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TITANIUM ZEOLITE 5 FIELD OF THE | NVENTION This invention relates to an
epoxi dat iwo (pReciess using a pre-treated titanium zeolitePCTNSOpLWEESS
conprises reacting ol efin, hydrogen, and oxygen in the presence of a
catal yst conprising a noble netal and a pre lo treated titanium zeolite.
The zeolite pre-treatnent consists of contacting the zeolite with a

| eachi ng agent . Sur;])_rl Si n?@K the ret reated titanium zeolite shows
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with olefin. Another comrercially practiced technology i's the direct

epoxi dat i on XAt} ene to et hyl ene oxi de by reacti on with oxygen over a

silver catalyst. 30 Unf ortgﬁ@k HEOH)NBEOF?* VEN"T‘I@W has not proved very
I gher o her

useful in epoxidation of h I ns. ore, nuch current research
has focused on t Hdady rdifferentpoethdds ifon tbé megamtlooleﬁepsxmiesrhameygeanand
ved
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devel opment # oRifizfd h§énh the resehceatd cdtalyst. The production of propylene
oxide from propylene and an organic hydroperoxide oxidizing agent, such as
ethyl benzene hydroperoxide or tert-butyl hydroperoxide, is commercially
20 practiced technology. This process is performed in the presence of a
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
25  zeolite is demonstrated in U.S. Pat. No. 4,833,260. One disadvantage of
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.
30  Unfortunately, the silver catalyst has not proved very useful in epoxidation of
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
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to epoxi de. SUMVARY OF THE | NVENTI ON The invention is an ol efin epoxidation
process thatA‘éorrpri ses reacting olefin, oxygen, and hydrogen in the

presence of a cat isdRAREd o qabl ; r rgat.
titanium zeoli te,@b\%?r'sel n tLdeq%pggt-ht%r eat é' e?i ?ﬁ?%&b)z(@gﬁ?lﬁé:(alf%yﬁqgr'%ghaatby
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zeolite gi v_eg[m_ ithé@anAk Ywitte QHG @temied)-Besgd Py gegrke Sio%%gﬁeﬁ w30 to
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process of tdieect epexidption gihogsand catalysist that conprises a noble netal
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Especially desirable are catalysts that reduce the likelihood of ring-opening of
epoxides to glycols or glycol ethers. | have discovered an effective,
20 convenient epoxidation process that reduces unwanted ring-opened products
and gives good productivity and selectivity to epoxide.
SUMMARY OF THE INVENTION
The invention is an olefin epoxidation process that comprises reacting
olefin, oxygen, and hydrogen in the presence of a catalyst comprising a noble
25 metal and pre-treated titanium zeolite, wherein the pre-treated titanium zeolite
is formed by contacting a titanium zeolite with a leaching agent such that
greater than 0.1 weight percent of the titanium is removed from the titanium
zeolite. | surprisingly found that catalysts produced with the pretreated
titanium zeolite give significantly reduced ring-opened by-products compared
30 to untreated titanium zeolite.
DETAILED DESCRIPTION OF THE INVENTION
The process of the invention employs a catalyst that comprises a noble

metal and pre-treated titanium zeolite. Suitable titanium zeolites are those
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percent anatag@irosMeRt e@olies)hand “TS-3” (as described in Belgian Pat. No.
1,001,038). Titanium-containing molecular sieves having framework

20 structures isomorphous to zeolite beta, mordenite, ZSM-48, ZSM-12, and
MCM-41 are also suitable for use. The titanium zeolites preferably contain no
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.

25 Preferred titanium zeolites will generally have a composition
corresponding to the following empirical formula xTiO, (1-x)SiO2 where x is
between 0.0001 and 0.5000. More preferably, the value of x is from 0.01 to
0.125. The molar ratio of Si:Ti in the lattice framework of the zeolite is
advantageously from 9.5:1 to 99:1 (most preferably from 9.5:1 to 60:1). The

30 use of relatively titanium-rich zeolites may also be desirable.

Titanium zeolites may also contain impurities of anatase. Although

anatase amounts of less than 5 weight percent anatase (compared to the
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acceptable, it is preferred that the titaniumzeolite is substantially
anat ase- fwoea3/0JItae3 pre-treated titanium zeolite is fornmed pgTaASNY2084i Nng a
titanium zeolite with a | eaching agent. The | eaching agent can be any
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ketone compounds include, but are not Ilimited to, acetol, 2-
hydroxyacetophene, 2'-hydroxyacetophenone, and the like. Suitable mineral

20 acids include sulfuric acid, hydrochloric acid, phosphoric acid, nitric acid, and
the like. Particularly preferred chelating organic compounds include
propylene glycol and lactic acid. The leaching agent may also consist of a
combination of hydrogen peroxide and a chelating organic compound.

The titanium zeolite pre-treatment can be performed at room

25  temperature, however elevated temperatures greater than 40°C are preferred.
The amount of time required for pre-treatment is not critical, but will depend
upon the leaching agent that is employed. Typically, pre-treatment requires
greater than 0.5 hour and preferably greater than 10 hours.

The catalyst employed in the process of the invention also contains a

30 noble metal. While any of the noble metals can be utilized (i.e., gold, silver,
platinum, palladium, iridium, ruthenium, osmium), either alone or in
combination, palladium is particularly desirable. Typically, the amount of

noble metal present in the catalyst will be in the range of from 0.01 to 20
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4 WD 03/031423 PCT/ US02/ 29034 wei ght percent, preferably 0.1 to 5 wei ght
percent. Wbasfsmaer in which the noble nmetal is incorpor@Ceasn2iew34 he
catalyst is not considered to be particularly critical. For exanple, the

bl t al b t ed { - t ed it by | [ ti
Toane or ¢ hvaREPerReRP ReREay o1 Ta soiSight AetoRar.” Shpunanee BuRhRdRS || ca,
al um na, actjopid efefad’ Eoﬁnﬁrf)bﬂ‘h%dji theo afRd glébetpﬁylﬂdia%%siﬂéﬁé%d t¥i b8 the

pre-treated zeolite. Alternatively, the noble " netal can be incorporated

into the pr @WT@A@rédcﬂﬁQﬂli tléorngamweeﬂ?ang@ metqi,mavﬁxe suppRitest opdhe
are o par ¢ OGP L EPIE B (bl R g WrcRe, BY o Wiharigd SR°"°

conpoundsor aretidresubstatceasuti asssilide; ealomind)eactiobled c@bah. oFbie KkeaBRbE,

sui t abl e conpounds for such purpose include the nitrates, sulfates, halides
(e.g., chlortf@ePhysicaty JBXed with 3B \arerteaated zegolite, c Altgrrativelys dhanmokle

conpl exes e 1 ' | at e | e
metal is noﬁ?@pgéﬁsﬁgﬁgﬁ%ﬂe{q t‘g(? lﬂYef R}‘?ﬁggifé’ggé‘g?@ﬁ’?ﬁ’%a?gg vpﬁgt ance,
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conbi nati on 01:j su‘gh oxidation states. To achi eve the desired oxidation
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conpri sing xitdod states, the noble metal compound after being introduced into the
pre-treated zeolite may be fully or partially pre-reduced. Satisfactory catalytic
20 performance can, however, be attained without any pre-reduction. To
achieve the active state of palladium, the catalyst may undergo pretreatment
such as thermal treatment in nitrogen, vacuum, hydrogen or air.
After noble metal incorporation, the catalyst is recovered. Suitable
catalyst recovery methods include filtration and washing, rotary evaporation
25 and the like. The catalyst is typically dried at a temperature greater than
about 50°C prior to use in epoxidation. The drying temperature is preferably
from about 50°C to about 300°C. The catalyst may additionally comprise a
binder or the like and may be molded, spray dried, shaped or extruded into
any desired form prior to use in epoxidation.
30 The epoxidation process of the invention comprises contacting an
olefin, oxygen, and hydrogen in the presence of a catalyst comprising a noble
metal and pre-treated titanium zeolite. Suitable olefins include any olefin

having at least one carbon-carbon double bond, and generally from 2 to 60



metal and pre-treated titanium zeolite. Suitable olefins include any olefin
havi ng at | east one carbon-carbon doubl e bond, and generally from2 to 60
5 WO 03/ 080428313/ US02/ 29034 carbon atons. Preferably treTalset/2q3i s an
acyclic al kene of from2 to 30 carbon atons; the process of the invention
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propane can e supp?le In stuch a way that, in the-presence o1 an
appropri at e fAexaeiar gds oy aiso bmsised hie the pdpasddetioni priocesef As Malcamienf

AR A T R R R A R
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As the inert gas carrier, noble gases such as helium, neon, and argon

20 are suitable 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
and saturated C4-C4 hydrocarbons are the preferred inert carrier gases.
Mixtures of the listed inert carrier gases can also be used.

25 Specifically in the epoxidation of propylene according to the invention,
propane can be supplied in such a way that, in the presence of an
appropriate excess of carrier gas, the explosive limits of mixtures of
propylene, propane, hydrogen, and oxygen are safely avoided and thus no
explosive mixture can form in the reactor or in the feed and discharge lines.

30 The amount of catalyst used may be determined on the basis of the
molar ratio of the titanium contained in the titanium zeolite to the olefin that is
supplied per unit time. Typically, sufficient catalyst is present to provide a

titanium/olefin feed ratio of from 0.0001 to 0.1 hour. The time required for the



nolar ratio of the titaniumcontained in the titaniumzeolite to the olefin
that is supplied per unit tinme. Typically, sufficient catalyst is present
to provi dwoas/osiseani um ol efin feed ratio of from 0.0001 t@®C@/uBohza084 The
time required for the 6 WO 03/031423 PCT/US02/29034 epoxidation may be
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bars and in g, E@rd?ft%é? ﬁ§$é)f A&n nama%g?é:ﬂ%] Y Rftidfum 341 s2R ?hé‘&h*égyé@tsis

i ncl ude, but are not |m ed to ovver atic al cohol's suc
met hanol , etprefesablyi i otveofssinmo bf aaadspemsmrbor dixed;best. Tietpnoesss magr bef, and
wat er . Fl uorle#it ed ,al cohol s fan be,used

U ee of RErERATR S sRofiBlo i o ot b#hﬁfb%?%ﬁﬁ‘%ﬁé'egtiﬁ%%épﬁﬁfy

i ['lustrape the inwvepbkigatior wearrid dliteiel the liduite pAbse Wit lid ad9sMRRESEs 1BNY
variations that are within the spirit of the invention and scope of the

cl ai ns. EXAVAIE at aTpreaguis AfEAGIAONGarsKRRRl VERITES RISserTe/ARl angs or2MAreACH! NG

ACGENTS TS-1 y t edur See,
o e & SR IS D0 h0uAEY oA o S, BIAESHE B
Material s (al@hols sivch as histhasd, eﬂfanEdhﬁUprOﬁanolabnd tekt-b el <ﬁcrmxtur€bem
Comm (1995) 5 Runs_1A-1G TS- a hydrogen peroxi de

sol ution (SGh%re%’ESW I s b Hnaﬁ%’r@}??é@s g U%e%df-l‘s apoRospbipder)
TR ol RSP ol GO9S YLl Lo, a1 e 920, 10 8006, e
45C, then filter dheufatlewing 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: TITANIUM LEACHING EXPERIMENTS USING VARIOUS
20 LEACHING AGENTS
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),
155.
25 Runs 1A-1G

TS-1 (0.35 g), a hydrogen peroxide solution (50 g, 5 wt.% hydrogen

peroxide; 84 wt.% MeOH; 11 wt.% water), and a leaching compound
(approximately 2 g) are charged to a one-necked flask equipped with a
condenser. The slurry is stirred for 28 hours at 45°C, then filtered under
30 pressurized nitrogen, and dried in a vacuum oven at 45°C overnight. The
filtrate is additionally filtered through a 0.2 ym PTFE membrane, and
analyzed for titanium content. Table 1 shows the effect of the combination of

H,0O- and various leaching agents on titanium leaching.



30 pressurized nitrogen, and dried in a vacuum oven at 45C overni ght. The
filtrate is additionally filtered through a 0.2 pm PTFE nenbrane, and

anal yzed woro3st4ahi um content. Table 1 shows the effect offCrhsSorzaobi nati on
of H2O2 and various | eaching agents on titaniumleaching. 7 WD 03/031423
PCT/ US02/ 29034 Iﬂj %E Run 1H is run according to the procedure of 1A-1G
except that only g of lactic acid (85 weight percent lactic acid in

wat er sol ution)  iRuri9edisatin éé&r&hﬁ%"th'tﬂg &96@&ure~%ﬂ@-1@ &H&pﬂhétsoﬁlvn

according to the procedure of except that lactic acid
85 wei ght pékgégtofilaetia @Idéwvweﬂghmemerﬁdwtqm in watessolution) IfﬁeUSﬁBdaa@hl ng

agent, and Is used in place of the hydrogen peroxide
sol uti on. 1%%%%L’@(§8€%ATALYST PREPARATI ON Catal yst 2A° TS-1 (1.75 g), a
hydr ogensper oxi dR@plidit i on (103 g, 12.5 w.% hydrogen peroxide in water),

and propyl ene egcoI (12.03 g) are charged to a one-necked fl ask eqU|pped
with a condenser. Ul"héJéT> lﬁwﬂ@t‘-perdértg ke the peacedyre ohdr Loaexcent thahlastic

filtered un i 45C
overni ght. #ﬁed ?zlv?t%rsgifg ﬁlmgc%ﬁ | onat%&f %dtlcz(ﬂqe tﬁr ou tﬁwgéga% tE*En:
menbr ane, areachiag yagantf @endt methanoh (dhtgynis. used aini placbos‘s the hyd;agan ed at

2.9% The pre- trgateEtTS 1l is calcined in air at 550C for 4 hours. The pre-
treated TS- fe(%x' %SBU'OPPd(NHS) 4] (N®3)2] (0.09 g of a 5 weight percent Pd

20 sol utjpon in water), arEXARPE ze@AqusﬂpQE@)qmﬁgm aced in a 250-nL
singl e neck round-bottomflask form ng a pale white m xture. The flask is

connected to a Catalysh2AsTS-hdl €6 Doadeyisegen peraxids splutinrdf8d %1215| ot
\ A ; .
ot oL MR TRarSgeT b ey, A8 clodine el Bl i o ftgy, >

the slurry ite o ond-aeekediftask e@iippedadthra eentidider.aMbe tshety hmn@dlfbdms dried
I n a vacuum oven at 60C overnight. The solid catalyst is then calcined in

4% oxygen (howEs rafeftS°Ghi theydilleTed under pressurizas mitfregan, agnd stiéed dp a
hours. I\{tgas Wa%ﬂuﬁdovéﬁ) 394@% %K/ew&htca'}'ﬁé )ﬁﬁFaté Ts gdé?o%ﬁy filtered through a
0.2 um PTFE membrane, and analyzed for titanium content. Titanium loss is
measured at 2.9%.

The pre-treated TS-1 is calcined in air at 550°C for 4 hours. The pre-
treated TS-1 (0.76 g), [Pd(NH3)4](NOs)2] (0.09 g of a 5 weight percent Pd
20 solution in water), and deionized water (10 g) are placed in a 250-mL single-
neck round-bottom flask forming a pale white mixture. The flask is connected
to a 15-inch cold water condenser and then blanketed with nitrogen at a 150
cc/min flow rate. The flask is inserted into an oil bath at 80°C and the
reaction slurry is stirred. After stirring for 24 hours, the slurry is filtered under
25 pressurized N, and then the solid is dried in a vacuum oven at 60°C
overnight. The solid catalyst is then calcined in 4% oxygen (remainder
nitrogen) at 110°C for 2 hours and at 150°C for 4 hours. Measured Pd

loading of the catalyst is 0.50 wt.%.
Catalyst 2B: TS-1 (2.2 g), a hydrogen peroxide solution (175 g, 5 wt.%
30 hydrogen peroxide; 84 wt.% MeOH; 11 wt.% water), and lactic acid (7 g, of a
85 weight percent lactic acid in water solution) are charged to a one-necked
flask equipped with a condenser. The slurry is stirred for 28 hours at 45°C,

then filtered under pressurized nitrogen, and dried in a vacuum oven at 45°C
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Catalyst 2B: TS-1 (2.2 g), a hydrogen peroxide solution (175 g, 5 w.% 30
hydr ogen peroxide; 84 wt.% MeOH, 11 wt.% water), and lactic acid (7 g, of a
85 wei ghtwpesoanes | actic acid in water solution) are char @Eu/S02/20034
one-necked flask equi pped with a condenser. The slurry is stirred for 28

hours at 45C, t.h filtered. under pressurized nitrogen, dri Ln a
vacuum oven dé’Fergg‘ 8&% égr/aé%l'32§d P?ngflﬁtfé?fgi‘hrﬁ} ft 3[22 “%?T#Et rate
is additi On&hér}‘\b?aﬁé,@@aﬁﬂ?%&\br&itﬁni&nﬂﬂbﬁ@ﬁﬁ TREARIAMSs i3feaflabyZfd for
titaniumcontent. Titanium/loss is neasured at 5.6% Pd incorporation is

conduct ed ade®¥ding to the same procedure as for 5 Catalyst 2A. Measured

Pd | oading of th 1S () raﬂg[ e : IS

i ncorporated int ?%%?t%@%gbig Eéﬁ%%%ggf% t ﬁ@es%acn@g?rrég%ddﬁ%easzgxf or
Cat al yst 52A.CatalystizAd NReadwad iPabloadiingtdfehe attdlystis 0315056%. Wt . % EXAMPLE 3:
P YLENE EPOXI DATI DIES 10 T | uate th f f th

cgtg; ysts pr(?par M@%Eg&pwv%ﬂ)ggi g‘&?f%{gfﬁr‘j %tgggﬁgﬁgte@si-‘—eﬁﬂoxygen
and hydr ogenydedrdifg fd b S4the Oo?BeedJreldsorwr eAtAy ﬂ.uf\fedsﬁré:‘dmm%f%@ng-@fe
catalyst is slurried into 100 grans of nethanol/water m Xxture wt . %
MeOH, 25 w .the EatdlysiislO&2deti%t. o t he reactor system consisting of a 15

300-nL hi gh-pressure ) - r. The slurry
is then heated to GOE@@EEE?WQ&%%IB%ﬁégﬁgbﬁggd consi sting of
10% propyl ene, 4%@¥yalaste tHe py¥do@miterstthe’tatalystd pRipdred afEsdmpletdie
systemwith a total flow of 1200 cc/mn and a reactor pressure of 300 psi.

Both the gadh@®@oKidgtirn qfierylengwising exvgepNdtBY&@Ignds sadied edt. byhe C. 20
The epoxi datf&l%%iﬁgrsﬁ)%éegdurégk %ﬁ.@l@,e% show that the use of a pre-treated
e ecr

TS-1 leads to an xpect e ase in the anount of ring-opened by-
products as showTHeycatatyséés shiiriréd ROE 108t gams BORietheaoldvater neigiure {76nt s

ol ycol  (DPaN% VEOHE 2p. 9t it BRIt Mas 1o Bl Bhakletyblerbiconsitibbt apvt 2).
and acetgl . FHORLMGRPIEUEFLASPaNE FOFH00-mL methanol saturator. The slurry
is then heated to 60°C and stirred at 1500 rpm. A gaseous feed consisting of
10% propylene, 4% oxygen, 4% hydrogen and 82% nitrogen is added to the
system with a total flow of 1200 cc/min and a reactor pressure of 300 psi.
Both the gas and liquid phase samples are collected and analyzed by G.C.
20 The epoxidation results, in Table 2, show that the use of a pre-treated
TS-1 leads to an unexpected decrease in the amount of ring-opened by-
products as shown by increased PO/POE ratio. "POE" means PO
equivalents which include propylene oxide (PO), propylene glycol (PG),
dipropylene glycol (DPG), 1-methoxy-2-propanol (PM-1), 2-methoxy-1-
25 propanol (PM-2), and acetol.



TABLE 1: Effect of Leaching Agent on Titani um Leaching. Pre-Treated
Chelating Oganic W. % Chelating W. % H202 % Ti Loss a Zeolite # Conpound
Organi ¢ 1IWORNBI03143384 5.1 0.016 1 B Gycerol 3.84 5.1 0. 29CTIUS02/R4838. 84 5.1
0.36 1 D Acetic Acid 3.84 5.1 1.82 1 E Acetol 3.84 5.1 2.13 1 F Pyruvic
Acid 3.84 5.1 2.37 Lc.Acid 3. 14 2 actcAcid0.945.1
3.11 11 Lactic Amﬁ@%%céﬁ °?Le%?ﬁ"r‘8?9€ﬂt Pg%ﬁﬁ'fumh ePF PPat e) / (anount
Ti zeolitein;,;a,) * 100 5 TABLE 2: Propyl ene Epoxi dation Results. Catalyst
Anount Run tinme_ Mean PQ Mean PCE PO POE__Catalyst (h) Productivity
Product i vi t ggeatqﬂo ﬁhe'a'dvsw?rgpmrz/ gWE%tGhelating, |0 WiasH 0 % Toloss 78 " 2B 0.5
37 0.31 0. itedix | 9 °mP°H!‘v62 V.G%ES’—*QO@MMQ——E)%Le_a POE =
PO + ring-q enecﬂ\ by- roducFM (PG |DPG 3F§|@¥1, M 2,° hnd clcet%% 10 WO
03/ 031423 PBCT/ UB02/ 2034 Glycecdl aim| 1. A8&rocegs fo&1 proc UCI ng@5an epoxi de

conpri sing IUd.L,]lCI g an pGl 1, uxyge||,38q||u trydro 22U LIIUO%bCDUI ce of a
catal yst caomprising A noble met al| and pre-treate itanium zeolitle,

wherein the prédBreat ed A€tAdim Zeol | 3845 i s |for el by [conf!ting a
titanium zeolttie Wth al aaadsu ng dgent 3mvach that mreat gr tnae 0.1 percent

of thetitc...u..'a.v..u -om-HHe—tH-taptumzeshbi-te- he ess of
claiml wherein F:[ he eacPﬁ“‘r’faA% ent| i s ggéonbl nat i osnfof rvdrgagn per oxi de

and a chel gti ndCr gapi c leetphaidhd. 3. Th&3process of1cl aiim 24®kereiln the
chel ati ng grgami CO[TPOUNRc Acid 0.94 51 - 311

1J Lactic Acid 3.3 0 2.09

?Ti loss = (amount Ti filtrate) / (amount Ti zeolite;na) * 100

TABLE 2: Propylene Epoxidation Results.

Catalyst | Amount Run time Mean PO Mean POE *° PO/POE

Catalyst (h) Productivity Productivity (%)

(9) (g PO/g cat/h) | (g POEIg cat/h)
2A 0.375 45 0.2 0.26 78
2B 0.5 37 0.31 0.48 68
2c* 05 42 0.362 0.615 58

* Comparative Example

? POE = PO + ring-opened by-products (PG, DPG, PM-1, PM-2, and acetol).

10



lo is selected fromthe group consisting of glycols, carboxylic acid
conpounds, and hydroxy ketone conpounds. 4. The process of claim 1 wherein
the | eachwog3amgmnt is selected fromthe group consi sti ngPeff/tShmbasd ng
organi ¢ conpounds and mneral acids. 5. The process of claim4 wherein the
chel ati ng orl%imi ¢ conmpound 15 is selected fromthe group consisting of

gl ycol s, car @Jm'i c acid conpounds, and hydroxy ketone conpounds. 6. The
process of clai mf wheX giracéde fbi lprbdudihg & idRxide CohlisiHg réadtinglant e. 7.
The process of claim 1l wherein the titanigum zéggl ite iﬁsrﬁi'lp'sf‘?ﬁ.. 20 E?.@aThe
process of lefirmoxy@gBr ang hydwogestinthe presencermia catalyst comprising.eonoble 5

wei ght perc L e . hp l.0: | e
retal i 5 parTa and PréEieRed Hanlth AoRE" Aheltin thepie-boltE ' 28R 2

C2- C6 ol &f i ris fofried Thye cpntactng aftitariannzdolitdaviti a lchehipheagenti sugit amatl ene.
25 12. The process, of .claim 1l further conprisin solvent selected from
t he group C(ﬂ@?tseﬂ'i%w Bt WPH%B&P?B&WQHB} IS fﬁwgeg%%!the HW@'%@IZEQB@E anol ,
and water. 13. The progesSpretesd abMchihuit Rifer6 MR SleBnihgC AlgbhPris 085, 14.
The process of claim 13 wherein the carrier gas is selecte om 30 the
group consi stonmgnatiomef hydrogaeeeroxidgend anthelatimnorgeaichecompoend.de, and
(C::ér_rsi Z?t ;;? ?g B?’%Lgﬁﬁlpeogidce%? of -Ic_l?'fmpi WRERSin ?I'];e ghgllammg} ?c’)rg\jlg]n% %brq'\ptor&%d

10 is selected from the group consisting of glycols, carboxylic acid compounds,
and hydroxy ketone compounds.
4. The process of claim 1 wherein the leaching agent is selected
from the group consisting of chelating organic compounds and mineral acids.
5. The process of claim 4 wherein the chelating organic compound
15 is selected from the group consisting of glycols, carboxylic acid compounds,

and hydroxy ketone compounds.

6. The process of claim 1 wherein the titanium zeolite is titanium
silicalite.
7. The process of claim 1 wherein the titanium zeolite is TS-1.
20 8. The process of claim 1 wherein the catalyst is comprised of from

0.01 to 5 weight percent noble metal.
9. The process of claim 1 wherein the noble metal is palladium.
10.  The process of claim 1 wherein the olefin is a C,-Cg olefin.
11.  The process of claim 1 wherein the olefin is propylene.

25 12.  The process of claim 1 further comprising a solvent selected
from the group consisting of methanol, ethanol, isopropanol, and tert-butanol,
and water.

13.  The process of claim 1 further comprising a carrier gas.
14.  The process of claim 13 wherein the carrier gas is selected from

30 the group consisting of helium, neon, argon, nitrogen, carbon dioxide, and
C1.g saturated hydrocarbons.

15.  The process of claim 13 wherein the carrier gas is propane.
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