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o DETAILED DESCRIPTION OF THE INVENTION
30 The process of the invention employs a catalyst mixture that comprises a
palladium-containing fitanium zeolite and a palladium-free titanium zeolite.
Palladium-containing tifanium zeolite catalysts are well known in the art and are
described, for example, in JP 4-352771 and U.S. Pat. Nos. 5,859,265,
6,008,388, and 6,281,369. _‘SuchAcatalysts comprise 'palladium and a titanium
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30 oXidation state anywhere from O to +4 or any combination of such oxidation
states. To achieve the desired oxidation state or combinafion of oxidation
states, the palladium compound may be fully or partially pre-reduced after
addition to the catalyst. Satisfactory catalytic performance can, however, be

attained without any pre-reduction. To achieve the active state of palladium, the
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30 and hydrogen. This epoxidation process comprises contacting an olefin,
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include anyo!eﬁn having at least one carbon-carbon double bond, and generally
from 2 to 60 carbon atoms. Preferably the olefin is an acydlic alkene of from 2
to 30 carbon atoms; the process of the invention is particularly suitable for
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The amount of palladium-containing titanium zeolite and palladium-free
titanium zeolite used may be varied according to many factors, including the
amount of palladium contained in the palladium-containing titanium zeolite. The
total amount of catalyst mixture may be determined on the basis of the molar
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porfion of the salt may include anions such as phosphate, carbonate,

30  bicarbonate, carboxylates (e.g., acetate, phthalate,‘ and the like), citrate, borate,
hydroxide, silicate, a!umi'nosiiicate, or the like. The cation portion of the salt may

- include cations such as " ammonium, alkylammoniums (e.g.,
tetraalkylammoniums, pyridiniums, and the like), alkali metals, alkaline. earth
metals, or the like. Cation examples include NHs, NBus, NMeq, Li, Na, K, Cs,



20 alcohols with water. If epoxidation is carried out
inthe liquid (or supercritical) phase, it is
advant ageous to use a buffer. The buffer wll
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followed by nitrogen only for one hour before cooling to room temperature and
isofating Catalyst 1A. '
' Catalyst 1B: Catalyst 1B was prepared according to the same procedure
30 as for Catalyst 1A, except that the aqueous solution of Pd(NH3)4Cly contains
only 0.45 g Pd{NHs)sClz in 30 g of deionized water. Catalyst 1B contains 0.11
wt.% Pd and 1.7 wt.% titanium; residual chloride was less than 20 ppm. |



addi tional 2 hours. The solids are. isolated by
filtration and_the filter cake is washed.by
re-slurrying in deionized water (140 nL) and filtering
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phosphat gx4 "ﬁﬁP% 30@ EcBtdhiets s@liep Fé?alc’t’cﬁ‘?s bﬁ‘ar@?% gﬁiﬂg}z@gtalyst 1A

water (9 gqueous anmmoni um 3/ r oxi de
2NH4@-|? g)ssmﬁgﬁinggd@1 t(8-5- 8e8@%| 1 8+1080% silica; 1.7 wt.% Ti), Buffer 2A

(13 @), and methano! (100 g). The reactor is then charged to 300 psig with a
- feed consisting of 2 vol.% Ha, 4 vol.% Os, 5 vol.% propylene, 0.5 vol.% methane
and the balance nitrogen. The reactor pressure is maintained at 300 psig via a
. back pressure regulator with the feed gases passed continuously through the

30 reactor at 1600 cc/min (measured at 21°C and one atmosphere pressure). In
order to maintain a constant solvent level in the reactor during the run, the
oxygen, nitrogen and propylene feeds are first passed through a two-liter
stainless steel vessel (saturator) containing’ 1.5 liters of methanol prior to the
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PST GoMlghréd #2Ee BARRAWNSN a PA/TS-1 catalyst alone. The methanol run of
Example 3, for instance, shows 17% higher palladium productivity and the water
run of Example 4 shows 36% higher palladium productivity, In addition to the
higher palladium productivity, there may be an economic advantage in catalyst

30 synthesis. As demonstrated in Exampie'B, only a fraction of the overall 78-1
needs to undergo palladium incofporation (although a higher amount of
palladium is needed) and the addition of palladium-free TS-1 can still result in
slightly higher productivity. This observation can resuit in economic savings by




regulator with the feed gases passed conti nuously
t hrough the reactor at 405 L/h 15 (neasured at 21C and
one at nosphere pressure). The reactor is stirred at
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(DPG, 1-nethoxy-2-propanol (PM1), s
2- met hoxy-1- propanol (PM2), and acetol. TABLE 1:

. COVPARI SON OF CATALYST ACTIVITY Exanpl e Catal yst W.
of W. O PQ PCE Total Catalyst Palladium Total Pd in
Selectivity Productivity 2 Productivity 3 Catal yst
catalyst (%9 1 m 3A 1A+ 0.7 0.68 93 0.33 340

10



TS-1 3B * 1 BO0.7 0.77.93 0.32 290 4A 1C+ 24 48 81
0.051 26 TS-14B * 1 ,S_S 12 42;’76 0.076 19 *
Corrparative Exanmpl e P vity = nol es
' \é['e nol es PO + nol es propyl ene glycols) * 100.- 2 Tot al
ﬂﬂlmproductlw ty = grans POE produced/ gram of
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The, QJiiRe €8 pfdeChallafiun, W EtaRium k86lite, and a noble metal selected from
pal [ adi um cont aining titanium zeol.i te conpri ses

ipal hedptaMp §ORSistng @h RlaIure.e golh dsilyeh olidiinyrethgnium,  ruthenium,
sel [e]q.l ahﬂ'ﬁuxfu‘?de hersifoup consi sting’of pl at| num
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con ures t hereof. 6.
- The prodkss dfhecpmicess ofvaleimeithwhheein the palladium- contammgtttamum

PronedioRi8id GuRd! kol uen B PER iBaBRTR o0 -
~ process Pf clHigplocebeoktlaint Hewperkinaitie peilbdiesn-ée &tanium zeolite

zeolite s a tllﬁanl umsilicalite. 8. The process of
cl alsA Vet BficAit® e pal | adium free titanium zeolite

is TS-1.8.  The process of claim 1 wherein the paliadium-free titanium zeolite
is TS-1. , , .
20 9. The process of claim 1' wherein the olefin is a C,-Cg olefin.
' 40, The process of claim 1 wherein the olefin is propylene.
11. The process of claim 1 wherein reaction of olefin, hydrogen and
oxygen is performed in a solvent.
- -12. The process of claim 11 wherein the solvent is selected from the
25 group con‘siéting of water, C-C4 alcohols, supercritical CO2, and mixtures
~ thereof.
13.  The process of claim 11 wherein the solvent contains a buffer.
14. A process comprising reacting propylene, hydrogen and oxygen in
a solvent in the presence of a catalyst mixture comprising a palladium-containing
30 fitanium silicalite and palladium-free TS-1, wherein the palladium-containing
titanium silicalite comprises palladium and a titanium sificalite.
15.  The process of claim 14 wherein the titanium siliealite is TS-1.
16. The process of claim 14 wherein the palladium-containing titanium
zeolite further comprises a noble metai selected from the group consisting of

11



20 9. The process of claim1l wherein the olefinis a

C2-Cs olefin. 10. The ,pro es of claim1l wherein the
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pal | adium containing titaniumsilicalite conprises
pal |l adiumand a titaniumsilicalite. 1.5. The process
of claim 14 wherein the titaniumsilicalite is TS-1.
16. The process of claim 14 wherein the

‘pal l adi um containing titanium zeolite further
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consi sting of 11 Amended d ai ns pl ati num gold,
silver, iridium rhenium ruthenium osmum and

m xtures thereof. 17. The process of claim 14 wherein
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s thereof. 18. The process of claim14 wherein the

sol vent contains a buffer. . 12 :
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