By
1 EPOXI DAWPROCESS AND CATALYST THEREFORE This invention relates to
met hods .of selectively oxidizing olefins so as to obtain productss :
cont ai ni ng epoxi de functional groups. In particular, the #Ryentt o rtai ns
to processes whereby an active oxygen species such as ank¥ i &
hydr opero%i de or a hydrogen peroxide source is reacted jfh EEE'I \
et hyl enical ly unsaturated substrate in t het presence of I’e’ﬂlbéglgfq/ | b
pore crystalline titani umcontaining nolecular sieve c I,%‘s:cftd"’%ﬁ el g=Jan
epoxi de. The catalyst is characterized by a franmework sgi(néﬁﬁﬁﬁgp )
to zeolite beta conprised of silica and titanium but es§§§ ialfy f,
framewor k al um num BACKGROUND OF THE | NVENTI ON: Many dit ‘%
t he .preparati on of epoxi des have been devel oped. One such nEthde
t he epoxidation of an olefin in a liquid phase reaction using an organic
hydr oper oxi de as the oxidizing agent and certain solubilized transition
netal conpounds as catal yst. Al'though this approach is practised

comercially and generally provides high selectivity to epoxide, it has at
'east twe characteristi ERORRDARION, RROGESE ANDCAFBLYSHI GBYEREFORE and

i ncrease 2 production costs. The use of an organi c hydroperoxide results
in the generation of a co-product al cohol derived fromthe reacted

hydr oper oxi de duri ng epoxi dation; approximately 1 equival ent of the

co-product is obtained for each equival ent of

This invention relates to methods of selectively oxidizing olefins so as to
obtain products containing epoxide functional groups. In particular, the invention
pertains to processes whereby an active oxygen species such as an organic
hydroperoxide or a hydrogen peroxide source is reacted with an ethylenically
.unsaturated substrate in the présence of a_ relatively large pore crystalline
titanium-containing molecular sieve catalyst to yield an-epoxide. The catalyst is
characterized by a framework structure isomorphous to zeolite beta comprised of
silica and titanium, lbut essentially free of framC\;vork aluminurp. |

BACKGROUND OF THE INVENTION:

Many ditfercint methods for the preparation of epoxides haye been developed.
Onz such method ir:-volves the epoxidation of an olefin in a liquid phase reaction using
an organic hydroperoxide as the o:c.idizir;gl agent and certain solubilized transition
metal compouads as éatalyst. Although this approach is practised commercially and
genefaliy p'rb'vides high selectivity to epoxide, it has at least two characteristics which

tend to limit process flexibility and increase



epoxi de. 1f-no market exists for the al cohol, the co-product nust be
further reacted (incurring additional processing costs) so as to convert it
back to the hydroperoxide oxidant or to another conmpound for. which a
commer ci al demand exists. Recovery of the,soluble netallic catalyst used in

such a précess for reuse.in sub uent . runs i.s,al. ‘D[ t. I | d
t herefore be highly PG‘@@‘F‘I‘%‘F’&“I ePrb %'ﬁa'f‘ﬁgérégﬁtg{l?%ae? léqgo'ag?]ee%ungwgn of
epoxi dation catal yst which has high .aciivity and | ectivit en utilized
with an oxidant suct $PIRIF ékj@g"ldgf‘ﬁﬂt h@mv\%f’ 5ch§§gy%ﬁ(g{erqxb<$n¥l\gwg0§p§§ﬂ?t on;
co-product. Such a catalyst would, ideal]y be readil, geco %rabI% in.activ
form from an epoxi d#ppieximatelii; eswivalent of é‘eb‘ip‘?rf’ Yt d%/ i ﬁ"’8¥ 8f ffqgfquivalent o
separation techni ques or be capable of being utilized in the formof a
fixed bed or the Ii lepoxidRsr T2 ap ghasket exils €9 e AlePMghcdtBP-PTOdisiiTaust B Rt Fartsd
have recently reported the synthesis of a titaniumsilicoal um nate .
i somor phous to zeol i(ineunsiag additienal preadssing cests) &P as tojconyers i badpto the hydreperoxide
Commun. pp. 589-590 (1992), Canblor et al., Zeolites 13, pp. 82-87 (1993)
and ES 2037596 ( publoxiiastcras th)cpmpmrfoawuwmmwnmﬁda&man@ exigts e rRegpvery
were found to catal yze the oxidation of al kanes to al cohols, ketones, and
the |ike using hydr efeie phiblexetalliasathlys used iasuch a Phicesst fqrerewse in isubsaquem runs
silicoalumnate in unnodified (fully protonated) formis a poor catalyst.
3 for the producti ons aifo pibdkidas 1o woold kiefdfors be highby desifable so Bestebopedn imboluble
J. Chem Soc., Chem Conm 1887-1888 (1994)]. SUMVARY OF THE | NVENTI ON:
(heterogeneous) epoxidation catalyst which has high activity and selectivity when

 utilized with an oxidant such as hydrogen peroxide which does not form an organié
co-product. Such a catalyst would ideally be readily recoverable in active form from
an epoxidation reaction mixture by filtration or similar separation techniques or be
capable of being utilized in the form of a fixed bed or the like.
Workers at the Universidad Politecnica de Valencia have recently reported the
synthesis of'a' titanium silicoaluminate isomorphous to zeolite beta (see Camblor. et

al., J. Chem. Soc., Chem. Commun. pp. 589-590 (1992), Camblor et al., Zeolites

13, pp. 82-87 (1993) and ES 2037596 (published 6/16/93)). Such aluminum-
contzining materials were found to catalyze the oxidation of alkanes to alcohols,

ketones, and the like using hydrogen peroxide as the oxidant. This type of titanium

silicoaluminate in unmodified (fully protonated) form is a poor catalyst



W have now nmade the unexpected discovery that a crystalline titanium

cont ai ni ng nol ecul ar sieve characterized by a franework structure

i somor phous to zeolite beta and conprised of Si and Ti atons, but
essentially free of framework alum num nay be obtained by different
synthetic #outes. One route utilizes a conbination of deal um nation and
titaniuminsertion steps, while another route enploys a benzyl-substituted
ammoni um speci es. The nol ecul ar sieve selgctively catal yzes the epoxidation
of olefins using either an organi c hydroperoxi de or a source of hydrogen
per oxi de. BRI EF DESCRI PTI ON OF THE DRAWNGS: Figure 1 is an X-ray powder
diffraction pattern of the titaniumcontaining nol ecul ar_sieve prepared

usi ng the procetitie groductioppkenoxiqgsyipm O?"P%%ﬁ‘("@("-ef §5PBest &l U Ehem
pattern of the titani um containi n7q mol ecul ar sieve prepared using the
procedure of Ex88@.Ehem. Comm-188T4887 (1984))t he [err] NWR spectra of a
benzyl - substi tuted amoni um species in various environnments. DETAILED
DESCRI PTI ON OF SHMMARYNOGT GHE INVENEIONoxi dati on process of this invention,
an olefin is contacted with an organi c hydroperoxi de or hydrogen peroxide
(or a substance capaBlechaye nawothaderige snexnegtad diseamen that @axeristatline Hijahiomen
per.oxi de under the reaction conditions) in 4 the presence of a

catal ytical |y e¢dndainingemaleoular sise ahaiactenizedrby @nframawadk stodatanel isomsiphoss to
The titani um containing nolecular sieve suitable for use is characterized
by ' zeolite beta and comprised of Si'and Ti atoms, but essentially free of framework

¢

on

aluminum, may be obtalined by different synthetic routes. One route utilizes a
combination of dealumination and titanium insertion steps, while another route
employs a benzyl-substituted ammonium spécies. The molecular sieve selecﬁvely
catalyzes the epoxidation of olefins using either an organic hydroperoxide or a

source of hydrogen peroxide.

BRIEF DESCRIPTION OF THE DRAWINGS:

“Figure 1 is an X-ray powder diffraction pattem of the titanium-containing
molecular sieve prepared uéing the procedure of Exgmplé 1. Figure 2 is an x-ray
pbwder diffraction pattem of the titénium-containing molecular sieve prepared
using the procedure of Example 2. Figure 3 comprises the *C NMR spectra of a

benzy!-substituted ammonium species in various environments.

DETAILED DESCRIPTION OF THE INVENTION:
| in the epoxidation process of this invention, an olefin is contacted with an
organic hydroperoxide or hydrogen peroxide {(or a substance capable of producing

an organic hydroperoxide or hydrogen peroxide under the reaction conditions) in



a framework structure isonorphous to zeolite beta. Si and Ti atons are
present in the framework structure (typically, in the formof oxides). The
framewor k of -the nol ecular sieve is essentially free of alum num (Al),
however; the presence of significant anounts of Al has been found to
detrimental ly affect the performance of said nolecular sieve as an

epoxi dation catal yst unless the protons associated wth alum num are
substituted with anmonium al kali netal, or alkaline earth cations. In this
context, "essentially [err] means that tHe framewor k structure of the

nol ecul ar sieve contains |ess than 1000 ppm Al. Preferably, less than 500
ppm Al is present in the framework structure. Mst preferably, |ess than
100 ppm Al is present. The Si to Al nolar ratio [err] is advantageously at

| east 750, nor ewarsreesmdd ¥t @Eaia%ﬁﬁhllyl&%w@'dho”ﬁb’op&tl&rnﬁﬁﬁ eamtagﬁgg wilar

Zeolite beta is characterized by 12-'nenber ring pore openi ngs ree

di nensi onal int nrmgttit&g hsHAS: F e
conpl etely descﬁég(gd in U ‘.Jﬁl hn@%ﬁél@é’ﬂlat‘o%gxfé %?E)a?ﬁ%k U%A%E%%E@tgﬁemg/

Mol ecul ar Si eves fraffbwdt sid JSE%HBn@bBr?ﬁog to’ ze%ﬁt‘él BetgS s gnﬂ%@t&ﬂsgg@ %reggﬂtsin'

Treacy et al. ture 332. he cat al yst o e inventio
185 2 SIS0t el el Sl A, I B oS O AR v
catalyst descr| DOISoRlFr e, B gt dnidty reff byt B Ry g bschel o T
gfis a _ZSM 11 S;[urng E:grqteamgl?n s%lf IAl Ials 'bean oun%StMéle§nnqgr§t%| ﬁgcthe Sp%lr*f‘rar"riwr\]ac\)nc%t of
said molecular sieve as an epoxidation catalyst unless the protons associafed_ with
aluminum are substituted with ammonium, alkali metal, or alkaline earth cations.
In this context, "essentially free" means that the framework structure of the
molecular sieve contains less than 1600 ppm Al. Preferably, less than 500 ppm Al
. is present in the frarhework. structure. Most preferably, less than 100 ppm Al is
present. The Si to Al molar ratio (Si:Al} is advantageously at least 750, more
preferably at least 1000, but may be greater than 3000.
Zeolite beta is characterized by 12-member ring pore openings and a

three dimensional interconnecting channel system; its framework structure is rore

completely described in U.S. Pat. No. 3,308,069, Szostak, Handbook of Molecular

Sieves, pp. 92-96, Higgin et al., Zeolites, 8, 446 (1986), and Treacy et al., Nature,
332, 249_(1 988). The catalyst of the invention thus has a fundamehtally différent
structure than other titanium-containing molecular si.eves reported in the prior art
(e.g., the TS-1 catalyst describéd in U.S. Pat. No. 4,410,501, which has an MFI

structure; the TS-2 catalyst described by Reddy et al. in Appl. Cat. 58, L1 (1990),



J. Chem Commun. 745 (1990)). In preferred enbodi nents, the :
titani um containing nol ecul ar sieve has relatively large pores (equal to or
greater than about 6 angstronms on average) and has a zeolite-type structure
conprised of Si and a | esser amount of Ti. A crystallinity of greater than
75%is usually desirable; the synthetic nmethods described herein are
capable of providing crystallinities exceeding 95% Preferably, the nolar
ratio of Ti: Si is fromO0.1:99.9 to 20:80, with ratios in the range of 1:99
to 15:85 being especially preferred. Thestitani um containing nol ecul ar

si eve advant ageously may have a titaniumcontent of from1 to 10 wei ght
percent. The general formula for the titaniumcontaining nolecular sieve-is.
preferably as {idnongs a ZSM-11 structure; the all-silicd BVZ3M-4d €84dribeh @yeddtrand &t al,
fromO0.01 to 0.25 (preferably, 0.02 to 0.20). Preferred nmethods for -

synt hesi zi ng t hecreseMdninli. 245 {rgg@))i t ani um contai ni ng nol ecul ar si gves
whi ch are the subject of this application involve the use of a

benzyl - substi t ut ed ﬁtfﬁi@?é#éﬂ SRPOURTentyY thE WdnilohReinihg n?&e&QHPQ?Wh%Qeor Y

it is believed that the benzyl-substituted anmoni um species may funciion as

o, emmt e 1o ) b P REEDIA Syl Bt SIS B Bkl e
could also be ﬂ§§9%dli@§)&% StRRuAE TohfifisSy ¥ B9 hhE o Bt arR¥uA 7Y A2S @

buffer or structure-

crystallinity of greater than 75% is usually desirabie; the synthetic methods
described herein are (:ap'able of providing crystallinities exceeding 95%.
Preferably, the molar ratio of Ti : Si is from 0.1:99.9 to 20:80, with ratios in the
range of 1:99 to 15:85 being especially preferfed. The titanium-containing
molecular sieve advantageously may have a titanium content of from 1 to 10
weight percent. |

The generél formula for the titanium-containing molecular sieve is preferably
as follows: SiQ, : yTiO,
wherein y is from 0.01 to 0.25 (prefeyably, 0.02 to 0.20).

Preferred methods for synthesizing the essentially Al-free titanium-
containing molecular sisves which are the subject of this application involve the
use of a l;enzyl-substi!uted ammonium species. Without wishing to be bound by
theory, it is believed_that the benzyl-substituted ammonium species may function
as a template for directing the assemblage of the required zeolite beta lattice
framework from reactants which serve as sources of Si and Ti, but could also be

accomplishing the desired synthetic result by acting as a buffer or structure-



directing agent. The use of the term"tenpl at.e" herein is not neant to

I ndi cate that the benzyl -substituted amoni um species is in fact
participating in a tenplating mechanism The use of a benzyl-substituted
ammoni um species to prepare the catal ysts of the present ‘invention is
advant ageocus since such a nethod tends to furnish nolecul ar sieves which
are less acidic, have less extra- framework Ti (e.g., anatase), and contain
fewer defect sites than those obtai ned by the deal um nati on/ i nsertion

met hod to be described hereafter. It hasg been .unexpectedl y di scovered t hat
only benzyl - substituted anmoni um speci es are capable of properly
functioning as tenplates for this purpose; the tetraal kyl ammoni um speci es
such as tetraethyl ammonium salts conventionally enployed as tenplates in
the synthesis afireofidtpagéntt diieLusecofrthaiterimn tiemplateUhereinsis ewe sndant to indiqateVvi de
hi ghly crystalline products of high purity. Wthout w shing to be bound by
theory, it is hiedtithy @eéntyiaubsiitated arhinoniurt ypadied isdn tfygiepanficipatingliatee used is
due to the absence of any al um num species in such syntheses. The beta
structure is t fﬂékﬂﬁlahn? endthaaRmiNThebke of kibeekylcsubbtitated\imeioniuny Shakibs 26'S
onl'y under very specific conditions. This contrasts with the relative ease

Wi th which ol ealaas thé eaR glstwﬂ te pRasit Invehlion isuddvataghous Bihck: suehM 5,

silicalite) nmay be prepared by tenplate-directing techniques; such .
materials My bearbd Wridls! tb38MisHSmBcalavis@Red Whidh dredbsé aBRIAhEFe 1634 éﬁ#&' e

benzyl - substituted anmmoni um speci es include quatemary anmoni um conpounds
containing at leashyGRe 1.5 AaksB), HRdSeHHHdin fl&ddtbétsils than those obtained
by the dealumination/insertion method to be described hereafter. it has been
unexpectedly discovered that only benzyl-substituted ammonium species are
' ~capable of properly functioning as templates for this purpose; the tetraalkyl
arﬁmonium species such as tetraethyl ammonium salts conventionally employed
as templates in the synthesis of o?her titanium-containing: molecular sieves fail.to
provide highly crystalline preducts of high purity. Without wishing to be bound by
théory, it is believed that the criticality of the type of template used is due to the
absence of any aluminum species in such syntheses. The beta structure is
thought to be an unstable, kinetic phase which crystalliz_e's only under very specific
conditions.: This contrasts with the relative ease with which moiecul;_—u sieves
having an MF1 structure (e.g., TS-1, ZSM-5, silicalite) may be prepared by
template-directing techniques; such materials may be crystallized Lising é wide
variety of templétes.
Suitable benzyl-substituted ammonium species include quatemary

ammonium compounds containing at least one nitrogen atom substituted with a



7 benzyl group [err]. Preferably, each nitrogen bears only a single benzyl
group, wth the other groups attached to nitrogen being preferably-al kyl
groups (efforts to use di benzyl di net hyl anmoni um hydroxi de as.a tenpl ate,
for exanple, have to date been unsuccessful). Preferred benzyl-substituted
amonium speci es useful as tenplates in the synthesis of Al-free
titani um containing nol ecul ar sieves having a zeolite beta structure

i ncl ude di quatemary conpounds having two hitrogen atoms within the same
nol ecul e wherein each nitrogen atom bears four hydrocarbon substituents

W th one substituent, bein | group. The ni.trogen ato are |inked by
an organi c noi e%ﬁ“m%ﬂ“ 37&5@@%#2?’?@%@%5{‘@}4{0%%‘2%?5 BHE(rﬂ:ﬁ'é‘E!e benzyl
cyclic), aromatic or b(;éh al 'éghat i c and a%gmat.i c in characjer. Preferably,
the nitrogen at SFRURMITGSQeegroyps attached fo piliggen heingPraisrably Rligrt groupsen,
carbon atons. In a particularly preferred enbodinent, the tenplate is a

4, 4- t ri met hyl enéefiars ongsedibenzyidimatihyl lammeriumghysiroxiyle asctespiatay fafpxaemple,
structure [err] wherein X is preferablé halide (e.g., Br) or hydroxide

(OH) . 8 | n ohaverta Hate bern upsuagepsitby | - substit ut ed amoni um speci es may
be used as a tenplate to synthesize the nol ecul ar sieve which is the object
of this invention, aPsefeubditeneyl-substituted apmaniym species usefub aattemipiages in the
reacting a hydrol yzabl e _

' synthesis of Al-free titanium-containing molecular sieves having a zeaclite beta
structure include diquaternary compounds having two nitrogen atoms within the
same molecule wherein each nitrogen atom bears four hydrocarbon substiiuents
with one substituent being a benzyi group. The nitrogen atoms are linked by an
organic moiety which may be aliphatic (straight chain, branched, cyclic), aromatic

- or both aliphatic and aromatic in character. Preferably, the nitrogen atoms are
separated by at least two, but no more than sixteen, carbon atoms. In a
'particulariy preferred embodiment, the template is a 4,4-trimethylene bis

(N-benzyl N-methyi piperidinium} species having the structure

ZX

wherein X is preferably halide (e.g., Br) or hydroxide (OH).



si | i con.conpound ‘and .a hydrol yzabl e titafi um conpound ‘wi t h water under
acidic conditions. "Hydrolyzable" in this context neans that the conpound

i s capabl e of functioning as a sour¢e of the [err] or [err] noieties in the
framework of the crystalline titaniumcontaining nolecular sieve upon
reaction with water. Although such hydrojysis reaction may be performed in
any order, it is preferred to first contact the hydrolyzable silicon
conmpound with water prior to hydrolysis of the hydrolyzable titani um
conpound. The hydrol yzable silicon conpound may be any substance capabl e of
functioning as a sbuPremsthqdewherepy ial hengyl-subslitytrchammopiure gpegié® magriwr phous
or fumed silica or, nore preferably, a tetraal koxysilane such as tetraethyl
ort hosi | i cat eused ea@ template doisyatbpsizé jhir mioleetler sievetvichuis tbe rabiach ob this e

t hose species which serve as a source of [err] (titania) such as titanium
hal i de (e.g., infventidr), apsolubitizas partialidrydndzylate is genaratech by leeglingpa dydioheable
titaniumtetrabutoxide or the |like. The partial hydrolysis of the

above- descri bsificoreacipaursd asd adiyslrglyzadhlentitaniumacompounhwith yweatersurster asidid or
exanple, a mneral acid or organic acid. Mst preferably, a dilute (<0.2M
m neral acid sowditiers. h{Hydoalyzainie dn dieis dohtextimelng dtht tHé eompoundiis dapdibld 9fsi S
may be carried out -in any sol vent capabl e of dissolving the parti al
hydrol.yzat e Whinkfiohiag aeraresurcé of thep8i0,ict i@y hoistiesiin a8 kamehodk okthe, Wat er
9 and/or a |lower aliphatic alcohol such as ethanol or isopropanol is

enpl oyed as achxtHlie/masiufPtoaihingMeleeliissievé BFDE reddibR withl Wake! ARhSGHHO

as to achieve parti al
such hydrolysis reaction may be performed in any order, it is preferred to first

contact the hydrolyzable silicon compound with water prior to hydrolysis of the
hydrolyzable titanium compound.

The hydrolyzable silicc.m compound may be any substance capable of
functioning as a source of SiO, (silica) including, for example, arﬁorphous or
fumed silica or, more preferably, a tetraalkoxysilane such as tetraethyl orthosilicate
or t_hezlike. Suitable hydrolyzable titanium compounds are those species which
serve as a source of TiQ, (titania) such as titanium halide (e.g., TiCl,) or, more
preferably, a titanium alkoxide such as titanium tetrabutoxide or the like.

The partial hydrolysis' of the above-described reactants is catalyzed by an
acidic catalyst such as, for example, a mineral acid or orgaric acid. Most
preferably, a dilute (<0.2M) mineral acid such as hydrochloric acid is utilized. The
partiall hydrolysis may be carried out in any.solvent capable of dissolving the

partial hydrolyzate which is formed. In a particularly desirable embodiment, water



hydrol ysis wit hout over-hydrol ysis, since over-hydrolysis my generate

i nsoluble [err] and/or Ti Q2 species. Tenperatures of from/[err] to [err]
are generally suitable for this purpose. The water is contacted with the

af oredescri bed reactants for a time (typically, from0.5 to 12 hours)
sufficient to forma solubilized partial, hydrozyl ate which is characterized
by the absence of precipitated silicon & oxi de and titani um di oxi de.

Al t hough the precise structure of the solubilized partial hydrozylate is
not known, .i tadddobe ldvesretiphaticcaloghal Sactaas ettianaldedsombpandt ioemployaddag @1 1]
atons interconnected by bridgi ng oxygen atons which contains sufficient

non- oxygen shipblisisaolvennHydrelySis tamgerbitures arssalacted 38 asldocaoﬁieyecpmﬁaland'
the like to render the network soluble in the hydrolysis medium The

sol ubi | i zed pfdrolpsis WitHBOZW g didysid)sineafover-hydrolysistnay gbnerateinablyblec
anount of the benzyl-substituted ammoni um species effective to acconplish

further hydr %imiaﬁdﬁ#mo% BRécids. SPémperatmesp bbliom[ECrtb S00Qalre igenéailiged.
Sufficient benzyl-substifuted anmoni um speci es nust be present to both

neutralize thg;apiefortifls parpossdahetvitenis Gorlatadswite tHe atohaidseribdd R actgitd

generally precipitates fromthe hydrol ysis nediumand may be recovered by

any suitabl e @paninsitilicaly, frohi 6.8'h A2 hdihd)lsukiiciitts fitm dlesriBliabd pariapr L he

| i ke. For reasons ull'y understood, it has been found that

o1 bas b BEAE R A AR R SREBRGof tplalh sttt V2e
cryst aj I ne AgnJ {itgﬁiuH &%Qfd&f“ﬁfﬁ%&ﬁ m&grecise structure of the solubilized partial
hydrozylate is nét known, it is believ.ed to comprise an extended network of Si and
Ti atorﬁs interconnected by bridging oxygen atoms which contains sufficient non-
oxygen substituents on the Si and Ti atoms such as alkoxy grdups and the like to
render the network soluble in the hydrolysis medium.

The solubilized partial hydrbiylate is thereafter treated with a catalytic
anioﬁnt:of the benzyl-substituted ammonium species effective to accomplish
further hydrolysis such that a solid amorphous SiO,-TiO, cogel is formed.
Sufficient benzyl-substituted ammonium species must be pfesent to both

_ neutralize the acid and to render the hydrolysis medium basic. The cogel
generally precipitafes from the hydrblysis medium and may be recovered by any
suitable means such as filtration, centrifugation; decantation, or the like. For

reasons which are not fully understood, it has been found that the use of a benzyl-

substituted ammonium species rather than another type of base such as ammonia



nol ecul ar sieve having a zeolite beta structure. Hydrolysis of the :
sol ubilized partial hydrozylate |leads to the formati'on of a solid anorphous
[err] cogel. The cogel may be taken on directly to t.enpl ate inpregnation
or, if so desired, may be separated fromany renmaining |liquid conponents
(e.g., solwent) by drying, filtration, or other such nethods. The solid
cogel is contacted with a solution of thelgpnzyl-substituted anmoni um
species in a solvent to forman inpregnated cogel such that the tenplate is
preferably contained substantially within the pores of the cogel. The total

amount of bentagllitatedthe sudordsfahpmpatation ot ai arpstalling Abfray draalups-containthg
| npregnation steps is preferably within 50% (nore preferably, 20% of the

amount neededmiofeclidrisidvechavireg h abblite hetestvadturae Hydrolsis @0 @R soldliliidae sane
time, the amount of solvent (which preferably is a polar species such as

wat er and/ or paiah®droryiaterieady @bthi fomidtioniof at sdlid AMEPROWESIC]LTIO, cogel.
benzyl - substituted ammoni um species but is not |arge enough to forma

slurry of theTk®gegel Mapdiedake ¥i®diredtly. t0.templatd RprebRatioRdorPi ¥BaldsRed, may
suspension of -the cogel in the liquid solvent). Wtness inpregnation

t echni ques . mayg Qé?%‘t’étﬂiréﬁ%’ysﬂe)ha@rﬂﬁé Q61 coRipoRbAtd (Bl RdRRnt) iedilgl d cogel
and benzyl - substituted amoni’'um species solution are contacted for "a tine

and at a tenpﬂfrggéﬁ %r%éggdﬁ%eﬁ‘gdﬁl low the tenplate to enter the cogel
pores (typically, 0.25 hours to 24 hours at [err] to [err]. The i npr egnat ed

cogel is then heatggl ?%l;off<§§€rﬁke§%¥rt§étéd Qithf4 $§m{i&{ 8] thh%%\gilfgub(sﬁg{

preferably, [err] to . atine effective to m t he desired
titant un C'Ontgr'nmd?\%ﬂ%b‘éﬁﬁég% aMofvéht to form an impregnated cogel such that the

template is preferably contained substantially within the pores of the cogel. The

' total amount of benzyl-substituted ammonium species in the hydrolysis and
impregnation steps is preferably within 50% (more preferably, 20%) of the amount
needed to fill the available pore volume of the cogel. At the séme time, the .
amount of solvent (which pfeferably is a polar species such as water and/or
alcohol) is preferably sufficient to dissolve the benzyl-substituted ammonium
Species but is not large enough to form a slurry of the cogel in said solvent (i.e., a
free-fléwing pumpable suspension of the cogel in the 'quuid solvent). Wetness
.impregnation techniques may be advantageously employed for such purpose. The
solid coget and venzyl-substituted ammonium spec.ies solution are contacted fur a
time and at a temperature sufficient to allow the template to enter the cogel pores
(typicé_lly. 0.25 hours to 24 h'ours at 0°C to 50°C). The impregnated cogel is then

heated at a temperature of from 120°C to 160° (more preferably, 130°C to 140°C)



Generally speaking, from1l to 14 days will be sufficient to provide high
yields of product. It is preferred that the inpregnated cogel not be
stirred or otherwi se agitated during heating. The rel ative proportions of
the various reactants used to prepare the inpregnated cogel may be varied
as desired so as to favorably influence the elenental conposition of the
final titaniumcontaining nolecular sievey The conposition of the

i npregnated cogel in terns of nolar ratios where the benzyl- substitut ed
ammoni um species is a diquatenmary speci es may be as follows: [err]

5-200, preferatpqa 10‘51%‘3{'\'9 tq form the desired man'@"‘@%’i’“'"ﬁr'@?'@ﬁd@f §iege.05- 0. 6
[err] referabl¥ca 1-5 [err] 0-0.5,
preferably ca. que@l}y]speakmg, from 1 ty149dayswil besufficientdpprovide bigh Yeldsef e .
[err] is an alkali metal cation such as [err] or [errL (preferably, no

al kal i netal caredusti § ipargiesed that jhesimpseignated eegelinot brestied r iatverpizet i on
of the di quatemary ammoni um species, and X is the anion associated with the
di quat emary anﬁgmtemdqdegif@sﬁmg)referabl-y [err] or [err]). The

titani um contai ning nol ecular sieve of this invention nay alternatively be
prepar ed -usi ng t he Pbbhezgiatisupopotionsdf thenatioumreaatantsused ta psepare itlos- t ype
synthesis. This nethod conprises formng a mxture, preferably in solution,
of a 12 impregnated cogel may be varied as desired so as to favorably influence the

elemental compaosition of the final titanium-containing molecular sieve. The
composition of the impregnated cogel in terms of molar ratios where the benzyl-

substituted ammonium species is a diquatemnary species may be as follows:

SiO,fTiO, 5-200, preferably 10-100
X1Si0, . 0.002-1, preferably 0.05-0.6
H,0/Si0, ~ 0.1-10, preferably ca. 1-5
M*/SiO, 0-0.5, preferably ca. 0
DQ*/SI0, 0.005-2.0, preferably 0.025-1.0

where M" is an alkali metal cation such as Na™ or K* {preferably, no alkali metal
cation is purposefully added), DQ* is the dication. portion of the diquatemary
ammonium specigs. and X is the anion associated with the diquaternary
ammonium speciss {(prsfarebly Br or OH)).

- The titanium-containing mqlecular sieve of this invention may altematively
be prepared usiﬁg the benzyi-substituted ammonium species in a solution-type

synthesis. This method comprises forming a mixture, preferably in solution, of a .



hydr ol yzabl e silie€on. conpound, a hydrol yzable titani um conpound, and the -
benzyl - substit ut ed ‘anmoni um speci es, and subjecting said mxture to '
hydrot hermal treatnent at a tenperature of from 100 to [err] (nore _
preferably, [err] to [err]) for a tinme effective to formthe crystalline
titani um containing nol ecul ar sieve. Such hydrothernmal treatnment is nost
preferably conducted in an aqueous nedi urrléjvx/ni ch may, in addition to water,
contain a water-m scible organi c sol vent ch as an al cohol) under _
conditions such that hydrolysis of the silicon and titanium conpounds is
achi eved. Hy ' “tirh fi | of the
hydr ol yzabl eq{{g 9*‘?‘?&% lﬁﬁ%ﬁ%@%@%?ﬁ@ﬁ%ﬁ%&% iltth1 Q#;ﬁﬁ% c%érr%ﬁ ﬁgé‘qg?]d

penzyl - Subst i Ack TR FnRRARN 3088y AL SulieliRg iy 1be uti i zed
for such purpose: ere a diquatermary conmpound is Utilized as the .

benzy! - SubSt it fifle AITRRAHRMAR S BnpetdifieSifdnl 80 5 286% ndRprefe?ibly,

exanpl e, have ng preferr nol ar rati os:

5-2000 [err] 450+ o 180°C) for a tin}? iffegm%e %}%nﬁ%ﬂé gh%augrﬁ titanium-containing 20- 200

[ﬁrrL_[err] _ ( erein he™ani"on assoplatgd vmthh
(Dt o RRPAR S HBoMTF Py  SA BSAR a
accomit Sh g oL Lo HOE WL Sald 80 L S APl Y51 ©

organic solvent such as an alcohol) under conditions such that hydrolysis of the

silicon and titanium compounds is achieved. Hydrolysis may be catalyzed by
base, if .so desired. Any of the hydrolyzable silicon compounds, hydrolyzable
titanium compounds and benzyl-substituted ammonium species previously
described may be utilized for such purpose. Where a diquaternary compound is
utilized as the benzyl-substituted ammonium species, the starting reagents may,

for example, have the following preferréd molar ratios:

Si0,/TiO, 5-2000
X1Si0, 0.1-2.0
H,0/Si0, ~ 20-200
0Q*/Si0, 0.1-2.0

wherein X' is the anion associated with the diquatemary ammoniumn species and
DQ* is the dication associated with the diquatefnary ammonium species. A
suitable preferred procedure for accomplishing formation of the mixture is as

follows: partial hydrolysis of the hydrolyzable silicon compound is first carried out



13 by reacting-said conpound with water containing a portion of the benzyl:
substituted ammoni um species (in hydroxide formj. The partial hydrolysis
product thereby obtained is then conbined with the hydrol yzable titani um
conpound (and, optionally, an additional amount of the hydrolyzable silicon
conpound) .= The remai ni ng anount of the benzyl -substituted amoni um speci es
Is thereafter added to yield a precursor gel. Any volatile co-products
generated as a result of hydrolysis (suchigs, for ‘exanple, al cohols where

t he hydrol yzable silicon conmpound is a tetraal kyl orthosilicates or where

he hvdr ol o r . : aal b .

dosi rod, oo r geagi bl cRERAHE el LRINHE S BORBR I fE paf™
ti ' : . . h t t Nt i

acvant ageous! Bt sHBRRE) SBocds R IRks iy " L bRl S hiaier °

. i cal Cod ¢ . i
fo form the t ioarpy pollfed R i RePEiearay e )8R vkl GPalf fambodid and! °™
i pitated for, I ti |t bt ai ned usi

Pydr of her mal PLGvAi AN EeLesR! SBtt §Fois PERbaR)E STehrofpliar ST cn

ey b2 cpar YRS SRR RO AR O R i e

filtration, decantation, or centrifugation, washed with a suitable liquid

medi um such aé%)(&"éﬁp"ﬁwﬁmoﬂﬁlecﬁnyﬂ?ga‘@ gepeaduciscosnesdigd asatesulad by t he

above-descri bed techni ques involving a benzyl -substituted amoni um speci es

tenpl at e may, hydralysisi{siichas, fasexampia. diaphpls vihgredhe hydrofyizrelegilicen

tenperature in excess of [err] in order to renove
. compound is a tetraalkyl orthosilicates or where the hydrolyzable titanium

compound is a titanium tetraalkoxide) may, if desired, be removed by any suitable
means such as distillation or evaporation prior to hydrothermal treatment. The
hydrothermal treatment is advantageously performed in an autoclave or other
closed reactor under autogenous pressure. Typically, a period of from 3 to 20
days is sufficient to form the titanium-containing molecular sieve in crystalline,
precipitated fonﬁ. In g_eneral, optimum: resuits are obtained using a hydrofhermal
treatment time of about fourteen days. Such crystals.' which will generally contain
the benzyl-substituted ammonium species template, may be séparated from the
.mother liquor by_.suitable means such as iiltraticn, decantation, or centrifugation,
washed with a suitable liquid medium such as water, then dried.
The crystallfne product obtained by the above—described techniques
“involving a benzyl-substituted ammonium species template may, if so desired, be

calcined in air or the like at a temperature in excess of 400°C in order to remove



14 the tenplate still present within the pores of the nol ecul ar sieve. An
alternative suitable method for the preparation of the aforedescribed
titani um containing nol ecul ar sieves i.nvolves a procedure wherein zeolite
beta is deal um nated and the framework vacanci es created by deal um nation
filled by, titaniumatons. This nethod is relatively rapid and can provide
hi gh yields of active catal yst, as corrp%?d to, for exanple, hydrothernal
t echni ques which can require 1 week or e per batch and which may provide
| ower yields of catalyst. Post- synt hesi s- deal um nation nethods are

wel | - known and i nclude, for exanp reaction or |eaching wth m neral
acids (e.g., Hde ‘T’%R‘?tf still pegsent WtSﬁ"“é’I‘ﬂaP%f??ﬁ{;"&‘g‘@ﬁleﬁu'éhﬂ‘er@drot her mal or
st eam ng treat mentsﬁg) ?SSI bl% conmbined with acid | eachin See, for
exanpl e, the extensfMEPINElive guitible,mefhod ey '8ﬁ§@f@§é§‘9‘b?h§ezaé@|ep§%c"bed
deal um natlon met hods catalogued in U S Pat. No. 4,576,805 (col. 8, line
62 t hrough 'col litaniumicagtainyg aRlecuansieyes '”V°lYﬁ%aFﬂ'@iﬁ§’Péﬁ WBﬁr%an“te beta is
Characterization of Al um num Deficient Zeolites" . Ser. 248,
157-200 (1984) deajnnfiaated and 4hq {Fapewed vasangies ﬁ"@éteé'h?ﬂ 69@”@#@&9&6’%" By
zeolite beta with a mneral acid such as nitric acid (preferably, 2 to 13
M nost pref er dnjum @iameenthigtreethed isrrelatively gapid @nd caprgsayide high yields obgrtive
[err] to [err] for a period of tine-of from5 minutes to 24 hours. Q her
mneral acids #Atalyshrasosomparediia. dey exempip. dydwtharmal taohnigues séich ean require 1
described, for exanple, in British Pat. No. 1,061,847, European Pat.

Publ i cati on No.weesxaare per hatchand whichhmay mw@e gosves yiekis ef eatalystg 1Pest-
(1988), Chinese Pat. No. 1,059,701 (Chem Abst. 117:114655g), European Pat.
Publ i cati on No.syeesissleaminationreethodmare well-knovauand Beiudeh tonexapple, réadion

or leaching Qvi_th’mineral acids (e.g., HCI, sto‘ , HNO,) or chelating agents and
hydrothermal or steaming treatments (possibly combined with acid leaching). Sese, for
example, the extensive listing of publications describing zeolite dealumination

methods catalogued in U.S. Pat. No. 4,576,805 (col. 8, line 62 through col. 9, line 27) -
ﬁand Scherzer, “The Preparation and Characterization of Aluminum-Deficient Zeolites",
ACS Symp. Ser. 248, 157-200 (1984) . A particularly preferred method employs
treatment of zeolite beta with a mineral acid such as nitric acid (preferably, 2 to 13 M;-
most preferably, concéntréted nitric acid) at a temperature of from 25°C tb 150°C for
a period of time of from 5 minutés to 24 hours. Other mineral acids and carboxylic
acids could alternatively be used, as described, for exarnpis, in Sritish Pat. Nd.
1,061,847, European Pat. Publicatioﬁ No. 488,867, Kraushaar et al., Catalysis Letters
1, 81-84 (1988), Chinese Pét. No. 1,059,701 (Chem. Abst. 117:114655q), European

Pat. Publication No. 95,304, and Chinese Pat. No. 1,048,835 (Chem, Abst. 115:



-

15 52861 u). The beta zeolite is desirably suspended in or otherw se
contacted with a relatively large volune of the nitric acid (preferably,
from10 to 1000 parts by weight nitric acid per 1 part by weight of the
zeolite beta). Multiple dealumnations of this sort may be perfornmed to
effect norse conplete Al renoval. Suitable deal um nation nethods of this
type are described in nore detail in Lam et al., Mcroporous Materials 1,
237-245 (1993) and European Pat. Publicati®»n No. 488,867. The deal unm nated
material may thereafter be contacted with a titaniumsource. For exanple, -
the deal uni nat 28861Y1 iThe bata zeqlis i desisablyssisperded ip G Stharwisejqontacted withuace
such as [err] vapor .in nitrogen for 1 to 24 hours at an el evated

t enper at ure ( pfedtvelpirige ydvmp of dhe aitiq 3cid forefegrbly framd@ te A0PQ pads byiweightum
such as [err] or [err] may alternately be utilized to insert Ti atons into
the framework WiHia@d ®gr drparhy weight ﬁ?l therzeglitecdsita)s Muyjtiplg dealusinationsafitkis f or
use are solid sources of titaniumwhich can be vaporized at accessible

t enper at ur es sSRFhmMay, be perfemedstoceifect mere completeckl r@aovak . Juitabjecdeglymination
Met hods of post-synthesis titaniumincorporation into zeolite materials are
descri bed, formethadsiaf thistype &e describedin emoadetaib i Lamist gbaMicrdporous Materials
4,828,812, and Kraushaar, et al., Catal. Lett. 1, 81-84 (1988). It may be
desirabl e to the287-242(1993 andtEuropeancBat. Rublicatjombloe 488,867 s Thealeaiunhinated
ammoni um salt such as ammoniumnitrate, an acid solution.( such as aqueous
nitric aci d) omaternal mdyethemaftenbe contabiedtwithea titamium souree: Foaekample; thei . €. ,
hydr ogen or hydroniumform or to renove extra-framework al um num

Wat er - washi ng, dellymivetedipedlits betal rmay dbisxpose/toad selatile titshiamtsagrRUsuch as TiCl,

vapor in nitrogen for 1 to 24 hours at an elevated temperature (preferably, 250°C to
750°C). A liquid phase source of titanium such as (NH,), TiF, -(aq.) or TiF,(aq.) may
alternately be utilized to insert Ti atoms into the framework vacancies of the
dealuminated zeolite beta. Also suitable for use are solid-sources of titanium which
can Ee vaporized at ac_:cessible temperatures such as, for example, titanium alkoxides
(e.g., Ti(OMe),). Methods of pdst-synthesis titanium incorporation into zeolite
materials are described, for example, in U.S. Pat. No. 4.576.805. U.S. Pat. No.
4,828,812, and Kraushaar, et al., Catal. Lett. 1, 81-84 (1988). It may be desirable to
then treat the titanium-containing molecular sieve with an ammonium salt such as
ammonium nitrate, an acid solution { such as agueous nitric acid) cr the like to
convert the titanium source to acid form (i.e., hydrogen or hydronium form) or to
remove extra-framework aluminum. Water-washing, drying, and/or calcination may

also be advantageous.



16 As a ‘consequence of ‘their extremely low A content t he :
titani um contai ni ng nol ecul ar sievés of this |nvent|on are typlcally l ow in
acidity. However, to further enhance the perfornmance of certain
titaniun}containing nol ecul.ar sieves prepared as described herei nabove, it
may be advant ageous to contact the catalyst with an amonium al kali netal
and/ or al kaline earth nmetal conpound. Wthout w shing to be bound by
theory, it is believed that this enhancérfent may be attributable to the
neutralization of certain netal -associated acidic sites present in the

titani um contai ni ngs ad@BEG@ENCH GReir AxtPErRéIPNcw thi KBATRAE the titaARMEBAtaMHG Y
this nodification is to dissolve the ammbpnium al kali netal or al kaline

earth netal caignsuule sidvesadfahisOhvedtibe fars Wipically eow irfadidityTeHowsver! REturther
resulting solution is then brought into intimate contact with t he nol ecul ar

si eve. This peRR&HY BePerforhantd of @erﬁﬁﬁ fa@hmc@ﬁtaﬁ\uﬁg?ﬁibﬁcafaﬂ"slévéé'ﬁé;ﬁré‘d‘h&y
high so as to acconplish the partial (i.e., at least 25% or conplete

exchange or rgpsaREMYreiRhbéVE 1tglﬁﬂ¥)ﬁblﬂavaﬁh §8dus frdottad? thebiRlysh @ite aht N

metal for the hydrogen cations he acidic sites within a practicably

short period Q{;nn?drﬁ@m( e mét‘éltd?icﬁbr% ” re%hh rhétal &&h?l : Sgg@ﬁgg wighing to be

tenperatures o rom a out err gener a

concent  at | onGhnd BN 1 & iteled ik inglon ﬁ@ag}ﬁ@s&aﬁﬁmgb@mﬁwd in

the liquid rre I um evar| Ssired e from about

0,002 o o bl R ABRATPHSRl SEF bR 122 ,

liquid medi un}ltanYurr?-%ogtea%?rggaPn% ecuia?'%etv%.e pree}erré]én hietho da *or a@gomphshing-this
modification is to dissolve the ammonium, alkali metal or alkaline earth metal
compound in water or other suitable liquid medium; the resulting solution is then
brought into intimate contact with the molecular sieve. This procedure preferably is
performed at-a temperature sufficiently high so as to accomplish the partial (i.e., at
least 25%) or complete exchange or replacement of the ammonium, alkali metal or
alkaliné earth metal for the hydrogen cations of the acidic sites within a practicably
shoft period of time (e.g., within 24 houré). For this purpose, temperatures of from
about 25°C to 150°C will generally suffice. The concentration of ammonium, alkali
metal or alkaline earth meta! compound in the liquid medium may be varied as
desired and will typical_ly be from about 0.001 to 5 muidr. Optimum concentrations
may be readily ascertained by routine experimentation. Following the desired cation

exéhange. the excess liquid medium may be separated from the titanium-containing

molecular sieve by filtration, decantation, centrifugation, or other such technique, and



nol ecul.ar sieve by filtration, decantation, centrifugation, or other such

t echni que, and 17 the nodified titani um containing nol ecul ar sieve
washed (if desired) with water or other |iquid substance, and then dried
and/or calcined prior to use in the epoxidation process of this invention.

I f an. ammoni um conpound has been utilized, calcination is preferably

avoi ded so as to mnimze any re-protonation of the catal yst. The

particul ar anmonium al kali metal or al kdFine eart h metal conpound sel ected
for use is not critical but preferably is water-soluble and is desirably
sel ect ed from thenooditied titahiuai-containimg roolealiirsieve washed (ingesitedh withosatdesr and
oxi des (e.g., sodium hydroxide, potassium hydroxide, barium hydroxide,

cal ci um hydr oxettey liquidrsulrstame, ahd ahen diddandior edidinéd paorctardde inehalepoxidation
carbonates (e.g., sodium carbonate, potassium carbonate), ammonium al kali

met al or al kalproeessasftthisiimetitioh) ¢hdrbamaioniung eompoursd Hasi blebh GElzed) ahRination is
pot assi um bi carbonate), amonium al kali nmetal or al kaline earth netal

nitrates (e.g.prefepablyavoided dbas tpahintuize ey rd-pritenationroitie uatalyat.kal i net al
or alkaline earth nmetal halides (e.g., potassiumchloride, sodium broni de,

sodi um chl oride), amenstrticliarcdrimbhiuff; taialiMetal dredikalmetsdrih merd ébm‘io@hﬁ@t es
(e.g., sodiumsulfate, potassiumsulfate), amonium alkali netal

al kal i ne ear t hyolgad foralsbSs Abt SicAPB! préferdbiyiis wﬁegsolus@camwtra&?)sele%h
the like and m xtures thereof. The counter-anion in the ammopni um

metal or al kalfigie aptAGRUmd aﬁxE@Hé’l’alQﬁ MR @a&HGﬁbthﬁ%}drbhdé’é’ﬁﬁd BRidek QE? fere

with the desired activity of the titanium containing nolecular sieve nor

detrimental |y @lifih hylidxideY pbakSiLrtnydréidd, WaRur WY drEXiad e diciunt hydidxide),
ammonium, alkali metal or alkaline earth metal carbonates (e.g., sodium carbonate,
potassium carbonate), ammonium, alkali metal or alkaline earth metal bicarbonates
(e.g.,* sodium bicarbonate, potassium bicarbonate), ammonium, afkali metal or alkaline
earth metal nitrates (e.g., sodium nitrate, potassium nitrate), ammonium, alkali metal
or alkaline earth metal halides (e.g., potassium chloride, sodium bromide, sodium
chloride)-, ammonium, alkali metal or alkaline earth metal sulfates (e.g., sodium
sulfate, potassium sulfate), ammonium, alkali metal or alkaline earth metal salts of
carboxylic acids (e.g., sodium acetate), and the like and mixtures thereof. The
countar-anion in‘the ammonium, alkali metal or alkaline compound should b_e chosen
such that it does not interfere with the desired activity oi ihe iianium-containing
molecular sieve nor detrimentally alter its crystalline structure. Eor example, it has

been found that under certain conditions the use of alkali metal pyrophosphates may

deactivate or poison the molecular sieve catalyst.



been foound t.hat under certain conditions the use of alkali netal :
pyr ophosphat es nmay deactivate or poison the nolecul ar sieve catalyst. 18
I n one enbodi ment of the invention, an anmmonium al kali netal, or alkaline
earth-nmodified titaniumcontaining nolecular sieve is generated in-situ
during epoxidation through the use of an unnodified titani um contai ning

mol ecul ar sieve in conbination with eithgg an ammonium al kali metal or

al kal i ne earth conpound of the type described previously or a buffer

conpri sed of an amonium alkali netal or alkaline earth salt of a°’
carboxylic acid oin bhe embogiméntrofexeimyentior, laa aneraoctiuom) atkallimstalvbeaRakhd he
olefinis contacted with hydrogen peroxide nay contain a [err] buffer.

syst em ( pr ef eaethtmodified titamidmAcontairdngs moleeblae siavk Ve generatdd insita”judhg ohol
(e.g., -nmethanol ). Alternatively, an alkali netal conpound al one such as
sodi um acet atepogidatioh trough tHezesk of an anredifiéd fitaniies-sontainhmorRBLIAMsieRb k@l |
metal or al kaline earth conpound could, for exanple, be added by itself
prior to inicoaibirdlioplwitpeaiain afimohiuns alkalianetansi alkaline HrPCasApdutd oMRe a
CSTR reactor is enployed) such conpound could be conbined with one of the

feed streams wgrndaddibed RéAo@sly bhg tetBEEomeRsed SFrarc SMRRARIM, SalikaiChefs of he’
oxi di zing agent. The surface acidity of the titanium containing nolecular

sieve may al Lk %%ﬁbkah%f@é’%ﬁ?ﬁ@@%ﬂ o tf\S‘ﬂH&._e@oP)éﬁﬁﬁDé' a{éﬁ@taﬁt)i/cﬁ @épm on

may be acconplished, tor exanple, by reacting with ¢ rotri ane

or the like.  ThecATRY Mefis CBhALE wilR)@S§5h berokRhe) 26 2NabAb kARt

critcal, but _
buffer system (preferably, 0.1 to SM) in a suitable solvent such as an alcohol (e.g.,

methanol). Altematively, an alkali metal compound’ alone such as sodium acetate
could be utilized. In a batch process, the ammonium, alkali metal or alkaline earth
compound could, for example, be added by itself prior to initiation of epoxidation while
in a continuous process (as when a CSTR reactor is employed) such compound
could be combined with one of the feed streams containing one of the other reacfion
compoﬁents such as the oxidizing agent. |

The surface acidity of the titanium-containing mblecular sieve may altematively'
be advantageously reduced by silylation. Silylation .'hay be accomplished, for
example, by reacting with chiorotrimethyl silane or the like. |

Ti:e amount of catalyst employed to epoxidize an olefin is not critivai, but
should be sufficient so as to substantially accomplish the desired reaction in a
practicabiy short period of time. The optimum quantity of catalyst will depend upon a

number of factors including reaction temperature, olefin reactivity and concentration,



shoul d be sufficient so as to substantially acconplish the desired reaction
in a practicably short period of tinme. The optinmum quantity of catal yst

wi || depend upon a number of factors including reaction tenperature, olefin
reactivity and concentration, 19 oxi di zi ng agent concenhtration, type and
concentratton of organic solvent as well as catalyst activity. Typically,
however, in a batch type epoxidation, the anount of catalyst will be from
0.001 to 10 granms per nole of olefin. In al%ixed bed system the optinum
gquantity of catalyst will be influenced by the flow of reactants through
the fixed bed (typically, fromabout 1 to 100 nol es oxi di zi ng agent per

ki | ogram of cat aKig&ingRgenheRncentratios. tyon @adcratantmatien ot pnganicaeivent ahwel as al
epoxi dation reaction mxture will generally be from about 10 to 10,000 ppm
The catal yst na§2BUsiAstvity: ofiyRigalipiRygver fa i Baich tpe eefidatione therasnenrit ohi c,
extruded, or any other suitable physical form .The use of a binder (co-gel)
or support in cEMBlYRLYilAS iR R-Q00 o 0P a RPE BRI RIS nBI R BxAdhedssystam. thy
be advant ageous. Supported or bound catal ysts be prepared by the -

met hods known i-APYMRWN fuantity ofgatalyplyiflibgdn {Spedhy f'lee"‘@‘épgi%@tﬁ thropshahel .
For exanple, the catal yst may be supported on titani a by adaptation of the
techni ques desci¥aseRed (tyrigaly, fram g@rputibto H0Imales pxidizing agant fer tilogsam ek catalyst
supports (which preferably are non-acidic in character) include silica,

al uni na, silicaP® ifhalhessanceatrationglitianium i g telabepaxidationireaction gristre wil
silica- zironia, silica-beryllia, and temary conpositions of silica with

ot her refract or §erpRlyeRe fromaboyt i tn 1,090 EP’éys such as nontrnorillonites,

kaol ins, bentonites,_halloysites, = . ) )
The catalyst may be utilized in powder, pellet, microspheric, monolithic,

extruded, or any other suitable physical form. The use of a binder {co-gel) or 'support
\in combination with the titanium-containing molecular sieve may be advantageous.
Supported or bound catalysts may be prepared by the methods known in the art to be
effective'for Zeolite catalysté in general. For example, the catalyst may be supported
on titania by adaptation of the techhiques described in U.S. Patent No. 5,354,875.
lllustratiye binders and supports (which prefe.rably are non-acidic in character)
include silica, alumina, silica-alumina, si!ica-titaﬁia. siliéa-thoria_, sifica-magnesia, silica--
zironia, silica-beryllia, and temary compositions of silica with other refractory oxides.
Also useful are.clays such as montmorillonites, kaolins, bentonites, halloysites,
dickites, nacrites, anuy anaxites. The proportion of titanium-containing molecular sieve
to binder or support may range from 99:1 to 1:99, but preferably is frofn 5:95 to
80:20. The catalyst may. also be impregnated or admixed with a noble metal such as

Pt, Pd, or the like.



dickites, nacrites, and apaxites. . The proportion of titanium containing

nol ecul ar sieve to binder or support may range from99:1 to 1:99, but
preferably is fromb5:95 to 80:20. The catal yst may al so be i npregnated or
adm xed with a noble nmetal such as Pt, Pd, or the |ike. 20 The ol efin
substrate.epoxidized in the process of this invention may be any organic
conpound having at | east one ethylenicaldy unsaturated functional group
(i.e., a carbon-carbon doubl e bond) and nay be a cyclic, branched or
straight chain olefin.. The olefin may contain aryl groups (e.g., phenyl,
napht hyl ). Pref er abirg olefinsubstedte reposidizkd rhtitel processcofdhisdnesntiandnayp be aings
from2 to 30 carbon atons (i.e., a [err] olefin). The use of |ight

(1 ow boi | i ng) ofganic] carapqundrjavingat- leastfdnesthyderisglycursaturated fandtapabgoupNhe &
t han one carbon-carbon doubl e bond may be present in the ol efin; dienes,
trienes, and atcherorpudrhomsatublediond) and staydiees cydlics bramghéd or stdighiTtteais @ldtine
bond may be in a termnal or internal position in the olefin or may

al t er nat i vel yTheohafipanay obntaincargl groups (aug., phenyl asaphthyly cP@iferabipethef 61&fin is
exanple). Qther exanples of suitable substrates include unsaturated fatty
aci ds or fattyliphatid inleharaeler ved containssftora 10r30 cdrbgh Yatens ¢as, &107-C) bBHRRr i C
or polymeric unsaturated conpounds such as pol ybut adi ene. Benzylic and
styreni c ol ef Thé ug@f @§IRQIdvebeiiaY) O] e, nidddisletins ishaspesially devarfagedist abre
styrenic ol efins such as styrene may further react or isonerize under the

condi tions utfhahZsfd édibbmeaitioRsdiibld HorRIvhap betmeddtt i BelsBitcsierey] thidifes,

like. The olefin may contain substituents other than hydrocarbon -
substituents gsi¢Bther polyunsaturated substrates thus may be used. The double bond may be in |
a terminal or internal position in the olefin or may altematively form part of a cyclic
structure (as in cyclohexene, for example). Other examples of suitable substrates
include unsaturated fatty acids or fatty acid derivatives such as esters or glycerides
and oligomeric or polymel_'ic unsaturated compounds such as polybutadiene. Benzylic
and styrenic olefins may also be epoxidized, although the epoxides of certain styrenic
. olefins such as styrene may further react or isomerize under the conditions utilized in
| the present invention to form aldehydes and the like.

The olefin may contain substituents other .than hydrocarbon substituents such
as halide, carboxylic acid, ether, hydroxy, -_thiol, nitro, cyano, ketone, acyl, ester, |
anhydride, amino, and the iike. | |

| Exemplary olefins suitable for_use in the process of this invention include
ethylene, propylene, thg butenes {e.g., 1,2-butene, 2,3-butens, isobutylene),

butadiene, the pentenes, isoprene, 1-hexene, 3-hexene, 1-heptene, 1-octene,



as hal.ide, carboxylic acid; ether, hydroxy, thiol;, ni.tro, cyano, ketone,
acyl, ester, anhydride, amno, and the like. Exenplary ol efins suitable for
use.in the process of this invention include ethylene, propylene, the’
butenes (e.g., 1,2-butene, 2, 3-butene, isobutylene), butadiene, the

pent enes, . soprene, 1-hexene, 3-hexene, 1-heptene, 1-octene, 21

di i sobutyl ene, 1 -nonene, 1 -tetradecengz pentanyrcene, canphene, 1
-undecene, 1- dodecene, 1 -tridecene, 1 -tetradecene, 1 -pentadecene, 1

- hexadecene, 1 - hept adecene, 1 -octadecene, ‘1 -nonadecene, 1 -eicosene, the
trimers and t dischutenefl-manspel dretradecgnamentamyicenteampohene, buodedane, 1-
substrat es) pol ybutadi ene, polyisoprene, cycl opentene, cycl ohexene,

cycl ohept ene, degedepec i dridecengc | detradedenec! -peniadentnge t hexadecene, 1-heptadecene,
cycl ododecatri ene, dicycl opentadi ene, nethyl enecycl opr opane,

met hyl enecycl bpetadesene.nenhbiyadacenycl-elvosens the lrilgyers anditetiamarseof propyléne,
cycl ohexene, nethallyl ketone, allyl chloride, allyl brom de, acrylic acid,
met hacryl i c astyrbnecfant @ther iyl ciromatio submtratast patybutadianet polyishprenede,

met hal Iyl chloride, the dichlorobutenes, allyl alcohol, allyl carbonate,

al |yl acet at ecycidgeriteras; icytiohegerm) dycfehdpens; lcgtiesctede adycidoctadienat e, di al |y
pht hal ate, unsaturated triglycerides such as soybean oil, and unsaturated
fatty acids, guddctfecehs dycRriodecatiieny, dityelopentddiene mettiyleneeycloprepans,C
acid, palmtoleic acid, and ricinoleic acid and their esters (including
mono-, di-, aﬁ\@trylérﬂédﬁél@béﬁﬁn@,sh@ﬁ'@)enéaﬁbléﬂﬁahé,k\ﬁrzjyl \dyiohéxhe0 ingl &icidhexane,

be.epoxidized and the'resulting m xtures of epoxides .
methally! ketone, allyl chioride, allyl bromide, acrylic acid, methacrylic acid, crotonic
adid, vinyl acetic acid, crotyl chloride, methallyl chloride, the dichlorobutenes, allyl
alcohol, allyl carbonate, allyl acetate, alkyl acrylates and methacrylates, diallyl
maleate, dially phthalate, unsaturated triglycerides such as soybean oil, and
unsaturated fatty acids, such as oleic acid, linolenic acid, linoleic acid, erucic acid,
paimitoleic acid, and ricinoleic acid and their esters (including mono-, di-, and
" triglyceride esters) and the like. -
Mixtures of olefins may be epoxidized and the resulting mixtures of epoxides
either employed in mixed form or separated into the different component epoxides.
The process of this invention is especially usefi:i for the epoxidation of C,-C.,

olefins having the general structure’



ei ther enployed iin m xed formor separated into the di.fferent conponent
epoxi des. The process of this invention is especially useful for the

epoxi dation of [err] olefins having the general structure [err] 22
wherein [err] are the sane or different and are selected fromthe group
consisting of hydrogen and [err] al kyl. The oxidizing agent enployed in the
process of this invention may be either #2hydrogen peroxide source such as
hydr ogen peroxide [err] or an organic hydroperoxide or a conmpound which

under the epoxidatign feagtion.gonditions is_.capaple.of ner at.i ng. or
li berating hy‘ﬁ?%’&@nﬁp o%i G%K:EB are tg?gc‘émecorhg}g?%ﬂg?%ﬁFEPe.ggi?%tPgrf@QgH}%QWHPch
are not yet fully understood, it S been found that epoxidation may often
be more readifS HB%H%FY@H@B“@F?éﬂ%ihﬁgﬁgr reaction rates, higher epoxide
sel ectivity) using,organi.c hydroperoxide as oxidizi.ng. agent. This result
was quite unex pec?r ‘%ﬁd'ypg ggnt mP@Z%‘gf“ ?‘Q&P?eis@{dﬂi\ﬁl‘ endion may be-githena; s
149, '195-205 1994r%@$hal ot her al nig¥ free tit, niégﬁgpntaining_zsw$5
mol ecul ar si dWgkogenTrerexide sourge iaPhYIEogRp; REIPXISR ( | 9583 ofEaNy or gani ¢
hydr oper oxi des and that the inactivity is not due to the relatively small
pore size of hysEoPeLOXideef arcompaund whi¢h-uaderthe epaxidatign tpagtien eonditions is
hydr oper oxi des when conpl exed to the active [err] sites. The anount of
oxi di zi ng ageidpaplg eftgenerating adibaratingthygroaen Ferexide onah ofganic budroppraxidenst
suitably the nolar ratio of oxidizing agent:olefin is from100:1 to 1:100
when t he For reasons which are not yet fully understood, it has been found that epoxidation
may often be more readily accomplished (i.e., higher reaction rates, higher epoxide
selectivity) using organic hydroperoxide as oxidizing agent. This result was quite
unexpected in view of a recent report [Khouw et al., J. Catalysis 149, 195-205 (1994)]
that other aluminum-free titaniurh-containing ZSM-5 molecular sieves ("TS-1") are
inactive as oxidation catalysts using organic hydroperoxides and that the inactivity' is
not due to the relatively small pore size of the TS-1 but rather to the steric bulk of
organic hydroperoxides when complexed to the active Ti sites.

The amount of oxidizing agent relative to the amount of olefin is not critical, but
most suitably the molar ratio of oxidizing agent:olefin is from 100:1 to 1:100 when the
olefin contains one ethylenically unsaturated group. The molar ratio of ethylenically |
unsaturated groups in the olefin substrate to cxidizing agent is rﬁore preferably in the
range of from 1:10 to 10:1. One equivalent of oxidizing agent is theoretically required
to oxidize one equivalent of a mono-unsaturated olefin substrate, but it may be

desirable to employ an excess of one reactant to optimize selectivity to the epoxide.



ol efin contains one ethylenically unsaturated group. The nolar ratio of.
ethylenically unsaturated groups in the olefin substrate to oxidizi ng agent
is nmore preferably in the range of from1:10 to 10:1. One equival ent of
oxidizing agent is theoretically required to oxidize one equivalent of a
nmono- unsaturated ol efin substrate, but it may be desirable to enploy an
excess of one reactant to optimze selectjvity to the epoxide. 23

Al t hough the hydrogen peroxi de which nmay %% utilized as the oxidizi ng agent
may be derived fromany suitable source, a distinct practical advantage of
t he process of thi sAlthweght therhydsogehgierbtige imhithagay be etitiveddss mﬁyoﬂwziﬁ?hgémed
by contacting a secondary al cohol such as al pha-nethyl benzyl al cohol,

i sopropyl al cohaly, be?déritetiniodm any stitablelseneeok didtinbt praktieal ladvamaye enthender
conditions effective to forman oxidant m xture conprised of secondary

al cohol and hygdroeges op etiviivéatiraiscthar theydamen peesxide dayieeottaimed by- contacting
Typically, such an oxidant m xture will also contain a ketone such as

acet ophenone, aGetendaryGlicohivtSQdreasapha-rathylcepayiciicahdl, dsddi6pyl fcORdar Y
al cohol (i.e., having the same carbon skeleton), mnor anmounts of water,

and varyi ng anpigiksnddf ordyefRiheR&idl WRthOnBetiab BRfJeRundef BomEitishsOstdchive to form
hydr oper oxi des. Ml ecul ar oxygen oxi dati on of ant hrahydroqui none,

al kyl - subst i t ubgGxRIBh FARUAY SRR seBbndi BlcoRll 4 BydioeeH a&%%gqah&ye e

species may al so be enployed to generate the hydrogen peroXxi de oxidant. The

B en ot PR LA . o kil il s o

Publi cati on. Noge3a§ <R asLARAIpRERoHE kitbtone, or cyciohexanone corresponding to the
secondéry alcohol (i.e., having the same carbon skeleton), minor amounts of water,
and varying amounts of other active oxygen species such as organic hydroperoxides.
Mélecular oxygen oxidation of anthrahydroquinone, alkyl-substituted
an'thrahydroquinone's, or water-soluble anthrahydroquinone species may also be
employed to generate the hydrogen peroxide oxidant. The hydrogen peroxide may
be ge'nerated in situ immediately prior to or simultaneous with epoxidation, as
described, for example, in European Pat. Publication No. 526,945, Japanese Kokai
No. 4-352771, Ferrini st al., "Catalytic Oxidation of Alkanes Using Titanium Silicate in’
the Presenge of In-Situ Generated Hydrogen Peroxide*, DGMK Conference on
Selective Oxidations in Petrochemistry, Sepi. 16-18, 1992, pp. 205-213, and
European Pat. Pub. No. 469,662. | |

The organic hydroperoxides usable as the oxidizing agent in the epoxidation

.process of this invention may be any organic compound having at least one



No. 4-352771, Ferrini et al., Catalytic Oxidation of--Al kanes Using Titani um
Silicate in the Presence of In-Situ Generated Hydrogen Peroxide", DAW

Conf erence on Sel ective Oxidations in Petrochem stry, Sept.- 16 -18, 1992,
pp. 205-213, and European Pat. Pub. No. 469, 662. The organi c hydroperoxi des
usabl.e as :the oxidizing agent in the epoxidation process of this invention
may be any organi ¢ conpound having at |east one 24 hydr oper oxy :
functional group (-OCH). Secondary and té%*iafy hydr oper oxi des are
preferred, however, owing to the higher instability and greater safety -
hazar ds assochpdredesaixy liuntionar groby ¢Qiey. oSecbesaryTdrel @FtEmn hgdlopdioxpisrs de
preferably has the general structure: [err] wherein [err] [err] and [err]
are the sane prefeliréd,drowvavesruviag ¢o thel ldghierdndtatsinty tanel greatep safetishadardy of
hydrogen, [err] alkyl (e.g., nethyl, ethyl, t-butyl) and [err] aryl (e.g.
phenyl, al kyl assdetdted witthrinhar HyliroperdXidest The drhanip hydicperdxids prefdrabRitas
than one of [err], [err], or [err] is hydrogen. Exenplary organic

hydr oper oxi defhe qéridigiostiuchisby! hydr oper oxi de, t-anyl” hydroper oxi de, cunene
hydr oper oxi de, ethyl benzene hydroperoxide, cyclohexyl hydroperoxide,

met hyl cycl ohexyl hydroperoxide, tetralin hydrgperoxide, isobutyl benzene
hydr oper oxi de, ethyl napht hal ene hydroperoxi de}. and the |ike. M xtures of
organi ¢ hydroperoxi des may al so be enpl oygd __LEodssi red, a solvent may
additionally be present during the epoxidationlprocess

R3

wherein R', R? and R® are the same or different and are selected from the group
consisting of hydrogen, C,-C,, alkyl (e.g., metﬁyl. ethyl, t-butyl) and C,-C,, aryl (e.g.
phenyl, alkyl substituted phenyl), subject to the proviso that not more than one of R,
R?, or R® is hydrogen. Exemplary organic hydroperoxides include t-butyl
hydroperoxide, t-amyl hydroperoxide, cumene hydroperoxide, ethyl benzene
hydroperoxide, cyclohexyl hydroperoxide, methyl cyclohexyl hydroperoxide, tetralin
hydropéroxide, isobutyl benzene hydroperoxide.' ethyl naphthalene hydro;.:eroxide. and
the like. Mixtures of organic hydroperoxides may also be employed. |

If desired, a solvent may additionally be present during the epoxidation process
of this invention in order to dissolve the reactants other than the titanium-contiaining
molecular sieve catalyst, to provide better temperature controi, or {o favorably
influence the epoxidation rates and selectivities. The soivent, if present, may
comprise from 1 to 99 weight percent of the total epoxidation reaction mixture and is

preferably selected such that it is a liquid at the epoxidation reaction temperature.



of thi's invention in order . to dissolve the reactants other than the
titani um containing nol ecul ar sieve catalyst, to provide better tenperature
control, or to favorably influence the epoxidation rates and selectivities.
The solvent, if present, may conprise from1l to 99 weight percent of the
total - epoxi dation reaction mxture and is preferably selected such that it
Is a liquid at the epoxidation reactionZsnperature. = 25 Oganic
conpounds havi ng boiling points at atnospheric pressure of from about [err]
to [err] are generally preferred for use. Excess olefin may serve as a :
sol vent or di &aamq compewndsdhaving esilimgppeistsoft aympsphesig Rragsuse obfrogmatout 25°C
I ncl ude, but are not |imted to, ketones (e.g., acetone, nethyl ethyl
ket one, acet olsh30Redre ganemlly prefegred forcusea xhess wiefin, may sgiveasna splvent or
nitriles (e.g., acetonitrile), aliphatic and aronmatic hydrocarbons, .
hal ogenat ed hgitirept a Hivetrativecexhmples hbotbe( suitpble selvents dicluds, bahate, natdinitedg)
al cohol, t-butyl alcohol, alpha-nethyl benzyl al cohol, cycl ohexanol,
trifl uoroet haketbyies (ghg., asetoné, methyl ethybkatone icetopbeneni)nathergy(es@l vent such
as trifluoroethanol has been found to enhance catal yst activity and
sel ectivity, tetahydrofuaan,ybutyieatieer) étritesi (@agt adedonitnila)r gliphiatic lapd raopreatixi de
such as TBHP. An inportant practical advantage of the present invention is
that it may rieaifotarbbns, Matsgenated hadrogarberssiaad afdoholsofe.g pinethansl, stitanois
al pha-met hyl benzyl al cohol, whereas poor results are obtained with such
sol vent s whenjsepropyl lcéivd) tiatgicaiéstion aighaymietalibanzys iatoobsl, Sycibheandt- 1 are
utilized as catalyst. This flexibility m nimzes the problens which m ght
?L herwi se be gingerdeirRnel. Wiaude of 4folaP baeRadkly Sobditinating sollenpsaghugs from
e .

trifluoroethanol has been found to enhance catalyst activity and selectivity, partipularly
where the oxidant is an organic hydroperoxide such as TBHP. An important practical
advantage of the present inver;tion is that it may readily be practiced -using bulkier
alcohol solvents such as alpha-methyl benzyl alcohol, whereas poor resuits are
obtained with such solvents when other titanium-containing molecular sieves such as
TS-1 are utilized as catalyst. This flexibility minimizes the problems which might
otherwise be encountered when trying to separate the epoxide product from the
epoxidation reaction mixture. Quantitative removal of methanol, for example, from a
refatively light epoxide such as prdpylene oxide is difficult due to the similarity in their
boiiing poir.—ts.' More thaﬁ one type of solvent may be utilized. -Water iiay also be
employed as a solvent or diluent; surprisingly, the process of the invention proceeds
with ‘minimal hydrolysis even when a significant quantity of water is present in the

epoxidation reaction mixture. Biphasic as well as monaphasic reaction systems thus



epoxi dation reacti-on nmi-xture. -Quantitative renoval of methanol, for
exanple, froma relatively light epoxide such as propyl ene oxide is
difficult due to the simlarity in their boiling points. Mre than one type
of solvent may be utilized. Water nmay al so be enployed as a solvent or

di luent; surprisingly, the process of the invention proceeds with m ninmal
hydrol ysis even when a significant quadity of water is present in the
epoxi dation reaction m xture. Biphasic as well as nobnophasic reaction
systems thus - 26 are possible using the present invention. The reaction
t enper at ure i SrqeesYPIPYsiNg theguesert fiyeatione sufficient to acconplish
substantial conversion of the olefin to epoxide within .a reasonably short
period of tine. |t The rergiiopdempeaiivans aglewilicak butshaqujd batsuffisient énacdamplisb
achi eve as high a conversion of oxidizinhg agent as possible, preferably at
| east 50% noisebgtastialcgpversion ofdae plefinde epexide withisy 2 ppasopably short EFiugd of
consistent wth reasonable selectivities. The optinmumreaction tenperature
wi |1 be infl udimeedlt s geraralyadvantagepus yo camepitthardadiondpAchipvegsnhigh a
reactivity, reactant concentrations, and type of solvent enployed, anong
ot her f act ors cobwdrsionmf axidizingvagéntias passible, preferably atrleastdii%a; mpee pleferably at
[err] (nore preferably, fromabout [err] to [err]). Reaction or residence
times of fromiedse90%lmashpieterably4 ldastios%( consistdeiswittardasonablensetdutivitied.0 The
mnutes to 8 hours) will typically be appropriate, depending upon the
above-i denti f iopmud reaiti6s terpdrativg Wilbbd inflabmaesithiecatalyBr &aivity eslefiiAng e

enpl oyed, the reaction is preferably (especially when the boiling point of

the ol efin isoRriiZg bféntaRadtivit,! le@BtahédticeRffatiohsP ahd tyPetdf solvent employed,
among other factors, but typically will be in a range 6\‘ from about 0°C to 150°C (more
preferably, _from about 25°C to 120°C). Reaction or residence times of from about 1
minute to 48 hours (more desirably, from about 10 minutes to 8 hours) will typically
be appropriate, depending upon the above-identified variables. Although sub- |
atmospheric pressures can be employed, the reaction is preferably (especially When
the boiling point of the olefin is below the epoxidation reaction temperature)
performed at atmospheric pressure or at elevated pre'ssdre (typically, between 1 and
100 atmospheres). Generally, it will be desirable to bressurize the epoxidation vessel
sufficiently maintain the reaction components as a liquid phase mixture. For example,
‘performing the spoxidalion at elevated pressu;'e will increase the solubility of gaseoﬁs
 reactants such as propylene in th__e solvent and hydrogen peroxide.
The process of this .invention niay be carried out in a batch, continuous, or

semi-continuous manner using any appropriate type of reaction vessel or apparatus



perfornmed at atnospheric-pressure or at el evated, pressure (typically,
between 1 and 100 at nospheres). Cenerally, it wll be desirable to
pressuri ze the epoxidation vessel sufficiently maintain the reaction
conponents as a |liquid phase m xture. For exanple, performng the
epoxi dation at el evated pressure will increase the solubility of gaseous
reactants such as propylene in the sol venyy and hydrogen peroxi de. The '
process of this invention may be carried out in a batch, continuous, or

seni - cont i NUOUS, RIS fixttd bglak@sgggfyeapmaaﬁzsd B¥§,gséf?|fefilrsﬁ?§{, ?gg%@%ém&ﬁn a

appar at us as a transport , stirred

slurry, or @T;ﬁ?ﬁggﬁtasﬁ;ozried}r?as@é}gféﬂﬂsﬁn% W efo?XérﬁdptE}inéfmaEg%\i-c{lggél for

conducting neta egpoxr’dati'ons of olefins using a Xygen

002 19" S0l RS Y oS e e
exarpl e, the el A8, AFS0k i, “HSE AAFABIEN Al el e ed P51 80
oo o5 RGN, Sl af SEBrt B ralch RABBE I
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se;ar ating f’rdﬁ?&géze%gﬁlﬁﬁéﬁ FB??‘W@%&H?M?WJEIF%‘E _ aeéﬁ?/’egg’fi?%tfﬂer\ehﬁg?\% ©

such as filtration, the recovered catalyst nmay be economcally re- used in
9] RrogHet

subsequent epdirird Puhlo. theyresized Hegreg: oficpaverson iy QRAXISS; Bf TRY Bof a

separated and recovered from the reaction mixture using any appropriate technique
such as frac_tional distillation, extractive distillation, liquid-liquid extraction,
crystallization, or the like. After separating from the epoxidation reaction mixture by
any suitable method such as filtration; the recovered catalyst may be economically re-
used in subsequent epoxidations. Whers the catalyst is deployed in the form of a
fixed bed, the epoxi&ation product withdrawn as a stream from the epoxidation zone
will be essentially catalyst free with the catalyst being retained within the epoxidation
zone. In certain embodiments of the instant procéss where the epoxide is being
produced on a continuous basis, it may be desirable to periodically or constantly
regenerate all or a port!oh of the used titanium-containing molecular sieve catalyst in
order to maiptain optimum activity and selectivity. Suitable regeneration techniques
include, for example, treating the catalyst with solvent, calcining the catalyst, and/or

contacting the catalyst with an ammonium, alkali metal or alkaline earth compound.



fi xed bed, the epoxidation product withdrawmm as a streamfromthe

epoxi dation zone wll be essentially catalyst free wwth the catal yst being
retained within the epoxidation zone. In certain enbodi nents of the instant
process where the epoxide is being produced on a continuous basis, it may
be desirable to periodically or constantly regenerate all or a portion of

t he used titani um containing nol ecul ar 28 eve catalyst in order to nmaintain
optinmum activity and selectivity. Suitable regeneration techni ques include,

for exanple, treating,t atalyst. with solvent,. calcining the catalyst,
and/ or cont ac%?’hﬁ”fer? teé’g?qﬁﬁ@/?f o%ﬁizﬁ\gaqgegﬁquﬁﬁmgp%pppgé{eg ang regygiadi ne
earth conpoung. .2 unreacted .ol efin or oxidjzjng agent nmay be
simlarly sepg?%fpaﬁve&'gﬂgé@ﬁalcgﬁo digiog ﬁ:ﬁ?ﬂ/@sﬁ?c'#ﬁé” 8%?%3‘&?&@%@8?&9’}?9‘00
agent (especially if present at concentrations tqo lowtqQ permt economc
Facovery) ool BPaTRSanPTIGIecEHE LY PedBRTRY PTG HORCpERBRGY into
species. In certain enbodi nents of the process where the oxidizing agent.is
hydr ogen per oXTHBSGEK SPEEIES: 1Y CRAIR embadiments of thapipsese where thesexidiangr v

al cohol, the crude epoxidation reaction mxture will also contain a
secondary al cegesit imhydragee peraxidesgenssated dypolesulan exygensewidationofcosegondary
After separation of the epoxide fromthe secondary al cohol and the

cor r espondi ngalkehainthe arude rpoxidationapgapioncmiduretvell alseceontainsesenundary altohwiol
by hydrogenation. For exanple, the ketone nay be reacted with hydrogen in

t he presence and a ketanes¢ariespondingito thedsengedanyi alcotuit Aftes separatiomof theRapuxide
ni ckel , copper chromte, ruthenium or supported palladium catalyst.

Hydr ogenat i onfroraghé isecendaty alvobok amukbtharcormeepondimg katone, thedestorsk maydsb i n t he

art. The
converted back to secondary alcohol by hydrogenation. For example, the ketone may

be reacted with hydrogen in the presence of a transition metal hydrogenation catalyst
such as a Raney nickel, copper chromite, rutﬁenium. or suppo&ed palladium catalyst.
Hydrogenation reactions of this type are well known to those skilled in the art. The
secondary alcohoi may also be dehydrated using known methods to vield valuable
alkenyl products such as styrene.

The titanium-containing molecular sieve described herein, in addition to being a
useful epoxidation catalyst, also has utility as aﬁ ion exchanger, a shape-selective
separation medium, or a catalyst for other hydrocarbon gohversion processes,
including, for example: cracking, seisctefoming, hydrogenation, dehydrogenation,
oligomerization, alkylation, isomerization, dehydration, hydroxylation of olefins or

aromatics, alkane oxidation, reforming, disproportionation, methanation, and the like.

The molecular sieve of this invention is particularly useful for catalyzing the same



secondary al cohol may al so be dehydrated usi ng known nethods to yield

val uabl e al kenyl. products such as styrene. The titani um containing

nol ecul ar sieve described herein, in addition to being a useful epoxidation
catalyst, also has utility as an ion exchanger, a shape-selective
separation nmedium or a catalyst for other hydrocarbon conversion
processes, including, for. exanple: crackﬁ%g, sel ect of orm ng, hydrogenati on,
dehydr ogenati on, oligomerization, alkylation, isonerization, dehydration,
hydr oxyl ati on

f f r..ar.omaf.i | kane oxi i .reformn
di sproporti ona{gla%ﬁr)\%n%rr‘*éﬁﬁgﬁatft THm %lh%ﬁi{eﬁZalﬁﬁ%grrﬁgéé%ﬁm%sﬁlggﬁgh%\fe' this
I nvention is part, rly useful faor catalyzing the sane 29 reactions
wherein ti tanﬁlﬁﬁ?tgﬁq%%aeleﬁte&ﬁ?@ds olﬂ‘f'sé’faﬁ?’? 8§plf°89°ol%s ?tl ?'gnﬁyﬁﬁnaé? AP é@@é‘?} have
her et of ore been employedq. Illustrative licatipns of .this type are as
follows: a) A pr ess%f%rpcﬁ?e}" ﬁB‘?fE&Ereo%I%R%@PSr%"%??’Vr?ée‘\/ﬁﬂ”@?f’ses
conprises reacting a ketone such as cl ohexanone with a I a and hydr ogen
oroxi dei ' HEafheth fEionaaueh @8 £ RoRdiandng MR AT mObia rid TOreger Beroridain e
presence of a catalytically effective amunt of {he. titani um containin
mol ecul ar si e\}'SP'dF@éﬁei Q;rgs%/e@?pe(rﬂpge ehimm a#eé\ksywéi&ﬁmeime%weaqfta @mgly%cally
suitabl e conditions for carrying out such a synthetic transformation in the
presence of a sffectivg amosnt elctheitfanivmcantainingymelegulas siaved Reastiors ahifitypen
U.S. Pat. No. 4,745,221, Roffia et al., "Cyclohexanone Ammoxi mation: A
Br eakt hr ough iate wedl igospindhe @rtandeuitabletqopditipRs fas Larryingroutisucivavayingetient s
In Selective Oxidation Centi et al, eds., pp. 43-52 (1990), Roffia et al.,
"A New Procesdransformation in the presence of a titanium silicalite catalyst are described, for

example, in U.S. Pat. No. 4,745,221, Roffia et al., "Cyclohexanone Ammoximation: A
Breakthrough in the 6-Caprolactam Production Process®, in New Develdgments in

Selective Oxidation, Centi et al, eds., pp. 43-52 (1990), Roffia et al., "A New Process

for Cyclohexanonoxime", La Chimica & L'lIndustria 72, pp. 598-603 (1990), U.S. Pat.
No. 4,894,478, U.S. Pat. No. 5,041,652, U.S. Pat. No. 4,794,198, Reddy et al.,
“Ammoximation of Cyclohexanone Over a 'ﬁtanium. Silicate Molecular Sieve", J. Mol.
Cat. 69, 383-392 (1991), European Pat. Pub. No. 496,585. European Pat. Pub. No.
384.390. and U.S. Pat. No. 4,968,842, (the teachings of the foregoing publications are
incorporated herein by reference in their entirety). |

(t;) A process for oxidizing a paraffir.ié compound (i.e., a saturated
hydrocarbon) comprising reacting the parafﬁnfc compound ét a temperature of from
25°C to 200°C with hydrogen peroxide in the presence of a catalytically'eﬁective

amount of the titanium-containing molecular sieve. Reactions of this type are well



for Cyclohexanonoxine", La Chimca & L' Industria 72, pp. 598-603 (1990),

U S Pat. No. 4,894,478, U S. Pat. No. 5,041,652, U S. Pat. No. 4,794,198,
Reddy et al., "Amoxi mation of Cycl ohexanone Over .a Titanium Silicate

Mol ecul ar Sleve", J. Mol. Cat. 69, 383-392 (1991), European Pat. Pub. No.
496, 385, European Pat. Pub. No. 384,390, and U S. Pat. No. 4,968,842, (the
teachi ngs of the foregoing publications are incorporated herein by
reference in their entirety). (b) A pygpcess for oxidizing a paraffinic
conpound (i.e., a saturated hydrocarbon) conprising reacting the paraffinic

conpound at a tenperature of from/[err err] with h drogen )yer oxi de in
the presence ofnavedt 193 aaf Isb“t%ﬂ“f t\‘i’ésé‘£ﬁﬁ?ﬁ%/'"6f°‘tt FE ’i?tsé{m 6ﬁ$ cont ai ni ng

nol ecul ar sieve. Reactjons of this type are Welﬂ 30 known in the art and

sui tabl e condi t"laﬁﬁ@”T‘%tl'°”c‘8rtP?PFﬁj'eﬁ‘Eﬁ 5 H'H“%&‘"é?‘ faita £ 95559Db iR @Bt he
presence of a titaniumsili Ite are desc n Hu brechts
Bt Bl Nt ur e HBresh qtmboBature e (Takh Ciot, Apot B3I 264 i

Tat sum et al J. 476 uybr echt s et aI
Gatalysi o Lot Jalsug 58h. Migﬁ&m 18 P Hiergsas of of

I ncor porated herein by reference h entirety \ process for,
hydr oxyl ati ng Mﬁﬁi&ﬁ%’—tﬁr@%@éﬁgl)ém? ‘F‘S teacﬁnﬁgﬁ )V‘gf&%}r?ﬁei lREQgeRted-heRin by
the aromatic corrpound at erature of fromb50 to [err] with hydrogen

peroxide in thé® EF%‘é’%r\‘&g‘%‘Te’ﬁ' talytically effective armunt of the

titani um contai ning nol ecul ar sieve to forma phenol.ic ound
cresol). g( ) . A process for hydroxylat?ng an apomat?c hydroca on (e.g., ( phgnol)

comprising reacting the aromatic compound at a temperature of from 50 to 150°C
with hydrogen peroxide in the presence 6f a catalytically effective amount of the
titanium-containing molecular sieve to form a phenolic compound (e.g., cresol).
Reactions of this type are well known in the art and suitable conditions for carrying
out such a synthetic transformation in the presence of a titanium silicalite catalyst are
described, for exampls, in U.S. Pat. No. 4,396,783, Romano et él., "Selective
Oxidation with Ti-silicalite*, La Chimica L'Industria 72, 610-616- (1990), Reddy et al.,
Applied Catalysis 58, L1-L4 (1990), |

(d) A process for isomerizing an aryl-substituted epoxide to the
corresponding bata-phenyl aldehyde comprising contacting the aryl-substituted
cpoxide wi(h a catalytically effective amount of the titanium-containing molecular sieve
at a temperature qf from 25°C to 150°C. Ses, for example, U.S. Pat. No. 4,495,371
(incorporated herein by refa;'ence in its entirety). |

(e) A process for oxidizing a vinyl benzene compound to _thé corresponding



Reactions of thi's type are-well known in the art and suitable conditions
for carrying out such a synthetic transformation in the presence of a
titaniumsilicalite catal yst are described, for éexanple, in US. Pat. No.
4,396, 783, Romano et al., Selective Oxidation with Ti-silicalite", La
Chim.ca L'l ndustria 72, 610-616 (1990), Reddy et al., Applied Catalysis 58,
L1-L4 (1990), (d) A process for isoneBizing an aryl-substituted epoxide
to the correspondi ng bet a-phenyl al dehyde conprising contacting the

aryl -substituted cpoxid ith a catalytically effective anmount of the

1Y ant um cont Ao Sedhap SrifkRendPoe AviPirherRaR aR in ydrogen
[err]. See, for_ example, U S  Pat. No._4 4956 371 (incorporated herein by
reference in i?%’oé'ﬁ?iartéttﬁ')“.pefa&"e of from 8@&@"?%‘2&0@‘5??{ "ﬁe\ﬂ?mﬂ benzene
conpound to the correspandi n 31 .bet asphenyl al deh Qnprisin
Feneting the WABTHETTAREOIRBEHAGSRIE nORodPb SEATEr Lt domaion 608788at ur e
of fromJ[err] to [errJ In t,h%ypr?sence_ qof the tjtani um containing nol ecul ar
sieve. See, fdincomaraled hergig bypgferengs inJisgyirelgl (i ncor porated herein by
reference inits entirety). (f) A praocess for synthesizing an N, .

N-di al kyl hydr oxy! df nePc@'ﬁﬁ?#%ﬁ%gvmtgafd%'nagnthhé“n%ﬁ*m&p@mv'ﬁg“@%é@namlpg

di al kyl am ne with hydrogen peroxide in the presence of the

titani um cont dieatting el esciesaending secondary, diplsy! amingpyith hydregerpgeroxids. in the
4,918,194 (incorporated herein by reference inits entirety). (9) A
process for oxpresenasgofdhe sitanimicootaining molecylansieve riee; dercenample.d.S. Pat. No.

4,918,194 (incorporated herein by reference in its entirety).

(g) A process for oxi;:lizing an aliphatic alcohol comprising reacting the.
aliphatic alcohol with hydrogen peroxide in the presence of the titanium-contéining
molecular sieve at a temberature of from 25°C to 150°C to form the corresponding
ketone or aldehyde of said aliphatic alcohol. See, for example, U.S. Pat. No.
4,480,135 (incorporated herein by reference in its entirety).

(h) A process for synthesizing a glycol monoalkyl ether 60mprising reacting

“an olefin, an aliphatic alcohol, and hydrogen peroxide in the presence of the
titanium-containing molecular sieve at a temperature of from 25°C to 150°C. See, for
example, U.S. Pat. No. 4,476,327 (incorporated herein by reference in its entirety).

From the foregoing description, one skilled in the art.can readiiy ascsiiain the
essential characteristics of this im)ention. and, without departing from the spirit and
scope théreof, can make various changes and modifications of the invention to adapt

it to various usages, conditions, and embodiments.



al i phati-c al-cohol with hydrogen peroxide-in the presence of the
titani um containing nol ecular sieve at a tenperature of from[err] to [err]
to formthe correspondi ng ketone or al dehyde of said aliphatic al cohol.

See, for exanple, U S. Pat. No. 4,480,135 (incorporated herein by reference
inits entirety). (h) A process for synthesizing a glycol nonoal kyl ether
conprising reacting an olefin, an aliphgatic al cohol, and hydrogen peroxide
in the presence of the titaniumcontainihg nol ecular sieve at a tenperature

of from[err] to [fd lolo eldMhipIEX AR Erludtrate 1l roc%& ofthfsRy&fibn, but are
V) CErom t he T

(i ncorporated herein by rerference 1n i1ts entiret oregoing

description, R&Qirﬁi\‘z{t{\{laeoq.tﬁ@ir{v fticH ﬁaﬁ%%ﬁﬁy%t%%%{tai n the essenti al

characteristics o I's inventlon, u eparting fromthe spirit

and scope thereof, can nake various Cha&%ﬁ"ﬂ#1 nmodi fi cati ons of the

i nvention to adapt it to various usages; rons, and enbodi nents. - 32
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ors (N-benzyl Q85" e dmpiate. &' ™ UM |
The template, 4,4 -trimethylene bis (N-benzyl N-methyl piperidinium)
dihydroxide, was prepared as follows: To 800 mL of ethyl acetate was added 25 g
(0.105 mole) of 4,4 -trimethylene bis (1-methyl piperidine). To this solution was then
added dropwise under a gently flowing nitrogen stlgeam 36.8g (0.215 mole) benzyl |
bromide. A white precipitate soon formed and the resulting mixture was stirred
ovemnight under nitrogen. The solid precipitate was recovered, washed well with ethyl
acetate, and then re-slurried in pentane. After recovering the precipitate a second
time and washing with pentane, the product was dried under vacuum at 30°C for 48
hours. The yield of the dibromide salt was nearly quantitative. The dihydroxide salt
was prepared by.ion-exchanging about 50 mmol of the dibromide salt using 300g
BioRad Ag 1-X8 anion exchange resin. The resultant diquatermary ammonium |

species was cobtained as a nearly colorless aqueous solution after low temperature

removal of water to concentrate the solution.



di hydr oxi de, was prepared as follows: To 800 nL of ethyl acetate was added
25 g (0.105 nole) of 4,4-trinmethylene bis (1-nmethyl piperidine). To this
sol ution was then added dropwi se under a gently flow ng nitrogen stream
36.8g (0.215 nole) benzyl brom de. A white precipitate soon fornmed and the
resulsting-mxture was stirred- overnight under nitrogen. The solid

preci pitate was recovered, washed well with ethyl acetate, and then
re-slurried in pentane. After recovering the precipitate a second tine and
washi ng wi th pentane, the product was d¥¥ed under vacuumat [err] for 48
hours. The yield of the dibrom de salt was nearly quantitative. The

di hydroxi de salt magugre ar ed bﬁtion-exchan I ng about 50 mmol of the

di broni de salt usi'RBBEE: 184 srelltetpethylothosilicals was Agdrsediopyise 0.Tg 0.05 M
resul t ant diquatenagéyannnniunyspecies was obtai ned as a nearly col orl ess
aqueous sol uBiayaoes HEY. THR reswltied slegr solvtiomwas stifreddertiwa owsmteoamat e the
sol ution. 33 To 30 g (0.144 nol) tetraethylorthosilicate was added
dropwi se 0. 7mpemy:rRungee 8.gentiel streareot Rittagen. n§fter this time| 3@ minabwdutet i rred
for two hours at roomtenperature under a gentle streamof nitrogen. After
this tine, 3ethanohivaslagddeddolinwrd byvagirapnise dgiticovafdl .53 940 Pd6paslektitadiding i on
of 1.53 g (0.045 nole) titantumtetra-n-butoxide in 20 nL isopropanol..
Thereafter, Zetp-ofbutoxidein 20 sill isopmpacél. t Hereaftere g/ oemd. 37 N spheion \df theet hy |
pi peri di ne) di hydroxi de was added dropwi se. The solution was dried at [err]
over ni ght vyi ¢irdethglehd. i (wdnzgt metttyil piperdingp dihydratidd wae added Heopiwisee The
spectrum of the dried cogel exhibited two strong absorbances at 216
solution was dried at 110°C overnight yielding 13.3g of dry white powder. A diffuse-

- reflective UV spectrum of the dried cogel exhibited two strong absorbances at 216

and 235 nm.

An additional portion (17g) of the aforementioned template solution was
combined with 4g doubly distilled/deionized water. Using a wetness impregnation
method, the resulting diluted template solution was added dropwise to the dried co-
gel. The amount of solution was somewhat greater than was required for incipient
wetness, resulting in the production of a very runny slurry, The molar gel composition
for the slurry was:

0.144Si: 0.045Ti: 0.012DQ:0.024 OH: 0.973 H,0

SiTi=32; DQ/Si=0.084;0H/Si = 0.167; H,0/Si=6.8

DQ = dication portion of the diquatemary ammonium species

The slurry was placed into teflon-lined Parr reactors and heated static at 135°C
for 8 days (shorter reaction times were found to yield partially amorphous prpducts).

After this time, the solids were recovered, washed with water, and then dried at 110°C



and 235 nm An additional portion (17g) of the aforenentioned tenplate

sol ution was conbined with 4g doubly distilled/deionized water. Using a

wet ness i npregnation nmethod, the resulting diluted tenplate solution was

added dropwi se to the dried co- gel. The amobunt of solution was somewhat

greater than was required for incipient wetness, resulting in the

production of a very runny slurry. The nolar gel conposition for the slurry

was: 0.144Si: 0.045Ti: 0.012DQ 0. 024 OH: 34€.973 H20 Si/Ti=32; DQ Si=0.084;

OH/Si = 0.167; H20/Si =6.8 DO = dication portion of the diquatemary anmoni um

speci es The s | . =1 I3k g .
#)?érp%,h}’%%(?g{ggp ?gﬂ%r §¥§1§ E&rﬁﬂrrleh r{ﬁﬂ th@dfied %f’a?a%ﬁx’ri] Sor?zggl;/l? gﬁé}g&lar

static at [er reaction tines were
partial ly anorphous, products). After this {i t he sal i ds re.recpvered
Rashed v t b WABES i RaegilE ot shoft with b delethuye BFubfindieh S8 fuer Beasgs Sien
anal ysis confirped that the dried {itanj umcontakning nolegular sieve had a
zeolite beta 3% M -lte T4 ﬁnﬁbslﬁgldé'éiegﬁi"’é%o% aWﬁ‘gr}‘éll‘?gsBHt #&%h?ﬁcﬁ%ﬁ’d Pealodess
such as ZSM 12. TGA anal ysis indicated that 26.1% weight |oss at bgrr]
occurred due pbthegsmplste,taoerespangingtte 3.3 mplats anelequlestnsr $43Titasgmy. aDSC analysis
nol ecul es per 64 Ti atons. DSC anal ysis showed a single exotherm (to [err])
centered at [ ehawedwi sifiglenxatherat (ta 700 €3 ckntertd @bA3R “Chwitlo an beset at1382 HE.uAecdrdimg
der Waal et al., J. Chem Soc., Chem, Comrun. 1241-1242 (1994)],
silica-boron gemkiliteatied frad@et Waabetull) i Ghérh oo WOheh .S ConnRok @24 E2U2 (1994)],
calcined at [err], wth :

silica-boron zeolite beta contains substantial amounts of coke when calcined at 400°C, with

calcination at 700° being reguired to remove the coke. Such calcination; however, causes

a loss in crystallinity. In contrast, the titanium-containing zeolite beta prepared | in

accordance with the present invention can be calcined at 550°C for 8 hours ip dry air with

complete removal of all template (as evidenced by elemental analysis). XRD of the
- calcined material (Figure 1) showed no loss of crystallinit;y.

Elemental analysis of the calcined matérial showed 32%Si, 2.0%Ti, <100 bpm Al,
0.025% Na (Si/Ti=27.3, Si/Al>3500). The calcined material had a micropote volume of
0.269 mL/g (N, BET measurement), in good agreefnent with the value of 0.266 mL/g
reported for all-silica zeolite beta. Toluene adsorption was 230 mg/g as ﬁompared to 170 -
mg/g for H-Al/beta, suggesting 2 more hydrophobic environment. DR-UV spectroscopy
showed a strong absorbance at 216nm with a second smaller peak at 232 nm. A small peak
at 330 nm was present, evidencing a minor degree of anatase céntamination. IR..

spectroscopy of the calcined molecular sieve exhibited a



calcination at [err] being required to renove the coke. Such cal cinati on,
however, causes a loss in crystallinity. |In contrast, the
titaniumcontaining zeolite beta prepared in accordance with the present

i nvention can be calcined at [err] for 8 hours in dry air with conplete
rrenoval of- all tenplate (as evidenced by el enental analysis). XRD of the
cal cined material (Figure 1) showed no3boss of crystallinity. Elenmental

anal ysis of the calcined nmaterial showed 32%6i, 2.0Ti, < 100 ppm A, 0.025%
Na (Si/TFi=27.3, Si/A >3500). The calcined material had a m cropore vol une
of 0.269 ni/gMedarately girong reserance @ #63 cm n whisbdhashesdnassigngdtta a pertwhation
of 0.266 nL/g reported for all-silica zeolite_beta. Tol uene adsorption was
230 ng/ g as comfie SP.netwaotk dusy tg the abserpligrhel HO, s0d%est i ng a nore

hydr ophobi ¢ envi ropment . DR- UV spectroscopy showed a strong absorbance at
216nm wi th a secondSsMAS-NMR ehiheas-sypthesized Aurgaigined) snleaulaggieve indicased
present, evidencing a m nor degree of anatase contam nation. IR

spect roscopy dtatithe disyaternan anmyneciumdemplale eeraainedintadt inside taplattivedrarhelyrk
strong resonance at 953 [err] which has been assigned to a perturbation in
the [err] net worikg dydrothenmabsyritsesisnt The “6f MASHNMRUspectrunt efrthp dsisyniiidsize

t he as-synt hesi zed (uncal ci ned) nol ecul ar sieve indicated that the

di quat emary amubedulan sievepisashewneaseA lire Bigurd actogethsr with ttie CaMASSEMR spestai
during hydrothermal synthesis. The [err] MAS-NWVR spectrum of the :

as- synt hesi zedf apftriméthylens distberszybinethyl pipeddeniurh) dibramide (BdgeRidure 3)idnd thbe
[err] MAS-NMWR spectrumof 4,4'-trinmethylene bis(benzyl nethyl piperidenium
di brom de (B kolufibg (RC=MAS-AMR bpeéctrum of the dibromide in ds-acetone (C in Figure 3), which

further confirms the presence of the diquatemary ammonium speciqs. C MAS-NMR
of the calcined molecular sieve showed a Q3 band (-101 ppm) about 2.5 times that of
the Q4 band (-110 ppm), which is similar to the ratio seen for TS-1 (MFI) titanium
silica_liies. This indicates that the molecular sieve of this invention .does not contain
an appreciably greater number of defect of silanal (SiOH) sites than TS-1. SEM
analysié_of the as~synthesizéd molecular sieve showed homogeneous, small (sub-
micron) particles of spherical morphology with no evidence of amorphous material.

A calcined titanium-coniaining molecular sieve having a zeolite beta structure
prepared as described hereinabove was found to be active as an epoxidation catalyst
using either aqueous hydrogen peroxide or organic hydroperoxides such as t-butyl
hdyroperoxide. These resuits are summaﬁzed in Tables | and Il. For example, using
1-hexene as a substrate at 60°C witﬁ 50% H,0, (olefin: H,0,=3.3) in methanoal

solvent, there was analyzed after one hour 27% conversion, 37% selectivity (based



solution [err] MAS-NWR spectrum of the dibromde in [err] (Cin. Figure 3),
whi ch further confirms the presence of the diquatemary ammoni um speci es.
[err] MAS-NWR of -the cal cined nol ecul ar si eve showed a @B band (-101 ppm
about 2.5 tinmes that of the 4 band (-110 ppm), which is simlar to the
ratio seen for TS-1 (MFl) titaniumsilicalites. This indicates that the

nol ecul ar sieve of this invention does %t contain an appreci ably greater
nunber of defect of silanol (SiOH) sites than TS-1. SEM anal ysis of the
as-synt hesi zed. nol ecul’'ar sieve showed honogeneous, small (sub- mcron)
particles of aphgh) taalhergnqxias Wiy 12% seleivity tadiadaetby! ethersp hfiter adwes itdre A
cal cined titanium containing nol ecul ar sieve having a zeolite beta
structure preyss seemél Gesnrwitsian with 47 Haepaxidenard 1 bhrglyaad mathy ethersetestivity
epoxi dati on catal yst using either aqueous hydrogen peroxide or organic

hydr oper oxi ddepsxiddiglysols-rbtie yl 3.2)yYsipg upredtealizgd J&-Al/B disel a zeglite tetamar i zed
in Tables | and It. For exanple, using 1 -hexene as a substrate at [err]-

wi th 50% [ er rcpntaiieg iSi: Ti[ end JA) iri its fretewodt stewdtwrehtin cohleast, neer N0 gealedtivity
after one hour 27% conversion, 37% selectivity (based 36 on H202) to the

epoxi de wi t h td 2iMgsspenetibyipraduats idhebtairiedyundet kienilar cfiditions3 Todetermber hevwas
seen 71 % conversion with 17% epoxide and 1 1% gl ycol nethyl ether

sel ectivity (steerbrwatryhelrsadtivhi lution. was firshdned with endgnabkiuaesulfe Undere. ,
a zeolite beta containing Si, Ti, and Al in its framework structure), in

o "5 [P rdE Sl o, ARy SOt s a0 Yo
sol ution was 1f hétaddh iHE, BbhvbrEiBE Withi 40% SHlebNi§-to dpdStide and only 4% selectivity to
ring-opened by-products (epoxide/glycols ratio = 10).
Even better results were attained using t-butyl hydroperoxide (90% solution in
t-butyl alcohol/water) as an oxidizing agent. Using ethylbenzene as solvent and 1-
octene as the olefin, at 90°C there was analyzed after 1 hour 78% TBHP conversion
with 68% selectivity to the epoxide and less than 1% selectivity to glycols. By way of
comparison, the use of unneutralized Ti-AVB under similar conditions (1.5 hr reaction
time) led to 58% TBHP conversion, oﬁly 38% selectivity to epoxide, and 61%
selectivity to glycols. |
EXAMPLE 2
This éxamplé demonstrates an alternative method _of preparing a
titanium-containing molecular sieve in acéordance with the present invention.

Calcined zeolite beta (5g; Conteka 41-89-001) having a SiO,: Al,O, ratio of 24

is added to 500 ml of 13N nitric acid. The resulting suspension is heated at 80°C for



conditions otherw se identical to those previously described, there was
anal yzed after -1 hour 40%-H202 conversion with 40% sel ectivity to epoxide
and only 4% selectivity to ring-opened by-products (epoxide/glycols ratio =
10). Even better results were attained using t-butyl hydroperoxide (90%
solution in t-butyl alcohol/water) as an3pxidi zi ng agent. Using

et hyl benzene as solvent and 1- octene as the olefin, at [err] there was
anal yzed aft erfolr haurs wigostifidtd? Ther sespeinded wolids f8Uesalezed by ifitsativn ande
epoxide and | ess than 1% selectivity to glycols. By way of conparison, the
use of unneut rratreated tyvicerih thien dame sharineawith dreshtposticns(df. BN nitniceaaid. Aiftet | me)
| ed to 58% TBHP conversion, only 38% selectivity to epoxide, and 61%

sel ectivity taegbweringsy fixatidnl, he2sdlids are xashéd weitk nithsdeicrized vater) asd Gaéd Ye
met hod of preparing a titani umcontaining nolecular sieve in accordance
with the presasCioveenightao.prédte ardsiiuminatet zeblitbcbet® bavitgrd kAl MalaB Patfd0ds)
having a [err]: [err] ratio of 24 is added to 500 m of 13N nitric acid.
The resulting ggspension is heated at [err] for 37 four hours with
stirring. The suspended solids are recovered by filtration and retreated

twice in the same mhanRaluthihitet 2litelbita isdadded tolBd ittt Guiartz Abled . TH 186 is
recovering by filtration, the solids are washed well w th deionized water,

and dried at [i4ded \ﬂéfﬁéaﬂlzgﬁh flufhaze Anddesiawd@ed eainal fittoges ibivaniialed. ed ng

a Si/Al nolar ratio of 940..
sample is heated at 400°C, then heated at 600°C and the nitrogen flow increased to
300 cc/min. Once the temperature has stabilized a_t 600°C, the sample is treated with
titanium tetrachléride for eight hours by sparging the nitrogen feed through a warmed
(40°C) TiCl, solution. After this time, TiCl, treatment is discontinued 'and nitrogen flow
through the sample continued at 600°C for an additional hour. The sample is cooled
to room temperature ovemight with continuous nitrogen flow. The cooled sample is
treated with a 1M aqueous solution of ammonium nitrate at 80°C for four hours. The
sample is recovered by filtration, washed well with water, dried at 95°C and then
calcined at 550°C for 6 hours to yield a titanium-containing molecular sieve having a
very low level of aluminum. Raman spectroscopy and 25t and ZAl MAS NMR also
confirmed that- near complete dealumination takes place and that titanium is inserted
into the framework of the zeolite. The x-ray powder diffraction pattern of the titanium-

containing molecular sieve is shown in Figure 2 and summarized in Table lil.

Elemental analysis indicated that the molecular sieve contained 200-300 ppm



The deal um nated zeolite beta is added to a fitted quartz tube. The tube is
| oaded vertically in a furnace and a slow (100 cc/mn) nitrogen flow
initiated. The sanple is heated at [err], then heated at [err] and the .
nitrogen flow increased to 300 cc/mn. Once the tenperature has stabilized
at [err], ‘the sanple is treated with tit%i umtetrachloride for eight hours
by sparging the nitrogen feed through a rmed [err] [err] solution. After
this tine, [err%ptreatment i s discontinued and nitrogen flow through the
sanpl e cont i nB&IREM] err] for an additional hour. The sanple is cooled to

room tenperature oyerni ght wth contipuous nitro flow., The cool ed sanple
is treated with a % 'é’glﬁ‘é‘b&gméﬁ‘l'm mglecyipr é‘ﬁ%r‘ﬁ‘%ﬁ%‘?‘f‘?gﬂ%eﬁ‘uf@ﬂrﬁs 3or
four hours. The san&ﬁe IS recovered, by f||trat|? washed wel | with water,
dried at [errfatalyst toRéie B&q’res%ae@tx'd[ee?wld@a?n gf Aexene ysipgdhe fellowing
titani um containing nol ecul ar sieve having a very |ow |evel of aluninum
Raman spect r os@nsiijonsh §07Cer 13.2amethanol fSONﬁSt)Nmde%‘ ddiexeRentSiamel hdiegen
conpl ete deal um nation takes place and that titaniumis inserted into the
framewor k of peroxideo0il0g.cariystx-ray powder diffraction pattern of the
titanium containing nolecular sieve is shown in Figure 2 and sunmarized in
Tabl e 111. El enentHhe sasalty of this aviluationdarstshownlie Tableedli| Bxarsple\2:Acshowesi thet!
200- 300 ppm 38 alum num The titani um containing nol ecul ar sieve thus
obt ai ned i s egeddiepexideselectivityadandie dchieveldewithout owelificationof the egtalysthaith on
of 1-hexene using the following conditions: [err], 12.2g nethanol -
(solvent), 16GroupA ol Grsutei& catloris, i@ |(it iy/blalizged) to the extremely low aluminum
content of the catalyst. The activity of the catalyst was quite high, with over 90%
conversion of hydrogen peroxide being attained in just one hour. When the catalyst
was washed with 0.5% sodium acetate (Example 2-B), a somewhat lower initial rate
of hydrogen peroxide reaction was observed together with improved selectivity.
Example 2-C demonstrates that the titanium-containing molecular sieve which has
been treated with sodium acetate also performs quite satisfactorily if alpha-methyi
benzyl alcohol rather than methanol is used as a solvént for epoxidation. In contrast,
titanium silicalite having a TS-1 structure exhibited little activity in an alpha-methyl
benzyl alcchol mgdium (Example 2-D).
EXAMPLE 3
The following example illustrates an aitemnative method of preparing the Al-free
titanium-containing molecular sieve of this invention using a diquatemary ammonium

species as a template.



peroxi de, 0.10g catalyst. The results of this evaluation are shown in Table
V. Exanple 2-A shows that good epoxide selectivity can be achieved w thout
nodi fication of the catalyst with Goup A or Goup Il A cations, due (it is
believed) to the extrenely | ow al um num content of the catalyst. The
activity of the catal yst was -quite-high9 with over 90% conversi on of

hydr ogen peroxi de being attained in just one hour. Wen the catal yst was
washed with 0.5% stdblutionct ot drifiEthgienk di2 (NBpenzyl Somettyapipeddinium)iitydbxide
rate of hydrogen peroxide reaction was observed together with inproved
selectivity. wasmpéparéd @sdeBxanipleat éont BOg of the ddrteaponding ditirérniddenghit.

nol-ecul ar sieve which has been treated with sodi um acetate al so perforns

qui te sati sf aTéteddthyloithosiliqaita (30,444 heotizwés paciaihohydratybed b? adingeirbgwiek 1S

used as a solvent for epoxidation. In contrast, titaniumsilicalite having

a TS-1 structute5erhlid¥ic. €3N l(by hydrogigs) Aquesous memFlaeé_. ping -t hiayogBREGVE solution
al cohol nedi um (Exanple 2-D). MPLE 3 The followi ng exanple illustrates

an al ternati vgagaiBed titiniuth wdtuiskidd 6. 74;01008¢1 MdIpRi SHT0:62Y Aol)i N9
nol ecul ar sieve of this invention using a di quatemary anmoni um species as a

tenpl at e. éﬁfﬁtﬂﬂdﬁbkm&t@f To t’i\'e'rbétigﬁﬁ‘é furbiahRixiirs wald-difedthe g&@?ﬁ{ﬁﬂa

&
pi peri di ni um roxi de was prepared as 1n Exanple 1 from 30

o iegpfgdwg?gfpgé g@»ﬁ@tﬁéﬁgﬁt@gﬁaﬁ Qb5P Y. Rt dintHy & bt BRipkrdifie
for two hours, the ethanol formed during hydrolysis was removed by evaporation and
the precursor gel aged ovemight. The precursor gel had the following compositidn:

TiO,:10 template:33 Si0,:800 H,0

The clear precursor gél was loaded into teflon-lined reactors and heated in a shaker '
oven at 135°C for nine days. The crystalline solids thereby obtained exhibited an
XRD pattem characteristic of a beta framework structure. Aftér calcination, the
molecular sieve exhibited two bands in the UV/VIS spectrum at 233 nm aﬁd 214 nm
with absorbances at 0.420 and 0.391 respectively. Elémental analysis confirmed
presence of 1.9 wt. % Ti, 0.005 wt. % Al, and 43 wt. % Si.

Epoxidation of 1-hexene using hydrogen peroxide and the caicined molecular .
sieve at 60°C ga;fe 44% conversion after one hour with a selectivity of 45.3% based
on hydrogen peroxide. The organic products formed were 73.8% 1-hexene oxide and

" 26.2% glycol ethers. A sample taken after six hours showed 100% conversion with a

selectivity of 31% based on hydrogen peroxide. The organic products formed were



into 50 m of 0.49N (by hydroxi'de) aqueous tenplate. To this honbgeneous
solution was added titaniumtetrabutoxide (1.74;0.00511 nol) in 5g (0.024
nol) tetraethylorthosilicate. To the resulting turbid m xture was added the
remai ning portion of the tenplate solution (from0.0517 nol). After
stirring at roomtenperature for two hours, the ethanol fornmed during
hydr ol ysis was renoved by evaporation a t he precursor gel aged overnight.
The precursor gel had the follow ng cong sition: [err] tenplate: 33 [err]
The cl ear precursor gel was |oaded into teflon-lined reactors and heated in
a shaker oven at [err] for nine days. The crystalline solids thereby
obt ai ned exhi bited an XRD pattern characteristic of a beta franmework
structure. After calcination, the nolecular sieve exhibited two bands in
the UVNI S spectrumat 233 nmand 214 nm w th absorbances at 0.420 and 0. 391
respectivel y. El efid¥t Y weightilshexgie pxide 31d 58 calvso! etherst . 9% Ti, 0.005
w. %A, and 43 wt. % Si. Epoxidation of 1 -hexene using hydrogen peroxide
and the cal cined nol ecul ar sieve at [err] gave 44% conversion after one
hour with a selectivity of 45.3% based on hydrogen peroxi de. The organic
products formed were 73.8% 1 - hexene oxide and 26.2% gl ycol ethers. A
sanpl e taken after six hours showed 100% conversion with a selectivity of
31% based on hydrogen peroxide. The organic products forned were 40 42%
(by weight) 1-hexene oxide and 58% gl ycol ethers.



41 TABLE | Oxidi zi ng Form . Tine, Oxi di zi ng’ % Epoxi de %

Tot al Agent hr . Agent Selectivity d ycol %
Conver si on Sel ectivity H202 50% sol uti on 1

27 37 12 3 : 71 17 11 H202
50% dri ed - 1 40 40 ' 4 2 60

44 12 TBHP 90% sol uti on 1 74 _ 62

6 TBHP 90% dri ed 1 48 68 <1 based

on oxidi zi ng agent Conditions: (a) H202 Exanples - 6.3g MeOH, 4.0 mmol

[err] 15 mmol 1- hexene, [err] 0.15g catalyst (b) TBHP Exanples, 6.Qg

et hyl benzene, 3.8 mmol TBHP. 15 mmol 1-ocygpgg [err], 0.15 g catal yst 42
[err]

Oxidizing Form Time, Oxidizing % Epoxide % Total
Agent : hr. Agent -Selectivity' Glycol
% Conversion Selectivity'
H,0, 50% solution 1 27 37 12
3 71 17 11
H,0, 50% dried 1 40 40 4
2 60 44 12
TBHP | 90% solution | 1 " 74 82 6
TBHP 90% dried 1 78 - 68 <t

! based on oxidizing agent

Conditions: (a) H,0, Examples - 6.3g MeOH, 4.0 mmol H,0,, 15 mmol 1-
hexene, 60°C, 0.15¢g catalyst

(b) TBHP Examples, 6.0g ethylbenzene, 3.8 mmol TBHP. 15
mmol 1-octens, 90°C, 0.15 g catalyst
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w 2. 08
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Rel ative Intensity 11.50
42
I nterpl anar di st
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d(angst rons)

43 TABLE 111
vs 6.57

w 3. 95
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44 [err] 4 5 CLAI M5 1. A crystalline titaniumcontaining nol ecul ar
sieve characterized by a framework structure isonorphous to zeolite beta
and conprised of ' Si and Ti, but having a framework Al content |ess than 500
ppm corresponding to the general formula [err] whereiny is from0.01 to
0.25. 2. - A nolecular sieve as clained in claim1 having a framework Al
content of |ess than 100 ppm 3. A nol ecul ar sieve as clained in claiml
or claim2 characterised in that y is npj greater than 0.20. 4. A

nol ecul ar sieve as clainmed in any preceding claimhaving a titani um content

of from1l to 10 weight percent. 5. A nol ecul ar sieve as clained in any
precedi ng clai mhaving a characteristic x-ray diffraction pattern as set
forth in Figure 2. 6. A nol ecul ar si eVABRE It ai med in any preceding claim
addi tional I'y conprising a non-acidic binder.

d(angstroms) Relative Intensity

11.50 . | vs

6.57 omw

6.05 : mw

413 w

3.95 | s

3.51 mw

3.28 | mw

3.24 mw

3.19 ' w

3.02 w

2.68 w

2.48 w

208 w

1.69 w

d = interplanar distance
vs = very strong
= strong
mw = medium weak
w = weak



7. A nmet hod of making a crystalline titaniumcontaini'ng nol ecul ar sieve
characterized by a framework structure isonorphous to zeolite beta, and
conprised of Si and Ti, but having a framework Al content |ess than 500
ppm conprising:~(a) forming a sotubilized partial hydrozylate - )
characteri zed by the absence of precipitated silicon dioxide and titanium
di oxi de by reacting a hydrol yzable silicon conpound and a hydrol yzabl e
titani um conpound with water under acidic conditions; - (b) formng a
solid anmorphous [err] cogel by contactlng the sol ubilized parti al
hydrozyl ate with an anount of a benzyl Gbstit ut ed anmoni um speci es

effective to catal i npr egnat ed
cogel by contacti [err] copel with sol ution of the
benzyl - substi t ut eq %hnnnlu‘<§ ol vent} jand-(d)j forming the
crystalline titani 8omta|n|ng nol le€ul dr Asi eve py* heat i t he i npregnated
cogel at a tenper ﬁﬁ“'ron1120 Ctoflerr]. 8 A netjhod as clained in
claim?7 characterlqu t the tlotal Jammunt of henzyl -fSubstituted
anmoni um-speci es ifn steps (b) and (ic) ig4 within p0% of thk anount needed to
occupy the pore vdl ung of the solid anorjpgous [efr] cogel} 9 . A nethod as
claimed in claimd & &l ai o%,-char cieefis®d in that the hydrolyzable
silicon:conpound is%%acted'fl‘? th vr/ater pripr to rea&ting t he
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hydrol yzabl e titani um conpound with water. 10 . A nethod as clainmed in any
one of cltainms 7 to 9 characterised in that the ampunt—of—sotvent 1S
sufficient to dissolve the benzyl-substituted a ' ' gt hout
formng a slurry of the inpregnated ¢s8gel in Sa%mq%&m“ma[“ nmet hod as
claimed in anycigqe®f clains 7 to 10 characterised™ atm *

benzyl - substituted anmoni um species is a diquaternary ammoni um speci es and
t he i npregnated cogel "h . in tefns of | ar ratios
within the fol | ow ﬁ'g r aﬁ}é@%ﬁﬁﬁ@ﬁ%{ﬁ*tﬂ%ﬁwﬁlﬁa ﬁ&%‘-’@%s‘ﬁ&? Pﬁafa@eﬂze by a
0.02-1 [err] 0.1-10 rr . err] .[err] . ]
0.005-2. 0 wheTPEWRRK FE”‘&HreaﬁsRH\*ﬁ?Pé{SéP @Q'ﬁeo?ﬁta%ﬂésc%é"%ﬂ eJnSben«i)a' hemt of
the diquaternary a ni um cies, and DQis the dication conponent of the
di quat er nary n'éﬁ]‘é% %@ﬁ\y@ﬁ@& canfent Igssdham §00 Pppr Qemespgnding rto dhelgeneeal
titani um containing nol ecul ar sieve characterized by a framework structure
i somor phous  tfermpulel B WD awhatein yrip fiose@.0df09.2%nd Ti, but having a
framework Al content |ess than 500 ppm said nethod conprising fornmng a

mxture of a hydr oé'yzal% emglle_l:lljlgp gie%%r?sogggdwg in claim 1 having a framework Al

content of less than 100 ppm.

3. A molecular sieve as claimed in claim 1 or claim 2 characterised in

that y is not greater than 0.20.

4, A molecular sieve as claimed in any preceding claim having a titanium

content of from 1 to 10 weight percent.

5. A molecular sieve as claimed in any preceding claim having a
characteristic x-ray diffraction pattern as set forth in Figure 2.

6. A molecular sieve as claimed in any preceding claim additionally
comprising a non-acidic binder.

7. A method of making a crystalline titanium-containing molecular sieve
characterized by a framework structure isomorphous to zeolite beta, and comprised
of Si and Ti, but having a framework Al content less than 500 ppm, comprising:

(a) forming a solubilized partial hydrozylate characterized by the
~ absence of precipitated silicon dioxide and titanium dioxide by reactin-g' a
hydrolyzable silicon compound and a hydrolyzable titanium compound with water

under acidic conditions;

. This is the replacement sheet
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hydrol yzabl e titani um conpound, and a benzyl -substituted amoni um speci es
wherei n each nitrogen atom bears a single benzyl subStTituent and subjecting
said mxture to hydrothernmal treatnent at a tenperatu Ilrmlu mmmm
2000C for a tine effective to formthe crystalline ti{mm l n

mol ecul ar sieve. 13- A method as clai #€d in claim12 charcacterPsel i’ that
the nolar ratio of hydrolyzable silicon conpound to hydrolyzable titanium
compound is from5 to 2Q8) 1lformiry B&bli@dmasptidusi STOG-Ti0, cogel Bylcbritacthgita 13
characterised in that the nolar ratio of hydrolyzable silicon conmpound to
benzyl - subst i t gé(agiligsdTpavtMhydREsHSE with i @Mdn® 3f b dedz{l-subBtitutdd ARIMERILAT

claimed in any one of clainms 12 to 14 characterised in that* said mixture is

formed in an ' neher ingafolgdig.ective to 48 acconplish
s yﬁgg‘ﬁygamgwgyz& fiteher ihQarolpdi

hydr ol ysi s of l e titani um corrpound and hydrol yzable silicon

conpound. 16 . A nethod Agsh;'cfrétﬁga%ﬁeﬁﬁp’reﬁﬁﬁeaf cbgédl ﬁ tontditihg Itﬁ/ solid

characterised in that t silTcon conpou IS partrla

177" A Vethod cametiohSi i TRIUART Wik £ phlifoR e AL ER A BRRRERBHTT

t he hydrol yzable sil.con,c dis tetraal kylorthosilicate. 18. A nethod
as'clainmed in %ﬁﬁ?'?n'é' %?0‘3%5?%87 to 17 characterised in

{d) forming the crystalline titanium-containing molecular sieve by

heating the impregnated cogel at a temperature of from 120°C to .1 60°C.

8. A method as claimed in claim 7 characterised in that the total amount
of benzyl-substituted ammonium species in steps {b) and {c) is within 50% of the
amount needed to occupy the pore volume of the solid amorphous SiO,-TiO,
cogel.

9. A method as claimed in claim 7 or claim 8 characterised in that the
hydrolyzable silicon compound is reacted first with water prior to reacting the
hydrolyzable titanium compound with water.

10. A method as claimed in any one of claims 7 to 9 characterised in
that the amount of solvent is sufficient to dissolve the benzyl-substituted
ammonium species without forming.a slurry of the impregnated cogel in __said

solvent,

11. A method as claimed in any one of claims 7 to 10 characterised in
that the benzyl-substituted ammonium -species is a diquaternary ammonium
species and the impregnated cogel has a composition expressed in tefms of molar

ratios within the following ranges:

This is the replacement sheet
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that the hydrolyzable titaniumconpound is a titaniumtettaalkoxide. 19. A

met hod:as 'clained in claim 18 characterised in that the h drolﬂﬁzabl e

titani um conpound is titaniumtetra-n-butoxide. 20. um&mﬂjm’

any one of clains 7 to 19 characterised in that the benzy
ammoni um species is a diquaternary spé& es. 21. A nethod as cI ai med" any
one of clains 7 to 20 characterised in that each nitrogen atom of the
benzyl - substituted anmoni um speci es bears a single benzyl substituent. 22.
A method as claimed in @i@/MQ@D or claim25-20@racterised in that the
benzyl - substi tuted amoni um speci es- has the structure [err] wherein X is
hal i de or hydroxi de. ¥Riop method as cl @.0pdi in any one of clains 7 to
22 characterised in that the crystalline titaniumcontaining nol ecul ar
sieve is calcined. 24. od as cl ai negy el ai m 23 characterised in
that the calcined crystal®inetitani umcontaining nol ecul ar sieve has the
enpirical formla [err] Lfsxc |n y is fromO.glgto 0.25. 25. A process for
epoxi dation of an olefin npfi si ng cont act‘T'ng said olefin with an

oxi di sing agent selecte rgani ¢ hydr hydr ogen peroxi de and
conpounds capabl e of ge?l) a?gi'ﬁ); hydr ogen p@?@é >(;‘3&‘80r an organic :
wherein M* is an alkali metal cation, X is- the anion component of the
diquaternary ammonium species, and DQ* is the dication component of the

diquaternary ammonium species.

12. A method of preparing a crystalline titanium-cohtainihg molecular
sieve characterized by a framework structure isomorphous to zeolite beta and
comprised of Si and Ti, but having a framework Al content less than 500 ppm, said
method comprising forming a mixture of a hydrolyzable silicon compound, a
hydrolyzable titanium compound, and a benzyl-substituted ammoniu.m species
wherein each nitrogen atom bears a single benzyl substituent and subjecting said
mixture to hydrothermal treatment at a temperature of from 160 to 200°C for a time

effective to form the crystaliine titanium-containing molecular sieve.

13. A method as claimed in claim 12. characterised in that the molar ratio
of hydrolyzabie silicon compound to hydrolyzable titanium compound is from 5 to
200.

14. A method as claimed in claim 12 or claim 13 characterised in that the
molar ratio of hydrolyzable silicon compound to benzyl-substituted arr(lmonium
species is from 0.03 to 2.0.

15. A method as claimed in any one of claims12 to 14 characterised in

that said mixture is formed in an aqueous medium under conditions effective to

Fhis is e replacement sheet
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hydr operoxi de, in the presence of a catalytically eft&tectiveanount—of—=a-

crystallinne titani um containing nol ecular sieve chara ' Lol t he
crystalline titanium containing nolecular sieve is aqmmﬁ]ﬂg“ﬂm.lﬂﬁ“"one
of clainms 1 to 6 or prepared by a procgﬁs as claimed i amy onemoOfs Cl=al ms 7
to 24. 26. A process as clained in claPm 25 characterised in that the

olefinis selected from ethyl ene, propylene, 1-butene, 2-butene,

.isobutylene, 1l-peniene, 2-pentene ycl tene, 1 -hexene, .cycl ohexene,

vi nyl cyc?%ﬁ%‘ﬁ%‘, g\é‘ﬁﬂﬁ'%%%ﬂﬂ'ﬁ%{é&f%ﬁ ,""i'—“o%q'@ﬂ%‘,’"iﬁﬂa ﬂ‘éﬁﬁ&zﬁ fene.
27. A process as clainmed in claim25 characterised in that the olefinis a
[err] nonsilieprepmpopsd. A process as claimed in any one of “claims 25 to 27
characterised in that the contacting is effected at a tenperature from25 C
to [err]. 29. 3& prddewthad asiclaimed inangronegefeclaims: 1 itadlS2gharagtrrised in
characterised in that the organi c hydroperoxi de has the structure 50
[err] whethatntheehydrolyzabld siliean dampdurat és paetiallyrbydrolylieds prienttoabeingr e
selected from[err] alkyl, [err] aryl and hydrogen, subject to the proviso
that not gahbinedanith the ®ydistyzdble titdridm] coripdyrsti.ogen. 30. A process as

clainmed in claim?29 characterised in that the organic hydroperoxide is
sel ected from j7 butd indihdd WeIMiedEin dmy2oNé of LHIMBY 8118 characterised in
thét thé hydrolyzable silicon compound is tetraalkqu&hosilicate.
18. A method as claimed in any one of claims 7 to 17 characterised in
that the hydrolyzable titanium compound is a titanium tetraalkoxide.’
19. A method as claimed in claim 18 characterised in that the
hydrolyzable titanium compound is titanium tetra-n-butoxide.
20, A method as claimed in any one of claims 7 to 19 characterised in
that the benzyl-substituted ammonium species is a diquaternary species.
21. A method as claimed in any one of claims 7 to 20 characterised in
that each nitrogen atom of the benzyl-substituted ammonium species bears a
single benzyl substituent.

22 . A method as claimed in claim 20 or claim 21 characterised in that the

benzyl-substituted ammonium species has the structure

-1 2+
F H,C\ P’{;,C

N7 T

2X

wherein X is halide or hydroxide.
This is the replacement sheet
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cumene: hydr oper oxi de, ethyl benzene hydroperoxi de, and cycl ohexyl
hydr operoxi de. 31. A process as clained in any one of Tlaims 25~t+6-30____

characterised in that said contacting is carried out in baflivis se. 32
. A process as clainmed in any one of clainms 25 to 31 Chmwm@%”ﬂﬁat
the nolar ratio of olefin to organic h;groperoxide is from kO: U .
33. A process as clainmed in any one of“clains 25 to 32 characterised in

that the tenperature is in the range 25 Cto 120 and the crystalline
titani um contabpi NgaNRbEIY oIS id ang T Qi F 128 dHaAREBREL in

structure isonorphous to zeolite beta conprised of Si and Ti, but less than

100, PP {1 OBl SRR R HRgBBR S R BMAed T ] hereLn ¥

;
is fromO. process a I'n any one of clains 25 to

30 characterised,in that the crystalling.tijani At ad i | ecyl.ar
sieve is depl oygﬁ' i nAREthod 35 glpinged i")(ﬁ%"ﬁ@é" gbgg&%ﬂ%ﬁ%ﬁ@’%t r{ReéVcé%gd

met hod for the preparation of a crystalline tjtani um cqntaini ng, nol ecul ar
si eve as craystaling fitapymeerntaining ular gieve Bass ‘?9%”'6%6(9 Bating
zeolite beta and filling the framework_ vacanci es created by deal um nation
by titaniumatoms. 36. A nethod a$i@+Eised in claim 35 conprising the
steps of (i) dealumnating zeolite beta and (ii) thereafter contacting the
deal um nat exhepeiaduist from 0.01 to 0.25.

25. A proceés for epoxidation of an olefin comprising contacting said

| olefin with an oxidising agent selected from organic hydroparoxides, hyd_j’ogen

peroxide and compounds capable of generating hydrogen peroxide or an organic

hydroperoxide, in the presence of a catalytically effective amount of a crystalline

titaniurh—containing molecular sieve characterised in that the crystalline titanium-

containing molecular sieve is as claimed in any one of claims 1 to 6 or prepared
by a process as claimed in any one of claims 7 to 24.

26. A process as claimed in claim 25 characterised in that the olefin is
selected from ethylene, propylene, 1-butene, 2-butene, isobutylene, 1-p'entene,.
2-pentene, cyclopentene, 1-hexene, cyclohexene, vinyl cyclohexane, allyl alcohol,
1-heptene, 1-octene, and 1,3-butadiene.

27. A process as claimed in claim 25 characterised in that the olefin is
a C,-C,, mono-olefin.

28. A process as claimed in any one of claims 25 to 27 characterised in
that the contacting is effected at a temperature from 25°C to 150°C.”

29.. A process as claimed in any one of claims 25 t028. characterised in

that the organic hydroperoxide has the structure :

This is the raplacement sheet-
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with a titaniumsource. 37. A nethod as clainmed in claim 36 in which the
dealum nation is effected by contact with an acid sel ected from m neral
acids and carboxylic acids at a tenperature of fromJ[err] to [err] for a
time period of from5 mnutes to 24.ho¥és. 38. A nethod as clained in-
claim37 in which the mineral acid is hitric acid. 39. A nethod as cl ai ned
in claim38 in which 10 to 1,0 parts of nitric acid are r_part of

zeolite beta, by weight. 40. method as clained in a f clains

to 39 in which step (ii) cg{{pri —e—sq)ﬁﬁl,pQSi ng the dealu m &’ﬂ”ﬂﬂu a
liquid or volatile source of titan 41. A nethod. as*cla o IMm 40
‘characterised in that the sourélg of titaniumis [err]. 42.. A nethdd as
claimed in any one of clainms 3% to 41 including the step of substituting
acidic hydrogen cations of the crystalline titanium containing nolecular

si eve bwheseid it eRéandR} arerthe samei andifferertand aea sglecied from&rGe allyli h net al
cations. 52 43. A crystalline titaniumcontaining nolecular sieve

char act €¢iGedniyand Hydrogew rsibjact de the pravismthatined snere theoldneso iR, £2and
conprising Si and Ti, but :
orR? is hydrogen. ' '

30. A process as claimed in claim29 characterised in that the -organic
hydroperoxide is selected from t-butyl hydroperoxide, t-amyl hydroperoxide,
cumene hydroperoxide, ethyl | benzene hydroperoxide, and - cyclohexyl
hydroperoxide.

31. A process as claimed in any one of claims 25 to 30 characterised in
that said contacting is carfiéd out in a liquid phase.

32. A process és claimed in any one of claims 25 to 31 characterised in
that the molar ratio of olefin to organic hydroperoxide is frorﬁ 10:1 to 1:10.

33.. Aprocessas claimed in any one of claims 25 to 32 characterised in
that the temperature is in the range 25°C to 120° and the crystalline titanium-
containing molecular sieve is characterized by a framework structure isomorphous
to zeolite beta comprised of Si and T',_ but less than 100 ppm framework Al,
corresponding to the general formula SiO,:yTiO, wherein y is from 0.02 to 0.20.

34. A process as claimed in any one of claims 25 to 30 characterised in
that the crystalline titanium-containing molecular sieve is deploYed in the form of

-

a fixed bed or of a slurry.
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having a franmework Al content bel ow 500 ppm and corresponding to tpmemw )
general formila [err] wherein-y is from0.01 to 0.25, obtainable by"a «

process as claimed in any one of clainms 35 to 42. 44. A process for -
epoxi dation of an olefin conprising contacting said ol efi} Mﬂﬂmumu”m
oxi di sing agent selected from organi c_hydroperoxi des, hydri&udnl Sl d

conpounds capabl e of generating hydroa n peroxi de or -an or ganclc Lo

hydr operoxi de, in the presence of a catal yiicall effeﬁtive anmount of a,
crystal line tit &8 umfeonetios E‘y kae AEPArAtON.PE 3 erytallingy M3 anigining
prepared by the process of any one of clains 35 to 42. 53 44. A

cryst al | i nendlédidar sieveds alaimad indnyconaof slaigs thareeanrisiag dealuminating
framewor k structure isonorphous to zeolite beta and conprising Si and Ti,

but havi ngzéolfteapemp alkdAfilliagnten fradmeeworlb A& captiesaotated rigs pteadimindtion ey
general fornula [err] whereiny is fromO0.01 to 0.25, obtainable by a

process asuedAlifiEdtdiisany one of claims 36 to 43. 45. A process for
epoxi dation of an olefin conprising contacting said olefin with an

Compounds. capabil:of Adnetie ey AR LOBER e Epring Ui, RebBe' 8F @

hydr oper oxi de, in the presence of a catalytically effective anount of a

cryst al | i néealumipating esalitg WW@%&@&UPW&%‘ é’\?é‘t%%t"bg g‘?‘?rg@a'i‘m‘@%ﬁ‘?rpm%t

prepared by the process of any one of clains 36 to 43. '
with a titanium source.

37. A method as claimed in claim 36- in which the dealumination is
effected by contact with an acid selected from mineral acids and carboxylic acids
at a temperature of from 25°C to 150°C for a time period of from 5 minutes to
24 hours.

38. A method as claimed in claim 37 in which the mineral acid is nitric
acid.

39, A method as claimed in claim 38 in which 10 to 1,000 parts of nitric
acid are used per part of zeolite beta, by weight.

40. A method as claimed in any one of claims 36 to 39in which step {ii)
comprises exposing the dealuminated product to a liquid or volatile source of
“titanium.

41, A method as claimed in claim 40 characterised in that the source of
titanium is TiCl,.

42. A method as claimed in any one of claims 35 to 41 including the step
of substituting acidic hydrogen cations of the crystalline titanium-containing
molecular sieve by ions selected from ammonium, alkali metal and alkaline earth
metal cations.
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43.. A crystalline titanium-containing molecular sieve characterised by a

52

framework structure isomotphous fo zeolite beta' and comprising Si and Ti, but
having a framework Al content below 500 ppm, and corresponcﬁng tfo the general __
formula SiO,yTiO, wherein y is from 0.01 to 0.25, obtainable by a process as
claimed in any one bf élaims 35 to 42, |

44, A process for epoxidation of ;10 olefin comprising contacti_ng said
olefin with an oxidising agent selected from organic hydroperoxides, hydrogen
pe;oxide and compounds capable of generating hydrogen peroxide or an organic
hydroperoxide, in the presénce of a catalytically effective amount of a crystal.l.ine
titanium-containing molecular sieve as claimed in Claim 43. or prepared by the

process of any one of claims 35 to 42.
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EPOXIDATION PROCESS AND CATALYST THEREFORE

ABSTRACT

A crystalline titanium-containing molecular sieve having a framework
structure isomorphous with zeolite beta and containing Si and Ti, but essentially
no framework Al, usefully catalyzes the epoxidation of olefin with organic
hydroperoxides. The catalyst may be prepared by formingﬁa mixture of a
hydrolyzable silicon compound, a hydrolyiable titanium compound, and a benzyl-
substituted ammonium species wherein each nitr_ogen atom bears a single benzyl
substituent and subjecting said mixture to hydrothermal treatment at a
temperature of from 100 to 200°C for a time effective to form the crystalline

titanium-containing molecular sieve.

.FIGURE 1



