25 NOV 205 DI RECT EPOXI DATI ON PROCESS USI NG A M XED CATALYST SYSTEM 5
_FIELD OF THE I'NVENTION Thi s invention relates to a |iquid-phase epoxidation
process using a mxed catalyst systemto produce epoxide Sﬂﬁrogen,
oxygen, and olefins wherein the |iquid-phase systemcontains a buffer. The
m xed catal yst systemcontains a titanium zeolite and noble netal '

catalyst. Surprisingly, the to use of a buffer in the process results in
decr eased ri ngpAPED! ' ' |~ b &Il i n
epoxi dati on an?ﬂgl gﬁ??é%ﬁ@ﬁqnﬁgyes @EN@Q&I\?W Cﬁﬁ@}ir‘%@t@"
BACKGROUND OF THE I|-NVENTI ON Many different nethods for the preparation of -
epoxi des have been 15 devel opedIEGENOFaTHE INYENTIOMN are formed by 'the

reaction of. an ol g <\ L digzi agent in the presence of a
catalyst. The pr odm%ﬁy@hh“@&%@%ﬁé Epggp@%%%ﬁ%’ﬂg{'%é"’ﬁ?ﬁﬁsaHSE'lggani c
hydr oper oxi demixedicztaigsiagpstem $6Chrodsice eépntidd:e e QREO%
tert-butyl ‘hydkgger Xi g_e, i?it_bcomr;ﬂrjrci alcley I!ﬂ%%lac.t :T(?:cgg ?@ﬁ%’ﬁb%@é’% gﬁd
process i s pePE ﬁé’@“?rﬁ'”ttll?@ liquikahage system contaimisub bulfer dTherniiyed eatalyst

. catal yst, see i TN , e Qus titania,o '
silica catal yg*ét&snegé’ﬁda@%g%%z%%ﬁg?éﬁ%ﬁg bté 'h%&#l%égﬁy%er%%pﬁ‘g'qu' glﬁ?)t her
oxi di zi ngltagense 0f ef buifférdn thbgrocessarsstitoin dbcrezzeNi MiRFop&hiag itd RIS i on
usi ng hydrogeSl REL (00 ] eI agﬁ%t% tiIa&i ﬁm'si ljcate zeolite is denmonstrated in
U S. Pat. No.9¥C@SAUEEYCRRINGISSHQIgHD spoxistation agst alsertypinalieinprovesdee i s
the need to pagqvilg'dNth@Préedsdi zi ng agent prior to reaction with olefin.

" Anpther commercially practiced technology is the direct epoxidation of
thyl'ene to ethyl ene oxide HYACK&GROUNDIMOFTHEIGN/ENVNA sil ver catal yst.

Unf ort tely, theysil talyst | t p d.very useful i
epox daton of 30 MEpHeTga mEtonarot e PreRArRtion of coxidase Ave hoen
focused or5't hdeviogsd. Garmraliatdpfidel dedoeined! I8 iHaSredckibn ;b?‘%%egleﬁﬁ%ith

hydrogen.in the presence of a catalyst. In this process, 1's believed
that oxygen 224 OKigiiFing agentincheinfesenag of a catalyst. Aheopioduztiony ofpeoyylerkhus,

teohnol ogy conia? £5m fomlen eRERIF ofdihi: nidhelPlde By Sanff qyches -
pre-formed oxttyl ibegzegentyropeidnite 0f) lerBBityl hydrépehekid@O® commercially
practiced technology. This process is performed in the presence of-.a l
20  solubilized molybdenum catalyét, see U.S. Pat No. 3,351,635, or a
heterogeneous titania on silica catalyst,' see US. Pat. No. 4,’36-7,_342.

Hydrogen péroxida is another oxidizing agént useful for the preparation of

o - epoxides. Olefin epoxidation using hydrogen peroxide and a titanium silicate
(_, ) , zeolite is demonstrated in U.S. Pat. No. 4,833,260. One disadvantage of
25 | both of these processes is the need to pre-form the oxidizing agent prior to
- reaction with olefin. -~ B ' | |
' Another commercially practiced technology is the direct epoxidation of
et_hylene to ethylene oxide by reaction with oxygen over a silver catalyst.
» - . Unfortunately, the silver catalyst has not proved very useful in epoxidation of
30 high‘er o!e_ﬁns. Therefore, much current research has focused on the direct
- epoxidation _Of higher olefins with oxygen and hydrogen in the presence of a
catalyst. In this process, it is believed that oxygen and hydrogen react in situ
to form an oxidizing agent. Thus, development of an efficient process (and
cétaiyst) promises less expensive technology compared to the commercial
35 technologies that employ pre-formed oxidizing agénts.
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_ 2 5 NOV 2065
WO 03/ 035632 PCTI US02/ 30307 Many di fferent catal ysts have been proposed for

use in tRNeOdINB6I2 epoxidation of higher olefins. For i qwod/yseaseso?
reactions, the 'catalysts typically contain palladiumon a titaniumzeolite
support. For exanple, JP 4- 352771 discloses the epoxidation of propylene
oxi de fromthe reMany alifferens q:a’caipsﬂsehaye keergenopesatl igduegeim e mireat

7t el 1 | capRitant efRdRe b Br iRl SRR i oded SRR o

produce ep e ofp 4-
produce ¢| Ogaeés%ga@gtraaggg@m% aohtaﬁiams kéaﬂb rgoFéﬁgééﬂngfed J;Pugporte g

on titanosi BodAVédsdissloses dheeﬁmmd@iimflmppyleneoomwfromm.‘témztib& ol xed
cat al yst _syste for ol efi n.& xi,d on with oxygen h al so
been o 521 SELaPTIRS, e ead BYAiSHe s & AL B0 Soniting [ Giaunt RUF uee
of a m xtur engthl tgubﬁnwﬂauaatmacsm d’@f@témﬁemtaﬁué:ﬁé&e eRpE Jahd @;.aéés
Pat. No. 6,008,388 al so describes a catalyst in which 15 palladiu

typically adistation of alefinmhasrheenishownt e preduca e@m(@ileys:tveg goicesyprnrted

bet or e mixi 99 GRONTD B (hURO2 o S8V SRt T BRARPE 18 Paf 6P

di scl osed BFEQSJOQOS Iahd Cghld %b}sﬁbﬂéd én ttcpkilicaterd sear P bxahipiadettigg,
copendi ng Appl 624,942. discloses a m xed catalyst system -

that is leeﬁﬂPhWQQ@fQQ‘F@O epoxi dation conprising a titaniumzeolite and a -

| d- | h
Do or' an" o9 BB be st IS, 1T BV AR, Ay iR,
ri ng- open upspgers havdailsb beanﬁnsmlnseuonaot emIﬁpteO JPo436073S dAesianghbes ()

ri ng-opened ucts, such as gols or 25 glycol . ethers. The formation
of these _un §Fr§t€%5 lﬁ?ep'r‘%l&ftg K'Bx"é‘%é'ﬁtl HﬂWs)fipat@ert Pdfapissnpimyiensat er

oot re.ar e CROSHRNBATL U.50 PTG HoBEORRE SRS LEal & FERIGIRERH "

. product 1¥i tpaﬂaﬁiuaeisetgplcally 9dded>t@ad§taniem zadmtédzo rfcaﬂ’uaidwwmystéml bhood of

| NVENT on THEGRRERY tenched Yitoer prllaliofh & e nsogeireted ko ecpRoes

LS?ST ;2? | aBefBr@fﬂ"nBang)MtHQﬁe z8BhiteNYHbREGEr, the dnPLYSSYrd fhat Bfe RicRAE of 2
o include silica, alumina, and activated carbon. In addition, copending Appl.

Ser. No. 09/624',942_dis‘closes a mixed cataiyst system that is useful in olefin

- 20 epoxidation comprising a titanium zeolité and a gold-cqntaining supported

| catalyst. | .

One disadvantage of liquid-phase epoxidation react;ons using these
catalysts is that they are prone to ring- -open under standard reaction { )
conditions to form less desirable ring-opened products such as glycols or ~

25  glycol ethers. The formation of these undesired by-products is especially |
~ likely to happen when water is used as the SOivént.

In sum, new processes for the direct epoxidation of olefins are needed.
Parﬁcular!y ya!uable processes would have good productivity and selectivity

~ 1o epoxides, while reducing the likelihood of ring-opening epoxides to glycols-
30 -or glycol ethers. ,
| SUMMARY OF THE INVENTION
The invention is an olefin epoxidation process that comprises reacting

an olefin, oxygen, and hydrogen in a solvent in the presence of a catalyst
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2 5 NOV 2005 m xture, wherein the solvent contains a buffer. The catal yst
".mixture conprises a titaniumzeolite and a noble netal cat gl gsNOVTI085
process is surprisingly found to produce nuch | ower anounts of undesired
- glycol by- products conpared to the process w thout use of the buffer.

Sur pri si ngl y, mbiiere, SwHersiRf the  RiH 1 | clder i \Y tivity
of !to he prgc-gsrg. DETAI EEDIDE%%R%I@I'I%% %ﬁ%ﬁgﬁmrm%g %?g%@sﬁﬁ#u&e

i nventi.on enptayBrisesc &t lapiimniealite anchat nobleprictals catalyisit.t a'lﬁhelnpmeeilsds ti¢ and
~a noble netal; Al ni u rted catalyst. Suitable _titanium zeolites

are those crysslﬁgﬁ%'ﬁg& @W@rfogg?%i ﬁl’r‘ch %&PBL@“%’I‘%CE? gpdegirag giyeol by-
structure wi grodutRbiompaieaitd thalprbedsd Ahodt ddeof MR SUBRSHBR) G OF
titaniumzeolite enpl oyed will .depend upon_a nyr_r%er of factors, | ud‘?ng
the size dnd Ysaapfea buffenalse tupicallt nnrevepthea activity of floe peocessl e, it is

referred -to use. ar - ] - _ i ' Ql., such as a
ltoi taniumsilicalite if ﬁ]%fAr&%gP?@skﬁﬁpM#@ﬂFBW@ﬁn n such as
et hyl ene, propyl erithe procksbuf dieinvehtivh entblbyiea @aedst rhtiedR S8 ri%%.e. use
.of a TS-1 tit? fumsilicalite is especi all¥ advant ageous. For a Bu y

a . s
olefin such &! fBr?e%Pélﬁ%?na 3 gphie MstalcariainimousHopastad catalyisth Suitable

titani um zeoljihs ' r I & r it :7eq] | bet be
preferred. Ti t%n%‘ﬁﬁzgggﬁe?t% g%tﬁ%rﬁgé?% C aﬁai%ﬁé}g@f% P&’?%%&Ojﬁé@ér
wherein 120 tsiewinstnctoreawithiditamians atoshs substitufedr inathedrdrmewotd. The didideon
atons in the I% ti.ce framework of nol ecyl ar si eve. Such substances are
fth t >‘)"a“|5

| known | it zegiie empIpyed ywilb depend agon; 8 AMmhaTAldertoss, ARG ¢ he

l.ass of nol ekglspie arfd S&Se 6PIBGIYN 16 bR &EkidifedS Fol by | isifrateref
particularly "TS-1 (havi ﬁ%e an M ?OQOJ og@d;.(ér{g?%gohgre?%h tlwitSif %fﬁ\rﬁéeﬁ%ssm 5
al unmi nosi | i cap &isgevralatiely soall'ppse fitarinanvzanitensudiEls tofitahboy shicalitegbtie t o

‘h f the : U ol g )| it d "TS-3" (as described in
Belgi an pat. ST B colgHEs @ nakE ARAR iy 88 et By PEilend ot JastRRS: ng
framewor ks stwhetethesoleReiDpipglehe, thel 698 bf & TEH GitaRRTSIEAIRe IS Sally

.ZSM 12, and MCM 41 are also sui-table for use. The titanium zeolites™ .
preferably c@Wanirogausadasiahiky sledinntich: ameyalohexanama largarqene tilandumxygen

Lt iy o, SECHETRACRE  EMAIPLRE RBR p BRIE"ST
~NOv 205 - beta may be preferred. ' L :
’ ) 7 Titanium. zeolites comprise the class of zeolitic substances wherein.
- 20 titanium atorﬁs a.ré substituted for a portion of the silicon atoms in the lattice
framework of a molecular sieve. Such substances are well kr_noWn in the art.
‘ Particularly preferred titanium zeolites include the class of molecular
() o sieves commonly referred to as titanium silicalites, particularly “TS-1" (having
' an MFI ,topolbgy ana!ogoué to thét of the ZSM-5 aluminosilicate zeolites),
25 "TS2" (having an MEL topology analogous to that of ‘the ZSM-11
~ aluminosilicate 'zeolites), and “TS—B” (as described in Belgian Pat. No.
1,001,038). Titanium-containing molecular sieves having framewbrk
strUctu‘res isomorphous to zeolite beta, mordenite, ZSM-48, ZSM-12, a'hd
MCM-41 are also suitable for use. The fitanium Zeolites preferably contain no
30 elements other than titanium, silicon, and oxygen in the lattice frarheWork,'
although minor amounts of boron, iron, aluminum, sodium, potassium, copper

and the like may be present.




PCT/ US02/ 30307 Preferred titaniumzeolites will generally hay gy m8
conposi t ive@ 63/62682spondi ng to the followi ng enpirical for mﬁmsygfg'j'&;
(1-x)Si02 where x is between 0.0001 and 0.5000. More preferably, the value
of xis fromO0.01 to 0.125. The molar.ratio of Si:Ti in the lattice
framework of the Rreféireet ittarfundvasolieeowdlly denerall. Shdvé 0 299:dmpaBisibn
preferably from9.5: 1. éj(s) 60; J]é) .The use of relatjvely titaniumrich
zeolites nEPTESEERHNG I e ftlowing empiricaly H3 xd i e Diaawhere Kds
process. of yeligeb ' I 0 N | . | %St . jl.e any
nobl e netal cat SF’;?E@?:%%Q? @89 P?I zq%%‘e ;ﬁrege @dﬁg%ﬂf%ﬁ&qﬁﬁoﬁﬁu to
- paltadi um i0xi2B.unThe unbkari tatio of Bilfinih othee tadtices dt=ahavwba) of @hé hasolid qge or

i mbi pat i, - pal | adj old. ticularly desirable. Suitabl
nobi o metal eupaReeBS b sof i o8l ubE Prefabhbliom Bk hfe 60rbb| Bharet al
al l oys, and u%b@@éfaﬁde%ﬁéﬁiuﬁﬁié‘l? zﬁ@ﬁté&ﬁé?aisloﬁﬁ‘é‘agéif‘ﬁbl f- suitabl e nobl e

metal catal ysts include high surface area ~ palladiumand pal | adi um al | oys.
However, particullde gajplystenbddarenebiployest in thé matess sifsther mvabie®rdies
nobl e netal

support ed nggﬁtﬂn%?aﬁoﬁgﬂ%@ 2(‘%‘:@}5%02{@5&%%}1 Z‘?’ Fegm%é I%%;Aﬁigg%ﬁhsbe '

mat eri al . “Sutisd gi.6) egole] IsiteovslatinurkhezAkkHium h r Rkt |
restrictions agn tﬁe.t;e/%e of supvmort th_atfp are;ul?:[s'eg.hﬁlﬂgl’ eﬁu% ancé,%@h
suppor t 1&anmeabsatalysis) gaither elangesr innepgvinationh| pallatism andbgold ars

ool e erred | . ! e e A
2 957" 3, Ve, BaRioyf ) Besirabler BuliEdid BBR" Mofiaf Kolvass dreliS; Rohgaiacan o
supports i nafeaieobld ials, abbld netalt alfogsi énd@dﬁt{éﬂﬂﬂe@néﬁl@%ﬁfﬁl QhtAlests. ()

t ant al um oxjdes, m)l%Pder_lu oxi des, tungsten oxides, anorphous
ti.tani a-si| FEMPLeR ¢hsvitaple: dnble ametali catalpss ainmlydeousighi sbifacsi hieza, and

iy PSSO . 1685, OB 1

pol ybenti ni citabysts a&:_'rstlpbd)ﬁed;npbmmtailmlgﬁt@wﬂmri@ﬁ AMGhIE PhetBPENd 851 NS
- grafted onto inotrgani c oxide supports, such as polyethylenimne- silica.
Preferred sﬁlﬂ%? 's al so include carbon. Particularly 30 preferred supports

Prferabl y. the conarboied neote MpTeRfyst; bRibndt SIEItnB T poBits ™
~ about 700 nBegeriator Sypnsirts ane ywell-snoahoint 166 &6, atihiere 58@ MY Barfifaiost 4
25 NO‘/ ZOOI%StriCﬁOI‘lS on the.type of support that are used. For inétance, fhe support can
20 , be'inqrganic oxides, inorganic chlorides, carbon, and organic polymer resins.
' Preferred inrorgani_c‘oxides include oxides of Group 2, 3, 4, 5, 6, 13, or 14
eléments. Particularly preferred inorganic oxide éuppo_rts'include silica,
alumina, titania, zirconia, niobium oxides, tantalum oxides, -molybdenum (3
oxides, fungsten oxides, amorphoué titania-silica, a;norphous zirconia-silica,

25 amorphous niobia-silica, and the like. Preferred or»ga'nidp'o!ymer resins
include polystyrene, ~ styrene-divinylbenzene copolymers, crosslinked
polyethyleneimines, and polyb_enzimidizole. Suitable supports also include
organic polymer resins grafted onto inorganic oxide supports, such as
po!yethylenimine-si!i»ca._ Preferred supports also include carbon. Particularly

30 - preferred supports include carbon, silica, silica-aluminas, titania, zirconia, and
niobia.

-Preferably, the support has a surface area in the range of about 10 to
about 700 m*g, more preferably from about 50 fo about 500 mzlg, and most




preferably fromabout 100 to about 400 nR/g. Preferably, the pore vol une of

.the support is in the range of about 0.1 to about 4.0 m./g, nore preferably

~fromabout 0.5 to about 3.5 mlJg, and nost preferably from &tﬁoMﬂVOZ@]ﬁto o

. about 3.0 ng. Preferably, the average particle size of the support is in
the r ange of petietabhofrent abaiiol20 Eoaboyt 400 enfy.e Pesfemdly ftherpob Ydlurie toF

average  por o\ St 15 B Feorenee of AROUE"Y oy gbot 4dbmes. t&%f%@wé[‘émooo
Aoy elerabl vironpabu0. fo ek $8Gnfvg, At Mok BEFERRPYABRHY DS

about 350 A. The squorted nobl e neta 0 CO

et al . wm | e -alownd olegaePrm‘erablymhmayemge bartide kizeesf the -stippoltdsdn the
ei t her al one or

th osmun,
"h conbi hat g0t st e oébiﬁeh‘;m?t‘eéﬁ%enapmmammmmy,

the amount of t be |n the
range of frontzd(j)wgl téﬁgr{?/éve?l t pe ?ann %O%lrﬂg e{c’a%??}‘ﬁa}qdki
percent. The pemeriametenia ﬂthcailyemrtbélrang@babbb&t 16 td QBQOPWJ@G ﬂdptéfepaﬂlﬁ'e

orted cat i S not sidered to be particul arl crit |caI For
| Zgggpl e, the %%éoﬁé‘t%%%g’:a Anitpmest Ptﬁfeahlsaahouﬁﬂ)l o @52:3hsgrmg be -
h N
recipitation. . o heupbgied ROBIREL At B S Lb NS A RPETERE Wk i ng
t he choi d@ ofamoel thenmokie me{mfs:oarpdnermhhzedqoeplgow usiodr, gfatirien, Spaliaural t he_

' d Ly I t abl e conpounds
ool et he HTEHAT DRGHiE osERbAY Blihal Afasa;of Te iogitteion, g nd

| ude the
!?232 boxyl at es ddid are pﬁﬁto@ﬂé?)y dé’éil‘i\b'?é"’l“ypic I?”meeér%?uﬂ{ of! {93!% g@%ﬁénfeesgnt e

Simlarly, the :oxidation state of the e nmetal 1s no
critical. Inthasupasdedfcatalystailion tmtha lrm'tgarm:fefromt(hm HalACevrbigit peycdig, i n

oxi dati on - sPipse IS BuObRTb bR ot mdiiar o W ahemoblmisial Fron o
oxi dati ons sttnd:@porettb@ inbtie BBHEOrtED TREINE Qfﬁ(ﬂrccpﬂid'éi}edi g S&dPQ?E"uIIé} r)P t he

support ed cat ma be fully or partially:pre-reduced. acto
calto gl yti-c %@%‘f RianthehBakipemetalfor example, Rd tettraning brom!de)

T LE"“SH e e
vacuum 5 V\opwewpm o@tﬁehﬁ/ 2005 PCT/ USQz/ 30307 .
' - There are no particular restrictions regarding the choice of noble metal
20 compound or complex used as the source of the noble metal in the supported
catalyst. For example, suitable compounds include the mtrates sulfates,
haiides (e.g., chlorides, bromides), carboxylates (eg acetate) and amine
L! compiexes of noble meftals. ' '
o Similarly, the oXidation state of the rioble metal is not considered
25  critical. In the case of palladium for-instance, the pallédiutn may be in an
oxidation state‘anywhere from 0 to +4 or any combination of such oxidation
- states. To achieve the desired oxidation state or combinatioh of oxidation
stetes, the noble metal compound after bei'ng introduced into the supported :
catalyst méy be fully or partially pre-reduced.  Satisfactory catalytic
30 performance can, however, be attameai without any pre-reduction. |
After supported catalyst formatton the supported catalyst may be
optionally thermally treated in a gas such as nitrogen, helium, vacuum,




: : \ "Qﬂ5 :
hydr ogen, oxygen, air, or the like. The thermal treatnent 2@@‘@%5 eis
typi cal | W@ PYW&Bout 50 to.about 550C. The titani um zeol i PET/UWAEOINe nobl e
metal catal yst may be used in the. epoxidation process as a m xture: of
powders or as a mxture of pellets. In 5. addition, the titaniumzeolite

and nobt e nEAIOgaR aPY¥ICThesiNaPE dhdikge [Tds thermsl trsatment dempeyghtraeis
prior to use,,j ' ' |l eti.zed or extruded together, the
catal yst m 3?%&3%@%%#%%%?@8%% dr F:ge a binder or the like and may be -

mol ded, spray driFige tigdioRdzauliteHndutiedndble Mmatl ey eshal sBA!iR kO
use.in epoxidation. The weight ratio of titaniumzeolite’noble nmetal lo.
" catal yst i s arexiga{ion RIACEs$ yASca innixtae of wders, oraas it mbiture ekpeliets: ndhl e

metal -cat al ygte fat o - 10C _Ihtani,um zeolite per gram, of ’
hobl e notal -éﬁ?é?%@]&?)tﬁ%’%'ggf%?é&g@(ﬁ %9%8@@?%3&%@3’@%!?% Ii‘ﬁ{%é'éﬁﬁri ses
contacting ar elteided togetben prioand sglipepdxidatians olfveaietizBdt be eRfrggeqce of .
the catal yst m xture. Suitable 15 olefins include. any ol efin having at

| east one caPBRIREEINSoralAShIMiXiisn dnaw Rddiiienaly comprisena bindersor the like

- atons. Preferab g . ACY.Gl ’ of .from 2 to 30 _carbon
atoms; the gnglc@ségt %? n?(lf%igéel-j'ng’/%n i oﬁéaqc’sﬁdﬁ%rdt &céﬁgﬁ%ﬁ WPl Qe?'{)‘?g form

epoxi di zi ng pder @ wdeefri epoxitiatien.t Mkl wrighdautibeofbiadiunikole: RiMEaAkialas i n

a diene or triene for exanple. The olefin may be a 20 ‘hydrocarbon (i.e.,

cont ai n"18-nl.§a@Y%ﬁ aﬂhpﬁf}@#%@ncrﬂ%)“eweﬁay & difanium zealitetnadnelmegtedups

such as hali \; hed . car : i
groups, or tc%gal}/ﬁrgafﬁeﬁe@g?o&d;ygp S’?ﬁgﬁl{aﬂ{/@ﬁtéé@ﬂ*{ ge'géf)%ﬁiogl 'ﬁplgsré%fﬂi
for convert icatplystpisypref@red propyl ene oxide. The process of the invent i'on( )

al so requires the Hse of a sgﬁ_\'/ent. .25 Sui t abl e sol vents include any
chemical that is ANEiRBPEST I REEE YERIIOR COmRSIsES SURaCtiNG 2N iefiry, owigemm ot
limted to, apgyReitogentiaiNsoReRY i MAPRARH - Qhife Lc and
ali phatic solvents guch as toluene ang hexgﬁe%nhghﬁ??%gmhgﬁ'o%@@q%nd '
al i phat i1& s@lsfiwtigclideranysolafin wvingeatdaasirniecanon-arbon doablebend aamed

water. Suit | vepts. ipclude water and 3Q pxygen- cont ai ni
hydr ocar bonCeLGEIATBAf 2oft, B0 Ybed, bty cpitefing e dlefiievan Gaele "
Preferred osfigeratofdirenl Pends 30 nedrboe hones: #id Miatéds Gk b i:@\'ré‘rﬁ@:ﬂg such

as met hanol, ethanol, isopropanol, and tert-butanol, or mxtures 2.
- 2r° 3 t her eoPartigiprissuitablefernaxdisng £ onelafinsarMore theaconerdpubledroreti

2 conol s wi FIhEPRreSeht & F0aR88Re Uribia foF eRyifiolf oo glihebiabike aise of
a. buffes. _]iblérqcarbon (i.e., contain only carbon and hydrogen atoms) or may contain '
~ functional groups such as halide, carboxyl, hydroxyl, éther, carbohyl, cyano,
or nitro groups, or the like. The process of the invention is especially useful.
- for converting propylene fo propylene oxide.r | _ o 4 ‘ ( )
. ‘The process of the invention also requires the use of a solvent.
25 Suitable solvents include any chemical that is a liquid under reaction
conditions, including, but not Iimited to, oxygen-containing hydrocarbons éuch-
as alcohols, aromatic and aliphatic solvents such as toluene and hexane,
chlorinated aromatic and aiiphafic solvents such as methylene chloride and
chlorobenzene, and water. Suitable oxygenated solvents include water and
30  oxygen-containing hydr_ocarb_bns such as alcohofs, ethers, esters, ketones,
and the like. Preferred oxygenated solvents include lower aEip.hatic C1-Cs

alcohols such as methanol, ethanol, isopropanol, and tért—butanol; or mixtures




_buffer will typically be added to the solvent to forma buffer solution.
.The 5 buffer solution is enployed in the reaction to in&igigﬁ h@;gornation
of glycols during epoxidation. Buffers are well known i h rgoe Buf fers

useful in this invention include any suitable salts of oxyacids, the

nat ure and prtigeof, amswaterwhFlabrinatethdlcohots Wak, bauged U pidtafred RSt ¢
their solutions ma égg%e frﬁjgz?3 to 10, preferably from4 to 9 and nore io

preferably fW_ﬁf?S' tés g ORpsehYe & gawrsixtwe%saw@@i cnehels vwith watesn and
cation.  The ani ORrROLERASF HRCin%BhlioM o r'%demlle%ﬂﬁ?gﬁ%é)&?%ﬁﬁ‘ﬁggﬁrhe

phosphate, carbonate, acetate, citrate, bora ‘
al'um nosi | i chuifer ovill tireically be. added datthersobarttitorfoah & Hruiffst! dolufon.i MKeude
cations such,as, a ium al kyl gnmopi uns (e. g., tetraal kyl ammoni uns) ,
kol ot al BUTter RAAS s TRIOVeS s GRCHRT fhdnipikhe GaRTIaHoroRE SRS
1 nol ude N4, ifiaicddddien. Suifels sl welaiburRindAkipns. Nore preferred

I uffers. Buffer

‘buffers include al kali metal phosphate s may preferably
‘contai n-a conbi natBulfersfusefid dn tthisninwestiors indliade engauitablBy saktabf Yxyadies,

trati f ffer,in -the sol.vent, i.s from  about 0.0001 Mto about 1
comoent ot o0 e 5T bhorbient 3 G gha pa RaS i G et et
from about Ot{¥ib sMiutienab@ialy firge Mooy &R oanlefRYSk Q%}na?etoa@ Sehd §H4er €d

0

for the process of the invention. AIthough any sources oxygen and

hydr ogen 1&r e PEgfefaity fom fde & uBuitabda gglie ob axyanids cantain ay éntmeandcation.

Eﬁef Conge. of MEpepg i °0F, th 0 b nBUBCARRRR SO, oY e s 1
33 ?L The nol aarbortste, adetatey atratep botate| phitalatas wiichte, Blumirdslicats, dithe

preferably 1.1.5 to 1:10. Re]atively high oxygen to ol:efin.nolar ratios
(e g., 1:1 tha. %h%@“%bpaﬁwrﬁfaﬁ@omﬂ sy iveludg eatisnsfsueh, as amimanitnan t o
ol efin, oxyg vy ABad arrher Y pr bl sed -
"n"the pr ocea Y RABHIAS 8o ot Baky A RofRis) " alER mifasl R ALE" glrtiecy
Sui t abl el nemetglas oc dine ilikes Catidruerampldseinghries Nslic NBag, helNanK, oepiig,and

argon in additi,op to nitrog and .carb Loxide Saturated. K hydrocarbons
Wi '?h 1-8, espBY; Qﬂ GayenRs. aﬁ@’%r%ﬁe ré%‘ﬁ)i}) & 'Pgﬁ'd@af"u‘@ﬂ ﬁ%ﬂs%hoépﬁat?

031 03, e63a Ae T R o B AR B e B e o
‘the pr ef err eduitallet sallar r Tupicglyethe concentration of b_uffe'r in the solvent is from
" about 0.0001 M to about 1 M, preferably from about 0.001 M to abo.ut 0.1 M,
20 and most preferably from about 0.005 M to about 0.05 M. - '
’ Oiygen and hydrogen are also required for the process of the
7_ invention.” Although any sources of oxygen and “hydrogen are suitabie,
() - molecular oxygen and molecular hydrogen are preferred. The rholar_ratio of
' hydrogen to oxygen can usually be varied in the range of H,:0; = 1 :'1-00 to 5:1
25 and is especially favorable at 1:5 to 2:1. Thé molar ratio of oxygen to olefin is
usually 1:1 to' 1:20, and preferably 1:1.5 to 1:10. Relatively high oxygen to
olefin molar ratios (e.g., 111 to 1:3) may be advantageous for certain olefins.
In addition to olefin, oxyge'n and hydrogen, an inert gas carrier may be
preferably used in the process. As the carrier gas, any.desired inert gas can
30 be used. Suitable inert gas carriers include no'ble‘ gases such as helium,
‘neon, and argon in addition to nitrogen and carbon dioxide. Saturated
hydrocarbons with 1-8, especially 1-6, and preferably with 1-4 carbon atoms,

e.g., methane, ethane, propane, and n-butane, are also suitable. Nitrogen




M xtures of the listed inert carrier gases can al so be used ﬁTH\é}\fnﬁﬂ%r
rati o of W@ba9P3n3x o carrier gas is usually ' in the range 7a$8@/3dsoro 1: 10
and especially 20:.1 to 1:10. 5 Specifically in the epoxidation of

propyl ene according. to the invention, propane can be supplied J n such a
way that, ‘i mntiheapnamh@l Of rmdroapponpram dahcem:e@r&d inartr carrieg agasdshe

oxygen are’ MidirsS of theilisved ik Rawidl soRes i aba T Usan o f B e B wain of he
reactor or f Fnh'f’o fcﬁﬁ‘rfbraﬁ%%a‘i’é aghgwggﬁ]emé;g?%gel%fﬁfm ﬁg@%o%&%&@éaﬁhy used

may be- determned onth SIS o ratio o
cont ai ned i @0thto ditlani um zeolite to the olefin that is supplied per unit

time. Typically, suff t t al tt i d
{1 Lani ung ol of 1 SHECHISRIY S epekiatioh & WMipamastamiis o tee invagion; ne
l'i qui d- phasgrgpaeessarPibd f@ﬁfpméé”id CHhcht '&e vl ahyStinl Sth%eﬁlf&bf\%yof T i n

the form of a suspension or ed- bed he process may performed using a =
conti nuous BpPpIepriadei ekegssh ofr caaiarh gmdethof explasate dimitd tofi snixtuleanbfgeous

k f 1-100 bars. - Epoxid cot di h
| nvent | on' i ERSIETEP Getng Mdlharit and, i@ B SBER GVRIdRLdad RS R ¢

- ol efin epoxisiglosie mbtafeecabionmain the TeaswRF o ﬁ‘ﬁth'erfebﬁ%rfdad@&é} eQineg0C, nore
20 preferably, 20-200C. The follow ng exanples. nerely illustrate t he

i nventi &h. Those Tégi amegnt of catrlysir used may bed@fteamnadrgn the basisoob thenat

 Preparan o' ieefites G (i EeaRRRL LR BARE Saliio th ol BREIT 1o
Cesi um hydr guppled pér Litglimel sTgpiay, vgﬁrc:@nﬂ@atwsiqs prakent (olbr&ﬁd@)a in (a)

pl astic beaker. In _a- separate container, %‘),\5 osphoric acid I's
added wi t h. HEmiympletn ngohgwawiaﬁfeeaéawpiﬁg 08p1: W\De'ht y-fi ve grams of

t he cesium hydro

solution. After fbgﬁa%ghl;flﬁoﬂ{béee?]%ugﬁégg'fg[gélfgﬁ/%gggn &gg%pdg%f%%bfyﬁ

cesi um phosphtites fdrui fofra tsosgension orofixetebed. Hi mbcesﬁmasd-béfpérﬁﬁnféﬂ ution
i s.measured to be 6.9. Two ranms -of the above solution

(pH = 6. 9) UP¥E9; ReRORIRNALY ltfja.n“td[]g%@‘ygﬁéob 81 Mcgo@@dsheﬁ SRSIAOmRci H 81, 01
S S0P AR LN S NS RYe1 100 i EnSleaf oA | O

the mventlon is carried out at a temperature effective to achieve the desired

olefin epoxidation, preferably at temperatures in the range of 0-250°C, more |
20 preferably, 20-200°C, - | |

The following examples merely illustrate the invention. Those skilled in
the art will recognize many variations that are within the sbirit of the invention
and scope of the claims. ' - ()
EXAMPLE 1: PREPARATION OF BUFFER SOLUTIONS

25 . Preparation of Cesium Phosphate Buffer: Cesium hydroxide (22.12 g)

is dissolved in deionized water (17.25 g) in a plastic beaker. In a separate
container, 85% phosphorrc acid (5.85 g) is added with cooling to 400 grams of-

- deionized water, - Twenty-five grams of the .cesium hydroxide solution is
carefully added to the phosphoric acid solution. After the addition, enough

30 deionized water is added to the cesium phosphate buffer to give a volume of
500 mL The pH of the solution is measured to be 6 9. Two hundred and
twenty grams-of the above solution (pH = 6.9) is then treated with 85%




phosphate (6.0 g) is dissolved into 500 grans of deionized water. Sodium 5
.hydroxide (1.2 g) is dissolved in 300 nL of deionized water idj. a ﬁgaﬁmc
beaker. A pH = 7 '"buffer is obtained by adding 232 grans of t é g i

hydr oxi de sol ution to 400 grans of the- sodi um di hydrogen phosphate

sol ution. Thepl$piforichacidi(x6d gdbwiven desium QRosphad bufer Rl fidh witts a H
obt ai ned by -ggdéé;g 11.2 granms of the sodi um hydroxi de solution to 10D
grans of the 16-Sodi um di hydrogen phosphate solution. The pH of the ni xed

solution is 6.0. Prepa-& h,orbf.OfSEhﬁ'FsPH Bhosphate Bu%}fg%@gnggl as r'gﬁénw

di hydrogen phosphate (6.8 O d otvet 6—500-4t a
wat-er. Potas lsmhﬂﬁ_pﬂa}%lr(ﬁﬂ ok if{A ﬂiisﬁ&h@)gtiLr;ssc:c ?Desgrbmgof ae&g@zaba_mgeégewgié@@d _
water in a plastic er, . = uf fer is obtained: by adding o
grans of the [E)V(S{r%'g‘?ugﬁéSg%%rdg?ﬁo&?%& w0 il of sdiogizadswater tinea pplastisi um
di -hydr ogen phasgdaat eaAsgHut io ) ' [ Sa6. 97... A pH = .
- 6 buffer is obtained b@H _adggﬁggq(% %Hééig?r%hﬁ/f @ﬁ@gp%%gfsr%%% %@H\%ﬁ?‘&‘é‘m '
~solution to InEirgxdes solutioheto pdRGisgraoms difh s capeiiumh dihyldedgers PHEspPARte The
pH of the m ion,is.H.03. 20 Preparatjon of Lithi.um Phosphate :
Buf fer: Lit hfgg’i?tﬁo%ﬁﬁﬁgé’ﬁ pE fBj"?Pssod‘r'féDéﬁ'ﬁﬁéé-i 2\@6 = anEfebis efdpinediay
water in a plailing Pleakgamd Bf ahs edi@hen 2l S8 liord 330 i jd
(6.0 g) is added %:VI th E%glmi ng to 400I 'ra%&g?lﬂédéé@gtﬁ?@g%/ wgfmglﬁgﬁ%ns of
the Iithilim HpgiwRidiaydiepen ipbaspbateaalatian. yThel pidof the nhiked sbhsiphds BcD.aci d

sol ution. After th Loni t dded to th
| ks% o et " BrlLhid b, SORUG iR L MR FONESATIE
Lo/ be 7.12. fphesphats (518 ¢ i%'@sembunntﬁc@mwgfarﬁyfofgéiqm@@mgiéﬁmr:%gﬁéﬁ&ﬁ of

tetrahydrate (4.28 0),.is added to 200 grans of deionized water. ep
t he re)s/ul ti né‘g’ém’ﬁ‘?‘géﬂ -QS% 93 19 Hisaived iid0 ml oA driamzedrmRaRATI 0Rlastic
- Catal yst 2A: pRekAPb?2 y-) ' | K )ABr2.(0..64 g)

is dissolved in %% %?gﬁ;; gfﬁ@ﬁ%f%n@g@e\% e%dgﬁﬁ‘] %%35%‘%@ tﬁgeﬂ?é SSIMobi um
- oxi de powdler hydode faadutican 20 ANDGrav@5of\the® PABSHGR BBETLHSHSY $P3Sphate

. Ref . Metal.s) is slurried in 90 gr. f_dei oni zed water. Th
Fot erence M kel e hHL Y BT SR B okl 2 Al oty i n
over a 10-m mdtfhg P2 gramI o the PtaddhsmShydlibNidk Sofltidn’ 9186 P’ & thko

hours, then the solids. _ ,
potassium d:hydrogen phosphate solution. The pH of the mixed solution is

6.03.
20 : Prepafation of Lithium Phosphate Buffer: Lithium hydroxid'e (5.0 g} fs '
 dissolved in 36 grams of deionized water in a plastic beaker. In a sepérate
\ container, 85% phosphoric acid (6.0 g) is added with cooling to 400 grams of |
(’ o . deionized water. 31 grams of the lithium hydroxide solution is carefully -édded
to the phosphoric acid solution. After the addition, enough deionized water
25 was added to the lithium phosphate buffer tb give a volume of 500 mL. The
pH was measured to be 7.12. |

Preparation of Magnesium _Acetate Buffer: Magnesium acetate
tetrahydrate (4.28 g) is added to 200 grams of d_eionized'water. The pH of
the resulting solution is 8.02. _ ' ,
30 ' EXAMPLE 2; CATALYST PREPARATION
o Catalyst 2A: Pd/Nb,Os Preparation
~ In a glass beaker, Pd(NH3)4Br; (0.64 g) is dissolved in 40 grams of
deionized water. In a separate beaker, niobium oxide powder (20 g, froni
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are separated by centri fuge. The solids are washed four tines bzyﬁsﬁurryl ng
in 5 80 gvan®tisb3anat er and centrifugi ng. The solids are ther/wRokaesorn a

vacuum oven (1 torr) at 50C. for 4 hours to give 14.6 grans of Catal yst. 1.
; Elemental -analysis showed palladium= 1.01 wt.% bromde = 1.6 Ww.%

nitrogen 0. RReferenéé Metals) dbslumisd BB90MgramsGaitdaiysized RratBrl/ ThEr gslRigiimon 10
In a 500-nL rqundbottomfl a E} Act garbon_e 2LS actjivated carbon (16 g, Elf

Atochen) is E§e tfion 15 RAERES e vie iU, pXide sty yith siirieg RaabR 10tminye) |

Pal I adi um a 38, Hdeird t: 0] o ' ed, he rbon

slurry over'clgér%e'mﬁ-ﬁ&t %S%}etfrqgo%’aﬁﬁﬁggﬁgéﬁﬂt% (%?%lt{r\}\g&@ﬂgﬁ,ﬂp%ﬁ&kgts@@& for

1 hour. Abaare sepdraied hheesafug@nt The solisaed washeatioar Hes aly é]{]rryfrr;?% the
~slurry. 15 is_filtered and the solids washed (three tinmes with 100 .
porti ons Sof SYEIARE Adwaker end, centyifuging d Thensplidsearegthesddiied in wavacunmven

Granvel SO I e AR S bl BT L eletReld T

carbon is preataipas showed paliddnimt 2ot 8¢ GarRi Beorile 201 BNt DI &R d.9ported

1

fid
in EPO978316A1 exanples 1 and 2. In a 3-neck one-liter flagﬁ, goncentra—t ed
~ hydr ochl ori Wi ang oipbiym = BF widkght % HCl) is slowy added to dei oni zed

water (520 g)_Acéé&ngl?g@grﬁfgﬂ%b%gﬁio d carbon (26 g, EIf Atochen) is

t hen added to thi _ urry is heated at 80C with m xi ng
for 2.5 ibours. Aflrea 50%einlnouhdbdfiéin fldak, setiatboAeeRlls bbaindd cRb¥R$Igd

(five tines wﬁp 0 m_)ﬁ'orti_ons_ of deionized water), and then oven- dried
at 120C for % ﬁém%@m R Sluripd intosleionized water (99 @ andimethand (180 nIB0- nL.
roundbot t om n ; | C @i ok \( 80, ' added over fa;]
Five minute neenn SRS o i adptine (BT iy & ilipedded Wt REEoR < ()
cool-ed, and shiry baesbeR0 adiriute pebiodkeThe oaduiing RURPR sfivad #fsoPe) f3H zed-
wat er. - The soli g\ﬁl areadf' sol at ed b%/,f'i | tration, washed g_‘ei ght times with -
250 -nL port iNOYE: Sooui b pTibe spivest s remrves by ptpevaparationsthrothecdarrThes e
sol i ds' gke f r 884 t @bl o 1 t | ask. and
STurried i n 1 40hed 8 el sEUS SIS Mifeg rhSe e Il By
wei ght per celeiori2@?)watsr)t hienirizdderd thert deedinrr yacdum ldvengd Turrhsesday at

£ 700C for twg hoyrs. er cooling to 230C, the solidsare filtered, washed
(with 5 15\3%%259%% iﬁ%@faﬁaﬂ%w?',ssmw&%@ﬁ\ﬂév"érpaiiaﬁw.at 120' C for two

hours to Catalyst 2C: Preparation of Pd/sulfonated C
‘Acticarbone 2LS activated carbon is pretreated and suifonated according to
20  the procedure reported in EP0978316A17>exampIes 1and 2. In a S—neck
one-liter flask, concentrated hydrochioric - acid (9079,'. 37 'weight % HCl) is
slowly added 1o delonized water (520 g). Acticarbone 2LS activated carbon )
(26 g, Elf Atochem) is then added to this solution and .the slurry is heated at ( )
~*80°C with mixing for 2.5 hours. After cooling to 23°C, the solids are filtered,
25 washed (five times with 100 mL portions of deionized water), and then oven-
- dried at 120°C for two hours. ” ' | |
| The dried solids are transferréd to a 3-neck 250-mL roundbottom -
flask. Concentrated sulfuric acid (80 mL) is then added over a five mihute'
- period. The thick slurry is heated at 140°C for 4 hours, cooled, and
30 transferred to a beaker containing 500 grams of deionized water.- The solids
are isolated by filtration, washed (eight ‘times with 250 mL portions of
deionized water), and air dried. '
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give 22 granms of sulfonated carbon. The-slurry is cooled to 230C, filtered
.and - the solids washed with 150 nL of deionized water. The s? %fwjv\/\%g oven
dried at 120*C for two hrs to give 22 grans of -sul fonated cafb El ntral
" anal ysis shows 80 wt.% carbon, 0.5 wt.%sul fur, 0.39 w.%chloride,

wt.% 10 silicon, Fhdse.sblids. abenittansfsred to & taﬁé?é-ﬁbc;f BOUdRe! FQM
fromabove) is slurried i-nto deioni zed wat er (10

f f onot ed
Rte LN 1zaragmma@admlzqobwgzergwmmgemmmm s

th dded t ultin
Slurry 1o st o dt OgFet N0) R iferfadadh B shiy, loied hieaing i
for | hour.. AHSE fdrawb hafurs hafteptyelig fos23°eTBNE Solt¥s a:reomf&éa \QQsHéH \t,\mﬁﬂh

t hen t he slur |sf|Itered-andthe soli.ds are washed (two 50

nmL. portiofs o 8? lo ¥ Siprizacewaten andithen Ovlall’\d:léleldeart mﬁ)‘é}jf@ttwe}/ﬂaeﬂﬁ foor 30 E
h El 0, 89, wt al | adi,um o sul fur.
Catalyst Egeri‘?%z?&?%é} UG ad SpBh SR iis BPaRd dodrfcikared and

avai | abl'e fr dheSulideheabked GAR 358t mREof Sef felTHe %Bﬁ%}?&? Oéren

pol yethyl enimpne-silica available from Stre em cal
EPOXI DATI ON RiERATRICNED Gsfondva drs fmwesa@mmf RAlonabid baGATALTIBREMETH OR

11 Lorat ur o praba 81o% 80 v Gy 85 VL @5 D WuoddoOda, O B wetezo,

et. a[., M crsrﬁmnpasdm&\mﬂ,ahﬁmMQ?) Vol. 10, 283, or Edler, -et. al., J.
Ch em Soc., Chem_ Conmm (1995) 30 155. The TS-1 is calcined at 550 C for
' g Eours before usen ?ng}@ﬁ’"b@lﬂdﬁ?ﬂto@%@a@sk esylifonatat oarbpa (6loarfpend abovs) ishe

ported PRl Yfocbishisl v 4 g) o otk P betator >
wei ght el.oni z wat er 5 % ghg '1“ im3getafSed) .
The reactor i(8. 13;19)2n&mnémbﬁn ﬂ&éﬁ%’!ﬁéﬂ tBCﬂﬁélé‘éﬂ?drBQaﬂff ovbhérs/ﬁﬁﬁu@ed to

200 psig with a feed consisting of 4 % hydro % oxygen
propyl ene, Opgn%jneﬁihﬁnr@sé B9t STy B SEedhat %@g@nfOfﬁ%ﬂpﬂ@@urf@IQWBd oy

reactor -i n 2 S I a sMre r ator wt he
" feed gaslisnglggtslg% %gr@rﬁug%sﬁyhgwoug opﬁgﬁ?fégi tﬁ? 3?'6%9}8(55 J@Wﬂvﬁ% tb
(measured at r&oﬁﬁé‘pamdionnmeﬁ s pEHe iPFiersd ahd e SHIRRS atd W%h@ﬁa(t%oa
constant sol ¥ent Eﬁ%‘? the reactor during the run, the oxygen,
ni trogen andiPiESpyit fné!ecp@mons of deionized water) air dried, and then dried at
110°C for 2 hours. Elemental ana{ysrs shows 0.89 wi. % palladlum and 0.6
wt.% sulfur. '
20 Catalyst 2D is a commerc:al 1.3 wt % Pd on sodium a]ummosmcate
avallable from Sud-Chemie.

(7-.) ' - Catalyst 2E is a commerCIaI 1 wt.% Pd on polyethylemmme smca,
o avallable from Strem Chemical.

25 EXAMPLE 3: EPOXIDATION REACTIONS USING TS-1 AN‘D SUPPORTED
. PALLADIUM CATALYSTS WITH OR WITHOUT ADDITION OF BUFFER
TS-1 can be made according to any known literature procedure. See,
for example, U.S. Pat. No. 4,410,501, DiRenzo, et. al., Microporous Materials'
(1997), Vol. 10, 283, or Edler, et. al., J. Chem. Soc., Chem. Comh‘n. (1995),
30 155. The T8-1 is calcined at 550°C for 4 hours before use.
A 300 cc stainless steel reactor is charged with the supported
palladium catalyst (0.2 g), TS-1 (0.5 g, titanium amount = 1.6 weight %),
deionized water {(~ 120 g), and 13 grams of a buffer (if tjsed). Thé reactor is
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ar e- pastsed t hrough a two-liter stainless steel vessel (saturﬁérﬂggrw«gdi ng

the reaei®isnmsemataining 1.5 liters of water. The reactor prg/bisgsed at ‘
1600 rpm The reaction mxture is heated to 60C (except for runs 3K and 3L -

which are 1o run at 45C) and the gaseous effluent is analyzed by an online
GC every houhena@rgdetd 2o0ipdicanah yiziedd kypnefstihg o 436 Hidrédien,enth @kygéh? 18

hour run. The results are_summarized in Table 1 conp arl%%ﬂruns W th
catal ysts ZnYeprogwena hd e imeihana @adithe batanga pifregen NpEESUFe in the

(oo o neesif RoERtal S pokFo i it b dodfeali toouE bR ik Todf,

sol ution is dmsisesadsed/dhtinlioasyHhodught thee sedaidi ain1480 t:bmna(mmédtem pH
7.5 by the addition of 5% sodium hydroxide. Titania- (10 g, %ussa P25)
i s added5t o 3H& 30 @eRmarPherR Prefskrer elni érder to mainteby a canstant isel

O g e o8RRI S PRydsh. FSad BhAnSHevERE SRS ¢ -
m nutes and érbq:msfseblttﬁrdum\ & heoditert staimlesEsterbosseRd eshtumbﬂ)g)reéedthgrthe/as hed
and filtered in the sane manner ‘3 nbre tinmes. The - recovered solid is then

" dried under rea@tm'npaﬂtatruamt arfjieisagiuvataror Ilze Heaeler is slgeddat b?%@gpm in

d hel 0oC 4

hour . cat al Y rearudfdnfioul e 1 oBFE  EReedt el o3 adwéetﬁme Ao,
except tipat r9n7a'iawbgpaﬁa th8lgAsBBUS eflRst & taﬁax &8 by B Wiire GC &RAMHRAF! ON

-OF PROPYLENE USI NG TALYST ™ M XTURE OF TS-1 AND AulTi O2 WTH BUFFER 30 The .
catal yst miansthe lissrd analyagd bg-difline. GCot theendaifdhy dBhdureun. exanpl e 4

(1.0 g), is slurri.ed | 100 t.er i ni.n abuffem( )
MR2PO4 + M2HPO4, ”%?rht Sﬁ‘ﬁa‘)‘rpg'ﬁt?r%& T%tﬂ?h CPEWRLIBY YPs Y Ca%’i%%?stu g -
of a 300- m_mgw.tﬁg@gtmm@n@da,tmﬂﬂuf@gurator The slurry is 12 2 5 NOV
2005 - then heated to 60C and stirred at_1000 rpm_ ‘A gaseous feed consisting

of  propyl ene, oxygeXMREEP BREEARATICUY QFC@UH'E@E il$SEdded to the
h
o i & SN B0 et SRR @206 ARk ipddlfla

anal yzed by 6400 ﬁlLT@bdj@ioﬂlz%Hmtﬁtet RAdreacddianos RNNE4tEaNS #PC. t TRe pH of
epoxi dation runs for npl es 5A-C. Exanpl e 5A uses Catal yst 4A, Exanpl e

5B uses Cat dhgssol utlen Exﬁ‘rﬁﬂ adjestedeto eﬂ;ﬂ psby gbe addition of 5% sodium’
- hydroxide. - Titania: (10 g, Degussa P25) is added to the solution and the

mixture is stirred for 1 hour before cooling to room temperature. The mixture
20 is then filtered, and the solid is recovered and washed by stirring in 1 liter of
deioniZzed water for 10 minutes and then filtering the m‘ixture. ‘“The recovered
solid is then washed and filtered in the same manner 3 more times. The
recovered solid is then dried under vacuum at room temperature for 12 hours ~ ( )
heated to 120°C in air and held for 2 hours ‘and t"nat!y heated to 400°C and’
25 held for 4 hours.
o Catalyst 4C is prepared using»the same metho.d as described above, ‘
“except that 0.75 gram of chloroauric acid is'used'.r
| EXAMPLE 5: EPOXIDATION OF PROPYLENE USING CATALYST
MIXTURE OF TS 1 AND AulTlOz WITH BUFFER
30 The catalyst mixture, containing TS-1 (1.5 g) and catalysts from
| example 4 (1.0 g), is slurried into 100 mL of water containing a buffer (0.01
~ molar MHzPO, + MoHPO,, M = 2/1 K/Na) and added to the reactor system,
consisting of a 300-mL quariz reactor and a 150-mL saturator. The slurry is

12




. COVPARATI VE EXAMPLE 6: EPOXI DATI ON OF PROPYLENE USI NG CATALYST M XTURE
W THOUT BUFFER 10 Epoxidation is run according to the sane procedure as
Exanple 5 using catalyst 4B and' TS-1, except that the water @obsNaWbt2005
contain a buffer. Table 2 shows the reaction conditions. The epoxi dati on

resul ts usi ng tiérehegteditcs 6pPOraredstiraéd by 3008mBml SAlgadsir@ 5ol @ndlsthidodt
that.the use of a buffer with the various m xed catal yst 15 systens- Ieads

to higher pro®iRRYIGRe\OXYgEPOTYITogRR %ﬁdﬁ?dﬁ!ﬁf&ﬁﬁ Rifropeo s added (o the systamd
®. Aso, t hemﬂﬁﬁa%tagﬂ&il%élrﬁzﬁ);%&%: fefactcﬁ a@&gmﬁ I8 %iep |n T?ﬁ@

anount of |less desirable rin ene

“increase in P@ Hgwthre gas e e baeelsa )es éi@\wl%@a\/ﬁwm&@kgdz) G.C.
. 4 gar?rlhilG 28 Pd/ TSE.np W.TH AND W THOUT BUFFERS A

EPOXI DATI NE U

Pd/ TS-1 ca aI yst ROE“#’E? Ee& BYSt¥e reaation sRndiionseder e |apoesld§|tlaszrur@em¢ler
PdBr2 (0. 38 ed Vs AQWEQU e na.
sep;r a'ge beag)ezr)da ﬁ]‘l%?§§w‘® ,Ek ? z%n(lsﬁ% am)gﬁt %N%P%rﬂb%bg us(e]ﬁ 8??%'%%?

100 grams of @B Emamm@es @ataI)peaMJCadl um anmi ne brom de 25 solution is

F e A ki i

|-oaded into a quartz tube, Cys@mq_iyg-pwkqgmgmgl gurnace. The
solids are heated at 100C for four hours under a nltrogen flow (100

cc/mn). Mg errent a PQN@?P@PSISSWCGDHI!H& toydtimel, sabnd proceddrei as dempland

. 57 .% B t or t.o the sa qcedur
Beample 3 us/iio, PG 18 AR Ty SRR SRl PR Br 05 TRECORIAS o e
Exaf | adi um smapmnucwaméy@act@h dofaiitilne. 3, except that the reaction
tenperature is. '?@ethe pressure is 100 prig, the run tinme is 20. hours,

and 1.0 g of Pd1TS!Re12Papsiaiproteiis goiBg o' @@d&lmpmsogata%tmncbmeéd
e ot P SULSY RELEE SO ABRAP i B VRl B
Runs. RuniCasystgmsBentiertor kughelt pmdt;dﬂ@‘tgP&E 2051 iactheveﬂoﬁd&m& propylene
phosphat e. Zgoffh Hz and O,. Also, the use of buffers results in a sugnlﬁcant decrease in
the amount of less desirable ring opened by-products as demonstrated by the
increase in PO:RO (PO:ring-opened products). .
COMPARATIVE EXAMPLE 7: EPOXIDATION OF F’ROPYLENE US[NG
20 Pd/TS-1 WITH AND WITHOUT BUFFERS
A Pd/TS-1 catalyst is formed by the following procedure. In a glass
- o | beaker, PdBr, (0.389)is dissolved in-30% aqueous ammonium hydrbxide (15
() ' g). In a separate beaker, TS-1 (30 g, titanium amount = 2.1 weight %) is
| ' slurried in 100 grams of deionized water. The palladlum ammine bromide
25 solution is then added to the TS-1 slurry over a ten minute period. The
resuit:ng slurry is stirred at 23°C for four hours. Ten grams of the Pd/TS-1 is
loaded into a quartz tube, which is placed inside a tube furnace. The solids -
‘are heated at 100°C" for four hours under a nitrbgen flow (100 cc/min).
Elemental analysis shows 0.4 wt.% Pd, 0.18 M.% nitregen, and 0.57 wt.% Br.
300 " Epoxidation is run accordihg to the same procedure as Example 3
using the above Pd/TS-1 catalyst in place of TS-1 and the palladium.
supported catalyst of Example 3, except that the reaction temperature is

45°C, the pressure is 100 psig, the run time is 20 hours, and 1.0 g of Pd/TS-1
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DH=7 3B2ACs phosphat €0. 2691 pH=6 3C2AK' phosphat e0. 1750 H=6 23/ 2003
phosphat e0. 1392 H=7 3F2AMy acet #EOUSH2BT30H=8

phosphat 800 0303563#H 3E2ALi
3&ANa phosphat €0. 1777 pH=7 3H *2A-0. 1321 312BCs phosphat e0: 1776 H 6 3J

*2B- 0. 07655 3K2CCs phosphat e0. 09595 H=6 3L *2C0. 0760 3M2DCs

phosphat e0. Gswsdpmm with @l WisiTodt BORFQpotasepi phespliAe2 pH=663 Bré-lm.0. 09
tes PO (noles PO + nol es propyl ene glycols)
grans PCE produced/ gram of

2 DPG =
TABLE 3: Epoxi dation

62 2 PO PCE \

7100. * Co ?%t Fi%'}? %ﬁrn&ﬂsgﬂ
" catal yst per hour. 14 2 5 NOV 2005 TABLE 2: Reaction Conditions.
di propyl ene gl ycoI 3 RO = Ring-Op
Resul ts. Conpar at i vBABkKEMsIEpoxidation Results for Pd/support + TS-1 Runs.

Pr oduct i vi ty =

ened Products.

Run# | Catalyst Buifer Productivity PO/POE
: . Selectivity ®
3A 2A Cs phosphate 0.2 90
3B 2A " Cs phosphate 0.26 Bty
pH=6
- 3C 2A K phosphate 0.17 50
: pH=6
3D 2A K phosphate 0.13 92
pH=7 ' '
- 3E 2A Li phosphate 0.13 92
s __pH=7 :
3F 2A Mg acetate 0.15 87
. pH=8 : ]
3G 2A Na phosphate 0.17 77
_ pH=7
3H* 2A - 0.13 21
3l 2B Cs phosphate 017 76
pH=86 ‘
3J* 2B : - 0.076 55
3K 2C Cs phosphate 0.095 a5
pH=6 B
3L* 2C - - 0.07 60
3M 2D Cs phosphate 0.084 93
' pH=6
3N* | 2D - : 0.067 91
30 2E | Cs phosphate 0.15 92
- pH=86
3P * 2E - 0.09 . B2
5 _ Productwlty grams POE produced/gram of catalyst per hour.

2 POIPOE Selectivity = motes POf(moles PO + moles propyfene glycols) * 100

* Comparative Example

14
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10 PG propyl ene glycol 15 Run W. % Pressure Feed Fl ow % Peryi ene % H2 %
.02 #Au(psia)Rate in feedin feedin feed mJnm n 5A0. 66151109.63.2 2005
5B0. 64904521344 5C1. 53151101063 6*0. 64151101063 RunSel ecti vi y'é (Nﬂ}.

POPGDPGAcet ol HOAc CO2Pr opane, PO ROPCE (% (%9 (% (% (%9 (% (% Productivity (g
POE/ g cat-h) 5A79.4103. 12. 64. 8004BLE 2RSad&BNGodifoR91. 10 . 03. 93. 60. 0039
5C 63. 93202. 71. 30. 101. 80. 0016 _ T; 24. 1+72.103. 600. 200. 30. 0027 TABLE 4:

Epoxi dation Results for Pd/ TS-1 Runs. Run

#Cat al yst Buf f er PROJUCTIV t )y PERREE | Sedeaiony] % i T Torir G382 178
*Pdl TS- 1K phosppate(. 0892 [ HBia) Rate infeed - | infeed | infeed
- : ' : 1 (mb/min) | ' -

EA | 066 15 110 g 6 3

5B | 064 | 90 53 13 3 7

5C | 158 | 15 | 110 70 6 3

6% | 064 15 110 10 6 3

* Comparative Example

TABLE 3: Epoxidation Results.
) Run _ Selectivity (%)
#
PO *| PG | DPG” ['Acetol [ HOAc | CO, | Propane | POIRO® POE
(%) [(%) | (%) (%) | | | (%) - | Productivity
, . {g POE/g
' : cat-h)
BA | 794 | 10 3.1 2.6 4.8 0 0‘ 3.8 0.0013
5B 7521199 1" 0 1.1 LU 3.9 3.6 | 0.0039
5C | 63.0 32 0 27 1.3 0.1 o _ ' 1.8 0.0016
6% | 24.1:{ 721 0 36 7 0 0.2 0 0.3 0.0027
* Comparative Example.
10 ! , PG = propylene glycol

DPG dipropyiene giycol
*RO= ng Opened Products.

- TABLE 4: Epoxidation Results for Pd/ TS-1 Runs.

“Run# | Catalyst Buffer Productivity POIPOE
_ : _ Selectivity
TA* | PdITS- N 014 - 82
7B* PdfTS-1 K phosphate _ 0.09 S
pH=6 ' '

Productlwty grams POE produced/gram of catalyst per hour,
PO/POE Selectivity = moles PO/(moles PO + moles propylene glyco!s) 100.
20 ¥ Comparative Example
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Conpar ati ve Exanpl e Productivity = grans POE produced/ gram of catal yst per
hour . 2 PO PCE Sel ectivity = noles PO (noles PO + nol es avipig{?\prgg%

gl ycols) * 100 Conparative Exanple 15 2 5 NOV 2005 5 aim 1. A
process for pr 3&%8?% an epoxi de conprising reacting an olefin, hydrogen
and oxygen in a sol ¥ent A prdackss forgsedumingén apexida bymprisihg reacting @hedefim t he
sol vent contai ns buff ) i | m
ool i te and a Dupert abf ol baCedrtint b fHhdrdp o SRR Fafed WARINT
silicalite. Th&qolsobfeststomamelaaubuﬁer whe ribe rcatalgstt inbdure lwompeisks ta fitaniuan

titanium 3. Th e | s TS-1. 4.
The process Sof E%ﬁ tggﬁﬁa\ﬁ%ég’éﬂt% %&Iy%@’%ﬁﬁirﬁg g‘e néﬂlé ﬁ'{é‘téf%lag aphgﬁ o]

netal supported cat2l ystTheoppress afjclainmdbwheneirt tie ﬁanium zaniifoist a t!&nlu'fhe
process of claim 4I wherein the noble netal is selected from the group
consi sting of 5%1'?'?5%“ um and gold. 6. The process of claim4 wherein the
supported catal yst 3s Cﬁ'mn:mm aifcldm @nwiterBih thetithGiuvezgite BaI¢Nt nobl e
metal . 15 7. The progces claimA4 wherein the s ort C titania,
zi rconi a, niobi um o%i de:rh ERIPERSS of Halm ﬂyheralq ﬁ’@aﬂog’ %W\e%catﬁgﬁkjﬁl%ﬂ?%% des,
nol ybdenum,gXxi éesal @pﬁ@ﬁéﬂht@lysmm‘hinbamwsh'le'taland a sruppma silica,

ni obia-silica, and_.m xtyres ere a., The cess, of alml rein the
solvent is an oxygePat ed %H”&%ﬁ%%ﬁ?‘a'"é“ %e@tg Ieor'ne & ﬁ?'gcalﬁgﬂgfoé?n t he

oxygenat ed sol wengrolip comsistitiged pafiadiumtang gptdyup consi st ng of al cohol s,
et hers, esters, ket&mes wat er, and t her cess of

Xt Th
claim 1 wherein thebol efifif p§°§f552°&6°m%' u‘f e"s”her?g‘ %1'3 SI‘FP@"BF e@%@yﬁﬁ‘ Rl ai m

10 wherein t hecompfised ofsfrapn O tor10.welght pefdent poisle @sdalof clai m | wherein the
buffer conprises an_aniqn and a tllon ere he anion is selected from

the group dénsi st i n'6, of Ogmaf%o aim 4 wnherein e support is carbon, titania,
zirconia, niobium oxides, silica, alumina, silica-alumina, tantalum oxides,

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

8. The process of claim 1 wherein the solvent is an oxygenated
' 20 solvent.
9, The process of claim 8 wherein the oxygenated solvent is selected

from the dgroup consisting of alcohols, ethers, esters, ketones, water, and
mixtures thereof.
10.  The process of claim 1 wherein the olefin is a C»-Cs olefin,
25 11.  The process of claim 10 wherein the olefin Is'propylene.
12.  The process of claim 1 wherein the buffer comprises an anion'and
a c.atmn where the anion Is .selecied from the group consisting of phosphate,
carbonate acefate, citrate, borate, phthalate, silicate, and aluminosilicate and
the: cation is selected from the group consisting of ammonium, alkylammoniums,
30 alkali metals, and alkaline earth metals.
13. The process of claim 12 wherein the anion is a phosphate.
14, A process comprising reécting propylene, hydrogen and oxygen in
water in the presence of a catalyst mixture, wherein the water contains a
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. car -onate, acetate, citrate, borate, phthalate, silicate, and .
~.alumnosilicate and the: cation is selected fromthe group §oRgy sqﬂu?g of
anmoni um al kyl anmoni uns, 30 al kali, metals, and al kaline earth netals. 13.
The process of claim 12 wherein the anion is a phosphate: 14. A process
conpri sing reaR¥iferanst Hs catalyst mpxtiey eampriges ayieniurmsilivaliteraridra beported

presence .of a - Xt ur rein the water contains a 16 2 5 NOVv .
2005 Dbuffer aﬁ%&%ﬁé@g e{ﬁlbgtaeﬂ?lgﬁﬁwg a&ﬂ}r@lsflgggﬁa titaniumsilicalite and a
supported catal yst15.0npThe brecassadldaidi tmaeekia tﬁé‘ﬁ?é?ﬁ%m s#lﬁ:a[i@@ PEOfFESS

: e

of claim 14 wherein the titaniumsilicalite is TS 1. process ‘of
claim 14 wherein tHe sut'b%r@@&e%tqubﬂmi 34 cwhprais etiteosupported . dtalyst 19

wet ght per Gentedigbhiad] Yffrorh/o.0T16 1B10E8RPLOIERE Bhfldlidyaherei n the support

"is carbon;. titania, zirconia, nioblu al um na, :

silica-alumna, tantzl unThxipdesess ofotisipladunhedin@se stibpe%tis Ramdr8Rania
titania-silica, zirconi ﬁ{:si [ c,a, - pniobia silica, and m xtures théreo?. "10
18. The proceddCBfia, | BIORIUM G¥idesi silicRe aiming. siliepelureisaartantalon ozidesa
_cation, where hbgbashGm osides! r € gL/ 2CONSi:Sting -of co
phosphat e, car l_)_oﬁat e, apg?( ';ﬂ%g‘j q@b?rﬁgbe?q@%?attg%ﬁg%ﬁlﬁq%ha%‘fcé)tnéa,q S@Fﬁ"i QigRia- gng
al um nosi | i catsdicanandeixtiaes treresf.sel ected from the group consi sting of

amoni um _al kyl a j u al kal i tal.s, and al kaline earth netals. 15 19.
The pr oc'e-s}g of pmﬁ'lmpaﬁs?ﬁ_%m %ﬁ? Wq'ﬁrﬁ@sﬂ”'ﬁrﬁuﬁﬁid‘ﬂﬁﬂms@.s @panitme -
‘process of ¢l ainth dichtioh NaheROTRE! 8hRA B SBIET AR 1ECLAGIPILRMMENG
grs)up consisting of helium neon, argon,- nitrogen, carbo & &R €, n%ac
1’8 sat ur at e@hﬂﬁph@f@@aamatew acetate, citrate, borate,. phthallate, silicate, and
aluminosilicate and the cation is selected from the group consisting of
ammonium, alkylammoniums, afkaij metals, and alkaline earth metals.
15 : 19. The process of claim 18 wherein the buffer is cesium
phosphate. . ’
20. The process of c!aim 14 further comprising a carrier gas
selected .from the group consisting of'helium, neon, argoh, nitrogen, carbon
dioxide, and C+.g saturated hydrocarbons.
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