution
(40 mL, containing 2.25 g NaHCO3), followed by deionized water (40 mL, four
times). The washed solids are vacuum dried (20 torr) at 50°C for 16 hours and
then calcined in a muffle furnace by heating at 10°C/min to 110°C for 4 hours
and then heating at 2°C/min to 600°C for 4 hours. The solids are then
transferred to a quartz tube and treated with a 4 vol.% hydrogen in nitrogen
stream at 100°C for 1 hour (100 cc/hr), followed by nitrogen for 30 minutes while
cooling from 100°C to 30°C to produce Catalyst 1A. Catalyst 1A contains 0.83
wt.% Pd, 0.5 wt.% Bi, 1.6 wt.% Pb, 57 wt.% Ti and less than 100 ppm Na.

Comparative Catalyst 1B (Pd-Au/TiO»):
Aqueous sodium tetrachloro aurate (16.54 g, 19.95 wt.% Au) and
aqueous disodium tetrachloro palladate (27.86 g, 19.74 wt.% Pd) are added to

1.2 L of deionized water with swirling in a round-bottom flask. To this solution,

sodium bicarbonate (12.5 g) is added as a powder, followed by spray dried TiO>
(500 g, 35 micron average size, 43 m2/g, air calcined at 700°C). The pH of the

slurry is adjusted to 7.3 by adding solid portions of sodium bicarbonate
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(approximately 100 g is required) and the reaction slurry is agitated by rotation of
the flask at 25 rpm at a 45 degree angle for 18 hours at 23°C. The solids are
then filtered, washed once with deionized water (1.2'L), and calcined in air in a
muffle furnace by heating at 10°C/min to 110°C for 4 hours and then at 2°C/min
to 300°C for 4 hours. These calcined solids are then washed with deionized
water (1.2 L) eight times. The washed solids are calcined in a muffle furnace by
heating at 10°C/min to 110°C for 4 hours and then heating at 2°C/min to 600°C
for 4 hours. The solids are then transferred to a quartz tube and treated with a 4
vol.% hydrogen in nitrogen stream at 100°C for 1 hour (100 cc/hr), followed by
nitrogen for 30 minutes while cooling from 100°C to 30°C to produce
Comparative Catalyst 1B. Comparative Catalyst 1B contains 1 wt.% Pd, 0.6
wt.% Au, 58 wt.% Ti and less than 20 ppm CI.

Comparative Catalyst 1C (Pd-Bi/TiO,):

An aqueous solution of disodium palladium tetrachloride (1.11 g, 19.7
wt.% Pd) is added tq a solution of bismuth nitrate (0.35 g Bi(NO3); dissolved in
15 mL, 2.56 M solution of nitric acid, 16.6% by volume of 70% HNO3). The Pd-

Bi solution is then added by incipient wetness to spray dried titania (20 g, 30

micron size, 40 m2/g, calcined in air at 700°C). The solids are calcined in air in a
muffle furnace by heating at 10°C/min to 110°C for 4 hours and then at 2°C/min
to 300°C for 4 hours. These calcined solids are then washed twice with an
aqueous sodium bicarbonate solution (40 mL, containing 0.9 g NaHCOsg),
followed by deionized water (40 mL, five times). The washed solids are vacuum
dried (20 torr) at 50°C for 16 hours and then calcined in a muffle furnace by
heating at 10°C/min to 110°C for 4 hours and then heating at 2°C/min to 600°C
for 4 hours. The solids are then transferred to a quartz tube and treated with a 4
vol.% hydrogen in nitrogen stream at 100°C for 1 hour (100 cc/hr), followed by
nitrogen for 30 minutes while cooling from 100°C to 30°C to produce Catalyst
1C. Catalyst 1C contains 0.94 wt.% Pd, 0.64 wt.% Bi, 58 wt.% Ti and less than
100 ppm Na.
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EXAMPLE 2: EPOXIDATION REACTION USING CATALYSTS FROM
EXAMPLE 1

A 300 cc stainless steel reactor is charged with the supported noble
metal catalyst (0.07 g of 1A, 1B, or 1C), TS-1 powder (0.63 g), methanol (~ 100
g), and a buffer solution (13 g of 0.1 M aqueous ammonium phosphate, pH = 6).
The reactor is then charged to 300 psig with a feed consisting of 2 % hydrogen,
4 % oxygen, 5 % propylene, 0.5 % methane and the balance nitrogen (volume
%) for runs utilizing a 2:1 O,:H, ratio or a feed consisting of 4 % hydrogen, 4 %
oxygen, 5 % propylene, 0.5 % methane and the balance nitrogen (volume %) for
runs utilizing a 1:1 Oz:H; ratio. The pressure in the reactor is maintained at 300
psig via a backpressure regulator with the feed gases passed continuously
through the reactor at 1600 cc/min (measured at 23°C and one atmosphere
pressure). In order to maintain a constant solvent level in the réactor during the
run, the oxygen, nitrogen and propylene feeds are passed through a two-liter
stainless steel vessel (saturator) preceding the reactor, containing 1.5 liters of
methanol. The reactor is stirred at 1500 rpm. The reaction mixture is heated to
60°C and the gaseous effluent is analyzed by an online GC every hour and the
liquid analyzed by offline GC at the end of the 18 hour run. Propylene oxide
and equivalents (“POE”), which include propylene oxide (“PQO”), propylene glycol
(“PG"), and propylene glycol methyl ethers (PMs), are produced during the

reaction, in addition to propane formed by the hydrogenation of propylene.

The epoxidation results (see Table 1) show that a TS-1 and Pd-Bi-
Pb/TiO, mixed catalyst shows a significant increase in propylene selectivity
resulting from reduced propane make, compared to TS-1 and Pd-Bi/TiO, or TS-
1 and Pd-Au/TiO, mixed catalysts.
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1. A process for producing propyl ene oxide conprising reacting propyl ene,
hydr ogen and oxygen in the presence of a titanium zeolite and a supported
catal yst conprising palladium |ead, bismuth, and a carrier. 2. The
process of claim1 wherein the titaniumzeolite is a titaniumsilicalite.

3. The process of claim1 wherein the supported catal yst contains 0.01 to
-10 wei ght percent pal |l adi um TABOE t:EpoxidatigghRepeltsent | ead, and 0.001 to 5
wei ght percent bismuth. 4. The process of claim1 wherein the carrier is
selected fromthe group consisting of carbon, titania, zirconia, niobia,
silica, alumina, s¢| I c?- al umo®, REMNT al UGhawstde, [Nol phghoerdn oXji de, tungsten
oxi de, titanila-sil T8 zirconia-sil i Ca,Provuetita’ si|l i Sefectiitpey? Xt ur es t her eof
5. The process of claim 1 whereipn the reagiyon i g perf@3ned in the presence
of a sol vent conprigingethanol—6—The QL OCESS of—ctgrm5—wherein the
reaction is ,erforrreéintm présenc of 3°huffer 7 cat allyst

conpri si ng paJ-LadJ—uﬁTl-erad, bisputh —and a titaniumor vanadium zeolite.
8. The catal yst of aim7 wher@ n the ti 088 um dr vanddi um zdolite is a

titaniumsili|calitetB*9. A catalyyst m xturge, conpriising 68 titani um or
vanadi um zeol rte—and—a—supported—catatyst—conprising—pat-tadium | ead,
bi smut h, and [acarrjef. 10] Thg catplyst Orﬂsxr urg of ciggim9 Wwherein the
titanium zeolfi-te is_a titanfumsilicalite”
1C* 1 0.41 86

! Productivity = grams POE produced/gram of catalyst per hour.

Propylene Selectivity = 100 — (moles propane/(moles POE + moles propane)) x 100.
* Comparative Example

12



11. The catalyst m xture of claim9 wherein the carrier is selected from
the group consisting of carbon, titania, zirconia, niobia, silica, alumna,
silica-alum na, tantalum oxide, nolybdenum oxide, tungsten oxide,
titania-silica, zirconia-silica, niobia-silica, and m xtures thereof

CLAIMS
1. A process for producing propylene oxide comprising reacting propylene, hydrogen and

oxygen in the presence of a titanium zeolite and a supported catalyst comprising
palladium, lead, bismuth, and a carrier.

2. The process of claim 1 wherein the titanium zeolite is a titanium silicalite.

3. The process of claim 1 wherein the supported catalyst contains 0.01 to 10 weight
percent palladium, 0.01 to 10 weight percent lead, and 0.001 to 5 weight percent
bismuth.

4. The process of claim 1 wherein the carrier is selected from the group consisting of
carbon, titania, zirconia, niobia, silica, alumina, silica-alumina, tantalum oxide,
molybdenum oxide, tungsten oxide, titania-silica, zirconia-silica, niobia-silica, and

mixtures thereof.

5. The process of claim 1 wherein the reaction is performed in the presence of a solvent
comprising methanol.

6. The process of claim 5 wherein the reaction is performed in the presence of a buffer.
7. A catalyst comprising palladium, lead, bismuth, and a titanium or vanadium zeolite.

8. The catalyst of claim 7 wherein the titanium or vanadium zeolite is a titanium
silicalite.

9. A catalyst mixture comprising a titanium or vanadium zeolite and a supported catalyst
comprising palladium, lead, bismuth, and a carrier.

10. The catalyst mixture of claim 9 wherein the titanium zeolite is a titanium silicalite.
11. The catalyst mixture of claim 9 wherein the carrier is selected from the group
consisting of carbon, titania, zirconia, niobia, silica, alumina, silica-alumina, tantalum

oxide, molybdenum oxide, tungsten oxide, titania-silica, zirconia-silica, niobia-silica, and
mixtures thereof.
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