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Much current research is conducted in the direct epoxidation of olefins

with oxygen and hydrogen. In this process, it is believed that oxygen and

30 hydrogen react in situ to form an oxidizing agent. Many different catalysts have
been proposed for use in the direct epoxidation of higher olefins. Typically, the
catalyst comprises one or more noble metals supported on a titanosilicate. For
example, JP 4-352771 discloses the formation of propylene oxide from
propylene, 'oxygen, and hydrogen using a catalyst containing a Group VIII metal

35 such as palladium on a crystalline titanosilicate. The Group VIII metal is
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The invention is an olefin epoxidation process that comprises reacting
olefin, hydrogen, and oxygen in the presence of a catalyst comprising a noble
metal and a titanium or vanadium zeolite in a solvent comprising water,
methanol, and a C;-Cg¢ aliphatic ketone. This process surprisingly gives
significantly reduced by-product glycol and glycol ethers formed by the
unwanted ring-opening of the product epoxide.

DETAILED DESCRIPTION OF THE INVENTION

The process of the invention employs a catalyst that comprises a noble
metal and a titanium or vanadium zeolite. Titanium or vanadium zeolites
comprise the class of zeolitic substances wherein titanium or vanadium atoms
are substituted for a portion of the silicon atoms in the lattice framework of a
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niobia-silica, and the like. Preferred organic polymer resins include polystyrene,
styrene-divinylbenzene 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 preferred supports include
carbon, titania, zirconia, niobium oxides, silica, alumina, silica-alumina, tantalum
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The noble metal-containing titanium or vanadium zeolite catalyst may
also comprise a mixture of palladium-containing titanium or vanadium zeolite
and palladium-free titanium or vanadium zeolite. The palladium-free titanium or
vanadium zeolite is a titanium or vanadium-containing molecular sieve that is
free of added palladium. The addition of a palladium-free titanium or vanadium

zeolite has proven beneficial to productivity of the palladium that is present in
the catalyst.
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to oxygen can usually be varied in the range of Hz:0, = 1:10 to 5:1 and is
especially favorable at 1:5 to 2:1. The molar ratio of oxygen to olefin is usually
2:1 to 1:20, and preferably 1:1 to 1:10. A carrier gas may also be used in the
epoxidation process. As the carrier gas, any desired inert gas can be used.
The molar ratio of olefin to carrier gas is then usually in the range of 100:1 to
1:10 and especially 20:1 to 1:10.

As the inert gas carrier, noble gases such as helium, neon, and argon are
suitable in addition to nitrogen and carbon dioxide. Saturated hydrocarbons with
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advantageous to work at a pressure of 1-100 bars.

In addition to the solvent mixture, it may be advantageous to use a buffer.
The buffer may typically be added to the solvent mixture to form a buffer
solution, or the solvent mixture and buffer may be added separately. The buffer
solution is employed in the reaction to inhibit the formation of glycols or glycol
ethers during epoxidation. Buffers are well known in the art.

Buffers useful in this invention include any suitable salts of oxyacids, the
nature and proportions of which in the mixture, are such that the pH of their

solutions may preferably range from 3 to 12, more preferably from 4 to 10 and



nolar ratio of the titaniumcontained in the titanium
zeolite to the olefin that is supplied per unit tine.
Typically, sufficient catalyst is present to provide a

wot2assi1gemo9! ef i n per hour nolar feed ratio of g @Ma006/016738
0.0001 to 0.1. The process of the i nvention |s carrled

ou‘mds’? tol‘é?gra%:fy%gnq 5pt'33§e §ug ﬁlélsnB ;X%gnt%g?c%n ar& anion and

dre conmpri'sin
CSCGEDr‘aI Thér@nioo pdridnoofethe THadt rsay mlmtjemmdnsrﬁlchsss phosphate,

pr %Buf%ﬁg’tley bﬂ:a?do'ﬁg{e cJa b%gglgtggg@ (ﬂieag)ert%fe bﬁvla?egetm the like),

hati ¢’ Ketones l’nc
keptb'ﬁte byrate, sydroxide csilioatas atumindsiliceteh antbe likevaTee catiot portion

skebpise %Ql@tmwmddéecétlgﬁs $aky ta%b&mﬁg éll%/lanﬁr%orﬁums (e.g.,

critical fedture of the inven
pr istERkyleMoniuny | Rsidiniums tandetheolive).i alisali mems galkaline earth

VOH&@S Qﬁ'rtﬁgﬂke ”@ah@rﬁ‘%&am@e@%c\%@%ﬁm WLﬁ,eN quleﬁla,bﬁ< Cs,

and 5-80 vol une &{ercen et one
i f 'V{Qhé"% &R\raHeNsyi Byffereemay pisferably containe cmbluaﬁpnpvé mase than

mebhé RQitabld Gait0 TF’QI'CHWE tREE&RBhtrARINCSF bifef Ir;@]e7QoI%é?1lt Wom

oPer uid phase process

cent
. n?E?Hq Oo‘}rfPOWéO cheuh | M Pr eraawaf%m abPyt Q.9005M tp @bavid.3 M.
a Fhe pefiéer zafudin fﬁlsﬁﬁ\ﬁéﬂb&d may s olh QGRS the HAMtIBE of Bmmonia gas
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15t opliasphate, bmdémmonmod hytdrexide oufferdie sol vent m xture and
buf f er arate The, buffe ol ut
is en‘pITto;mé ﬁ?ﬁ grpglggtmedﬁlyt'%‘ StrRk thtln\{eH&o EB '?ed in
of thgl qrtwlbreoogrgtqz owahy vetidtiens tichtrare gwtemolhe(m&lt @h the invention

Bugrﬁcpg&p@rogt%eé|élmgnom in the art. Buffers useful in
this invention include any suitable salts of oxyaci ds,

the nature andERAMBbLE( GATALYSTRREPARATION i xt ure,
gare SUCd‘btél@tMI RBo pEHOH %"@h"t f 8 Qe 9
pr ef era range Ebom y ° F'Lgy e er abI(SO/f’ & f'“ca
to 'T@eraﬁd wigho WWQWCMIFUSMWd)mMIZWter (250
prpérw P WEIght) BN TmikQarkk ad b§iRiéLassdd Pl TR YRGS ?jus%ed to
?b g gnion and cation. The anion portion o
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) andm # %Q &rate <$) te, hydroxide, silicate
5 al iengaintgig gH 96 R agqing 3 WiYe aRFIqrEHN Bydrexige: é’h%PH is
t lmbes adjustesyto i7(E Wittt 8 wiah Bmnsorfue hyca‘o?x@mﬂtlmnd the slurry is
a
yéri?( & upnséI oe{n‘%' ?‘ﬂ%‘“ﬁ“?i@‘; m'%t?%l ﬂ‘%'{"&' s dllgwed |t ﬁ%ttle and
eathe Isolid is decanted and water washed (110 parts by weight water, three times),
then the solid cake is filtered. The solids are vacuum dried at 50°C for 6 hours,
30 calcined in air at 300°C for 4 hours, then treated at 100°C with 4 vol.% hydrogen
in nitrogen for 1 hour. Catalyst 1A contains 0.1 wt.% Pd and 2.1 wt.% Ti.
Catalyst 1B: Catalyst 1B is made according to the procedure of Catalyst
1A, with the exception that the spray dried TS-1 contained 60% TS-1 and a 40%



metals, or the |like. Cation exanples include N,
NBu4i Nwve4, Li, Na, K, Cs, M, and Ca cations.
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agnonj um r oxi,de
Wit PR SN %eéﬁ?ﬁg?ﬂ fln?%ly% OXI untdIQFQl%cﬁnggHggﬁs ie %Sﬁrﬁd At
l 500 girh I peditiahal 362 tibosomantds dumpes dirogmh Heieddy. at-pyate of
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t hows pf nitbbem 0AESLRH P8 wellde oxyoem iNtrerasen. #%éLBH%YSE?Qe”
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t hen treated ht
vdlmr% tpdeagion. RQF piogkesgdncledn ProPHBNR oxn@g? g&)sqnd e ring-
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Egrr;t %2006/ 016738 m@;ture of kaolin and al um na
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1. The final catalyst product was calcined in
ai r at RgrdGHAr 1ﬂo Iawnaeamd usedafcmdthiyhemdkeigw (iat plageCof

f %rcetdéne)o%esthanol and water mlx ures ln cw Efln eppoo)ﬂo%A& @*né&%ﬁ%A
the epoxidation of propylene using oxygen and hydrogen is carried out
according to the procedure of Runs 2A-2G.

Runs 2M-2P: To evaluate the use of acetone or methyl ethyl ketone
(mixed with methanol and water) in olefin epoxidation using Catalyst 1B, the
epoxidation of propylene using oxygen and hydrogen is carried out according to
the procedure of Runs 2A-2G.

The results indicate that a significant decrease in ring-opening is seen
where a mixture of ketone, methano!, and water is used as the reaction solvent



Runs 2A-2G To eval uate the use of nethanol, acetone,
and water 5 mxtures in olefin epoxidation using
Catal yst 1A, the epoxidation of propylene using
woygesn3esl hydrogen is carried out. The fol | oydigs2006/016738
procedure is enployed. The reaction system consists of
a I actor

i corer G et ahan Rl e ot ColoWhh Sob i Wil TRl aiso
t héndieaie thet althaygb megthyh etk keterte is het as)qnctloé ab heetbre it Miktures
whi t
t hg} It@a@%ﬁ?ﬁ’%ﬁ% érl rnégcs{é [??H%%@g Ir)beéé‘ir{eqr fih e@ﬁhb%nlfsmg ethy
cof¥lvtkaioRd. a nixture of nethanol, acetone, and water
in the feed amounts shown in Table 1. Ammoni um
phosphate solution (pH= 7.2, 0.1 M is added to the
reactor through a separate feed line resulting in a
final buffer concentration 2 mM Catalyst 1A (18 Q)
and the reaction solvent (600 nL) are added to the
reactor as a slurry. 15 The slurry in the reactor is
heated to 60C under about 500 psig, and is stirred at
500 rpm Additional reaction solvent is punped through
the reactor at a rate of about 100 g/ hr. The gas fl ow
rates were about 300 SLPH (standard liters per hour)
of nitrogen, 300 SLPH of 8 vol.% oxygen in nitrogen,

12 SLPH hydrogen, and 75 g/ hr propyl ene. Propyl ene

oxi de and equi valents ("POE") are produced 20 during
the reaction. POE produced include propylene oxi de
("PO') and the ring- opened products ("RO') propyl ene
gl ycol and glycol ethers. The products com ng out of
the reactor (in both vapor and l|iquid phase) are

anal yzed by GC. The results of the GC anal yses are
used to calculate the selectivities showm in Table 1.
25 Runs 2H 2L: To eval uate the use of nethyl ethyl
ketone (in place of acetone), nethanol, and water

m xtures in olefin epoxidation using Catalyst 1A, the
epoxi dation of propyl ene using oxygen and hydrogen is
carried out according to the procedure of Runs 2A-2G
Runs 2M 2P: To eval uate the use of acetone or nethyl

et hyl ketone 30 (m xed with nethanol and water) in

ol efin epoxidation using Catalyst 1B, the epoxidation
of propyl ene usi ng oxygen and hydrogen is carried out
according to the procedure of Runs 2A-2G The results
indicate that a significant decrease in ring-opening
iIs seen where a m xture of ketone, nethanol, and
water is used as the reaction solvent 8



WD 2006/ 130295 PCT/ US2006/ 016738 conpared to a

met hanol : wat er or ketone: water solvent m xture. The
results also indicate that although nethyl ethyl
ketone is not as active as acetone in m xtur i

i
WOraa0paiass and water, non-sel ective ring- openipﬁgliséoog/&“m'
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negl i gi bl e using nethyl et hyl ketone.

2006/ 130285 EPCERGXIDATIAN 5315 A@E@Q@&ORE@@XNBM ON
USI NG ACETONE OR ME4 \MKNd}{E}; Na;rEAND WATER

By- product Anounts FW Nﬁg Amounts nts ( (W.
/ouct ) Run o Rate | Rate 2 Opening MeCH Acetone VEK

| P Y o W, V. N

—ORC—PMB—2A750 - 25 0. 20 0.3 U.033 By Preuct

g, 50 25 Fe05e0rI8.6)3 0[034 0,52 0% 2C O0n B S50
5). 0140045046162 b 73 2Freie5 (32 07T
). 32 |luedfl | REork()MER |H,25 (0. 19 22 o‘b?z 0.33 ¥ 15 pgk
375137 51 25 923 b 27 o.eLL 026041 —26—75—6
ﬁ_swo. 26750. 132 0. 045 0, 35 1. 03 |2H175 - 09925 10.%830) 37
; 025 1221 50 -__1IC 0.128 3 0. .
23950 .28 28 0117 0, 15 4. 53 q 050 bo "3k =0 oo 3
0,89 0. 995 05,008 0.0D04 Q. 9908 @k 67 -008 25 ©43|0.063
01100310 2M 75 0 0 250 145 0 221 9 07 6125138
26p50 25 0 2% 0./13 0] 1% 0. 025 4 0037 | 204450 2930 25121
(—18-6-24 6032 0757 2P 50 0 25 25 01T 0. T1 U. QU3
0285 [0 1 |cofiparlative Bxanpte | 0.022 Rl
2F 37.5 375 - 25 0.23 0.27 0.020 0.26 0.41
2G* 75 0 - 25 0.26 0.32 0.045 0.35 1.01
2H* 75 - 0 25 03 0.37 0.05 0.25 1.2
21 50 - 10 25 0.25 0.28 0.03 0.15 0.56
2]) 50 - 25 25 0.17 0.19 0.02 0.09 0.20
2K 50 - 50 25 0.09 0.095 0.005 0.0004 0.0005
2L 67 - 8 25 0.03 . 0.03 0.01 0.03 0
2M* 75 0 0 25 0.15 0.22 0.07 0.25 1.38
2N 50 25 0 25 0.13 0.14 0.01 0 0.17
20¢ 50 25 0 25 0.18 0.21 0.03 0.2 0.57
2P . 50 0 25 25 | 0.11 I 0.11 0.003 0.05 0

* Corﬁparative Example

' PO Rate = grams PO produced/gram of catalyst per hour.

2 POE Rate = grams POE produced/gram of catalyst per hour.

® Ring Opening Rate = grams RO produced/gram of catalyst per hour per percent PO in the
liquid.

4 This run was performed at 70°C.
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5" PO Rate = granms PO produced/ gram of catal yst per
hour. 2 PCE Rate = granms POE produced! gram of catal yst
per hour. 3 Ring Opening Rate = grans RO produced/ gram

t per hour per percent POin the IdQUidnienie7as
: ‘?i'lzhz?(?h?tﬂfwas performed at 70C. 10 10 WO 203&7’3’%%%6&

PCWd ¢152006/ 016738 We claim 1. A process for

roduci oxi de conprising reacting an ol efin,
gxygen pand%?‘?ﬁé’ﬂr PiRJHGiRS BR EReHde comprisingatearg an alefin,
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I nobl.e et cont ai ni
vanad Gn Yol ubedys orred B‘ril el th B Gy iptfenebla metal-
t heontainiag yitniuco opvanadisnmezeolifeani um silicalite and

f 2 wherein the
Pt A vt Conte ProcttE oPbRRTS St 7. Geda) copmrioam A dignium

antllicafile and nafladiumet al s sel ected fromthe group
10 consi sy ng T1of ess of

claim?2 vvher el ﬁg)%he ca%lalf;H hgg‘?’nré) *156 éhléﬁﬁ Comp“SGS a titanium

pé"!céﬂqeuﬁ@'@éh‘mlaﬁldmetqrtme umetals selaoiad iftom ﬁ'@%rb&@c&%ﬁ%tmg
a titanium 15 or vanadi um zeolite .
Th?yglogég‘less tgn‘fru?rgl aim1 wherein the noble netal is

conbi n@d wi the eProeasgpef telaim. 2Tivhepsincthes cafalyst aiomises a

Cone A PRy Mol br JohaB oty fr S bR gl gk Beagjum
15 C|°élvﬁ{]%d \Hﬁépgiﬁ the support is selected fromthe

group 60nsiTd feceds &@Fabﬁ‘?’wﬁe'rélﬁme%ob@ rrn‘é%nls n"'bI JeleiNy

oxides, silica, alumna, silica-alumna,
oxi-g %@1 nol ybdenum oxi des, tungsten oxi des t| tani a-

silica7. zi rivenpracess| éfcdhaimné Q)ﬁb@rﬁtlHe:Aﬁcfble ﬁ{]é‘t’atlhrﬁéééllﬁgtg& r11‘rom
t tﬂﬁé 5@;} égn&%{@g dﬁ l?a%su‘?n ggd 8(')!3' m erel

is a
20 8. The process of claim 6 wherein the support is selected from the

group consisting of carbon, titania, zirconia, niobium oxides, silica, alumina,
silica-alumina, tantalum oxides, molybdenum oxides, tungsten oxides, titania-
silica, zirconia-silica, niobia-silica, and mixtures thereof,

9. The process of claim 1 wherein the olefin is a C,-Ce olefin.

25 10.  The process of claim 1 wherein the olefin is propylene.

11.  The process of claim 1 wherein the solvent mixture comprises 5-80
volume percent methanol, 5-50 volume percent water, and 5-80 volume percent
ketone.

12. The process of claim 1 wherein the ketone is acetone.

30 13.  The process of claim 1 wherein the ketone is methyl ethyl ketone.

14. A process for producing propylene oxide comprising reacting
propylene, hydrogen and oxygen in the presence of a palladium-containing
titanium zeolite catalyst in a solvent mixture comprising water, methanol, and a
C3-Cg aliphatic ketone.

11



25 10. The process of claiml wherein the olefinis
propyl ene. 11. The process of claim1l wherein the
sol vent m xture conprises 5-80 volune percent

nmet hanol , 5-50 vol ume percent water, and 5-80 v

W@al06eieds ket one. 12. The process of claim 11’9]‘5@15@50?{016738'
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the ketone is acetone. 30 13. The process of claiml
wher ei 1. t h&h&ptasass ofsclaimt Hywhereimthe leatabygkcompriges A titanium
pg f?&}‘ﬁ&sa doﬁallgélﬂ uci ng propyl ene oxi de conprising

I'ng  'propyl éne, hydrogen and oxygen in the _
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c cledll fAn 0 Goup consistin
oy T S S et e g S
20UEIA BUPBSIMOT/ US2006/ 016738'  15. The process of
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vol umeer & baprqueﬁﬁafmbdnm B Bitereio ltherketprs sanethyigthyt ketone.
and 5-80 volunme to percent ketone. 19. The process of
clai m 14 wherein the ketone is acetone. 20. The
process of claim 14 wherein the ketone is nethyl ethyl
ketone. 12
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