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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 VIl meta!
35 such as palladium on a crystaliine titanosilicate,
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35 such as palladiumon a crystalline titanosilicate.
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30 | 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 atems in the lattice framework of a
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noble netal and a titanium or vanadi um zeolite.
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As the inert gas carrler, noble gases such as helium, neon, and argon are
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In addition to the solvent mixiure, it may be advantageous to use a buffer.

The buffer may iypically be added to the solvent mixiure to form a buffer

sofution. or the solvent mixture and buffer may be added separately. The buffer

30 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 sals of oXyacids, the

nature and propertions of which in the mixture, are such that the pH of thelr

solutions may preferably range from 3 to 12, more preferably from 4 fo 10 and
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The process of the invention is carded out in the
liquid phase in the 15 presence of a solvent m xture
conprising nmethanol, water, and a C3-C6 aliphatic
ketone.- The solvent nmixture is preferably a single-
l'iquid phase. Preferred C3-Ce aliphatic ketones
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ca!cmed in air at 300°C for 4 hours, then treated at 100°C with 4 vol.% hydrogen
In nitrogen for 1 hour. Cgta!yst 1A contains 0.1 wt.% Pd and 2.1 wt.% Ti.
Catalyst 18: 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%



i o about 0.0001 Mto about I M preferably from about
0.0005 Mto about 0.3 M The buffer useful in this

invention may al so include the addition of anmonia gas
or ammonium hydroxide to the reaction system For
I nst ance, one may use a pH = 12-14 solution of
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the epoxidation of propyiene using oxygen and hydrogen is carried out
according to the procedure of Runs 2A-26.

Runs 2M-2P: To evaluate the use of acetone or methyl ethyl ketone

30 (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 mixiure of ketone, methanol, and water is used as the reaction solvent



The reaction system consists of a 1000-cc stainless
steel CSTR type reactor. Gas and liquid feeds enter
the reactor, and the vapor exits the reactor through
a port-at the top of the reactor, while the liquid
exits through a filter io which keeps the catalyst in

t hecﬁrﬁmé@fo a h&Ba -
m X}nﬂ{cgteg %Eﬁ anﬁ&%ﬁae?: g{‘%e?@e‘(n?a@é& SSQ?@F"'XtWet ﬁ@efeé%s also "
anolA's m%aé i metEstiv Kelaebriones et phiacetormah mbiues
( pHwin Methandl. andVyaters nagldetdetivd rih

sepahlkeiohged 1 ine resulting i n@@pz%rf?rf}bcﬂé;c}{)egwgkj&ﬁg mdihyl
concentration 2 nM Catalyst 1A (18 g) 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
Addi ti onal reaction solvent is punped through the
reactor at a rate of about 100 g/ hr. The gas flow
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. Propylene

oxi de and equi valents ("POE") are produced 20 during
the reaction.. POE produced include propyl ene oxide
("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 |iquid phase) are

anal yzed by GC. The results of the GC anal yses are
used to calculate the selectivities shown 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 dati on 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 Catal yst 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
Is seen  where a m xture of ketone, nethanol, and
water is used as the reaction solvent 8 conpared. to
a nmet hanol : water or ketone:water solvent m xture. The
results also indicate that although nethyl ethyl
ketone Is not as active as acetone in m xtures



wi t h net hanol and water, non-selective ring-opening is
negligi ble using nethyl ethyl ketone. 9 TABLE 1:

EPOXI DATI ON USI NG ACETONE OR MEK WTH METHANOL, AND
WATER Feed Amounts (W, % By-product Run PO PCE Ring
Amounts (W. % # Rate Rate 2 Opening MeOH Acet one

MEK H20 RaABLmP@cﬁ%bAﬂmP&@m@?ﬁéEﬁN@m r%gﬁ%ﬁgzo 31

0.033.0.23 0.8 2B 5 o 49
2C* 0 75 - 25 0.12 oﬂ'ff{é'é"‘(?ﬁs“’g@ﬁ@\@ 2DF 75 0 -
0.25 032 0.045 0.32 1.21 2E 10 65 - 25 0. 19 0.22

0. (22 9733 0 15—2F 375 ?" 5—r—25—Br23—6--27-0,-020

0. 26 0]41 Feormmgs®t% 25 . 26 D. 32 0|,045 0. 35, B ‘*“‘;*V

2117 4 75 0—25—0-3-6-37-0-65 % 2500, 2 | G0 | ABToEN %)

0. 25 0] ¥ePi0| 88| MEKO| 16 5p - 25/R6°0. 17 Gel9 BHG2

0. P01 20— PK~56-—561-25—6-09 506950005 010004 | PV

0. 0805 %L b7 9 § 25 0,203 0203 0001 0. 0350 |2M3 75 % O

25/ 8, 16 Q, 2P QA710. 25 1. 38 2N 5025 025 013~ 0:1t4

0.pl0l0/17 3 |a 5 % b7 8%, oh 0% | 3%, 5 A

2P| 8B D 25 P579.11 .0.11%50[ QA3 0.9 O “Hesompagadijve,

Expppire 5 PO Ratg—= of-ans eeueed/gr-am-of—catial yst.

pet"hobr ” 2| PGE Rat e = 2§r Arf$s POR3r oldu@@ﬁ/grancﬁzbf 12

caj@l yst jgper Roun. Rilng. Op nig tel = grang

pr petepei-gram-of na_t_aj %Ser S?g% 1hn‘?‘% jer ojg‘bzr C hn1“'33'PC) i’

t hetF | (?E}F al 373 25 0.23 0.27 0.020 0.26 0.41
2G# 15 0 - 25 0.26 0.32 0.045 0.335 1.01
2H* 75 - 0 23 0.3 0.37 0.05 0.25 1.2
21 50 - 10 25 025 0.28 0.03 0.15 0.56
2¥ 50 - 25 25 0.17 0,19 0.02 0.09 0.20
K 30 - 50 25 0.09 0.095 {.005 0.0004 | 0.0005
2L 67 - 8 23 0.03 0.03 - 0.0] 0,03 0
ALY 15 0 0 25 G615 0.22 0.07 0.25 1.38
2N 50 25 0 25 0.13 0.14 0.01 0 617
20° 50 23 0 25 0.18 0.21 0,03 02 | 057
2p 50 0 25 25 011 0.11 0.003 0.05 Y

* Comparative Example

s ! , PO Rafe = grams PO produced)
gram of catalyst per hour,
POE Rate = grams POE produced/gram of catalyst per hour.

*Ring O
I:qu?d pening Rate = grams RO produced/gram of catalyst per hour per percent PO in the

" *"This run was performed at 70°C.
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This run was perforned at 70C. 10 10 W claim 1. A
process for produci ng an epoxi de conprising reacting
an olefin, oxygen, and hydrogen in the presence of a
catalyst in a solvent mxture conprising water

nmet hanol , and one or nore C3-C5 aliphatic ketones,
whé¥eplaim:5 t he catal yst conprises a noble netal and a

titani or AV ' . .The process of clai

1 whor ot haraass KeRROLhG B o de EltBRG et i ol
ti CAASmABY RysrLaD Ui the oreseace 3f aTketalystoies ssobknic mhiture
i A e en® B O FER, O by WPRH Retanes, uheren
ﬁhe‘#ee%néll{%(é&ﬁ%isg?ﬁwgﬁgﬁﬂ] pRoLa titanipmeor ypRadiunsrediiteal i t e,
pal | adium el pravesonf nipie 1nBhatis thelaelvedisk § obikNRetal-

Or QbRaifiRg $iah W,vaﬂé%@ﬁk&)n nd platinum 5. The process
of claim 2 erein the catal yst conprises a
c

pal | adi®um cOt BPRPSPT clairaRiwlerdn thearetalyst nomerises teitangn
a piddiledindmafidaagnti tanium is or vanadi um zeolits. 6.
The prqcessof claim1l wherein the noble netal is
Cconbi r]gid w‘Snge %rgcessﬁpoﬁ(‘}‘a{m 5 porsia, ther Rabesd compriseaprianium
whelieite, pafledivaiaad net ai more metbiestieded From thé BROUE GO
Coofgold drttpi@fnuRal | adi um and gold. 20 8. The process o%
claim V\,he@}ei n the support is selected fromthe
group Consi RPBEFS Ar Bom 4 iwhersim, thei ealelystapormprisks Lam
ox pallegipmsdaniatrang tthinla R vaneBlivn Sabiif! Al ) RallabiBiftik YBnium

150XbAR8aditiRLyHIenum oxi des, tungsten oxides, titania-
silica, zirconia-silica, niobia-silica, and m xtures

t her eof: 9. TheHRsoges® pbelaimdf whdrein thelnobleanetilts bhrabigddling
i sstmp6i2- CB ol efin. 25 10. The process of claim!l

whereig the.,olefin izero_rogyl ene. 11. The process of
cl ai m 1* whe"&i HOT958 of srreAtvhersin theecbisnpeiabissefo®g from
v oiha seup srtwsting wepdiiadiom,anBgbl. vol une percent wat er,

z0and 5- g0 Vellh'érﬁo&%g f Qfaim E%h%pgﬁ the support is selected from the
group consisting of carbon, fitania, zirconia, niobium oxides, silica, alumina,
silica-alumina, tantalum oxides, molybdenum oxides, tungsten oxides, fitania-
sifica, zirconia-sllica, niobla-silica, and mixtures thereof.

8. The process of claim 1 wherein the olefin is a CaCg Olefin.

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

11, The process of claim 1 wherein the solvent mixfure 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 praducing propylene oxide comprising reacting
propylene, hydrogen and oxygen in the presence of a pailadium-containing

titanium zeolite catalyst in 5 solvent mixture comprising water, methanol, and a
C3-Cs aliphatic ketone.
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12. The process of claiml wherein the ketone is
acetone. 30 13. The process of claim1l wherein the
ketone is .nmethyl ethyl ketone. 14. A process for
produci.ng -propyl ene oxi de conprising reacting .

propyl ene, hydrogen and oxygen in the presence of a’

pal | adi a8z comieirddeag of ditnaral WBr &R @ld éa%iﬁ;@&&h%’%gs b Bitefium

sol%ggﬁtrg%ﬁg%ﬂa&u onpri sing water, methanol

ktone. 11 15. The process of claim 14
wher ei n 1§, he Thatradopss olodaipridsesren metcatalysnmrﬁnrlses altithRim

G wh 1
catg aar b, g dieRiale e roikd] Rl ha IS oo
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conS| st iihg Tﬁeoﬁrog@dsdoﬁnﬂwm & iviHeRein I M8yt QfiteLla

cat al yst co

i A 08REIE chabfont 2ol i 28l e Rasium zeolte.

pal | adi t8n f TBe Pfﬁcemvﬁmalmelél Witeeein 3. solveet mkeLsanRkes 5-
cl BOWAdmINRIRhN rrFe'E}%n&O 5\, é(tp‘éFc%nt‘:& {é 'nef’n%\?\g?g rw%me

ol ume percent met hanol g%L% PGe per
OndERBYS¥Pune  1a percent ketone. 19. The process of

cl ai m 1#8.wha@he prockdsaof kRIM ML whsreRASE Riishe i€ chtJ
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