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FIELD OF THE | NVENTION This invention relates to a

process for producing a noble netal-containing

titaniumor vanadium zeolite catalyst and its—usein

o_I efin epoxi d.atl on w t h oxygen and hydrogen. “ ““\ “ “ “\
F Cantum or vanadi o AATIEN G TR BT cont Lé’m

tenpl ating agent used in the to zeolite synthesis,
fol l owed by tenpl at &ElEidmEFal HEINVENRIONe nobl e net al -

o B L AR 1 o

tm@nmmrwnadmmfzeemaxcatals’shand ﬂmmse ohe olefio peghxidation with
Ceneral | OXi are forned b rea

oPBIeR A eBg0er: o e paPa TR iR TG A NP ETaRaL Mlpoe toa
am@ﬁkfﬂ )bﬁVan%'dl@mDie@ﬁﬂécmbpﬁtilgéorﬂéiﬂmthﬁIt@nﬁlagme afentrused in the
ro ene an an or nic er oxi | Z

pg%mp = “Bitiesiss BIRYE By iSBREEISYET dR| (AT INe noble metal

Eita F{gyﬁtaﬁlﬁﬁ{&%hadmﬁﬁzedhfe @eﬁawcn ally practiced
tec hi s process Eer ornmed_in the presence

of a sol ub| | i zed BARKGRE EakbE INYENJKIN Y, s, Pat .
No. 3, @?F‘y 6&)1ﬁ'erﬁﬂg rﬁgﬁ@&? 'r\%gecﬂéogr%péfét?éﬂ' Bf poRides| havea been

catal ys dr ogen
pde‘ﬂalomted i @eaeladlheepoxtdesmrg|fﬂ@n%cgbmth@w°ctwn Phan ifin with an

PoRRBUR A B rEITERRE 1 Gl oS pRIdueRbBf iSpyiene oxde

d&ﬁﬁg\p;g{]mrtem ax?d En&brgﬁalc hyd:ropem;(@eaoxjg@mg@ggnt such as ethyl
age 0

bR Sl B bSE P EPEEARE LS o

OtegthnBlogdd ATMé herbcesemie rperiaiingd pina dite cpfrdser@eh 0b| 2 ggplubilized

Ioisﬂoﬁlg’e dh{lﬁ%@iy % dﬁhbo%)ggelﬂo {3,5¥ §g§| geﬁ E%r]pggﬁequs titania
UBBCHiIIdén@dtQWt skbay. Sl |PéEfN@aJt 86Y8t42haﬂydmgerppemdje is another

useful in conmmercial oxi d t|o hi gh ol efin

TRERLATE B9SThLSRIH for DR PTRAEGTL A RERXFTEL CIRINPORon using
dj h?&r‘bbeﬁ I%?‘d)&@é h&ﬂa @taritire Reicak) ﬁdhtbsls\kdeiﬁbn@tm@ﬂn anhg. Pat. No.
hydrogen in the presence of a catal

p b 58280, O egayariagaiot o %3hRgerPa Sﬁwr@géwea to pre-form

F AL bxidPi a‘g‘éniBn(ﬁr%'Féémloﬁ)WﬁH dlefrd agent. Thus,
devel opnent “of an efficient process (and cat aI

pr oni sésothes soupriaially draicrdolesoledinti drecy ﬁ'é xidation of
érfé qh étﬁﬂ?ﬂé"%ﬁi%& @a‘uﬂ@ﬁ%fﬂﬁl dyBeh ObvERda silver catalyst.

ZI ng age rent catal'ysts have been
plwmmﬂuhtélmr thee silvert lsstaljist ebas g6t eqf@xedjavsesz dp commercial

_~|tH|e~ direct epoxndatton of hlgher olefins W|th oxygen and hydrogen in the
presence of a catalyst. In this process, it is believed that oxygen and hydrogen
react in situ to form an oxidizing agent. Thus, development of an efficient
process (and catalyst) promises less expensive technology compared to the
‘commercial technologies that employ pre-formed oxidizing agents

Many different catalysts have been proposed for use in the direct
~epoxidation of higher olefins. Typically, the catalyst comprises a noble metal
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*000007* that is supported on a titanosilicate, where

the titanosilicate has been calcined prior_to noble

metal incorporation in order to remove the tenpl ati ng

agent used in the titanosilicate synthesis. For

exanpl e, JP 4-352771 discloses the epoxidation of -
rtB@tylsew@past%@nfa dtanepilicateawhpenther titapesiljaatsm bas been calcined

0’%%% ?r{/lwlé&@ rﬁet%}’ ﬁgc‘ggzﬁﬂaﬂbﬂ |H9?rﬂgl'°fi‘>t Ricve the %ﬁlk)félltlﬁg agent used

net a as pa I um on a
t iin athes titanoailieate Usgithesis.. Nwor Sx8BHple264° d4-§52ﬁslesilsn:|oses the

rrorotion, b Woflgfle, Su HBHTW hseton“of BlRDiche  fhifen, and

v ehydebgem using aa:katatlyst céhtamngaSSrontVlllhhetaBstﬁih ds pdladium on a

0 G550 BBk IPROEAE R A A TLLER! S cogs i

1Cbléfﬁ‘ﬁ1ﬂ4 metélars.@&sctecpabm Rat Rp/sPd, DBENChAd tHieis supported on a
titanosilicate is first calcined to renove

ag}@?ﬂ'“’ﬁr‘?"o\fa”lag'%éi"?ﬂﬂﬁ o‘\"sq Hé-SadtateNRef B, 1@%‘%‘%35 a gold
f Yp E&?éﬂ 6 kitPoSHESR catdlydtS T¢A6§é batehts éuptegaﬁ Forfhatibh lof a noble

rovenents in the direct epoxi t1on
nétlﬁék{fﬁaa%“@éﬁ aptpdtst wharehahe tltm@d@atﬂ isdirgicalcined to remove

Eftérﬁpfa't@(& gﬂ%ﬁfb{@? :té QBduRér?SPﬁn% rFo‘B an epoxi dati on

catalys ts use. L re " epoxi dation of -
ol ef i ndswwith eny geherainal nmeegent isSldesikatie Ofo BiEIn still further

ARy LR OB SR SIUEAED, e rave

‘ardnbaoveredm effedtive, egrovenidat protess tofarfi ars epoxitiation catalyst and

ydr ogen, an xvagen... Th ces rls first

YRS TR res? SO Raiof T OB S, SO A Sy tigosh
vanadi um zeolite t B&NMARN&DHS’H&ENVENWIGNI ng agent
used in, the zeolite synthesis, and t V|n the., .
Comol Al Be RGBS #Erdeens o msp A 2B e P RtgiRirg:gtanium
Ofor Wanadlumnzectid ahe ite alsaliti Ibe epbRdafdmby §lbf hS with thydfbgen and
in ol efln epoxi dation  w th oxygen and hydrogen.

DIEXYISNED] B Srg9ess | ORIRTses fiEst m@mb@anq%saw@eé%@ titanium

ofor tViRabiiine doe trat Usfhih® tﬁéol@Hﬁﬂ‘atﬁ'@bEQent used in_the zeolite
netal -containing titaniumor vanadium zeolites. The

n&¥nBesis and éB‘?ﬂ £2'APYIR tthe demplate to Jeradhia arblgapetat-eentaining
s THd BRhiyst Rractedffbikfm Ic;:goxtdatlon

zeolite. Titani um or vangdl um zeolLdl tes conprise
c Wit pxyger apd hydwaenbst ances wherein titani um or

1 con it om A ED PEPCRIERON B THBINVERg (1e

nmol ecullbe psocass. of&haehnm:ﬂmnaamd tarprotihes noble metal-containing

{7 AL NETE RO TN F —"—

- pzeglites comptise airbiniietal and %tltanlurrt envarmadiim \zaoktei ditanium or

' tz ?{gfl‘ﬁ'ﬁgtrﬁ%ﬁﬁeaf %&gﬁ@tﬁ? e L%gﬁlégglgéesuv%ﬁere;n titanium or
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vanadium atoms are substituted for a portlon of the silicon atoms in the lattice
framework of a molecular sieve. Such substances, and their production, are well
known in the art. See for example, U.S. Pat. Nos. 4,410,501 and 4,833,260.

The process of the invention uses a fitanium or vanadium zeolite that
contains the templating agent used in the titanium or vanadium zeolite synthesis.
The synthesis of titanium br vanadium zeolites is well known in the art. Titanium



The synthesis~of titaniumor vanadiumzeolites is well

known in the art. Titanium 2 or vanadi um zeolite
“synthesis typically conprises reacting a titani um or

vanadi um conpound, a silicon source, and a tenplating

55k, SR s LAty o i

US@dridldivin® cbr'nznaﬁrhdﬂﬁ ZREdN EQursy NdMes ksmplaGhd! dQenthaﬂa ghfperature
not limted titaniums al koxi des and tifaniu

hagndites a tma%ﬁ@ﬁﬂp@at toi fosmia ftraiurRbAG Qs auigakie tltﬂﬁ\i%compounds

t S | t;

| HAURP BN Yoot AL RLORE, DO EHE RRIrHIAR, i
5 prakexides angr §tapiune dhalideani d?fefeawaddwniuml al&@oae& e uliianium

tr e?rgfsgfnll Sxﬂgdtlfan g% tﬁ xﬁg anQr ltg ll.lnTS%tP lté%(lde Titanium
e i

|con sour ces
coﬂetraetﬂnaknde% especnallycprbfﬁmd sl?ﬂeferaedatltdnlsni Inaimias 'include titanium

| koxi des, err on al koxi des are
te 'Fé'@f'ﬁ?/?gq ?%%ﬁcblo"?@t ramet hyl ort hosil i cate, and
t hef| l @Jataﬁ%élﬁedm)slburo%tlh@adé,i patt arel aotem}nlﬁed ab) yolioidal silica,
preferre e te ating agent is typically a ,
10 { GRS (§iSamBTR RIEGR | GRONHRS | o PENFd . Sifodh  alkoxides are
t efefrﬁ@ﬂh?%@%é UMtetinheRylorthesilicats | 8érid1 dttRgeilike STetraethyl-
ically used in the is zeolite synthesis as a

teﬂ'ﬁ]%!licﬁtf 'é@éﬁ‘?C'%'b’rﬁi'@fﬁﬁ@ consi sting of the tenplating
agent aff @ nﬁ"ﬁg“en? %et‘}bl@éliy d 'ﬂﬁrataﬁéyfa'i\%lﬁbﬁhﬁmi&ﬁhuﬁémcularly

catlonlstylc droxi de, halid
m tetrappylgounenivm éﬁfdpft heThei R@n@lah@mmnt is typlcally used in the

{_ ?é E}’rllt %%%émﬂéﬁﬁﬂoggﬁn%ﬁﬂﬁda&l tlﬁgmmhé“?@:mplatmg

as tet ammoni um hydr oxi
t eagemraopyaraammcmnen@sn dée tetraallylemsioniym xmtion is typically used

%SD OXIt 'dﬂ%:%%gt g@g:ﬁ) u nl%ﬁateTeth%gtg pyhﬁtﬂm}ﬂé u que compound.

e’1's especl ‘preferre
tlTeuHalkylammoammllwdramdes taasd |tetraaikyiaremoou1m biyalides, such as

othermal crystall]izati i
o PR ByeaT oAt 2R BlaPoba AR nalge, Gre profemed
20 comtplutmg agéntcecompouridse, Tetrdptopylahahomigmabgdrbxide is especially
np9und 25 in the presence of water. O her solvents
RFTeEd cohol s may al so be present. Al cohols such

aS ISOIEEmNéSIs ebmytitamnm neet lwahadiumohedolitese ipr edreiededut by a

ok aPRREL rsR)alen s fopion ety ciiebriedr by gobining he

ti ﬁtﬁﬁiu%ﬁana‘dﬁlh@@b#lﬁb@ﬁ@'smk@ﬁ solicR! He§ tefr@;ﬁlﬂlxrﬁ;ﬁa@ent compound
reacti on m xture wherein the nolar ratios

of
25 adii the weasengs of datere Other §@N%tS§NCH@F@éCQ5\°‘% @ﬁwaéﬁq bgypresent.
| agﬁl‘%holg‘%hﬁﬁ a?f?o%r&?yl aétﬁ%l'ﬁi’l'defﬁeﬁ’lpl aAikéHol Qfe g%r?éd ang isopropyl

riose t "owi n lar rat T O2(
0. acehqi(mesmmalwmeaedng agent : Si 02 = 10 50: 100 The

vater: 0%aR athd dhydtothimal process used to prepare titanium or

vanadium zeolites involves forming a reaction mixture wherein the molar ratios of

30 addiﬁves (as defined in terms of moles of templating agent, moles of SiO, and
moles of TiO, or VO.5) comprise the following molar ratios: TiO2(VO25):SiO; =
0.5-5:100; and templating agent:SiO; = 10-50:100. The watér:SiOz'molar ratio is
typically from about 1000-5000:100 and the solvent:SiO, molar ratio may be in
the range of 0-500:100. '



typically from about 1000-5000: 100 and .
the-'solvent:Si02 nolar ratio may be in the range of
0-500: 100. 3 The reaction mxture is prepared by

m xi ng the desired sources of titanium or vanadi um

“silicon_and tenplating agent conpound to give the

react i ofhgfsadliee mlxmfe |sSorap@r@dtbypmmg|t9e desjeasksaurcesafttitanium
t Neyr WaAdiang, §l Iatﬂ%o {)r?lgggﬁ)ﬂo gﬁ\:;e thr%ll%%f:tl%} mixture.

baS|C|tyoft r IS~C
t edbisz&lsmtyp@glhhne@essarypﬂuahme( mixtuu‘e havei anpl-ll“af dpdt 0xo @bout 13.

d d th th
(o A8 47 nRSHAAED S LoBelRG, BY B P, frnplaing agen
smammpenpdi &it utng |n aaemiyd(dm& ﬂ?rmﬁﬁa)hlé}ﬂlﬁpﬁdtﬁdi aRd thc?1 use of other
% gl madmd ;Ege{eragg 3?1'5 g%sglt%( toquu r 1%9 nr@oqttggn?rgorgrtemplatmg
pf%ﬁg@hﬁhﬁﬁﬂr@i’dé}@@ﬂb@un@@&yé@ﬂy bédéd fi§ ik %d&abrh mixture.  If
met al %hgl kaline earth neta

ad@nP AYC SeMpoyed ipased, %"@rﬁ?@lﬁw@@’nﬁw%lé mgéaiemuan organic
t h@abeHak %ﬂé&o@ﬂ@?mb@@hese %éaﬁh nvetalk af‘?d ﬁ’ua I|kga|'r'hgeaddltlon

or nitrate les o as| Cc conpoun nds

10 awﬁaﬁﬁth@ﬁbwq p@mpeundsq maydrenesdegnifrthe tanm@tmgoa@ems adrdbd as a

Qﬁ‘s gSpﬁﬁl'id‘e' %lgu ?fépl eéxérﬁg?lgﬁdﬁ g%ts{aa8£§¥ c?onrﬁr;?@dn%rsn include

rOXI tetr ammonl u
n Bn’tnyfpwmn‘qdrmdb tquatﬂmwl ammmuniﬁydkbktdﬁstdmd amines. Specific

te%%éﬁr@?u?‘e?ﬁéwag Tt nria,  FFbSAR, « Bnaiypmmonium
si aydroxidgpn-batylaminehand gipedpydeminexture is heated at a

te era out 100C.tq about, ,250C f erio

5 of " Doouait 8 AR mBtIE it forgi b6 For6ed 4 3 Patperature and a

veﬁmel sufficient RUTETEE BOHRIdUURE SR, 'prﬁ'faﬁ¥amé’ reddliBn mixture is
ctlon mxture is heated' at a tenperature range

f r BRAtER Gh tDPBe appuLt 0¥ e, abeys 25 Ceios .aa:ﬂr@dqu@hput 0.5
abReirs 1RO @pbGt BBOHbukSH- o ’?Tfeta%rd vé%l?el AdSiick eguth Qﬁc‘iddso Bressure.

ti ne, the titanium or vanadium zeolite Is reco
suPrefenably; & reactipadpixure indhemtats at actemperature rangeofrom about

o 20920 0k SRS RS MBS spbLBldC. e

t hthetdesied reaction ﬁmmmeumamam cf:rt\fmadnuwazétﬁnle mcbm@d
dried be 25 u u ess .
e ngont SUBPEPIEE Yacae damaions inds TRYGHand iashiag, (typically

A wmmdgibnaea \Maﬂed) Aoty \@sbor%ﬂbn/%@htrn@g’aﬂbﬁ 4@ the (K& - Preferably,

ref er abl per or.med usi ng water, or

aqﬁ' otﬂ‘:% g i i ‘f?”aag?/"lﬁ? iZ6R 'teT'ﬁd"aé 9@@5‘9 then dirigd. sﬁl‘%ﬂaéh may be

25 Maysehdl B FaMeVedbx@EssOFéRings Hoht tH?é)|zl=.lbl|it@nafter“)i/\‘?stalhzatlon step.
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or vapnadium zeolite nay additionall
-dr.@%?l F any Syjrablg waéhg*i(é\é&rérm@lﬂabe disede theovagjp is preferably

pr;ﬁérﬁfn%@liyuélrﬁg)%&'tép%? aﬁp(éqheo %Hfdlczgpﬁtloﬁs ﬁ'ﬁ@oé’cﬂ?%gs acidic
he titanium™or vanadium zeolite st cont al ns

eﬁﬁﬂ'f@lnl Mgy dgedminaeal Qﬁmgm@@ddnsqlmm eGhettitanium or vanadium

. zeolite may additionally be dried at a temperature greater than about 20°C,

preferably from about 50°C to _about 200°C. As recovered, the titanium or

vanadium zeolite still contains the templating agent that was used in'the zeolite
synthesis. .

The titanium zeolite useful in the invention preferably is of the class of

molecular sieves commonly referred to as titanium silicalites, particulaﬁy “TS-1"



synthesis. The titaniumzeolite useful in the
invention preferably is of the class of nolecular
sieves-commonly referred to as titaniumsilicalites,
particularly "TS-1" 4 (having an Ml topol ogy

an Ialgﬁggash’ ) f@%&zgy g&, ﬁagi%%é% t}!;é'p%@\ggéyélgﬁa silicate zeolites),

t 0*Tiaat (haking lam MSMtdﬁolad;yJamaiogoms wahst of teoZEVe$) alwnmdosmcate

i F2alfesn S0 SnitRe SROFERESY By BelGAREak A 1ol T B Tanium-

- St EQHEAIMN n%&nblé@uﬂﬁf ﬁb@é@ h‘é‘ﬂng mhnévaarré sﬁ@ét@resﬂ”@drd@mhbas to zeolite
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ZSM 48, ZSM 12, and used in the é)ro ess of

£ Hosta; FPEIRY B SRt gV 2 B0 IMCHrjcmay used i ge process of the
| NGBLdd, a noble metal source is added to the

titanium or vanadium zeolite that still contains the

t enpl atAsrgrdingta thesprgcess of e invertionuamneble apt Sawice is added
senlite . y . . : ‘
B e
si the titehiuth ofFganadigmareniite shmthesisi tHrd titanmm warvadadiom zeolite

o Py gl frar L RoMldeE By pBI- AR shle b i drptance, the
petitariunz edvamaoclgx? rzgﬁ?é , may exets;ilr:g dried, grelletrastacti extruded prior to
y._a

[it bi nd
A R e R e
l ni‘/éha%mm desiiteeshal caduitigriatly d@ﬁhirl%e@tbaiderb'i the like and may be
i ncorporation., The nobl e rrefygpgsource [of0]

cofP sg,ay@g 81 eharsd Xt Aqto a‘gygﬁﬁ%orwr&r noble metal
Si jn\.gg,r ratlohdi um rhenium ruthenium osmum or

m xt ures thereof. Palladium_ platinum and gold are
particulhg F?blélé@tﬁ'aitﬂ%ce ﬁﬂ'lnpﬂﬁﬁj moempREad or ﬁP’é‘P@Xr‘é‘cPa"ad'Ufn

Thﬁ‘éﬁn@rﬁ 9618 BREE RSUAT, rh&ShA, ¢htheRanT, @S/ Ner r‘hB@ures thereof.
choi ce of noble 20 netal conpound or conpl ex used

thBa‘!ﬂﬂHfﬁe p!ﬁtmtlme #b|goldrearg| partigylarly degshablee, palladium is most
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%rte?é}l'&i COFRARAS o0 Eaﬁnh‘ﬁl‘%r F}Hétﬁeﬁcﬁ\s' fé@laktﬁri‘? %he choice of noble

rates, sulfates, chl or

brmetaiecsgmpmmdbomompw used. as S dbeisatisp, ohie mebles metal. For .
Q%Q Sss&tabné)% rpgﬁbﬁ.l, Jor Eﬁc%h?o%@ lﬁggﬁ’ﬁ’_lfﬂéj%ltrates sulfates,

I'Nrhg a .m X suc
anbalmeso(e @omrmrlmsalbrpmmsmt carboxyieteao(ﬂ@ acetate) and amine

met al - cont a t,Lt.ani um,or a L

e eeRe BLANTE AR MBI BAMBAUE GRS o'tublurdor such

peligamat, preferably O 005 to 5 wei ght per cent and

partlc ar 0,01 to ercen

25 b oh ¢ TS s et of ESPRCupisR PSB! in. P8 o Midtal Sontaining

Caﬁt@hwﬁ? ot \‘lﬁzanaﬂQIm Qédlil&e d\ﬁllhﬁél il ’gllebﬁn@@bt frovaladblity0.001 to 10 weight

critica 0 e e.n e

RGP BRTE 00051 18 WEIS A s AP SRy Bl Tote, 1 weight

Pr 8&icBht aFHé’r'ﬁaﬁﬁerﬁthHud:l’fﬂme noble metal is incorporated into the catalyst is
not considered to be particularly critical. For example_, the noble metal may be
supported on the zeolite by impregnation, adsorption, precipitation or the like.

Alternatively, the noble metal can be mcorporated mto the zeollte by lon-

exchange with, for example a tetraammlne palladium salt such as tetraammme
palladium dinitrate, dihalide or sulfate.



Alternatively, the noble nmetal can be incorporated
into the zeolite_by ion- exchange with, for exanple, .a
tetraanm ne pall adiumsalt such as tetraanm ne -

. palladiumdinitrate, dihalide or sulfate. 5 Foll ow ng

nobl e netal incorporation, the addition product of
nobl e mEoHeWingmeble metal insasporatinadtheradditisin predust of noble metal

iégbb tlfa%mn@'op vﬁgﬁurﬂ eBht% v‘nﬁgﬂl éh'gﬁ‘\/%%ﬁ?éﬁ {h;él tg{\;%?atmg agent in

por es rocess o
cotl'par zerdse rpensmn ﬁ’getmecestseufptmi imgnﬁtgeatsotconﬁmsestdemovmg the

1 et GegsT R Rl robl MelaTeSiali At Syarsti sy ot

svaﬁameuadaneodn;sredua ofoheBlec atktainahd etitasim of VanRa®erzeolite is

t oPTaReE S b e 17 of FobeWRRinRRY Decipre et haleRfacbar exruded
pebh@rttbztﬁé’ téihplﬁﬁﬁd agéﬁi,renfobsl REF b s‘bfr‘a)r’&r‘?é’dl Cpten&%d or extruded,

addi ti onal | nPrlse a binder or th ke and

mo fgegddition aspd@ eQy asiifisnally comprise @ekinden & taﬁwke and may be
d f t
ot DI, Sy A, SHfped 8 SERIBH il M UGHRP 8 prior the

10agt§:‘rmplafa;g wrémmgyai@tep The tenpl ate rem)val may be

per for ngd, Q%i)t/?oé% WEREA 16 FERLUE e WnbiBfind BESK WSy b employed.

i nert gas, tive treat
t hﬁhe wnplatmmd\daémaydzmbafom@dagemhemlal trgatment in the presence

fbth()<atonma be cqnduct i,n 15
P AR 6. B ARobeaiVe' BERiEht Ber GonaRRne 16t ifchpose the
t htﬁnqﬂétmgTermeot by @ ¢m1ybmaﬂ|@13 obBothonDgidhish WMalybeaBonducted in

15 gig}%gg{téﬁgﬁj&egpﬁpmédr é)%w ol)égggrr&por tLB\nlg rtr?egggfaﬁ'ﬂge zeolite may

hy eise Ry €otita6ted with ALbRiEafSsudhoad RYArsger berdxpiEd{ortHyBebgen and
agent. Alternatively, the zeolite nmay be contacted

i PRYGeR ORI Ay dragen REFOREE di 5654l PTa4NIs RYRIPEERNIASSy OF peracids

SUfdredfova the Qémmﬁng bgbhtd hAIterﬁQtNéW Qnﬁéﬂ &0t nWE&ﬁﬁcted with
~the tenplatin Preferably, the addition product

of aR @anﬁe(?rdpahgﬂ expesafl IrATHENEaH SAHIER sugaasm@rqvgaves or light

20 N GlePio deRORHo3L HeRniiEMLE ?érhan 250C fol | ow ng

25 Of 96’1)'[960090 it The h
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nobl e net al orporation to Tenove the tenplating
agent . Rrehgrably theeadditiors pmﬂt&boﬁnoblem&at and btaniurg @0 @anadium

. ggge %%Il? é‘[f%%:d %ﬁqeﬁﬁ%ghatﬁfegpge%? Y rog%.’(?,%o V%ﬁ&r@i no%le metal

comdumtowhcmto nembve ahauepip(atmgv\bg@h I F empiesattamsl of frpm about
or ST5E 19 RBSGBoqP e Breffuias fnd aft%?r%@qr%ﬁ? o Gbputedboec to

a h s
contains [ess than @é Bgorgbé}ﬁﬁuré e 0 ygea;}; %pﬁgﬁae?cgg?ym inert

I e@@nqs&m@nr@wbmhp@aubs&amllyﬁm of exypeny sueh asenitegethyargan, neon,
| npap n’?’%r%gglﬁ@ &P ﬂ‘ﬁ)@th@ g%rlélé]ﬁ;???lh'%hsstaﬁﬁ'ﬁ@l fige adf ox‘%en”, it is

a mxure gen an
meant that the mert atmosphere contains less than 10,000 ppm mole oxygen,

preferably less than 2000 ppm. Also, the heating may be ‘conducted in an
| oxygen-containing atmosphere, such as air or a mixture of oxygen and an inert
gas. Alternatively, the catalyst may also be-heated in the presence of an inert
gas such as nitrogen prior to heating in an oxygen-containing atmosphere. The
heafing process may be conducted such that the gas stream (inert, oxygen-
containing, or both) is passed over the noble metal-containing titanium or



gas. Alternatively, the catalyst may al so be- heated
in the presence of an inert gas such as nitrogen
prior to heating in an oxygen-contai ni ng at nosphere.
The heating process nay be conducted such that the
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ol ef i nsThé triobis yngial- mﬁtﬁaxnwr%ﬁgewm Pﬁ.\@naebmuzéahtﬁoﬁ useful for

prg m%o'mé' %S&n&ﬂi‘%a%tf' B f| \Qltﬁf biygeﬁ%x)éﬁﬁn hydfdden.  This
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g;%%ﬁ@ciumﬁpe% Wﬁr‘m%ﬁa fum < ﬁ eUay be %%G' inMhe epoxidation

Ium cont al ni
Mo lppsadssr srheVanauanmfreef titapiuaf cmdmmldpmmlmltﬁnls Ehditanium or

addi ti gn of alad freeti nj_u r v :

zedBNE uwa%orgq 8'08nt FY'aye ttﬁ‘% i gbgr%fdgc Vit Iadlym The
t h%dﬂﬂlbh%‘ﬂhtp”ﬁllhdﬂam-ﬂrée ﬂtaalmnbr vamadien zaolite yws proven beneficial to
Sui t abl e ol ef.i ns f C{C&‘dﬂ]ge an ol eg ghhav%ry%tat | east
on®redHayib. efthe palla T‘%“B RPENLINGG &R 1y from2

to 60 caphsmiedbiets ifdivdeanp! defih taoingf &N ldast ane carbon-carbon
acyclic alkene of from2 tqg 30 car

pr @@gb@ tgnndg radigeperally Jrem £ tolfﬁcpr gqrggn g?qng}s g uf‘?thﬂbéV ;I'@r olefin is
e diyzlid'dikeRe OF 1BhfEiItBB0 A4ibén bitis; ARE presdsoflthe thvention is

particularly suitable for epoxidizing C2-Ce olefins. More than one double bond
may be present, as in a diene or triene for example. The olefin may be a
hydrocarbon (i.e., contain only carbon and. hydrogen atoms) or may contain
functional groups such as hahde carboxyl hydroxyl, ether, carbonyl cyano or
nitro groups, or the like. The process of the invention is especially useful for
converting propylene to propylene oxide.



30 may be present, as in a diene or triene for
exanple. The olefin may be a hydrocarbon (i.e
contain.only carbon and. hydrogen atons) or nay
"~ contain functional groups such as halide, carboxyl,
hydroxyl , ether, carbonyl, cyano, or nitro groups, or
the | i k@xydeime apd duyeisegeart ardnealsm\reqmremhfdrsthespmpti@dtloyl process.
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e gats 81 e T aerrans srieaShali Bl 58 Tanes of 01 to 1:10

caaﬁd espedRrfilyi2f: 1 entfgsual ly in the range of 100:1 to
1:10 and especially 20:1 to 1:10. As the inert gas

carri erhs figgnert gas é@”&%ch‘?t&@ gREes siEh aebeliumymeosy gos argon are
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di oxi de.  Sat ur at ed rocar ons

15 o5 fheks EPEGjally- 166, mPr@f@rﬁbwthwqarqu atom b(ﬁh raethape, ethane,
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I b d.
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can be Smﬂcatbyj in the EDO)sda:tlvraot/\aiyopyleae piapah&ecan be supplied in
20 B E80E %) 130, AR RELANE 6 G hpBlorffl eklesIaP narkiBf gas, the

oslve res
hydxm:g;we llmltsl ozixygturearoé propyflens; mreparks chyainoherni lzmdnoxygen are

B A B SR 38 i e n
befaeelmntieﬁkchhl'ge kreexi dation according to the
gns phedeberaing fn 1R olcia,Brte reactal, the dhed %i%gcor%mg to the

25 | i mvesstioneas it cEREUBUE In WSEdiquid Phess, ath\ésbaé j)hase or in the
preferably in the formof a suspension or fixe

TheURsreritieak pPhase. nd/Vheera diﬂwéldrmt% reedignt isnusass the vatalyst is
S eFiefd?abIG inCtheP frRl! ofC4 SsudbeREiSh 3r' fiXed-bed. The process may be

performed using a continuous flow, semi-batch or batch mode of operation.
If epoxidation is carried out in the fiquid (or supercritical) phase, it is
30 - advantageous to work at a pressure of 1-100 bars and in the presence of one or
more solvents. Suitable solvents include, but are not limited to, alcohols, water,
supercritical CO,, or mixtures thereof. Sui_table alcohols include C4-C4 alcohols
such as methanol, ethanol, isopropanol, and tert-butanol, or mixtures thereof.



If epoxidatien is carried out in the liquid (or
supercritical) phase, it is 30 advantageous to work
at a pressure of 1-100 bars and in the presence of one
or nore solvents. Suitable solvents include, but are

not limted to, alc hols ercritic 02 .
o Fpiiated elopfias Saf bacisada bl HrelsTbl 4 Hef (RUESS. pythe cited
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ad@i P EPRAHPN S¥HHBME a gas to the reaction system The
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Those skilled in 25 the art wll recognize

25 vampaqrt ik raceanize feany Yaationsdhat,ae; Witgn the SPIThAE the dpyention

ai ns. EXAMPLE 1: PREPARATI ON CF
?q;gg l%A#iLY%?EQ Clon‘%_a rative Exarg) | A. Spray dried
d/TS-

TS— 1 (100 GEXAMBLES: PRESARAHON OF 1 CATALYSTS
Comparative Example 1A: Spray dried TS-1 (100 g, 80% TS-1, silica
binder, 1.3 wt.% Ti, C < 0.1 wt.%, N < 0.1 wt.%, H <0.1 wt.%, calcined 550°C in
30  air, 50 micron size weighted by volume) is slurried in deionized water (180 g)

and the pH is taken (5.38). After mlxmg for 5 mmutes an aqueous solutlon of

tetra ammine palladium dinitrate (2.1 g-aqueous solution containing 5.37 wt.%
Pd, further diluted with 20 g of deionized water) is added with mixing over 5
minutes. After mixing for 10 minutes, the pH is adjusted from 5.49 to 7.53 with 5



binder, 1.3 Ww.%Ti, C<0.1wWm.% N<O.1w.% H
<0.1 wt.% calcined 550C in 30 air, 50 mcron size
wei ghted by volune) is slurried in deionized water
(180 g) and the pHis taken (5.38). After m Xi ng for

5 miputes, an aqueous solution of tetra ammn .
palt- S PAYEOUS ANMoaiun hydroxidesantd e sWey u{s,qglfated at 30°C for 0.5
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lid j
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are aven cal.ci
catal

30 yst contamecp Sq \Ilv{.]%aI-I’é agg C = 0.26 wt.%. The calcined solids are then

nitrogen (100 cc/min) for 4 hours. After the hydrogen treatment, nitrogen is

passed through the solids for 1 hour before cooling to 23°C and recovering the
Catalyst 1B.

10

transferred to a quartz tube, heated to 50°C and treated with 5 vol.% hydrogenin
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heating fron23 to 110C at 10C/ min and hol ding at 110C
for 2 hours, then heating to 300C at 2C mn and

hol di ng at 300C for 4 hours. The cal ci ned 30 catal yst
contained 0.1 w.%Pd and C = 0.26 w.% The cal ci ned

solids. a t t .red h
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quartz tube, heated to 100°C and treated with 5 vol.% hydrogen in nitrogen (100

cc/min) for 4 hours. After the hydrogen treatment, nitrogen is passed through the
sollds for 1 hour before coohng to 23°C and recovenng the catalyst.

Example 1E: The powder TS-1 used in Comparative Example 1D (24 g,

not calcined in air, 9.3 wt.% C, 0.71 wt.% N, 1.53 wt.% H) is slurried in deionized

water (48 g) and the pH is adjusted from 5.34 to 7.39 using 5 wt.% aqueous

11



~at 10C mn and holding at 110C for 2 hours, then
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heating to 550C_at 2 mn and holding at 55.0C for 4

hours. The calcined solids are then transferred to a

quartz tube, heated to 100C and treated with 5 vol.

hydrogen in nitrogen (100 30 cc/mn) for 4 hours
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2%%32% atﬁtqulgéfﬁeggé lics igggﬂgﬁpgrtr rggpqﬁ%eat Ilrrrgﬁ%cﬁ 8 and recoverrng

catgfa%mpol ids are then transferred to a quartz
tu heated to 100C and t with 5 vaol . 9% hydrogen
20 | n nitrogerEXAMBLER: rﬁPrQXmT@Nr%ﬁrP?OE\YI&%NEt he

hydrogg 356 %@ts'iﬁ?ﬁlbss Biekf r‘é@%r 'lsscha‘?éécﬁﬁﬁih tohy gt bh@atalyst from

sol i ds hour before cooling to 23C and recoveri ng

CaEaﬂWBlﬁ‘ 1 (0.7 EXNvmEthapol Et@(lg)Aﬁn@\raoﬁ PhbraqUaqus Aammonium
gh&s%hgl acputfoﬁﬁ?tsz% ﬁ%%hsurgg‘agf)f 6 (??@2 g?g ; éct.lorols7then charged
(1@03@0 psvgrcbfaa (feéd Mcmqrsﬁngrsofahydmg&nn(Z vol. ) oxygen (4 vol. %),
propylene (5 vol.%), methane (0.5 vol.%), and the balance nitrogen. The
pressure in the reactor is maintained at 300 psig via a back pressure regulator
with the feed gases passed continuously through the reactor at 1600 cc/min
(measured at 23°C and one atmosphere pressure). In order to maintain a
constant.' solvent level in the reactor during the run, the oxygen, nitrogen and
propylene feeds are first passed through a two-liter stainless steel vessel
(saturator) containing 1.5 liters of methanol prior to the reactor. ‘The reactor is
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phosphate solUtion at a nmeasured pH of 6.0 (13 g). The
reactor is then charged to 300 psig of a feed

consi sting of hydrogen (2 vol.%, oxygen (4 vol. %,

propyl ene (5 vol.%, nethane (0.5 vol. and the

b e4tn t IS
L i TN TN A —
S(Efﬂmerﬂn is renalyzed Ig;aaesorplass@ft emrylhummidythehhqm@ramtyeed by

b afca el of e ALRRI R, Bioiend Sl G equvatents

Sql‘P?@Et) Ivehien lrhdﬁud&@rdp;@feobmderq"ﬂ@ | iopyiéne gheol, and glycol

0oX nitro ne feeds. are first passe
Bt blasiery Htag Bie PRAcis  bcAddict, propane formed by the

( SR/dvsiration C&”b@p?l’eﬁ@ 17Rel l*ets@ftéS d?fthEE‘Gbaaﬁélesﬁéé @fe libed to
the reactor. The reactor is stirred rpm .

ark@lquiate tha seleehivitias,ahawa in gah@a't ed to 60C. The gaseous
ef flue [
the || Q{l?ledl%gﬁlgba%@sﬁgpéfe QPri'a#tqlf‘ ﬁléeﬁc?tﬁ%egg %o hrgh'lb%/é“?ﬁe template
18‘rcrm>¢ne titapim md@p@wdomb@enamd@mﬁlw dntfact, the results show
n P
br<GrRetanlé bR 4 OMOENCRAMY for Sdyots prgduced by
dudepogiting enabéea otetaingn artitanidimt zeolite ma]rsmbametaﬁmmﬁté teymplating

ey RUE PR BARR 2TC 1 ne seroctivitios

shown in Table 1. The results denonstrate that it is

{1 ant dfieo! i cMEATBREN R A TRLER £ty g seugeiviry

fact, the results show to conparable productivity and
PO F% selectivity for uced h\/

alyst | t Treatmen - POIPOE
depas att?ﬁsd %:‘ V% |if ﬁi f i "Wat
stil]l cont cut@p%%f& E nrpa] | n%epos eg %Ei( (Iy selgz;'v'ty

zeol T eA SYNT NEaicihed atABl ETAir SR b_U\'O.W' UDO'.Z*LY~>| 93
ACTI|VI TY ANBsSELE:Ho TY b aCaral yst| TS-1 Pre- .

pridr dBten Pd depositilon NcPtt“ﬁQ/Pty SefeEti Vi44 (to PH

depdsi tion|%2 1A" Cal ¢i nedf IP0AET " at] 300¢ 0.1 Q. 24

93 B5GetgrenovetH2—<at—5 ate B——M2—4at
4500 0°09]0.24 94 A1 at \Gageec2 dt NPT 2 A
at 300C, 0./09 0.22 94 : o
1iD* Calcined at Nzat 550°C; .0.09 | 04 ' 90
550°C to remove © Air at 550°C; :
template H; at 100°C
1E - N, at 550°C 0.11 0.41 89
1F - N, at 550°C; 0.1 041 90
: Air at 550°C;
- Hy at 100°C

* Comparative Example

Productnvuty grams POE produced/gram of catalyst per hour.
2 poriPoE Selectivity = moles PO/(moles PO + moles glycols + moles glycol ethers) * 100.
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H2 at 50C 1D* Calcined at N2 at 550C, . 0.09 0.4 90
550C to renpove -Air at 550C, tenplate H2 at -100C 1 E -
N2 at 550C 0.11 0.41 89 1 F -'. N2 at 550C, 0.1 0.41
90 Air at 550C, H2 at 100C * Conparative Exanple
Productivity = grans POE produced/ gram of catal yst per
hd@aim2 PO POE Sel ectivity = nmoles PO (ol es PO +

mol es gl ycopnsyrdcda! @enpaikige! ethers * 100. 13 |
claim 1. A S'F?roctz:ess cgﬁnlprﬁy ng: ) |

et 8l {8lr cBUdIB0 B oD@ GPOUEH A & HIZEOT, Pl vanadium zeolte
cont ai ni ng goﬁtgmg"‘é {éﬁ%la@%ﬂsﬁér& th 86 aM addidér pyduct; and

product ; renpvi n e tenpl ati t
s the addby i omrpo‘onlgmhe tamﬁldmﬁ agemid‘mre th%ggﬂlgg'gg‘f%i%?%mm a

}  tani um or gbig éﬁ%tﬁp%qzrﬁg Hng%t?glum-r&evawaﬂﬁﬁ?ie&ﬁe claim:

wherein t A8

t et r aalkyl ammeniptovess 3of Blempriooelsareini the afemplatige 2geRt 18 a
t he tenpl ating agent is renoved by 10 heating the
adietraals YT at a tenperature greater than 250C.

4. The Procagp Rbcersdf ElaﬁnWhWhetem tHﬂaetemﬂxthtmgcagept isdemoved by
is heated in an inert atnos r}ﬁ S of

10 c| keating3headdiiom Pradkicheld & {Lﬁﬁgﬁat?f e
the pregencerfp rac&%sof%tanrﬁwefmrﬁ k& @@d|t¢w;geduct1§h6ated in an
The process of cI alm 3 wherein the addition product is

f i inett dmaspherei n an inert at nosphere and then heated

in the prese t
7 The %r o ce?gg gfct cels %%&alt@h%?ﬁgﬁelﬁﬁg@;dgﬁitmﬁ prsd@sns heated in

methd preserica ofla”@aststtm COMPBIING SAYARTUM zeolite is
furtherr edui‘ﬁ% 8’? cfeggto?%ﬁ'ﬁ A WhErel tidt aciq%‘%ﬁt r%@&:t' i€l first heated

15the 20%pres as stream conprisi ng hydrogen..
8. inTh@ weecathsospherd am.‘n thenhbeated irhéhenorRsenpetef a gas stream
source conprises one or nore noble netals sel ected

f r GAPARING PEYF b onsi sting of pal | adi um

7. The process of claim 3 wherein the noble metal-containing titanium "
or vanadium zeolite is further reduced at a temperature of at least 20°C in the
20 presence ofa gas stream -comprising hydrogen.

. 8. The process of claim 1 wherein the noble metal source comprises .
one. or more noble metals selected from the group ‘consisting of halladium.
platinum, gold, silver, iridium, rhenium, ruthenium, and osmium. '

. 9. - The process of claim 1 wherein the noble metal source comprises

25  palladium.
10. The process of claim 9 wherein the palladium is added to the

titanium or vanadium zeolite containing a templating agent by ion exchange with
a tetraammine palladium salt. _
11.  The process of claim 1 wherein the noble metal-containing titanium |
30 zeolite comprises a titanium silicalite and one or more noble metals selected
from the group consisting of palladium, platinum, and gold.
_ 12.  The process of claim 11 wherein the titanium silicalite is TS-1 or
TS-2.
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pl ati num gold, silver, iridium rhenium

rut henium.and osmum 9. The process of claim!]l
wher ei n AMB¥DELELAINGEt al source conprises 25

pal | adium 10. The process of claim9 wherein the
pal | adi utf.i s Aaprdeess comaprisingi t ani um or vanadi um

zeolite contaj g_a t ting agent on a

oL 2GR HelnBoa BT el £ R e Egﬁtamms a
claim 1 vvher eetradlkwammbhramm@ﬁlam@é@rmlt@goﬁn tAddition product:
30 zeolite comprises a titaniumsilicalite and one or

nore nobl e m# "l s sel ected fromthe group consisting

of pall ag mheahﬁq |tfaﬂ‘br8&éf'at&¥efm§é‘r‘énﬁé$?§a‘iér tAhn 250°C in

clalml ereln e titaniumsilica e 1s
TS-2. 14 AVENDHDegdlamusphese, A gaa)steeamo@nmmrismgngyg(m) or in an

addi ng a pall it

cont ai ni ng a'&%#%‘iﬁ%ﬁ% T‘ﬂhgwgﬂ yt% ga‘ittr%ﬁb" g@th{'ﬁ?% oxygen to
fgzJI m an addi tfommamlamaﬂimsconwmin@tl(ah)unhemtamﬁ thgso '

addi ti on t at a tenperature greater than

an inertl4t HEPgess pf ﬁ@’éﬁﬁ‘%ﬁ)ﬁﬁ?@ﬁ H&'“@)%@ng tltanlum.
107 dificafife ls'fﬂﬁlﬁér @amq@nfﬁérétgwee& dVedst 2BSC 1 fHRAPFesence of a
conprising oxygen to .forma palladi um containing

ti t9af siffa PP'E‘HW'F% hydregefthe process of .claim 13
wher ei n e Ml Grbads 60857 "lB%érbhatﬂbLtﬁémhﬁ\ sulu%allte is TS-1 or

silicalite is further reduced a tenperature o

1 eab$-220C in the presence of a gas stream conpri si ng

hydrogen. “15. The process of claim 13 wherein the
titaniumsilicalite is TS-1 or |-f TS-2. is

¥

15



