WD 03/ 035632 PCT/ US02/ 30307 DI RECT EPOXI DATI ON PROCESS USI NG A M XED
CATALYST SYSTEM 5 FIELD OF THE I NVENTION This invention relates to a

| i qui d- phaee3epIss2 dati on process using a m xed catal yst #¢ItEor/8@0pr oduce
epoxi des from hydrogen, oxygen, and olefins wherein the |iquid-phase
system contains a buffer. The m xed catal yst systemcontains a titanium
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practiced technology. This process is performed in the presence of a
20 solubilized molybdenum catalyst, see U.S. Pat. No. 3,351,635, or a
heterogeneous titania on silica catalyst, see U.S. Pat. No. 4,367,342
Hydrogen peroxide is another oxidizing agent useful for the preparation of
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.
Another commercially practiced technology is the direct epoxidation of
ethylene to ethylene oxide by reaction with oxygen over a silver catalyst.
Unfortunately, the silver catalyst has not proved very useful in epoxidation of
30 higher olefins. 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
catalyst) promises less expensive technology compared to the commercial

35  technologies that employ pre-formed oxidizing agents.
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WO 03/ 035632 PCT/ US02/ 30307 Many different catal ysts have been proposed
for use in the direct epoxidatioh of higher olefins. For |iquid-phase

react i onswotohe3zsar al ysts typically contain palladi umon &cCoiusansasnt zeol ite
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reacting ogen in a So the pres
catal yst before mixing with the zeolite. However, the only supports that are disclosed

include silica, alumina, and activated carbon. [n addition, copending Appl.
Ser. No. 09/624,942 discloses a mixed catalyst system that is useful in olefin

20 epoxidation comprising a titanium zeolite and a gold-containing supported
catalyst.

One disadvantage of liquid-phase epoxidation reactions 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 solvent.

In sum, new processes for the direct epoxidation of olefins are needed.
Particularly valuable processes would have good productivity and selectivity
to epoxides, while reducing the likelihood of ring-opening epoxides to glycols

30 orglycol 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



2 WO 03/035632 PCT/US02/30307 m xture, wherein the solvent contains a
buffer. The catal yst m xture conprises a titanium zeolite and a noble
nmet al catwbysw3seIhe process is surprisingly found to proaaraSousisor ower
anounts of undesired glycol by- products conpared to the process w thout
use of the buffer. Surprisingly, the 5 use of a buffer also typically

| nproves t heniggiréviviyerein tthe polveasscont@ihAaL BRfBESCRHET| céatalpst THEture
| NVENTI ON The process of the inyenti '

t I t al t t t hat
o T e om ook ceale andus oo e B SR - e iRssh
catal yst. S%h?@%@lggfg gg'@%.%_aabétrﬁacﬁrnmh%?mﬁhﬁy%famdés@reaag@wab@

havi ng a poro o sieve structure wth titani um atons
subst i t ut ed prodidte chnsperad it tha beoasissivadthoubfuseiafdhe imffeeolSurpristngly otphed wi | |

depend upon a nuynber_of factar dncl udi n he sipze and shape of the

olefin té bdlSE X"]Wff%rd?lsﬁi&p'%é%ﬁ]pé?v‘?stthlgsacé'WgY8# ﬁl@dpmtcgsﬁ'se a relatively
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beta may be preferred.
Titanium zeolites comprise the class of zeolitic substances wherein
20 titanium atoms are substituted for a portion of the silicon atoms in the lattice
framework of a molecular sieve. Such substances are well known in the art.
Particularly preferred titanium zeolites include the class of molecular
sieves commonly referred to as titanium silicalites, particularly “TS-1" (having
an MFI topology analogous to that of the ZSM-5 aluminosilicate zeolites),
25 “TS-2” (having an MEL topology analogous to that of the ZSM-11
aluminosilicate zeolites), and “TS-3" (as described in Belgian Pat. No.
1,001,038). Titanium-containing molecular sieves having framework
structures isomorphous to zeolite beta, mordenite, ZSM-48, ZSM-12, and
MCM-41 are also suitable for use. The titanium zeolites preferably contain no
30 elements other than titanium, silicon, and oxygen in the lattice framework,
although minor amounts of boron, iron, aluminum, sodium, potassium, copper

and the like may be present.



3 WO 03/035632 PCT/ US02/ 30307 Preferred titaniumzeolites wll generally
have a conposition corresponding to the following enpirical fornula xTi02
(1-x) Si 0O2watvafeses2i s between 0. 0001 and 0.5000. More prefreraishy3o3vhe val ue
of x is fromO0.01 to 0.125. The nolar ratio of Si:Ti in the lattice
framework of the zeolite is 5 advantageously from9.5:1 to 99:1 (nost
preferably from 9P&ferred dianiym Theolitese will gehatallyel yava t ani composition
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mat erial. Supports are well-known 1'n the art. are no particul ar
restricti onsutdizetlhé.e ygeldf siseppptatinuhat paltagiumedridiBor, futls¢rdnme, ogrhieim
support can 20, he inorganic,oxides, inorganic chlorides, carbqgn nd

organ ¢ ot yiRetalr caPRST) B AIgRe | oy dTE BReibs PRIRA U0 269, € 87 Gr oup
2, 3, 4, 5, @artiét?tl,a,rlyfdéé}ralﬁé.enSGﬁe?oleH%Blé%bﬁ|dét@l5!§ffsefn,rcﬁﬂie' ARhI0HScOX1 de
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pol ybenzi m di zol e. Suitable supports al so include organic polyner resins
grafted bntocatalystapiecswnpeteduphlsrmetal satalysis copprigiaon F‘@hfénﬁnﬁﬁﬂ dndi & a.
Preferred su al so include carbon. Particularly 30 preferred supports
i ncl ude carbor,” si'lica, silica-alumnas, titania, zirconia, and niobia.
Preferably, the sEHppsuppdrésd nolslerrhetiat catabdssts, the seppande podfeedbdyt pddoti®

material. Supports are well-known in the art. There are no particular

restrictions on the type of support that are used. For instance, the support can

20 be inorganic oxides, inorganic chlorides, carbon, and organic polymer resins.

Preferred inorganic oxides include oxides of Group 2, 3, 4, 5, 6, 13, or 14

elements. Particularly preferred inorganic oxide supports include silica,

alumina, titania, zirconia, niobium oxides, tantalum oxides, molybdenum

oxides, tungsten oxides, amorphous titania-silica, amorphous zirconia-silica,

25 amorphous niobia-silica, and the like. Preferred organic polymer resins

include polystyrene, styrene-divinyloenzene copolymers, crosslinked

polyethyleneimines, and polybenzimidizole. Suitable supports also include

organic polymer resins grafted onto inorganic oxide supports, such as

polyethylenimine-silica. 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 to about 500 m%g, and most



about 700 nR/g, nore preferably from about 50 to about 500 nR/g, and nost

4 WD 03/ 035632 PCT/ US02/ 30307 preferably from about 100 to about 400 nR/g.
Pr ef er ablwp oshasepore vol ume of the support is in the rangeTafSozbsar 0.1 to
about 4.0 nlL/g, nore preferably fromabout 0.5 to about 3.5 ni/g, and nopbst
preferably fromabout 0.8 to about 3.0 ni/ Preferably, the average
particl e sizgefdrablpdrammbout 108 to raboué 480 ma ge Rﬂafe{abllyt the poreovalbimet o500 m

f ly f h f
ot 10 to BB sHPPodUen thRdaRde SlAPousat L ettt o B TaL By Skt RbBhe
range of abgtam%am @Bt ab8G03A nﬂ_r/Qf ahabhvst phsfataly figm ok GB0A, and

nost preferably about 50 to about 350°A. The supported noble netal catalyst
al so cont ai rebaut 3obinel/getRieferahly, the average rarticlresizobf hasuppat isaih the

osmi uny , Sei iABpe o0 0 fuf moiBh, e TbteEhptu o R e 2l SBb"

particularly éfbegt A yoemoE}/Pk aldbly fohf aBBBUNY t8favdRbleoNEhal THYS gséragel n

0
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conpl exes of noble netals.” Simlarly, the oxidation state of . the nobl e
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precipitation, or the like.
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 nitrates, sulfates,
halides (e.g., chlorides, bromides), carboxylates (e.g. acetate), and amine
complexes of noble metals.
Similarly, the oxidation state of the nioble metal is not considered
25 critical. In the case of palladium for instance, the palladium 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 combination of oxidation
states, the noble metal compound after being introduced into the supported
catalyst may be fully or partially pre-reduced. Satisfactory catalytic
30 performance can, however, be attained without any pre-reduction.
After supported catalyst formation, the supported catalyst may be

optionally thermally treated in a gas such as nitrogen, helium, vacuum,



optionally thermally treated in a gas such as nitrogen, helium vacuum 5
WO 03/ 035632 PCT/ US02/ 30307 hydrogen, oxygen, air, or the |like. The

t hermal tweaB/eiss2t enperature is typically from about 50PCa/Esbws30550C.
The titanium zeolite and the noble netal catalyst nmay be used in the

epoxi dation process as a mxture of powders or as a mxture of pellets. In
5 addition, thdragenarmxygeneairi tog thadlikeobl Ehentharimal afredtysnt neynperaturd s
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generally fr 0 . P I l.efiR,.i I C
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particul arl ypsior talkse ihaspedidation. zThe Weight raticetf titaniuvarzedlitanolbleemadtalbl e
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i nvention i scatghext) mlprefarseet.ul  for converting propyl ene to propyl ene

oxi de. The process_of the invfe t SO re% ires the S
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condi tions, iRglMAiregen Mta SGeht il thedore8en&X g #he %afauﬁétr}hmraydsgﬁameons
such as al cohols, aromatic and aliphatic solvents such as tol uene and
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i nclude | ower aliphatic C-C4 i
particularly suitable for epoxidizing C,-Cs olefins. More than one double bond

25

may be present, as in a diene or triene for example. The olefin may be a
20 hydrocarbon (i.e., contain only carbon and hydrogen atoms) or may contain
functional groups such as halide, carboxyl, hydroxyl, ether, carbonyl, cyano,
or nitro groups, or the like. The process of the invention is especially useful

for converting propylene to propylene oxide.
The process of the invention also requires the use of a solvent.
25 Sﬁitable solvents include any chemical that is a liquid under reaction
conditions, including, but not limited to, oxygen-containing hydrocarbons such
as alcohols, aromatic and aliphatic solvents such as toluene and hexane,
chlorinated aromatic and aliphatic solvents such as methylene chloride and
chlorobenzene, and water. Suitable oxygenated solvents include water and
30 oxygen-containing hydrocarbons such as alcohols, ethers, esters, ketones,
and the like. Preferred oxygenated solvents include lower aliphatic C4-C4

alcohols such as methanol, ethanol, isopropanol, and tert-butanol, or mixtures



al cohol s such as nethanol, ethanol, isopropanol, and tert-butanol, or

m xtures 6 WO 03/035632 PCT/ US02/ 30307 thereof, and water. Fluorinated

al cohol s wersloaseased. A preferred solvent is water. It i ®caltso2/pBssi ble to
use m xtures of the cited alcohols with water. The process of the invention
al so requires the use of a buffer. The buffer will typically be added to
the ﬁol vent th@re‘o@,ran@\#altt)érf eFlﬁeﬂ?allbUMCOH&iefcaﬁlbwﬁf@d. ﬁo;bnﬁférmesd isslvdempis)yed
in the reaction to_ inhibit the formation o ycol s ur.i ng, epoxi dati on.
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m xture, are suchﬁﬁigtr t he %ﬂﬁ?gf .&?ﬁg@ﬁ%ﬂﬁlﬁ% @ni%yﬁ%%?gza from3 to 10,
pref erabl y fousfarAwvilldypicalyl beoadddad tprtbé exadient tbrfonmsa thuffer wlitiebl elhaal ts

of oxyaci ds ,cqntain an anion and cation. .The ani.on.portion.of the salt may
i ncl ude ani A _%ﬁ@r‘l’*‘té@ Eh%@ﬁll%ﬂeg 'n%gr@gﬁﬂ?ﬁﬁoé@@%ﬁ gfggr??té&rbptfg e,
phthal ate, drirgedoxidatiti. BefférsGRe SvelndWiin thekst. The cation portion of
the salt may 1 ncClude cations such as ammoni um al kyl anmoni uns (e

_such MO / 9.,
t et raal kyl ammoni UBwifersanseduli innibisainyentior dn¢lude @ayt svitablerselis of axyacis, | i ke.

oref orr oo bl oo spobhien f sofimbdoreh rs <PEA G B EPLr 0

preferably apsiraddiutiorko MEyaandge fidim Pte 10)areferablysfrotaldl & 9ahhd more
Typically, the concentration of buffer in the solvent is from gbo t 0.0001
Mto abol@t wreferpblfearan ip 8. sxitablsralls BEXYRFiIES CRPRM 2D anIgR ang$alRG- nost

pref erably THam aReNt o8> of!the 8BRUNLY: fridde ANERT ARA BKdpREEMAYES al SO

required for the process of I nvent t hough any sources of oxygen
and hydr ogercaabenateai taabtate, citrates dadrate, phitalate railicate, ezluranosijaitegen the e

Phe range. of ikeo. Bbs cationgprien o7 1o aai ey Seidi Bpfighs RS s aRmatfing’S | o
2:1. The mD'ﬁkwé?r{rh&nieﬁnsowg.e,nté_tféafn{;ﬁrémﬁndrﬁums'ﬁuaqkbw rhefhld Oakafife &dith

preferably 1:1.5 to 1:10. 'Rel'atively high oxygen to olefin nolar ratios
(e.g., 1151 tmetals)omthe like.adationagyaroples dnclode thiln NBe4,iLis Nai i, dagli Mdon t o

'n the proscat e taibraar el srEfriad BHER WfieErhalmBEl iRk scy
Sui tabl e i neiffdras Gaffereisay Peéledshlp dddrtaias esorabiphtias dfetrions tharoone and
argon in addition to nitrogen and carbon dioxide. Saturated )
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 0.1 M,
20 and most preferably from about 0.005 M to about 0.05 M.

Oxygen and hydrogen are also required for the process of the
invention. Although any sources of oxygen and hydrogen are suitable,
molecular oxygen and molecular hydrogen are preferred. The molar ratio of
hydrogen to oxygen can usually be varied in the range of H2:02 = 1:100 to 5:1

25 and is especially favorable at 1:5 to 2:1. The 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., 1:1 to 1:3) may be advantageous for certain olefins.

In addition to olefin, oxygen 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 noble 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

\



hydrocarbons with 1-8, especially 1-6, and preferably with 1-4 carbon
atons, e.g., nethane, ethane, propane, and n-butane, are al so suitable.
Ni t r ogen wo 038337 035632 PCT/ US02/ 30307 and sat urat ed ClPCA/usgzis@ear bons
are the preferred inert carrier gases. Mxtures of the listed inert
carrier gases can al so be used. The nolar ratio of olefin to carrier gas
i s usual |y iand reaturatepk ©f-C100ydrotarbbngOamen the gpetdregd ynerkocarrien gases, 5

Specifically in the _epoxidation of .propyl ene accaording,tq the inventipn,
propane can Mgt%rﬁﬁﬁfﬁgﬁ)f'?%i'%?} Cérﬂgryg%)%‘lﬁﬁ car _%]Sf’ﬁ’& &5?%%388 rB?Iaéﬁat'o of
appropri ate QXges8 Hri€Phhsas Baally iMeh&XRh§Sior e do. Mtbs1:00 dAd<Epesiamy
propyl ene, propane, hydrogen, and oxygen are safely avoided and thus no

expl osi ve ma@:4rte Icth formin the reactor or in the feed and di scharge

lines. 10 The anpunt .pf cat st _used. r.m . .S .of the

nol ar ratio of thgp??'ﬁ%%lﬁ'u' atbénqpéﬁcgaglo{ﬁﬁgft;ﬁr@p?@@n@g%?@g@ﬁ?tﬂggtl 0 t@nbl efin

that is sup;ﬂloio,aﬁep_@énUBét stppied Ty pswed |y wapfthati #nttheaprlsesitei of paresent
a

to provide itanium ol efin per hour nolar feed ratio of fromDO. 000%, to
0.1. For theappranriatepirxsessr ot ceyriof 9afe e anisive 1 IHaits o9f pqures o

preferably ' h p [ | = : S y be
per f or med UéTI% Rg%gtecg)ﬁ{n?%lﬂ%gliycﬁpggﬁ g@%&ggﬁ: r?fr%r alp ﬁlor'r%é(}j; agp Oﬁggrgﬁon.
It is advanéggesius nigtueickindorm ipthessactoralr i tHdfedolearsd dispbavigediriesn
accordi n?(ht o the_jnvention |

i ed t at t t ffecti t
achi eve ihe desir &g &Nyt %@% vggbgsﬂ?muﬁviﬁeaﬁtﬁfﬁp"gda?ﬁr & ?Cgt\ﬁi?% ? he
range of 0- 250, rgﬂél%f 110 tifﬁrﬁl‘]rﬁréb_?'{@nea% AW0Gtanihe Z&eliteoy tﬁglcﬁéﬁ’rﬁmeﬁﬁs

nmerely illustrate the invention. ose skilled in the art w recogni ze

many vari at i suppliekdaperusitvindi rTypieallypistfficiert catalyshiseprasent taovigdepa of
t he cl ai ns. VPLE 1: PREPARATI ON.OF, BUFFER S Preparati on of
Cesi um Phospﬁéﬁé‘r@)@é@rper .%Lfrdﬂ?ﬁ{/@%ﬁj'g ?Efg?@l\%édq\‘%s&gr ssol ved in

dei oni zed water (fér #e GQuiliiphase!R6téds bemeanventiom theRatayst is pasfepabiier
85% phosphoric acid (5.85 g) is added with cooling to 400 grans of

dei oni zets wainethe faenof & Buspefision obifixerDatesiTiim PRAGEERIMRY K61 Befferned
car et vl actefel R HAERIE 1AW et o bk MO hBogtion cn ignouan
of advantageous to work at a pressure of 1-100 bars. Epoxidation according to
the invention 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 spirit 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% phosphoric 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%



500 nL. The pH of the solution is neasured to be 6.9. Two hundred and
twenty grans of the above solution (pH =6.9) is then treated with 85% 8
WO 03/ 035@823P85652JS02/ 30307 phosphoric acid (1.01 g) to @CTASa2/8E87 um
phosphate buffer solution with a pH = 6.02. Preparation of Sodi um
Phosphat e Buffer: Sodi um di hydrogen phosphate (6.0 g) is dissolved into
500 grams of phtzsiphwirizextidvét.0f .g) $ogivena cBsibyipbespiaté bufegsolusiodivédoapdt i n
300 nL of dei_% 'Zz_led water in a plastic beaker. A pH = 7 buffer is obtained
by addi ng 232 3# ms of the sodium hydroxide solution to 400 granms of the

;ogizumAdLEydrgggﬂpwl Eaﬁe ofSCSdﬂlumn Pﬁ%@r@ﬁa ofpuFfae: nsaségnfﬁumyugcsgeﬁ

= 0 rans o e sodi um

hyfjr oxi de sophesphate 461000) & dl$§0bf6dtlﬁt§> @60sgfamﬁnﬁfdgﬁ@!irz@@ewaﬁms%ﬁ@w@
solution._ Th f e 0. t 0, um
Phosphat e5 Bulﬁfcglé&'(a o{pgswui’% g‘%%&}éc?gﬁﬂ 3O§h§1sl‘pr?gtd;é'§@2§@g\§'8%srqhi gs&?s@d into
500 grans of pekerni AegHwat®buffEptisiobtained hydaddinge232L obéme) ofi thedsediohved in

300 nL of dejonized water i | astic heaker buffer, i s_obtained
by addi ng 23'2)/@92%’? §eluties ﬁ%t%@%l@ﬁf@s qy&?%ﬁ‘@@"'goﬂmydé%@b RiwsPgRies of

t he potassiu 91%8#1 The,nH af tion
s 6.97. A ﬂ%lg{l bng?;“ t al necjﬂgﬁc}ht ?3%02 tl\plﬂ Qrbgtfn%?(ljs]["bt%ﬁﬁg‘u potwasm um
hydr oxi de soadrﬂmgnﬁ a gmmsgrrﬁrtbeosodlm h‘pdroasiel mﬁoﬂnﬁdrb@érgrpmnesphdiﬁ@

lution. Th H of. t d | utign,.i .0 P f h
Phosphat 1 Ut inySaGR ) epRplR i oT e 87 of BeanGBa atsd BBl of |

dei oni zed water i prapRlafishi 6 PRARIUM! PhésHiRRSBifer; qch’tb%ll]ﬁf di bgen
phosphoric acid (6.0 g) is added wwth cooling to 400 grans of ei oni zed

wat er. 31 grphespifate ife.8 ¢)tinidisadiyett inke 880 gohmsidfWeieniced wiaten yPeiggeim t o

th h h ti h 25
wae haden T oNfArBE, G GB: glesbBeg it 2t ot e BRpSR nER LR 71
pPH was nmeasupgsgkdro RepH =12. bdﬁfe@@@batalﬁéd @S/ Adelime 28argraass ef theBpbdtaesium
Magnesi um acetate, tetrahydrate (4.28 g) Is added to 200 grans of dei oni zed

water. The phvdfpmdphéowgmiq ﬁg%ams cﬂ‘ﬁ the potgssiuny @mkmggﬂzp QSRPALS/'ST
PREPARATI ON o 1ution. The pH of the mixed solution is 6.97. A pH = 6 buffer is obtained by

adding 11.2 grams of the potassium hydroxide solution to 100 grams of the
potassium dihydrogen phosphate solution. The pH of the mixed solution is
6.03.

20 Preparation of Lithium Phosphate Buffer: Lithium hydroxide (5.0 g) is

dissolved in 36 grams of deionized water in a plastic beaker. In a separate
container, 85% phosphoric acid (6.0 g) is added with cooling to 400 grams of
deionized water. 31 grams of the lithium hydroxide solution is carefully added
to the phosphoric acid solution. After the addition, enough deionized water

25 was added to the lithium phosphate buffer to 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 deionized water. The pH of
the resulting solution is 8.02.
30 EXAMPLE 2: CATALYST PREPARATION
Catalyst 2A: Pd/Nb,Os Preparation
In a glass beaker, Pd(NH3)sBr, (0.64 g) is dissolved in 40 grams of

deionized water. In a separate beaker, niobium oxide powder (20 g, from



Cat al yst 2A: Pd/ Nb205 Preparation In a gl ass beaker, Pd(NH3)4Br2 (0.64 g)
I's dissolved in 40 grans of deionized water. In a separate beaker, niobium
oxi de powero32®3y, from 9 WO 03/035632 PCT/ US02/ 30307 RefrarsernamsoMet al s)
is slurried in 90 grans of deionized water. The palladium salt solution is
added to the niobiumoxide slurry with stirring over a 10-m nute period.
The resul ti nReférency Nistals)iis skdried ir2 3¢ gramst ofoddionized waten fThe padladisen ar e
separated by centrifuge. ,The solids,are washed four times by slurryi inb5
80 grams of  §AK 8PIUSAR 1% BARPR o1 BIOPHNE OXERG Sl Mith ARG oVt (1R Ly m
oven (1 torrheﬁ&d?fﬁ %sxﬂtirﬁb’%{dﬁ Lig dink®l att28°@F8Mv@hotRd, ah¥lthé - solids

El enental ahalysis showed palladium= 1.01 w.% bromde = 1.6 wt.%

ni t rogen 0. 2are s¢epdtatectibyicebtriings: TBe wolids aatvwdshed 2Br tikdsOyFslepyingtinon 10

In a 500-ni dbottom flask, Acticarbone 2LS activated carbon (16 g, Elf
Aochon) 15 BBUTATEO! HAtProRr APOLIGAgor GBOU aif Tt HARBI Cbgwey

Pal | adi um acgbgﬁﬁm ﬁé@t?ét 80°C %o ﬁbe&eto(@?e Mla)6 'gfarhg%?,@éigsfgt §0 Eléﬁmeﬁgécl:b]?n

slurry over e period. The resulting urry is stirred at 5 or
| hour. Aboanhalysisf siidwedgadlativent 191wt datoide ot dbyapds,anitrogenthed t he
slurry 15 is flg)tered and t sol,i ds washed (three tines with 100 nL

portions of i BRAUOWEY P8 Wh% dried, and then dried in a vacuum oven

(1 Torr) at 50C  {ftalfstPWY Po/GPRIPRAMARON anal ysis shows 0.93 wt. % pal | adi um

Cat al yst 2C: Preparation of Pd/sulfonated C Acticarbone 2LS activated
carbon i 40 pr et r eatlad 80@-ralurewidhationydask dieiigarkonepBLSractiyaissleerrbenr@for t ed

nydr oohl or i o SaEndapeaee 8ttt g Biafe Watel 15, o) 8 sl ABBAATL ™ *°
wat er (520 gpallAgiuntackene (Bl38 grir weéteAec@Obmn) i¢ ey addell tAt theheabohs

t hen added to this solution and the slurry is heated at A 80C with nixing
for 2.5 hour slurpf exer acd) miguteoperdd. tlihe ©sultng slpeyfis |stigieddat 58°Gdahdd

(1o == bt ABBuThoR B i 030 56068 by PAGL kBt 6 B o
roundbot tiom if Ifieked Gt ahér edited akhedi Ghee dme30 with) 109 hilerpaticesl afver a
five mnute period. The thick slurry is heated at 140C for 4 hours,
cool ed, and deionized water), air dried, and then dried in a vacuum oven (1 Torr) at 50°C

for 4 hours. Elemental analysis shows 0.93 wt.% palladium.

Catalyst 2C: Preparation of Pd/sulfonated C

Acticarbone 2LS activated carbon is pretreated and sulfonated according to

20 the procedure reported in EP0978316A1 examples 1 and 2. In a 3-neck
one-liter flask, concentrated hydrochloric acid (90 g, 37 weight % HCI) is
slowly added to deionized 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 transferred to a 3-neck 250-mL roundbottom
flask. Concentrated sulfuric acid (80 mL) is then added over a five minute
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.

10



30 transferred to a beaker containing 500 grans of deionized water. The
solids are isolated by filtration, washed (eight tines with 250 nL
portions wD 03@8i6eni zed water), and air dried. 10 WO 03/ 03P6€321S02/30307

PCT/ US02/ 30307 These solids are transferred to a three-neck 500-nL
roundbottom flask and slurried in 140 grans of deionized water. Hydrogen
peroxide (24 g, Jbesweiglidspare dransfédfs) to sa ttheze-adde d00smiheowidinatipm

fol | owed b ti t . 70C, f ) | | i
are (11t er edEanealied i 54 ernie et belerdnurpdenpatonis (8 ;'
oven-dried agg %?é?gmf BErcENP Hg@fq £ ffen SH4Ed 23 tHE AP foloWEaNHT ﬁté%m%la@n-

The slurry is coofed to 23C, Itered and the solids washed 'w 0 nL of
dei oni zed wal@C foFhwosudurgs Afier eoolirento 239G dhaisolid®are filteredpwhsked (wigh ve 22

o 0 sul farr. 160 30 Goieren e 0290 (hoebven ied Bbi20% 406 s fodss to
nitrogen. In_; - K, o0 £

above) is s?'g? %529{%}’?% gpﬁgfbg{r#ézﬁ;s&{/t\%?‘ érTﬁélhqu%E:gO%[tﬁ%Bo@{ @Bré;q_?ﬁ'a

P?I | adi um acmbgsel_ids( Wakﬁed)wiithg 1fﬁﬂﬁhﬂ.nef (o{%bm‘te)d iveatehefhe dadids twerehevemr bon
slurry over a .5 m nut eri . The ti I [ ti t 2 f
o T hutes, 8imd Ghadot EsteaBis odue Z0aE of SHERRAe SRR A De e
solvent is r i r s ' ha i it dth
sl s are wATRISE chows 80 SEUREANT, 05 whIERUIE R chididel BIEULSAC | P
dri 0e/d, Ftlnﬁdtéiéa:brdrairﬁﬁo.atm.%ﬂﬂfﬁogem. 2 hours. Elenental analysis shows 0.89
w.%palladiumand 0.6 _wt.%su|fyr. 20 Catal yst 2D lal 1.3
W %(; Pd on sodi um?%ﬁuaﬁ%ﬁﬂi W&u@ébeﬁ‘r’%\ﬁﬁﬁk@lﬁf’EO'%/%S%@%OI -Srtif:‘é&p 9”@@‘(%? 2E

i s a commer cilridd o Yelshissy %{ﬁbx@?@w e Sdlige miBY ®diiahium beemtst rem

Cheni cal . 25 EXAMPLE 3: EPOXI DATI USING TS-1 AND SUPPORTED
PALLADI UM CAALA§T i aeataner3nTiHdsthempidedto te sabpBERIUMBoYeca® uigde

di . ] . 'S .
o L 418 b OnSndy.Rar reguifingShirfy A JFREH S 2%8E sof 30 TRy Srolbe bYG
283, or Ed eﬁeatﬁﬁgdteﬁggg@fog‘?”ho@C-Abﬁleﬂtheﬂ%e(é&@é)t, is $8mboed Bpe

TS-1 is calcine C for 4 hours before use.
rotoevaporation, then the slurry is filtered and the solids are washed (two

times with 50 mL portions of deionized water), air dried, and then dried at
110°C for 2 hours. Elemental analysis shows 0.89 wt.% palladium and 0.6
wt.% sulfur.
20 Catalyst 2D is a commercial 1.3 wt.% Pd on sodium aluminosilicate
available from Sud-Chemie.
Catalyst 2E is a commercial 1 wt.% Pd on polyethylenimine-silica

available from Strem Chemical.

25 EXAMPLE 3: EPOXIDATION REACTIONS USING TS-1 AND 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. Comm. (1995),
30 155. The TS-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 used). The reactor is

11



A 300 cc stainless steel reactor is charged with the supported palladium
catalyst (0.2 g), TS -1 (0.5 g, titaniumanount = 1.6 weight %, deionized
wat er (- WP®3g}363and 13 granms of a buffer (if used). The Pe€aaAsSo?/30387 11 WO
03/ 035632 PCT/ US02/ 30307 then charged to 200 psig with a feed consisting
of 4 % hydrogen, 4 % oxygen, 5 % propylene, 0.5 % nethane and the bal ance
ni trogen. Théhe ekanged to200nesig mitha feed consistimgaif et haydrogen ok Vgoxygern
backpressure rgequl ator w.th the feed ses_.passed canti-nuousl hr h the
reactor at 128 g%rQPleieHe( 2SfPEthane @‘g%@e%ﬂgn%%ggr&gﬁ&p %reﬁglé't s'{?&ﬁg. I'n
order to mai péadtBr & ARMFEMED 020 PEIg ViaV#ebatRpreBSureerfulitofWithitietfaedr un,

t he oxygen, nitrogen and propylene feeds are passed through a two-liter

st ai nl ess st @apey Pessed continveusly fhrepab dae ngaetae at 1488 tasmincGReasHeARAtL. 5

5" heat edt o 2856 7L eBE AThEbohSRPraRS Gy iy SRR R Hhintal B G LRL L ©
the gaseous @d ieifie réadoRHNARS tHY r@) taéldwﬁeﬁéﬁqmgém dreupropgishet faedsi qui d

anal yzed by offline GC at the end of the 18 hour run. The results are
sunmar i zed | Araeessed tyenghra Wp-liten stainleps staalivpssel (salnraterhpreseding thet hout

Catal yat's 4A'SRdShero TAIS, £ Terof ity o5 THe Rl A 00080 P,

400 nL of deipei zedtivaisikireds hbgtediotoUs 0@ (dx@epefiradns BK78kd 3[hehieh &  the
solution is then adjusted to pH 7.5 by the addition of 5% sodi um

hydr oxi dé0 Tirsaai 45{Gpand tgasseusreiBiensisanpdzeddy e ogline Goavarydhauie

m xture is stirred for, 1 hour K befar | i ure. The

m xture 20 i ?npﬁgﬁ Ilﬂfjlq%'?%}fedaﬁﬁoﬁhieg%??hﬁ]%sé'ﬁ)deéﬁtb?rt%ﬁgﬁ% shed by
stirring in 1 |itemheofesutteitisietimaBized id Cablkd 1rdomip&ng@nths With datalystsi ng

the m xture. The recovered solid is then washed and filtered in the sanme
manner 3 nor @A-2kaith angd withegbaddilan edbrfferss t hen dried under vacuum at

roomtenperature for A ' hT for 2 hours,
and finally heated toE4 %%dd' %ﬁ@ﬁéﬁ%@%@@z %?5@2%16140 S

prepar ed 18si ng t heCatalystsndA lzmnd 48: Oklocoadredacit 025 g,eMltepesafad dBsdlvedr am
of chloroauric acid is used. EXAVPLE 5: EPOXI DATI ON OF PROPYLENE US| N
CATALYST M XTHRE ok ofsleioniged Avater apd persoliiepri heated to 70°C. The pH o

the solution is then adjusted to pH 7.5 by the 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
deionized water for 10 minutes and then filtering the mixture. 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 finally heated to 400°C and
25  held for 4 hours.
Catalyst 4C is prepared using the same method as described above,
except that 0.75 gram of chloroauric acid is used.
EXAMPLE 5: EPOXIDATION OF PROPYLENE USING CATALYST
MIXTURE OF TS-1 AND Au/TiO, 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 MH,PO, + MoHPO,4, M = 2/1 K/Na) and added to the reactor system,

consisting of a 300-mL quartz reactor and a 150-mL saturator. The slurry is

12



30 The catal yst m xture, containing TS-1 (1.5 g) and catal ysts from
exanple 4 (1.0 g), is slurried into 100 nL of water containing a buffer
(0.01 nowaro3nsssP4 + MPHPO4, M = 2/1 K/ Na) and added to g/ usezsi3or
system consisting of a 300-nL quartz reactor and a 150-nL saturator. The
slurry is 12 WO 03/035632 PCT/ US02/ 30307 then heated to 60C and stirred
at 1000 rpm therghsatedstof € andstistednat $000 poropyA gaseous Jeath cohgidtiogef and

he bal d '
L Tenctor pr BEARRd, Savasns itrod S0 1 bR RneaIode Bided BhSSslg) °"
i quid phasegﬁlﬂ@{cﬁél iV ( %Hl@%lﬁﬁaﬁagcﬁﬁﬂé@s‘%ﬁe l?rYsé;) ﬁ%at%rer gWe‘ﬁ iA TAMMS the

reaction conditions for t epoxi dation runs arrpl e 5A
uses Cat al ys2. Bygth Elxang@rElquumbehm aalyIQteS B, cqﬁga IEHWCB@QIS@@ &y

4C. COVPARATI VE E 6

WTHOUY BORFER 10 BHSk PaSiPER T Tensan B g ehimackfidn it %gXTURE

Example 5 ugkBghpled slvst Bfampe 3& dseseﬁéfal);ﬁstmtEidiﬁp%Iruslé@e@amgit
ation

contain a buffer. Table 2 shows the reaction conditions. The epoxi
resul ts usi ngBs Fxa |©I5§J'ﬁﬁ§r@§@|)(§ét49 yst and TS-1 (see Table 3) show that

the use of a b p@@ s to
hi gher product :d{/(?l?l 'Atvi%'&ﬁg wtialbl(e)%o%m dat’i on o?y propy%ene %ﬁ%mﬁd 02.
Al so, the use of buffers WU\STMIXTUmWITWTMEERe in the anount

of | ess desirable ring opened by- products as denonstr at the incpease
i n PO RO PO ri ngEp&isiadio Br'édﬂ{ﬂ SpCOrgmIPRARE \AENES AVRE u;r %@gﬁ&ﬁéﬁ* O[QI

PROPYLENE PoUHg Catal y%f 48 dn A@Re\MTg%{sﬁ E%M.g%ﬁ'a%eé\ﬁ I cht n%baﬁéﬁt s

formed by th g proce ure. In-a aker, PdBr2 (0.38 g) is
di ssol ved |nT3\®%themsthamamtlanmdmhhlme de (15 g) In a separate beaker,

TS-1 (30 g, titaniym anou

dei oni zed water. THE EBW'QE 'Qﬂnr‘aﬁf#\e gg%\goﬁedgol%s Cﬁtngﬁ Paéysgf@ﬂ:[ jﬁéd to
the TS-1 sluy ($e £de T¥Ble 3) LABWIHAYSe RREI &¥a blMRr WitStHe UABowd Wiked icataydtr r ed
at 23C for f hours. Ten granms of the Pd/TS-1 is |oaded into a quartz

t ube, whilgh |sysiphm:lﬁad8n’ea bigher tnipductivit d0eP OTinethso ppaxidatiere digoprlese 100C
for four hourwslthuﬂg%rndaom tAlggetrﬁe useWof‘ %ﬁﬂe&cééguﬂ)s ‘in a significant 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 PROPYLENE USING

20 Pd/TS-1 WITH AND WITHOUT BUFFERS
A Pd/TS-1 catalyst is formed by the following procedure. In a glass
beaker, PdBr, (0.38 g) is dissolved in 30% aqueous ammonium hydroxide (15
g). In a separate beaker, TS-1 (30 g, titanium amount = 2.1 weight %) is
~ slurried in 100 grams of deionized water. The palladium ammine bromide
25  solution is then added to the TS-1 slurry over a ten minute period. The
resulting 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 nitrogen flow (100 cc/min).
Elemental analysis shows 0.4 wt.% Pd, 0.18 wt.% nitrogen, and 0.57 wt.% Br.
30 Epoxidation is run according 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

13



El emental anal ysis shows 0.4 w.% Pd, 0.18 wt.%nitrogen, and 0.57 wt. % Br.
30 Epoxidation is run according to the sane procedure as Exanple 3 using

t he abovewBdB/M$632 catal yst in place of TS-1 and the pal | a®caruSozsEport ed
catal yst of Exanple 3, except that the reaction tenperature is 45C, the
pressure is 100 psig, the run tinme is 20 hours, and 1.0 g of Pd/TS-1 13 WO
03/ 035632 POE/ wds@R/ BOB@Wiﬁhwmkwdhomm:ﬁem(pbtasa'nilm\phbsmatbupﬂa 6} ptt &EBi um
phosphat e, pg —_|6 aref See Table 4 for results. TABLE 1: Epoxidation
Resul ts for PEPstiR®At O”el%ltf Runs. Run # Catal yst Buffer Productivity

PO PCE Selectivity 2 3A 2A Cs phosphate 0.2 90 pH 3B 2A Cs phosphate 0. 26
91 pH 3C 2A K phosphate 0.17 50 pH 3D 2A K phosphate 0.13 92 pH 3E 2A Li
phosphate 0.13 92 Bl-:.ﬁﬂ?b—ﬁpwd&w Bﬁéubm%fSUWFBGTﬁﬂl‘ﬁéuﬁﬁaosphate 0.17

77 H7 3H* 2 3 o oS 76 B - 0.076 55
3K 2C Cs phosphaRt"W“it quga%?l ﬁuﬂy dpdg?)d?t gﬁy Msggcgﬁtyphosphat e 0.084
93 3A Cs phosphate 90
pH=7
3B 2A Cs phosphate 0.26 91
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
pH=7
3F 2A Mg acetate 0.15 87
pH=8
3G 2A Na phosphate 0.17 77
pH =
3H* 2A - 0.13 21
3l 2B Cs phosphate 0.17 76
pH=6
3J* 2B - 0.076 55
3K 2C Cs phosphate 0.095 95
pH=6 '
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 . 82
5 ! Productivity = grams POE produced/gram of catalyst per hour.

2 POIPOE Selectivity = moles PO/(moles PO + moles propylene glycols) * 100.
* Comparative Example
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H6 3N * 2D - 0.067 91 30 2E Cs phosphate 0.15 92 H=6 3P * 2E - 0.09 62 5
1 Productivity = granms POE produced/ gram of catal yst per hour. 2 PQ PCE

Sel ecti viwg o3/085B2s PO (ol es PO + nol es propyl ene gl ycol LTRUSLOBN0307 *
Conpar ati ve Exanple 14 WO 03/ 035632 PCT/ US02/ 30307 TABLE 2: Reaction
Conditions. Run W. % Pressure Feed Fl ow % Propyl ene % H2 % 02 Au (psia)
Rate in feed in feed in feed TWBLE 2: Baacti®@cCobditib0sO 6 3 5B 0.64 90 452
1344 5C1.53 15 110 106 3 6 * 0.64 15 110 10 6 3 * Conparative

Exanpl e 5 TABLE 3: Epoxidation Results. Run Selectivity (%9 PO PG DPG
Acet ol HOAc COZR&F PPanN€: HPrEEURCE FeédBlow X %(Ppylehe [(WHE% % @R Productivity
(g POE/g cat-|h)#5A 781 4 |10p8a)l P. 6R4te8 (O 0 iBfe@d0. (Oib3eed5BirfBed2|19.9 0 1.1
0 0 3.9 3.6 0./0039] 5C 63.9 32 0/ 2m/minB |0.1 0 1.810.0016] 6 * 24.1 72.1 0

3.6 0 0.2 0 0.358. 002P6 * Cotbpar ati VId0Exanpl e.9 10 1 P& = propyl ene gl ycol 2
DPG = di propylEeg Ut geal |3 g = R ngsgpened PRoAUCTS. 4 4

5C 1.53 15 110 10 6 3

6 * 0.64 15 110 10 6 3

* Comparative Example

5
TABLE 3: Epoxidation Results.
Run Selectivity (%)
#
PO | PG' | DPG” | Acetol | HOAc | CO, [ Propane | PO/RO’ POE
(%) | (%) | (%) | (%) (%) (%) | (%) Productivity
(g POE/g
cat-h)
BA | 794 | 10 3.1 2.6 4.8 0 0 3.9 0.0013
5B | 75.2 | 19.9 0 1.1 0 0 3.9 3.6 0.0039
5C | 63.9 | 32 0 2.7 1.3 0.1 0 1.8 0.0016
6* | 241|721 0 3.6 0 0.2 0 0.3 0.0027
* Comparative Example.
10 ' PG = propylene glycol
2 DPG = dipropylene glycol
® RO = Ring-Opened Products.
15

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

Run# | Catalyst Buffer Productivity ' PO/POE
Selectivity 2
TA* Pd/TS-1 - 0.14 82
7B * Pd/TS-1 K phosphate 0.09 92
pH=6

! Productivity = grams POE produced/gram of catalyst per hour.
2 PO/POE Selectivity = moles PO/(moles PO + moles propylene glycols) * 100.
20 * Comparative Example

15



15 TABLE 4: Epoxidation Results for Pd/ TS-1 Runs. Run # Catal yst Buffer
Productivity PO PCE Selectivity 2 7A* Pd/TS-1 - 0.14 82 7B * Pd/TS-1 K
phosphat ew0.0083%22 H=6 Productivity = granms POCE produced/ gcarmisot/3esat al yst
per hour. 2 PO PCE Selectivity = noles PO (noles PO + nol es propyl ene
glycols) * 100. 20 * Conparative Exanple 15 WO 03/ 035632 PCT/ US02/ 30307
Ve claim 1.We gaimess for producing an epoxide conprising reacting an
ol efin, hydrogen nd Oéygen i n %ﬁsol vent in_t sence.qf a

Sc

m xture, ~wherein t he t%rpﬂgc'éfgbﬁf'f%r?mﬁ%l CHBPISIPY,) r)??f:{"ﬁgx? Mre
conprises a léfuh' ﬁﬁd?ogah 260l dxyBeAnd ads ot ﬂ@ﬁﬂeséﬁéé‘b?étcaté]%/stTth(t%ﬁCeSS

of claim1l erelnth titanium zeolite is titanium silicali . The
process of cwhereia ttnbeﬁoé\ranttmtalhsambuﬁelzeaduth@ Gatalyst mixtyre TRESISEEeRs of

claim1 wher |nthenble L,y to noble netal supported
cat al yst Sconﬁ PH'ﬂ&eQ %’ C%E@ﬁ%port 5. The process of claim4

wherein the nobl eonmet afrheSpraeé@:bﬁdlaﬁmmmnén@mgtrheuuttanmm|zebhteg|soﬂtapmirm adi um
and gold. 6. The process of claim4 wherein the supported catalyst is
conpri sed of s#igai{f0. 01 to 10 wei ght percent noble nmetal. 15 7. The process

of claim4 whereig t heTﬁHg}Qﬁééss' éf&QHPQthetrélti'lafﬁb‘i‘ltanlﬁh{féml't@rslT‘%glb' um

oxides, silica, a um na, I ca-al um na, tantalum oxi des enum
oxi des, tungsten axi deThetprogass-ofidlainn; wheimithe sidhle anetai @Iataalystsi'sléica,

and m xtures thereof. 8. The pro s of claim1 wherein the solvent is an
oxygenat & pebl §dp§tﬁ#§up©0ﬂ%§a}ﬂi@§§9§"%lﬁlﬂﬂ angple r\Wﬁ%] &N 3 fPRY genat ed

ig!{ \éﬁgg, ' \7\/at Z?' ecged T AAE §BEeSH StRlam® ASVISdreftbtHel nclIE PRetaPis RASAES frogt ers,
the group consisting of palladium and gold.
6. The process of claim 4 wherein the supported catalyst is
comprised of from 0.01 to 10 weight percent noble metal.
15 7. The process of claim 4 wherein the 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 group consisting of alcohols, ethers, esters, ketones, water,
and mixtures thereof.

10.  The process of claim 1 wherein the olefin is a C2-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 cation, where the anion is selected from the group consisting of
phosphate, carbonate, acetate, citrate, borate, phthalate, silicate, and
aluminosilicate and the cation is selected from the group consisting of

30  ammonium, alkylammoniums, alkali metals, and alkaline earth metals.
13.  The process of claim 12 wherein the anion is a phosphate.
14. A process comprising reacting propylene, hydrogen and oxygen

in water in the presence of a catalyst mixture, wherein the water contains a
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and m xtures thereof. 10. The process of claim1l wherein the olefinis a
C2-C6 olefin. 25 11. The process of claim 10 wherein the olefin is

propyl enew0X2/0356B2 process of claim 1l wherein the buffer eEomarSizasoan ani on
and a cation, where the anion is selected fromthe group consisting of
phosphate, carbonate, acetate, citrate, borate, phthalate, silicate, and

al um nosi | i chuBfemand the: catalysb mikisire ebeprisas frtiianiune sijicalitp anshaissppagedf 3o

ammoni um al kyl ni_u al kali ..neta | kal ine earth netals. 13. The
process of cpéﬁﬁ{%omgﬁm%apﬁga(%mo#qsgSzlggﬂg%phate. 14. A process
conprising reacting. prypglRocessyiigigens aieroxypenitaniomvélicdite [ M81.
presence of a catalyst_m xture, wherein the water contains a

) 16 WO
03/ 035632 PCT/ US028303dhe pracess ahdlaime 1éaivhejain sk sypeodedpratalyst 4s
titaniumgiljcall: r : ksing a palladiumand a
support. 715. bé@g‘n%?%?ggrgﬁwo?ﬂ@ﬁgi ‘Fn(f\%?gmératﬁttlp%gg@pbgni umsilicalite is
TS-1. 16. The prdZessTok mbaess bf claivar 84 wheheinghppupped isataabyst titasia, 5
conprised of fromO0.Q1 to 10, wei ght percent palladium 17 e process of
cl ai m 14 whefEFignhdl H'ﬁbrotx"i/e\g Sigshnalumipay, stica-gluming, Eﬁn-[%fjﬁgi%ﬁ%%(i des,

silica, al U;Thggybo%ﬂdn%ﬂa&fﬂ ﬂﬁgsttéﬁ‘t&!id’éﬂ,Oﬁﬂiaﬂﬁa'isilic@,‘)'zbfééﬁawm&%i i8Bia-

t ungst en ox titania-silica,” zirconia-silica, niobia- silica, and

m xt ur es t hes#iod, addnigurethihepeafcess of claim 14 wherein the buffer
conprises_an anio and,a cation ere the anion is.selected fromt.h
group cofSi sting g? pﬂ@?p‘?@f’%s,s RhF Hﬂa1t4e‘,"'ﬁ859é'f' %,bug?a{ FS'E%’,”S%%F&%'%'OE
phthal l ate, ghli sa¢ftioangthe® e Naribhiisaésleaed from apéi @oups comdiswigdff rom
t he group consisting of ammonium al kyl anmoni uns, al kali metals, and

al kal i ne ear phosphaifs. carbonate, TAestgiac states haralem phthalatei silicate, bander is

gas "sel ot cBlh Brs e, AR e REMOl i it il NEL Ol Ty e, <
carbon di oxiafltmoninth, GlkyBamaioni@ahe dalkyli retalspang alkkline earth metals.
15 19. The process of claim 18 wherein the buffer is cesium
phosphate.
20. The process of claim 14 further comprising a carrier gas
selected from the group consisting of helium, neon, argon, nitrogen, carbon

dioxide, and C4.g saturated hydrocarbons.
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