; fghi e3eD"6>T[p WO 02/ 057245 PCT/ US01/ 26440 EPOXI DATI ON CATALYST AND 1)
PROCESS FIELD OF THE INVENTION a 5 This invention relates to the N
epoxi dat i \¥@ @O3HEf i Nns such as pro ction of tHRCTHUSMI2ZHMIt h

hydr ogen and oxygen using a netal @mm‘mmmmmumm tal on titaniumsilicalite
catal yst, an essential feature of the lnvention being that reduction of the
dopand is substantially avoi ded prior {8 Use. In accordance with the

i nvention the undesirable hydrogenation of the 10 olefin during the

epoxi dation reaction is EGSXIBATION CATALYSTHANBAPRGTESS OF THE | NVENTI ON

It is known to epoxidze ol efi nmmmih@o f orm propyl ene oxi de

by reaction of propyl ene, hydr a catalyst 15 conpri sed
Of palladiumand platinumor titaniumsilicalite. See "Synthesis of

Propyl e i de f . r .

Pal | adi U Pl at | nuﬁ}“&ﬁ‘t"%ﬁﬁ?ﬁ@'ﬁ%@rﬁgﬁ% Wéﬁbﬁ @&E@p%h%@?rg@ﬁne

Di nger di ssenby aredction faf tHel dlefin okith hydrogen ahd Gatyglensusing 78, maf&h-dbped

(1998). A featglre of EUCh tﬁri.or pr.o(g:éi?ures has been the reduction of the 20
catal ysts pr'gPle snefel o Hiariug) Silicalie «ratalvsl « pRnesaentiah fegfurey of cthe have
been char act gieasdn hei | %B%tnid G N8 - of

pr opane whi ch resul :b\sé '?‘d:gﬁ! Esg?(%ogﬁgﬁh%gd f tﬂg %{bgﬁff‘%ﬁ a&é%ﬁ&ﬁguwRY
OF THE | NVENTS@N I mccardancer widin tlae inventioh dhe uadesirablevmirogenation dfsthebeen

found that ol ek rage ton during the xi.dation.is reduced to a

remar kaﬂ?e eé@fghih d&ﬁ‘gr@gt%gc’%{@"{%‘&ﬂ f&BB 'r?o%ﬁ%%@@y a8 gpyst, e.g. Pd/Pt on

titaniumsilicalite, is not conpletely reduced either by chem cal or

thermal neans prior to use in_the epoxidation reaction. 30 DETAI LED

DESCRI PTI ON OF THE | NVENTI @&ﬁﬁf@ﬁmg&ﬂmmmﬂ@udance with this

i nvention conpris ' | e 1 t.h titani cont ai ni n

zeolite, which Caﬁ%ggﬂdﬂﬂ@’g@%ggé&?@% %%ﬁlth&glebE?Ba@HH F?rﬁpé{%@&rdance

wi th known poxidedbyemsachisnaot propylehe,f Ggdtogen bhe 6RjdHry Hisirl) S0 caaIpst ses a

metal dpping conponent which is in substantially non-reduced state.

Sui t abl ¥ at P@ﬁ'sﬁ &f Qﬁ&aé’f“‘@? andpiatinggn eptitangim siicalitspi Bge cOvpbasistofhas a

val ence abov i Hlidat i al of N of
Pré®/iéhe ('ng'dg itel ‘F‘?bétvjlﬁné n°fariy mogpéle_lfé ugh@%@f%y

pl ati num The preferre opi ng cohponeht 1°S pfatin
conponent s i RalladiumgPlEtinuer-Contaiping, Titahilinangilicalitet | kByar eRuddeidrs, The

o 2 wel gt DTHSrR8e el Woykan HoRsHishy 1 ivarh o7 GefBhisle <78 360388 e 10

used, preferetygs)t ha feature df%uﬂérﬁerionlpﬂqceah%§ﬂs§4fe%td e RIRESEH"& Bk USP

6,063,942 is conveniently used wherein ion exchange preparation is enployed
and t he2Q esurataliste prigr e tusei inhihe: eplexidatiproreactioni nThe priorwsystemns have

epoxi dati on. u ciion . of the doping. conponent, i
essentially g%%? ?g%%ﬁ%ﬂ%’@g& ﬁ% Qﬁg%%ﬁa(pi? at?@n%?t'o&ﬂPﬁécg%%Y%taéﬁo‘ﬁﬂﬁ %ri ed
at mld condptdpane whichsebsieofiemt hydrogasatiopr ofithe prepnesatrésnaneact i on.
Sequenti al preparation procedures wherein the catalyst conponents are
separately incorporated with the silicalite with or without drying between
st ages provi ded substanti al r%ggmdmpdﬁ-r“lng-m)net al is avoided. 20
The catal ysts to be prepared T i nvention are

conpri s of a ti treacenrdance avithdhempresentiineerdion, i hastbeemfcduad that efedinabl y
an el enent o‘ﬁ' (?'OUﬁgWH of the Peric%%{s.c Tab{ﬁed. au'table zeolites are
those cryst al'Yi"RgchatYr | HTING, 1hE GPoXIaaon S Frelused) 19 asreiparkable, @e wi t h
titani um or mea&tn&m@@r%@d@g&&b%@fbl icBtal A8, & G2 FRINY én tiifélﬁuﬁn[}(]ﬁ&afﬁt@f

zeolite 25 enployed wi Il depend upon a nunber of factors, including the
si ze and shaleneff campletelpfreduced pdhepbyichemichl aFdhermalnpeens iprior o misef er r ed

to use a rel at4 I i tani um or vanadi um zeolite such as a

titanium si I?’c@%ﬁ%oﬁﬁloﬁ'er%o@?ri"n is a lower aliphatic olefin such as

ethyl en®) propylene, or 1 butene. Were the olefin is propylene, the use of

a TS-1 titaniumsilicalg or_ 30 vanadiumsilicalite is especially

.advant ageous. For a bull¥ (RIEHON, OF o HAEINVENTION ger pore

titanium zeolite h ti i ! hay4 real phous

with zeolite bet aﬂg‘rgyngal%srte%J g?@e . %?c%kdén%e WG Shvetfiol %o‘nﬁmgé"s
palladium incorporated with titanium containing zeolite, which can be

O
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WO f 12/ OS72-4S PCT/ US111/ 2f ~. 1~0 The titani um containing zeolites useful as
catalysts in the epoxidation step of the process conprise the class of

zeol i ti c WOWNEREes wherein titanium atons are substit ut edGTOWSOA/266Pt i on of
the silicon atons in the lattice franework of a nol ecul ar sieve. Such
substances are well known in the art. 5 Particul arly preferred

titani umcon C mronl y
referred to %?%rﬁﬁﬁﬁcgf@cdgnﬁtgg&%f |cu ar§g r)@IAS% wﬁﬁ?ﬁ%%m%nﬁ%ﬂ

t opol ogy anataiglyst also comprisés taqmeZeﬂl\dcﬁanag Lmnnmeht edich el smtmamtuélrps 2"

ool i tes amprreliaP bl SRR A, RSRhnGhe andorislrathg SUTIREE orsf. i so

sui tabl e fordgsipgasoinpdieeritiHadna l‘.'/ﬁ‘refifé@téﬁdve%rﬂoi"@w&tﬁfel? b%féné@&f Bms
framework structures, isonorphous to zeolite beta, nordenite,

ZSM 12 #nd M2im the casreof plaéintiom cont ai ni ng zeol ite preferably cont a| ns no

el ements other th tit on_and oxygen in.the newor k,
al t hough m nor aniﬁﬁ r%%rgerar ﬁobfinﬁoncon&;?%nﬁ urly Q 'nf@tﬁi}hw% f’rbe
present. O hesmpbhehts fenldiag dilver,0topEtadioldn 4RY i SikebarednReaN! het he

|attice frarrework of the zeolite in addition to the titanium as descri bed
in U S Pat.dRRISg eoMBON@HACNPesyser e cotalyicepmounts relative mnnaﬂadainm ng

gencrai |y havd 5 WEHRLENG of Hhelef ngéﬂ%f*ﬁg@%'%ﬁw hes BT b N30c P

formul alxTi Oagdd yyréfedabipithe eatio iss1.36t-veen 0. 0001 and 0. 500. More
preferably, the value of X is from0.01 t The nolar ratio of Si:Ti
inthe lattice f rihﬁvﬂeﬁa@ tigm, progesiure é)f @Sgdééaﬁé‘d’e%ifslwny?'@ﬁﬂﬁy gisedy o
99:1 (nost ,J,?E;a(p 0

titaniumri g\?\\ﬁ%gﬁ??gs&m@ 8 e5| r abI jeg%&ﬁlldl {ehe;t%ﬁgwf talx%

met al s can bwithoul idrgdg(ar. Qalcmtg\gl id,usedlindhe epbaidatiom Basletdaypcedure um

th Il adi
part 1 cul ar | v EHEPASH e GopRadiirybonart i€ ASRTtaly SBISRR. mat al present in ¢ he
catal ystswi || be hArd e 49pee catalifét%arpbelsélate%OaN@'o%H Mﬂ&rﬁondﬂrcﬁfser abl'y

0.1 to 5 weight percent. 30 In accordance wth the invention, the zeolite
in particul aged sgbaequentlysadsier the apexidation Eeaﬁﬂpﬂent such as water or

met hanol or m xtu

i ncorporated int ogtgﬁgegg%l ﬁ%@%ﬁtt@ B%gﬁfﬁ%/ %e%@ tg%‘%f@%ﬁ?%@@‘?”%
contact withare separatslp ivcurporatedwith thel siidits athasmititdutt drgingetbstiveenf or
exanpl e, aqueous Pd tetraamnine chloride and Pt tetraammine chloride with

or without ati@egsHrAVHeH SURstaNtRl trductipr obthe dopandymetaldspypidedst ri cti ons
ot her tden sol ubi Y, t C C | ex
used asiqtahe sourcgh%fce{t not)c{]gerfg’t@g?m%ﬁdg{(sg%baﬂheg %ﬂpg“}cégwggu s for
such purpos ecmmprlaeléof hditaniumaceganadilimatendite ard adebld megjal (pcdsfemblylem

and dopand nEERTNt o Grale AU, SFie hetieaf CaSR].{ BB Fehles b tyse .

preparation dQselliferitefalg vy al gotBiis STBEIAE Hie9s stRBturl- @@Q@tarﬁ% be

used. Cenerally the catalyst preparation is conplete in an hour or so
al t hough | ongenvappdimaratems: subsijtuteg. irsthe rMtaneework24 Thwuchoisanobeeokited. As

a speci fe f nt | the slu resul omthe ¢ taI yst
pr epar a?’: on %@#po%{egiegﬁlpﬁielp%ﬁﬁ ‘gl Sl "ﬁ% fé%%%r& f'BﬁEI%B%QnE'bee sfag J
directly forskhss ioh tep@idfitatd be. efoxidigsdMA® exahife, kogprefered wof uéé"%

catal yst pr eFar ation the tenperature can _be adj usted to the desired

epoxi dat i on wemad rate thagiyanor M%ﬁ%@nzemutﬁ sw%h Af & Wapiusy siicabiier 1 y i n
t he catal yst t I _

achi eved the'rfe ?/ @gﬂhgg %eIH\'EVé}rl athﬁhéﬁ, hosgpglé eve é;%f’l orpgrocé ur1es
where 20 cat huma |\é/here the alefinds poopyehe)dhe use wf @ TSHietitahiupe silicalitel o

hi wh .I | at d bst anti al
educt 1 h | VAR RLOTGRIE Jo| SoReE Al ABPRASAYSpr EphPa Y RE SIS BHRY &6 and

«use the cat abyc%hé'kélfécté hérg@r b&% ﬁ’cﬂﬁ?&h@’é&b@@ JIRAGS ﬁrﬁtarﬂ@ﬁﬁiédlﬁe Fainke

achi eved by adding a nobl e netal and dopand i on exchangeabl e conplex™to a
slurry whi chazdr edsorsotnts With édOIﬁamtqmay;haapeafelme@y convent i onal
procedures or by the procedures described above. The olefin to be
epoxi di zed can be any organi c conpound containing at | east one site of

et hyl ene unsaturation (i.e., at |east one carbon-carbon double bond). The
olefin can be aliphatic, aromatic or cycloaliphatic in 30 character and may
have either a linear or branched structure, with the sites) of ethylenic
unsaturation being termnal and/or internal. The olefin preferably contains
2-30 carbon atons; the process of the invention is particularly 4 WO

02/ 0S72- tS PCT/USOl/21~~(1 SU|tabIe for epOX|d|Z|ng C2 CB mno- ol efins.
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Typi cal exanples of suitable olefins include ethylene, propylene, 1butene,
cis- and trans-2-butane, isobutene, 1, 3-butadiene, pentanes, isoprene,
hexenes, WOt2NERIS nonenes, decenes, undecenes, dodecenes, PEIUpERHENE,
cycl ohexene, dicycl opent adi ene, vinyl cyl ohexane, vinyl 10 cycl ohexene,
allylchloride, allyl alcohol, methallyl chloride, nethallyl alcohol, alkyl

e P P A i R T BB .

of olefins rgtgp of thoupreshecamplisa eflel tlags Sesebit slbetanceseddendint hi s
invention is especially useful for converting propylene to pr oByI ene oxi de.
15 The pr ocd#anigim atpms aye supstifuirg fasea particamfythe sHiseptatamsnndnetlatiice

reaction congit.i ur i

hoacri bad 1 nTemeRRT pEainolebABPSIRE Suciiices RN L BT, o
971 25143% DE 1960Radigulan praf@isd titanidnSctmaiBen) zeddlitds fichidel the) Blas8-¢f69029,
and H8-269030. , 20, The, anpunt of catal yst used .be determ ned on the

i o of L haTRlCHa SIEVES Grommen raleriath Ko eal R SliGated. BATICHEEBol | ¢ o
to the ol ef idyrd_hat (sS4 PRI e | ; Tyi I f yeneRnt
catalyst is Esegengﬁati/c])ﬁ%rgbi Z\VeIFlg {troiﬁtéamr#yuﬁ%%ﬁ“g I nS ftggdﬂ;‘r%gt 36(f) g\:‘gf%glr\nﬁg. 00001
to 0.1. The alpminesiidaie Zeolites)r Té3+20 (having @ineMELoivpdlquyaaralogous ta that 25

dvant : f 1-100 TR | d i
catalyer pr et e St Bh ot AR frolledoAnd a el asiiecpes s B At eg
to, lowmy alpahaNbe ﬁ,bev,mez.esmb aRitBleh 3o luseChRAnRe | titahRPH-BARMhingand

tert butanol, or mxtures thereof, and wafer. Fluorinated al cohols can be
used. It is APRsUATSIewe:havwngfamewol sisucitirasnisamerphous cishzgdlitevbeta,wat er .

added bef or o RTOATTEr oWt s 14, R MENaT:, 16 clifedfiold 28806
02/11 S72~S Rérbfdrhbi/l tafitaingd o Elements otieraganrtdaniam, siidoh any &xygen ins

carried out at a tenperature effective to achieve the desired olefin
epoxi dat i on, therlattieefrmewerk, altherghwpriasr amaunts phbereneiron. alprinumyand

preferapdy, 20- r | ly be
vari edalfgn th%%rlg(%ggb beggﬁ%:%bg:gt%ﬂ "?18 s%ﬁgﬁ%ﬁﬁ@ éfsj\pl)éeﬁééllcgﬁ'ﬁ]y'ﬁ? gvdgér:‘&ag e at
1:5 to 2:1. flesenbimthe Htiice frbmewarkroftthe deelifenini sddisomltd yhd titartiom1 280, and
preferably 1:1.5 to .1:10Q, lativ i_gh O lefin nolar ratios (e.g.,
1:1 to 1:3) %%Prﬁ?@ddﬂ\}it%r Egidﬁgsf%gggﬁgmﬁz%ﬁgﬁ%@ As the carrier gas,
any desired i nertpaggreanithfiuns 8ntaliify ichte Eataly3atObuRAREI By L8eGA ke gas
is then 10 usually 1 n the range of 1: 1%0 to 4:1, "and especi aIIy 20:1 to
1:1. As the prosess ofithisdnvenrtion wibyenaralle bave ehcempbsitiongorieepandiaggon,

k d i tabl.e i ddit.ion t.e.Ai d b i.oxi de.
So br ach "y B0 Rlo Bl SlHnifc SatRu bR 5ick: Wtk & Brbefigen Riobh ™. 4°
carbon at onsane 00600. "Ridie PeefefilbIANBeR/Nna B x a8 frofr D@10, 126 € THeSR ok

suitable. Nitrogen and saturated Cl-C4 hydrocarbons are the preferred inert
carrier gasekatiowhkiifel Bie tattice framawerkefi theazaqlite isyagduaniagroaslydrem used.

Speci fical | yqigs o] t) I cgprdi n i i,on,
o opane. can’ D8 Sio S et nos b Rfer@byL iR 8T, BOBRL, T 2he hies B rakle
appropri at e dteorss-rich zelitesemagadso bbeleskpblesi ve limts of m xtures of 20

propyl ene, propang, .hydrogep, and oxygen are safely avoided and t hus no
expl osi m xt ur eV CUI® ﬁBVnPFth? heoblga s o$an Pg Hé'“?%‘id'-ﬁndg‘a’ﬂscﬁi'é{?be
i nes. Modi f }@Fi c i i b LRtk S. t Sa 0 di
6, 005, 123 ca ﬁgguﬁsl’leggﬁéfﬂgﬁﬁoﬁﬁggmmhgﬁ&?g%&s Ofsﬁ?%lﬁﬁ'r S?]ﬁéjsgioz%g ?'nheIn

i nvent i on ancdordbinatiopaailadieinpis peadtiicwdarly Besirpble. 1 Typwaly,dihe amanint hof

T i Lladi und | 1) Dibropide Added o TSL. (Co '
Tet r aarm nepaPPBANBRY IRrpSEb o e Bahes b B Rvae Tl SLEPRLA-Q 1080
grans of dei gaightpev@st! prefdiablys0/1Ubi DReight paeemtt 0 a gl ass react or

equi pped 30 with a magnetic stir bar containing one gramof a titanium
silical$@e powder In Betoldanse: withnlheniavention, the zepliter inepartisulte JeHmRsisof

sret hanol . Th } re el I Il S

reactor ist lgélmélgmgr‘egs?lejga@%% t%%ﬁ/"&%&%éﬁﬁ%rﬁélc{?Iﬁ%@gbi(%oggﬁtgt ant
t enper at ur e thedt mobte 4b&tahrahd mestakaitpandeqrs [msmipadatdd anigl dss ziofite Wye

t hrough which a m xture of oxygen (4 volune %, hydrogen (4 volune 9%,
propyl ene (10 volune %, nethane (0.5 volune % and nitrogen (bal ance) is
passed to bubble through the solution at ,a rate of 100 cc/mnute 5 at

at nospheric pressure for the designated tinme. In order to keep a constant
vol unme of nmethanol in the reactor during the run, the gases are bubbl ed

t hrough a gl ass vessel |ocated before the reactor (also in the 45C bath)
cont ai ning 250 grans of nethanol. The vapor fromthe reactor is analyzed by
on-line GC every hr. After termnation of the experinent the |iquid phase

e A N - e . p— - . = g . = -, =



25 the reactor equipped with a glass dip tube through which a m xture of
oxygen (4 volune %, hydrogen (4 volunme %, propylene (10 volune %,

met hane (WOB20dReie % and nitrogen (bal ance) is passed t@CIWAsNI6kMr ough
the solution at a rate of 100 cc/ m nute at atnospheric pressure for the
designated tine. In order to keep a constant volunme of nmethanol in the 30

| ocat od ber oratefwitina SoIGH 38MeRincd Adudte UG o8 "obBE tore o
net hanol . 7 exalfple?/ddubous P@Tt’eus@ﬂmﬁm@bhlbﬂdé’@wd/moretrfaeﬁmmbechm@bor is
anal yzed by on-1ine GC ever hr After term nation_of the experinent the

liquid phaseWit® ehayiihad ggdet ammaniyre Bydmxisde. dafhere varehnpsprEicstar
Tet raarrm ne tgr
Loty e ka8 ke ) RBBIEIGRIPERR ) ol B970b6E'S
t et raamb nepmmptélxuuscédl 19s diné)rsrmmrcieofrtpeemtaeadefé‘ﬁ- 1Foprexamigd, aaitalle
-exanple 21) is sl urrrﬁd in m xture of 87 graps of nmethano| and 20 grans

of dei oni zed°@PRENASH@r stigh pwppse dl‘P'HﬂEdth?ongrlaitﬁPs a%u@ﬁ@srf palideshf@.9-,The 10

gl ass reacto, nqqﬁg st nd
t he reactor %'}]Igrﬁ%%%?}d g e%égés(@?t%gtub@rgt%ért%g ngaéré}g Ft?rx éécc)sza
oxygen (4 vohalite Bétalshgnd dgpand #etalsune %), propyl ene (10 vol umre 9,
nmet hane (0.5 volu and nitr.ogen (bal a i.S passed,to bubbl e through
the solution at aHEPH)t'/%n eT@@&‘?}F?ﬁ e éPqﬁsl%Dgﬁrhet%Pc Cﬁ‘i@ﬁtwpeepﬁrrathpﬁe
desi gn d vl o f o] t he
react o?‘kgurrlﬁl’éﬁc%dr@ rHJghQ{dﬂxdg\ggge%&ﬁbﬁ@@? I'étbhrgug a@gléﬁ%sg%@

| ocat ed bef o@enerailyrtb'@ct:atals(sllmeparatlohers45@nbm1é1)mcmnﬂmummgsd&ﬂtl‘@lughs of
met hanol . The vanr fr m t he re on | i ne GC every hr.

After term nQDE§ °B§h? t@?ﬁ%r‘? 'E“"?'-H@S rﬁt%&"ﬁ ¢ ¥sedal yzed by GC. 20
Ex le 4. E d || de/ TS1
And Tetraamm neal APl AGREE] (B of indShURIT, " e sty Ehuitig A ede

t et raamm nemaialmsurp(raparadoomczmplﬁEd of fhepaetats by ndhseduseddorm can be

tetraa nepl ) | oride . 0179 granms), in. 20 granms.of 25

dei onr %‘T’d % rfardn?i:eg'fn ?R%X'g%@ sthﬂr )f%ﬂe)lres aét&a ng%l E%n goﬁatﬁ]\? of
dei oni zed V\/a&ablyféﬂdprféﬂiaﬁ?at&m Uhkoterdgdrure® caind|bas sadj@stetiOtto efiel RRRGregi th a
magnetic stir bar containing one gramof a tet raam‘n nepal | adi u

di br oni de i npPgdaliem teraparaty; exyaan, ihydesgamnpprd olefin reagtad @aecrtzy 97

f 30 t Th
ol ass react ot Stafyst, oBRGIThE iy 1o i BHEas 2 oo ekl bl | "
t he reactor thenelppearhnnibich battgr abhandihpstulehithed ugh porcpracedurds vehare

/ 7 US01/
Vol uneds0 pr AR HEY RBHFACIDgY bRRTRARG. (615 CTBk sy RREVRR tYien
(bal ance) i siRasS sfl% |§HIQE€chéﬁ6‘re° EQ p‘i’i\@dé@%%é@ﬂtr treauéﬁ‘ér‘l?rsoiv

cc/mnute at atnospheric pressure designated tine n order to keep
a constant vol uneWdiilenittingoreferied ttcbrepreparet freslnlmataigstt apd rusg theh@afalgstses
are bubbl ed t.hr h ass. vessel |ocated aore .t he reactor l,so in the
45C bat h) coﬁl?%(%&gWgﬂgﬁpa%'gﬁﬁoﬁfreﬁﬁtﬂ%r&ﬁ '%185103?)%? rec\fﬁdt%(a%gé{& 8 is
anal yzed by méblei AretélC awnar M%Eénd Abih esxchaihgaplel esnpled e @xgr@rry NRAicht he

l'i qui dn%hase is analyzed b . 10 Exanpl e 5. Epoxidation with

Tetraa nepwmtam&rﬂﬁq&twnm rafalys aerpared Pyconushfianaltiroesdume ordycthieon i s
conducted as %Xﬁﬁﬂée that tetraamm nepal |l adiun(11) dichloride
(0.014 gr arrss)k{&seeégéegc}argsn&{o eace of "tetraamm nepal | adium(11) dibrom de. 15 .

Exanpl e 6. Epoxr dafhecmeim t bé%ﬁo&&iﬁ&memlblea@hwm@aln)c Eomploand dehiaingnd
reaction i s conducted

Tet r aamm nepl a rr%| p% g ride added to TS1 The
as in exanpl at as&g Eptiie ALt e ¥'Le1n§a‘rﬁ'?ﬁqjﬁ'ér§5lppe(ﬂ?urﬁt ??SW%IC@FQ%C‘?@QWM
.grams) is usgdubie BGRIE Ofhe QI rc@ﬁ”ﬁé E?mhhédb%ﬁréfré dil %ﬂ& atiEX@mp! e

7. Eaoxidation wth Tetraanmm nepall adiu Oi chloride/ T
Tet r aan®® nepthaiastar(@nd maydtavereither aditedr oo bTBichEdestrusidns, (W\thr fbec&bﬂedﬁbct ed

-as in exanple e . r.ans_of. t 5 stock, s Iut|

t et raanm neppsgﬁhﬂf?ﬁ? ﬁ&' %tlﬁg%tfoirl?%@ﬁgmuggga Cﬁ? W}Eﬁ’r@ah a?ref)‘?{amyt h
Tet r aammi nepabhiathsi (30 )cdebeh| gtohe/ thelpkdsd edfr ﬂ@m\mrﬂbat IsnFﬁﬁich)arly
Dichloride added to TS1 The reaction is conduct ed as in exanple except
that 1 gramof the 30 stock solution of tetraamm neplatinum(1l) dichloride

is used. 9 4



WO U21US72~5 PCT/ USUL/ 21~~. 111 Exanple 9. Epoxidation with

Tet raamm nepal | adi um(11) Dichloride/ TS1 and Tetraanm nepl ati nun(11)

Di chl ori deOaddsd43 o TS1 The reaction is conducted as in eX&iplwigeexcept
that 0.5 gram of the stock solution of tetraanm neplatinun{ll) dichloride
is used. 5 Exanple 10. Epoxidation with Silver/ TSl and added

Tet raamm ne e Te ne 1) hI ari,de
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Exanpl e 17. rnpfairdtid ofthetitamilmzontiasdh thettitaaitm resie tadhe aldih)that is
supplied per unit of time. Typically, sufficient catalyst is present to provide a
titanium/olefin feed ratio of from 0.00001 to 0.1.
The epoxidation is carried out in the liquid phase, and it is
25 advantageous to work at a pressure of 1-100 bars. Suitable solvents used in
catalyst preparation and in the epoxidation include, but are not limited to,
lower aliphatic alcohols such as methanol, ethanol, isopropanol, and tert-
butanol, or mixtures thereof, and water. Fluorinated alcohols can be used. It
is also possible to use mixtures of the cited alcohols with water. Methanol
30 and methanol/water are preferred. Additional solvent can be added before

or during epoxidation to improve process results.



D brom de/ TS1 in Water Sol vent (Conparative) A glass reactor equipped with
a magnetic stir bar containing one gram 25 of a tetraanmm nepal |l adiun(l1)

di brom devonpneEgsat ed TS-1 (prepared as in exanple 21 } sIPGAYUSHH 2640 130
grans of deionized water is allowed to stir at 23C for 2 hrs. The gl ass
reactor is then imersed in a constant tenperature bath at 45C and the
reactor equi pped whLbiga+ i 1l Whl £ 1 gen (4
vol une 9, hydrog%tﬁ&%'gaBgJI]%%go@r,‘b gd(;ﬁ%r @B%ﬁ%'%’%gﬁdﬁe&%{eﬁn%rﬁ%é (0.5
vol ume % areffedtiveogien abhikeacdhei desingds seldfin o dpoxidationhr pueferalble satl uti on
at a rate of, 100 cc/mnute at atnospheric pressure for the designated tine.

I'n order tﬁ igEneratweRsNathe Bnge oblobd s imprecrraterably, / 2080°G -va-hérrr, of
Vessel ' 1 ocarBgFR oo, B hyBideiCtd Wyod Sl BETaiR fe IR Th WE Sl g oS

grams ofs watlds:O,Fh20/kphn dndoisdspecialipdavorable atnabyaedi.by on-1ine GC every
hr. After termnatjon of the. experinent the Liquid phase is analyzed by 5
OC Exanpl e 15, " ATHS RN Etih H GaMGesh tas ST or LghiaBod 1 to 1220, Shd

Tet r aanmi ne ' A4l M bifp Nt ; AR [ 1)
Di chl ori de B?\fle{f/@?gwsgl'%éﬂpl%nﬁgﬁng?& ’g@?tﬁ%ﬁgﬁ&‘%ﬂﬂtﬂet r aarr'%ggéy"a??ﬁén(l )
di chl ori de i&3prropyrke agvaitagadus for cettainaoiefinepl &tsi ther(darerdgak) @nyde

0.0179 in 20 dei gni-zed Add £ f th k
Soi ut§ on"coma IR A TEERPRUSPE: | AT Talie A SISOt G Rngh -

dei oni z@d waigifally A ehé hasge 6f $a001tb @M [dhPeddertaly ZR¢toM:-£qui pped with a
magnetic stir bar containing one gramof a tetraamm nepall adiun(ll)

di br oni de i npr egnAs dheTigelt ¢ayriepgesd nable gassasprle as1 hebumy neet, iangarn,o

f deignized | . N L d i 3C for .2 hrs.
The gl ass  r d30pEH plE fion i, SUUHY b SRS pltoglinpnd\calln Bedana’ ne
react or equi $atdatedt hydroglassshsdinitht (s SpdciIguUYLS, Wind: preferaiy Uiigh of-40xygen

(4 volune %9, Eydro en {4 volune %, propylene (10 volunme %, nmethane (0.5
vol une %9 arfRTRPr BERIAS( Ba9-an®ethane, ptbapg pwnameHREd: Rriitghe: [Asesalsgt i on

at ar Of o\ % CAG i i ; tine.
" or der 1o SAEIECINIEHES Al TRl G WfiSeatbons e (e rigferElpRl |
t he gases arearbebphsds.t Mixtugis @5the ligtstbimertassrér dassst eah bisbdrecusgdak react or

(also in the 45C RQath). containing 250 grans of water. The, vapor fromthe
Feactor is anal yzSReEYica It He BEXElRIoY lPropyiels ACePrIRa] BF Bropien
experi ment the 'ahGUbdanéssu;bE;ﬁie@D% Y&RS Y 3\%} B8, Lid thd\PrddeAS 25t*an
PCT/ US01/ 2f ~~11 Exanpl e 19. Epoxi dation under Pressure with

Tet r aammi nepappragriate |excegischf aarder g#sedtheo explos{veodipitsatafve)ixtures of

Tet raamy nepal | adi | ] ichloride (0.014 drans i ssolved in .20 nL of

ret handld 1o GRIPTEG Proppt A oues o Oxiaftt BTE st AadRiad B b, s

bar, contai néxiodivemaixtee dantfarhumtise rdaotdr drein tHSTeed Ahd diskhakgdtined. ani um

slurried in 100 nL of methanol. The slurry is stirred in air at 23C for 2
a

hr. The stir bar Medifiafsyvedchis @i desdibedein ddS oPatenie®Pe8.38Bha@ndeact or

is heated t r tor pressurized to 200 psig by flowng a
m xt ure of gﬁ’éggh 46%/@?8&% , hydrogen (4 volune %, propylene (6 volune

%, 10 net hane (O0TBevdiollowird) exampldsr ofigthefbdllastcate \the dinpentidres ankr ough
the solytion at a rate of 1380 cc/mnute for the designated tine. The
reacto s SOTPPEIVSRIRSAIUES y at 1600 rpm In order to keep a constant

vol ume of nethamgle in E@igm w;ih%t}dwnmﬁggauadiu@ﬂ% ORSBMidE %@;@bﬂoed

through a pressure vesse e 0 al'so

cont ai ni ng 70811Somparatieé) net hanol . The vapor fromthe reactor is analyzed

by on-line GC Tetraamminepalladium(ll) dibromide (0.0186 grams) is dissolved in 20
grams of deionized water. This solution is added to a glass reactor equipped

30 with a magnetic stir bar containing one gram of a titanium silicalite powder
(TS1 with titanium=2.1 wt %), slurried in 87 grams of methanol. The mixture

is allowed to stir at 23°C for 2 hrs. The glass reactor is then immersed in a
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30 reactor during the run, the gases are bubbled through a glass vessel located

before the reactor (also in the 45°C bath) containing 250 grams of methanol.
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reactor (also in the 45°C bath) containing 250 grams of methanol. The

vapor from the reactor is analyzed by on-line GC every hr. After termination
of the experiment the liquid phase is analyzed by GC.
20

Example 4. Epoxidation with Isolated Tetraamminepalladium(ll)

Dibromide/TS1 And Tetraammineplatinum(ll) Dichloride added

A stock solution of tetraammineplatinum(ll) dichloride is prepared by

dissolving tetraammineplatinum(ll) dichloride (0.0179 grams) in 20 grams of
25 deionized water.

Two grams of the stock solution is added to 18 grams of deionized
water and this solution added to a glass reactor equipped with a magnetic
stir bar containing one gram of a tetraamminepalladium(ll) dibromide
impregnated TS-1 (prepared as in example 21) slurried in 87 grams of

30 methanol. The mixture is allowed to stir at 23°C for 2 hrs. The glass reactor
is then immersed in a constant temperature bath at 45°C and the reactor

equipped with a glass dip tube through which a mixture of oxygen (4 volume
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%), hydrogen (4 volume%), propylene (10 volume %), methane (0.5 volume
%) and nitrogen (balance) is passed to bubble through the solution at a rate
of 100 cc/minute at atmospheric pressure for the designated time. In order
to keep a constant volume of methanol in the reactor during the run, the
5 gases are bubbled through a glass vessel located before the reactor (also in
the 45°C bath) containing 250 grams of methanol. The vapor from the
reactor is analyzed by on-line GC every hr. After termination of the

experiment the liquid phase is analyzed by GC.

10 Example 5. Epoxidation with Tetraamminepalladium Dichloride added to

TS1 (Comparative)

The reaction is conducted as in example 1, except that
tetraamminepalladium(ll) dichloride (0.014 grams) is used in place of
tetraamminepalladium(il) dibromide.

15

Example 6. Epoxidation with Tetraamminepalladium(ll) Dichloride/TS1 and

Tetraammineplatinum()}) Dichloride added to TS1

The reaction is conducted as in example 2, except that
tetraamminepalladium(ll) dichloride (0.014 grams) is used in place of

20 tetraamminepalladium(ll) dibromide.

Example 7. Epoxidation with Tetraamminepailadium(ll) Dichloride/TS1 and

Tetraammineplatinum(ll) Dichloride added to TS1

The reaction is conducted as in example 6, except that 4 grams of the

25 stock solution of tetraammineplatinum(ll) dichloride is used.

Example 8. Epoxidation with Tetraamminepalladium(ll) Dichloride/TS1 and

Tetraammineplatinum(ll) Dichloride added to TS1

The reaction is conducted as in example 6, except that 1 gram of the
30 stock solution of tetraammineplatinum(ll) dichloride is used.
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Example 9. Epoxidation with Tetraamminepalladium(ll) Dichloride/TS1 and

Tetraammineplatinum(ll) Dichloride added to TS1

The reaction is conducted as in example 6, except that 0.5 gram of
the stock solution of tetraammineplatinum(ll) dichloride is used.

Example 10. Epoxidation with Silver/TS1 and added
Tetraamminepalladium(il) Dichloride

Tetraamminepalladium(ll) dichloride (0.0144 grams) is dissolved in 20

. grams of deionized water. This solution is added to a glass reactor equipped

10 with a magnetic stir bar containing one gram of Ag/TS1 (prepared as in

example 22) slurried in 87 grams of methanol. The mixture is allowed to stir

at 23°C for 2 hrs. The glass reactor is then immersed in a constant

temperature bath at 45°C and the reactor equipped with a glass dip tube

through which a mixture of oxygen (4 volume %), hydrogen (4 volume %),

15 propylene (10 volume %), methane (0.5 volume %) and nitrogen (balance) is

passed to bubble through the solution at a rate of 100 cc/minute at

atmospheric pressure for the designated time. In order to keep a constant

volume of methanol in the reactor during the run, the gases are bubbled

through a glass vessel before the reactor (also in the 45°C bath) containing

20 250 grams of methanol. The vapor from the reactor is analyzed by on-line

GC every hr. After termination of the experiment the liquid phase is
analyzed by GC.

Example 11. Epoxidation with Copper/TS1 and added

25 Tetraamminepalladium(ll) Dichloride

The reaction is conducted as in example 10, except that Cu/TS1
(prepared as in example 23) is used instead of Ag/TS1.

Example 12. Epoxidation with Gold/TS1 and added

30 Tetraamminepalladium(ll) Dichloride

The reaction is conducted as in e_xample 10, except that Au/TS1
(prepared as in example 24) is used instead of Ag/TS1.

10
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(1, NN TN ‘Pﬁ(ample 13. Epoxidation with Tetraamminepalladium Dibromide added to
TS1 (Comparative)

The reaction is conducted as in example 1, except that the titanium
silicalite contains 1.65 wt % titanium.

5
Example 14. Epoxidation with Tetraamminepalladium(ll) Dibromide and
Tetraammineplatinum(ll) Dichloride added to TS1
The reaction is conducted as in example 2, except that the titanium
silicalite contains 1.65 wt % titanium.
10
Example 15. Epoxidation with isolated Tetraamminepalladium(ll) Dibromide
and Tetraammineplatinum(il) Dichloride/TS1
The reaction is conducted as in example 3, except that the catalyst is
prepared as in example 25.
15

Example 16. Epoxidation with Isolated Tetraamminepalladium(il) Dibromide

and Tetraammineplatinum(ll) Dichloride/TS1 Pretreated with Nitrogen at
150°C

The reaction is conducted as in example 3, except that the catalyst is
20 prepared as in example 26.

Example 17. Epoxidation with Impregnated Tetraamminepaliadium(il)
Dibromide/TS1 in Water Solvent (Comparative)

A glass reactor equipped with a magnetic stir bar containing one gram

25 of a tetraamminepalladium(ll) dibromide impregnated TS-1 (prepared as in
example 21) slurried in 130 grams of deionized water is allowed to stir at

23°C for 2 hrs. The glass reactor is then immersed in a constant
temperature bath at 45°C and the reactor equipped with a glass dip tube
through which a mixture of oxygen (4 volume %), hydrogen (4 volume %),

30 propylene (10 volume %), methane (0.5 volume %) and nitrogen (balance) is
passed to bubble through the solution at a rate of 100 cc/minute at

atmospheric pressure for the designated time. In order to keep a constant

11
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volume of water in the reactor during the run, the gases are bubbled through
a glass vessel located before the reactor (also in the 45°C bath) containing
250 grams of water. The vapor from the reactor is analyzed by on-line GC

every hr. After termination of the experiment the liquid phase is analyzed by
GC.

Example 18. Atmospheric Epoxidation with Impregnated
Tetraamminepalladium(ll) Dibromide/TS1 and added

Tetraammineplatinum(ll) Dichloride in Water Solvent

A stock solution of tetraammineplatinum(ll) dichloride is prepared by
dissolving tetraammineplatinum(ll) dichloride (0.0179 grams) in 20 grams of
deionized water.

Add two grams of the stock solution containing
tetraammineplatinum(ll) dichloride to 18 grams of deionized water. Add this
solution to a glass reactor equipped with a magnetic stir bar containing one
gram of a tetraamminepalladium(ll) dibromide impregnated TS-1 (prepared
as in example 21) slurried in 110 grams of deionized water. The slurry is

allowed to stir at 23°C for 2 hrs. The glass reactor is then immersed in a

constant temperature at 45°C and the reactor equipped with a glass dip tube
through which a mixture of oxygen (4 volume %), hydrogen (4 volume %),
propylene (10 volume %), methane (0.5 volume %) and nitrogen (balance) is
passed to bubble through the solution at a rate of 100 cc/minute at
atmospheric pressure for the designated time. In order to keep a constant
volume of water in the reactor during the run, the gases are bubbled through
a glass vessel located before the reactor (also in the 45°C bath) containing
250 grams of water. The vapor from the reactor is analyzed by on-line GC
every hr. After termination of the experiment the liquid phase is analyzed by
GC.
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Example 20. Epoxidation under Pressure with Tetraamminepalladium(ll)

20 dichloride and Tetraammineplatinum(il) Dichloride added to TS1

A stock solution of tetraammineplatinumll) dichloride is prepared by
dissolving tetraammineplatinum(ll) dichloride (0.0179 grams) in 20 grams of
methanol.

Two mL of the stock solution of tetraammineplatinum(ll) dichloride is

25 added to 18 mL of a methanol solution of tetraamminepalladium(ll) dichloride
(0.014 grams). The combined solution is added to a pressure reactor,
equipped with a magnetic stir bar, containing 1 gram of titanium silicalite
(TS1 with 2.1 wt % titanium) slurried in 100 mL of methanol. The slurry is
stirred in air at 23°C for 2 hrs. The stir bar is removed and the pressure

30 reactor assembled. The reactor is heated to 45°C and the reactor
pressurized to 200 psig by flowing a mixture of oxygen (4 volume %),
hydrogen (4 volume %), propylene (6 volume %), methane (0.5 volume %)
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solution drop wise over a 5 minute period to 10 grams of titanium silicalite

(TS1 with 1.65 wt % titanium) slurried in 50 grams of water. The slurry is
stirred at 23°C for 24 hrs. The solids are separated by centrifuge. The
solids are slurried with deionized water (80 grams) and dentrifuged four more
20 times. The solids are dried in a vacuum oven (1 torr) at 50°C for 4 hrs. The

solids (9.5 grams) analyzed for 0.15 wt % gold and 1.4 wt % titanium.

Example 25. Preparation of Tetraamminepalladium(il) Dibromide and

Tetraammineplatinum(l1) Dichloride Impreghated TS-1

25 Tetraamminepalladium(il) dibromide (0.34 gram) and
Tetraammineplatinum(ll) dichloride (0.036 gram) is dissolved in 160 grams
of deionized water. This solution is added with stirring over a 10 minute

period to a slurry containing 20 grams of titanium silicalite powder (TS1 with
1.65 wt % titanium) in 50 grams of deionized water. The combined slurry is
30 allowed to stir at 23°C for 2 hrs. The solvent is removed by rotoevaporation
by maintaining the bath temperature at 55°C. The solids are dried in a

vacuum oven (1 torr) at 50°C for 4 hrs. The dried solids (19 grams)
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f xd} 109% & ()-5d} 10% & () - 5d} 10% & () - 5d} 10% & () - 5pP06Sd} 10% & () - 5d} 10% &
()-5d}10% & ()-5d} 10% & () -5} d} 109 & () - 5d} 10% & () - 5d} 10% & ()-5_206Sd} 1d}
109% & ()-5d}10% & ()-5d} 10% & () - 5d} 10% & () -5d} 10% & () - 5d} 10% & () - 5cG06S
d} 1d} 10% & () -5d} 10% & ()-5d} 10% & () - 5d} 10% & () - 5d} 10% & ()-5d} 10% & () -5
pPOGD6SA} 10% & ()-5d} 1098 & () - 5d} 10% & ()-5d} 109 & ()-5}S x
rx_206Sd} 1d} 109 & () - 5d} 10% & () -5d} 10% & ()-5d} 10% & () - 5d} 10% & () - 5d} 10%
1 & ()-5_2065d} 1d} 10% & () - 5d} 10% & () - 5d} 10% & () - 5d} 10% & () - 5d} 10% & () -5
d} 10% & () - 5c2065d} 1d} 10% & () - 5d} 10% & () - 5d} 10% & () - 5d} 10% & () - 5d} 10% &
"()-5d}10% & ()-5

pP0206Sd} 10% & () - 5d} 10% & () -5d} 10% & ()-5d} 10% & ()-5}S x rx

& 206Sd} 1d} 10% & () -5d} 10% & () -5d} 10% & () - 5d} 10% & () - 5d} 10% & () - 5d} 10%
1 & ()-5-/ 1356+206S X rxd}10% & ()-5d} 10% & ()-5d} 10% & () - 5d} 10% & () - 5689:
~BDhHO6S™ X

rxd} 109 & ()-5d} 10% & ()-5d} 10% & ()-5d} 10% & ()-5d} 10% & () - 5d} 10% & () - 5D
LTVX[]_?06S" x

rd} 10% & () -5d} 10% & () - 5d} 10% & () - 5d} 10% & () - 5d} 109% & () - 5d} 10% & () - 5]~
bdf pP0206Sd} 10% & () - 5d} 10% & ()- 5d} 10% & ()- 5d} 10% & ()-5} S X

rxfj ov_206Sd} 1d} 109 & () - 5d} 10% & () -5d} 109 & () - 5d} 10% & () - 5d} 10% & () - 5d
110% & () - 5kC8?206Sd} 10% & () - 5d} 10% & () - 5S" X

r xd} 109% & ()-5d} 10% & () - 5t X<65d} d} 10% & () - 5d} 10% & () - 5d} 10% & () - 5d} 10%
& ()-5d)}10% & ()-5d} 109 & () - 5d} 109 & () - 5X<t X<65d} d} 10% & () - 55" x
rxd} 109 & ()-5d} 10% & ()-5d} 10% & ()-5_2<6Sd}d} 109 & () - 5d} 10% & () - 5d} 10%
& ()-5d}109% & ()-5d} 10% & ()-5d} 10% & ()-5_2<6Sd} d} 10% & () - 5d} 10% & () - 5d}
10% & ()-5d} 109 & ()-5d} 10% & ()-5d} 10% & ()-5_?<65d} d} 109 & () - 5d} 10% & ()
“5d} 109 & ()-5d} 109 & ()-5d} 10% & ()-5d} 109 & () - 5+2<6S X
rxd} 109 & ()-5d} 10% & ()-5d} 10% & ()-5d} 109% & () - 5t X<6S" X
rd}10% & () -5d}10% & ()-5d} 10% & () - 5%} 10% & ()-5}d} 10% & () -
d} 10% & () - 5t t X<6S" X

rd) 109 & ()-5d} 10% & ()-5d} 10% & () - 5%} 10% & ()-5}d} 10% & ()-5d} 10% & ()-5
d} 109 & ()-5pcVl <6S x rd} 109L0! - 10! 010! 2&100 & ()-d} 10% & ()-5} S x
EXITV| [ <6S x @ 10%& ()- @ 10W&v& ()- | y@10%& ()- S 1008& ()-F
"&109@&! ()~ &10%E& ()-VE|[:<6S x  AL10%& ()-9 S@L0%& ()-| S@ 10%& ()-
"10%& ()- SS 109%& ()- SS 109 ()-"%+,-.; | obU4 9109%&& () - 10&10&108
90<100@& ()- 5 10%& ()- - 10%& ()- % 10%&& ()-;DV5~|[:bU4 & 10%i & ()- |
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5d} 10% & ()-5



