; e3ehel: x. 6dTCL> ~ 9 ~ u ~ ~0~2 EPOXI DATI ON PROCESS FI ELD OF THE Qﬂﬁz
| NVENTI | on relates to nethods of oxidizing ol ef n
epoxi deg\' mm\mwmm arly, this invention pertains to an i ny%vﬁg@
epoxi dati on pjoe&ss 5 wherein a phosphorus, sul fur, selenium or

arseni c- contalnlng nodi fier such as trlphenyl phaosphine is utilized to
enhance the selectivity of a ti @W' eolite catal yst which
has been nodified with a nobl egﬁﬂgﬂ% N & Szl um BACKGROUND COF THE
‘I NVENTI ON BpexieF THESINVENTEIGN | nportant class of chem cal internediates
useful for 10 the preparation of polyether polyols, e%l ycol s, glycol ethers,
ssurfactants, funthisdnggntionuietaies toarethads of OE@'Z;NP@O{ s tplebtaieRoxides.er ent
met hods for 0 r been
et hods {orBIIGARRBAP, FROHESTel TR A ERRR0EL Wb ishid pha e
Tosoh gor paglagiehm aaptsogphialris hadfur rBel@:@nErT( BpkesenNecortadidg Modifieppasieds

maki ng propylene oxi de by reacting-15 propyl ene, hydroqen and oxygen usi ng
a catal yst EB%?Y'QW@@F’B'”@'%HH‘Z@WP eRpeare %{e%thWtOé? ItaRiuf PRYRRAdiE®at e.

| npr ovenent I

toner 1 bed 1o e Bpta ¥l uHiciPRas Bbeh MhSuified Witnfi ASGSmEl SuBlRRGHIERIYY.

19600709, \KASEGERG2ND WY FAHAIMNABNTI@NO7I1 31711, JP H8- 269030 and JP

H8- 269029. 20 As vvlta %/ (ihem cal pproc woul d. b rabl e F(? attain
APrs ? ul for

St further | nEPOYARERORSIecRORPRIAnE s PhetiTSR i cUaias s
partiqyl ar,ihb ésa%maa otfpeyeméwwné %glylc‘élseﬁ%bp'@thé@ swftaewt@gfu%ﬁokféref ul

life of the c tal yst would significantl ance t he commerci al potenti al
such netfhods,. fuﬁ|ar¢ﬂm\m}3 aeelciﬂweohka:omiany aliferantl nethaldgsts siedbesibiod) i n

literat l e, 25 hyd t f the olefiptg t
corr e!spg:lglwur e@%%ﬁg&é@@%@ﬁ’pggg@cﬂ% r Ef‘gﬁggtaé' grg\ﬁ%f‘t#etsﬁﬂgﬁgﬁ Hlfd“q‘gb%&ﬁf%laﬁ on
reaction. ThgAHe3s éh(t éthH@t"cﬁ\ &ddi MQhéﬁlb%oﬁfCo?BB@ti%ﬁséﬁw EBhs%ed in
si de-reaction woul d be highly advant ageous. SUMVARY OF THE | ON Thi s

i nventi on p*rsaﬁlm S(&gkal %@cé@%&ﬁ) mfgplmdwgnakmgp@mpu@mommdesub:yg r@ﬂ:tlng
Conpr|ed” drOgyEnEs Ay HoBr Hhah fvelin RSy p et ie iR R Rt BuFflgtal”

phosphor us, asdlld ér)stakihernitanogiicaas s erinprevsmentzdtorediviariationd o ﬁhﬁTb@é&i ur e
effective to formthe epoxide corresponding to the ol efin.

200z DETAI LHOCBESCHERT| BNPIgaUmAtly| ROBRReN Tthéhe alodpying r@léble@easwtew t he

present pr C I 7% d obl e
net al (pref%ﬁﬁ&a;ﬁggﬁ' e er?en o@f’ gEngb\a/pﬂ)I ' \é%/ rzlggﬁgp#ygﬁea)%% gglo'?abl e
zeol ites arg7/3huse, $P\8-26003@, aral &P iHE- 269@2@ ng a porous 5 nol ecul ar sieve

structure with titanjum or vanadi um at ons substl tuted in the framework. The

choi cd of zeol i t BsSHH) 8D¥EhaMical PERERsS: utp‘ﬁﬂ“Q hriAgeirable te atiadn still fukher; ng
the size ang,Shanemd ¢@e&hsselah h%u'? £8P h%’%d lnF&:{m&ﬁ‘igmh&ea'sf qe  ch

preferred to useare? ore titani umor vanadi'um zeo
!]a ti tanlseiestnlnt)cabl Ep:oxlcﬂetmed cﬁ)&émmngstm lusesd lifei pﬁaheccaﬂadystnwsulm as

| ene, ene, or 1-butene. e ol.efin he use
of 3 To1 {FEBCBMIE ainaRp BeoroDTietarL RO LTI A gush el (FRfe b
advant ageougsadigh éoﬁél'llnlSMsOér?cf'dbﬁI%t'é aes&isd P igXpee liteRalué 986r R¥agnple
titaniumzeolite such as a titani umzeolite having a structure isonorphous

wi t h 280l i t bydreganatign b@hproé&fmtpéUe coresponding satuciad dydratgroeocompstess ef ul

of zooi 11 cvilidep BRI eaRGR, dne AN BB e B s WY oF T o

of the silisggpp @semg thrsélbe-réa@ttdrp@oamaw@n@hly advantagdqell ar sieve. Such
substances are wel noyrm inthe art. Particularly preferred

titaniumco t he cl ass of nol ecul ar si eves commnl y
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(havigg an MNgctt @hogbefmn&iy@g@gaw tapdt bwgemf it hise 455kdAcalafnia)osi ¢ate
zeolites), and ' r% (as described in Belgian Pat. No. 1,001, 038). so

sui tabl e fopomlsedeot ide titanini OimvaBadismizegliteorBE L dioble svetalhand ) a
framéwork SBEBQEHB% sulfur, selenium or arsenic compound modifier at a temperature
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effective to form the epoxide corresponding to the olefin.



[ sonor phous to zeolite beta, nordenite, ZSM 48, ZSM 12, and1l\/§l\ﬂi)1@rm25
titani umcontaining zeolite preferably contains no elenments lo hé’

titanium silicon and oxygen in the lattice framework, although m nor
anount s of |T may be present. OQther netals
such as ti roet—varadtufrre — ENTQN he [attice framework of the
zeolite in addi tTl@céthgEt'&Qotb'eﬁ%’é'd‘!ﬁ‘th@?réi%ﬁ?bid%%gs afe tbriprifd of M¥anium
5,780, 654 and 5, 744,61 30 Preferred titani um contai ni ng zeolite catal ysts
‘suitabl e fa@rvasadium zéalitp nod essolé métak(prefeeatly an emmbngeﬁ@mmp yllhaf/mea

conpositio corfes the.follo rical fornu

OIS 00 iR T RERE L Slidile GRS ard i G Blabine thale il hAuigA Rarus

pr ef ermabl y mbleulr! digvedtriciuse fwithtitardmt r QadddiumTBeomiB! subdtitited @f thal © Ti
inthe lattice franework of the zeolite is advantageously from9.5:1 to
99: 1 (nost fianesweth| herghaigeofzepliteemployey wﬁhd@paaguapnreemwvbe@@fyfactors

titani ”mr'uﬁauéﬁﬂ e z%r%%daér%gaqbgfﬁm%s leﬂR'tS F&?xzh&e‘&”y e&Qr‘%p

netals can bé U i Ze ver, um paI drom Tt drsurr)
rutheni um ppeferigd to asd berfelaitlv@nesmlélllpmré(wmmm bDOan@@«hhﬁdébﬂel Such as a
particularly desirable. i cal Ify t he amount of noble netal present in the
catal yst witt@nigen isilicghie ¥ ﬁyeeodﬁ It iprA dower taiphetioerlghin pestant ethlerer abl y
0.1 to 5 e I o]

i ncor1(pbora d F|S\?1?o 'tﬁrgﬂ%te-cﬁgt Mél{ée{hg d?n%f‘tfmcsog} sbglgrn gd e%é?&f"%r‘r'ﬁg&llt%rwm

critical. Fiicatitcaomplagadiune sifiodlite iges@dcidiiyadvansayzoest ﬁbrmbmlhyaoramlsacﬁn by
i npregnation means or the |ike or first supported on_another substance such

as silica, 38 &/sioliexeqesd {Pés@rdp%r%@wumzqq{'ée PHKR a8 Rt ItBRBIN FRPYIecRAYIDI @ xed
wi th the zegljtfe léﬂ)%@ﬁﬂfﬁd V\ﬁlﬁ’ﬁe&'}@ Hé‘??'rf%{@é%ﬁ dbe i ncorporated into
ange wth, or exanpl e, Pd

the zeolite by 1o0n-exc tetraamm ne chloride
with or wthout Etmmdnmmmnnmnnhgdeoh«eslesefﬂhasccat&wsnn tre epoxgatiadstap

filtration nd washi ng and.i s su stanlallyfr H’{ll)h /? of halide.
Theréare R PRAPIGESF ”?Rsféster‘nhét IO ZRPANHISNGSt a}ﬂé’eé eI HAbHN AR S,
conpound Oraréoéﬂﬂé?@téﬁefgr éspérlﬂﬁnsd?%@eslf?éocﬁ Beorhohh endBitdke fF f e%ﬁ%‘f?
sui tabl e conpounds far such purpose include the nitrates, at es i des

(e.g., 20 cghblecubesjever driciesihstancdoasd webknpangn, thacet at e) and ami ne
conpl exes of nohle netals. Simlarl t he oxi.dation. stat he nobl e
oo T not coredtigniany corefertd Yadiurt: ESung! 2 ufe her BRaEL,
the pall adlmmeﬁahér%@eue@ i dh Al e ® tRhS titdahiwhesiRedIem anrh@uléf‘lyOTSaﬂy
conbi nati on of such oxidation states. To achieve the desired oxi dation

st at br cdhbvingtarddFbfopelaayaanalegausaiodbat eieersiVed akiminosiicatemsolitas)af t er

Sat of act or'y Sca QA BATELRelRY Aot Bkt ST urtL e RhResTEeEn,
pre-reduct | RpliwdRt HREVES-3" (# @sstriped it Beidish iPet. Nbat @0afo36y I/aldbumtabime
catal yst ma underg pretreatnment such as thermal treatnent in nitrogen,

vacuum hydeoyes ass the titanigon-rertaiinc mplecuiansiavrs hawaarfnqm%werﬁﬁvq?téléctar% nder
the lik
grem rgd :‘oﬁ?n&%rlW%%ﬁ)ugée%lﬂﬁ%eeé%gﬁgﬁ%%{ﬁ(%i rl@gi |on1fxérﬁ"1| |V‘bllﬂeone al ,

t he cz8 al ystitankyn-eentantihgizedlits pﬁef&ablm&wtalm no etmseradcbtheoth?dn tfaeient s

such as, for_exanple, |anthanide netals europi um, iron, cobalt
ni ckel , bor%FPOFHﬁD%Q’FMG‘Fn ih &R baitcR fra@?ﬁﬁ‘%?’lﬁmahb%%@l"ﬂl'ﬁloré‘l’i‘??)‘i’ﬁtﬁrﬁ boron,

manganese, LQPPEmiALAC arffithd YRE Fhaf BE PELERt.  Other metals such as tin or
vanadium may also be present in the lattice framework of the zeolite in addition

to the titanium, as described in U.S. Pat. Nos. 5,780,654 and 5,744,619.
.30 Preferred titanium-containing zeolite catalysts suitable for use in the
process of this invention will generally have a composition corresponding to the
following empirical formula xTiO, (1-x)SiO, where x is between 0.0001 and 0.500.



Suitable catalysts for use in the process of this invention as well as 5

nmet hods for their preparation are described in nore detail i‘|n9t i ng
publ i shed patent applications: US 5,859,265, JP 4-352771, WO 97%?1@?10023\%

19600709, WD 961 02323, WO 97147386, WO 971 25143, JP H8-269030 and JP

H8- 269029. More priederablys the MalyieceltaisyfsomiGO0tded. 126.adbermalac ¢ativ oh Si:Rein

“invention i .C ination w.th_a phosphorus, sulf sel.eni up.or ,arseni c
compound e RUFS AT AR EC! e retulie 35 BRZRNERRBHE U rom ERT I Sho b

‘operates i Spré@tramem 0B ELEG:ANPTHE US e WA Asla el BIRinitH oA RS Aal afdd

usual Iy have the beneficial effect of suppressing the undesirable
- hydr ogenat ibgndegirati@ ol efin to its saturated hydrocarbon counterpart and

cortarh cases | MUE GHYYFBRRGHE Bigiek b b8 lFed e oBkF SRR Bidtfu

cr oss- sect ipaMadiueatiedivi) anthehRinp asenidhgeitesr addné beirt édrabinativd ephliddiumFor
exanple, when TS-1 titanjumsilicalite is the titanium zeolite,

h
modi fi er preMartBIiginsleskabis: edypicrllvr besameent o piatestal msg{ﬁdgtt_f@
angst rons. EENeKA Bbds 172 P OIIRAY 6 (128 [diGh o Sbhe HrErl Bb1y 5 ¢ 1b3C! ude
pho es; r pho

organi c 20 phi'nes, organic phosphi ne oxi gani ¢ sphates, and
or gani ¢ phasgibht psrceAhallbgomanaeganinvhiclr fienasblentetalgaincorposdtod into thes can

be used. O gani ¢ .phosphi nes and, or gapi hosphi ne oxi des are particularly

pref e?hﬁgFgwég nft %'Cﬁf&? b@ﬁ%@?ﬁwﬁ’w#@ép_ﬁph%&@ﬁ@. SrodBInE) des
earing thr : i i I

Preferably ngfﬁy Ibgétgeg%gééandmz%%ﬁgg% p}lé]ﬁwe?g%%ﬁdaflrﬂ?ﬁ%?gﬁggﬁﬁEgﬁtﬁst are

aryl groupsugpotiedonmmatiyer suittandessudhuaz dilipaealyminar aghveated phdsphomnthe

o 0 SR O DAL PO
trialkyl phesphaspersteahis iHd eldtiite By tibhiBcRxhghosBhate arshmpranplges of
organi c phosphates are phosphorous acid 30 trial kyl esters such as

phosptor oudetaaamming ehlgyidecsitie or withespadded ammppaium hdidyde.e$hercatalyst t he
i ke. Organic_diphosphi aes..and o nic di sphi X des ¢ e .used such
ns' 3 2 pas Rt GeeREReR oL ERIABRrE AARRmo A B b AR R0 Sty %5 o %
~ a ~ 200z HyligBanFherd, dre s phdicRRe rebpicespd régardmy tieehdicd dhindble metal

(di phenyl phosphi no) ferrocene and O i sopropyli dene- -di hydroxy-1, 4-bi s

2,3
(di phenyl pleeSERRUNS) Ob GORIEX C6AH A e savenpt theoppblenmetalichorexampideny |
i ne, triphenyl i : : . & :
conpounds. SPREREBaf L Sfen BlfhdsTnahis 1R fies Suralt I3 GeS te o

Anal ggpus  sghl@iidsnbasphipes)) darsmgyidies s gd ac¥lite)e ahieansidabalonsplecesibfinbsle
treated with the nodifier either prior to or after introduction of the

nobl e met alMaids. ePHEY pthedxidafiony state ef thedpbie Metalds nokeoRggeEEheftigalpri or
to use of t i i i i ; i nd
conveni ont 'Heng Geét SPbald GRS HRISAE, thel pAEYBR HeIE ] dn BlBORGtART
10 react i oranyedhenenfriom Qo cid dhanepombitatioornofissichexidatper $tatee dT o Hobieve

o or 1ol | QHPPSTh PATFGH B1ate 6,6CaaNBIo T AAAIENaRIalEs. s AP0 G1eRbnt &
g;r tCIOZC‘.’%J: gg%ﬁgﬁqﬁgr{?rggir@m%kiu@éd R thb&atdetniay BOTuIREh! FXRRAI) Proe
' reduced. ‘Satisfactory catalytic performance can, however, be attained without
any pre-reduction whatsoever. To achieve the active state of palladium, the
catalyst may undergo pretreatment such as thermal treatment in nitrogen,

vacuum, hydrogen or air.

30 The catalyst may additionally comprise a binder or the like and may be
molded, spray dried, shaped or extruded into any desired form prior to use in

epoxidation. In addition to the noble metal, the catalyst may be modified with



at a minimum shoul d be effective to inprove selectivity to tﬂe ﬁ)ﬁ% as
15 .conpared to the sane reaction carried out under simlar lc n&U 2

t he absence of the nodifier. Wiile the use of |arge anounts of nodifier is
not believed to interfere with epoxidation, beyond a certain level little
further inpréditigpatelementa Wotas f@'e&wmmeda@thﬁagﬂeaaetaéﬁ(a ¢ @Urapiyre),dtdny

abour 160 146" isRRfAcheh: B ShodBHle SRy LhiuhesFeul o1,

‘typically smiangahese Tteppereking, gallibm osgittordumbe any organi ¢ conpound
containing at |east one site of ethylenic unsaturation (i.e., at |east one
car bon- car bon do§H!tébl§‘oﬁ§)a'YSI’fﬁef°6IL@ﬁ iR & pracess phakiscinvapiermas well as

I h
oYcLos ey, SR PRI S sk e o

andl or int eptmialishe'ﬂwpatelnefauplphpatedrcs“alﬁ ¥, 85 28a5 NP 3-382 Tar, hd avmsr1 1, e

ronoor of i ns |G B MR Srl2a8 ST Jas) WEPSr Baalo, TBHY-R8ba ave &

triene for gy ?g)j g The olefin may be a hydrocarbon (i.e., contain only
carbon and hydrogen atonms) or may contain functional groups such as halide,
car boxyl, 30 hyd'rfbg;,afpreﬁaseﬂbedacrafoalwﬂ is wseshin, amordance;wntyxrma:pmventmmn

i ke., Jypic | es. of ui tabl e ol efins, include eth | ene e

- bt er coamBIRRRATIT 2 SHiapBRnfs. RuBi Ao S ar Sl oo fad ie-is?

i soprene, hgxRAGSh tRe précnge%&t?&ﬂ&n%} ®ARS, theoRedRer @@?fcﬁ@@ﬁs neRARERMES
dodecenes, cyclopentene, cyclohexene, “di cycl opentadi en vi nyl cyl ohexane,

vi nyl cycl oﬂh\eﬁer@me@mms wme@rmeenhdwmg &pboxyldation n@uaﬁy hpve dhe deingficial

t hal | yl K | a h ted,f
ol do and cetenehswBpier el BiEsiaR T easrid! SEng BRADIB IS e dene
and sti | bengydMcstnbreeoQhte?bafti &%d TR¥reb9f gre@ty Sepre@ngtthki Z88chiVityS® the
desired. The process of this invention is especially useful for converting

propyl&ne t@eyr@bypeneeoxhndeertarn@a;ssédte@si@ﬂrabhaetq avey amedifiebbasingtabl y

conduct ed un 1

Feact ant  r APOBSIRIGbR SRR SRR RN B hor® i hBRR R Rl 851 “For
appl i cati ongxarpp®i dednt TS-newaniai ysiligdid iierthpr genus| yedligscihdatobiepi n
is present while the olefin, hydro en and_oxygen are being caontacted with

the cat al ysPrefembis sz 23 malgcarar 2@59%%33@3@@%96"%9"“30\039‘?““3@MQSV@“S
971 47386, ' JRcALA2EELecd P BraG8RBRs FRAIREISZERINE MR aTTHOLE oAl YS!

used may be geterm ne SIS O ratio o ani um
cont apped i phodphihés arorganice@hdsphine tdwided, ebrgartibaphospritespl andl peyaniai t
of tinme. Typ |calt%%assuff|0| ent catalyst is present to

de
titani uni ol BRPSP r ANAIOUSIGrEANIG AR08 apd Ajganic afﬂégr X Sr‘é@fhp?ét?eﬂor
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e PO 4ot i EphoREn R BRSO phlen S s ARSI EharcrRRcey
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GHSV th f 10 to,10,000 h ||
on the ol of PO BPSBIRISH:S | RERPSIUMETGRPARES) T BIPreB A5 0BRL FTM can
be capsi ed mgst'&etf&%bw G fhr@@%ﬁast?ﬂh’é‘ntgaérepﬁ?ﬁegro%s'%&W%ssgﬁéﬁﬂréﬁd cal

phase. Wen a liquid reaction mediumis used alyst is 25 preferably
in the forrrsotbstﬁum;dsmimydm oTrlmm&mpmhlﬂmelrmhm%sphmpmee pekider nend

oo dat | onmah e RS B e X h ks BT PartouRBE Rechle shddifiers,or i
at a pressuggafiplds Jd?oor?@'h&: %@spﬁafé@eaw AFAKA Spidsphate P SUBRT & IAEHGNOP-

Sui t abl e sol vents I ncl but are not limted to, | ower aliphatic al cohols
such as rret trimethyl 3boeplhaheo¢nd esampdﬁﬁa@fwrgaamph@pﬂutaataaﬁoﬂhOSDhOrﬁLbstam@s
there ter, Fluorinated al cohol u i ble
o usdOn o i Etern sUEh AP ipnRB 7SR sl efergBRbspiistols Bl iRA
Epoxi dat i oneaggOasd fHk e tOadniy iphbephihés aad or§shie diphalspRintesisaati Be

used such as 1,2-bis (diphenylphosphino) ethane, 1,3-bis (diphenylphosphino)




effective to achieve the desired ol efin epoxidation, preferabl y at
tenperatures in the range of 0 - 125 C (nore preferably 201 §2éb§
nol ar ratio of hydrogen to oxygen can usually be varl ed in the ra
H2:02= 1:10 to 5:1 and is 5 especjally favorable at 1:5 to 2:1. The nol ar
_ratio of oXy§eANEo brARiFN ‘i"EhEBSLIah‘P%PM”@I) tyitaneo 1, Tnbis picipheniphosphing) t o

1:10. Rel at i I

advant ageous or certain o e carrrer gas, a i gas
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‘can be useobuté"he Gnhmarahbanserﬁxcobmfpound@sumas'mphgaylarsmeh&iphleaylaérlthel n

the range of 100toi and espeﬁallgrﬁzé%lto 1:1. 10 As the inert

“carrier gafXiggpprd dhe 'ges"t‘f@hu%%f“he f HY cQPpawndg 37t esefubsrch é@son

ar e S%tab|@edi&tiﬂ99héh@8n8%t¥é zbﬁ%‘ﬂheﬁ‘féd Qéhs‘jéé?féhndﬁw ccﬁﬂifagﬁaeé n be

hydr ocar bons w t -8, especia 1-6, an pr ef erab car

atoms, e.g. qser@t\h/mﬂe the catadysd COphdd;ﬁafm@ateaMIth irh»etmodrﬁler either pfismtosar anﬂ e.
Nltrogen and rated. C - h carb S arethe eferre t carrier
gases. M xuiraguEHAH 8F .ot hiEer AR ARBS: P g A aBhbEhen SEie SaRTe
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et o ve ARREE egl IR A M oshi Rt Pof® arta e B Bt Pk Bl g
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ppm V. ort ant anount of propane In
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than 95% af ¢4 sitébf Q@N@m@ﬂn%tu?dﬁ@nt(fé phaedst BROTAdIecahorOdRMIe Bdnd)! ess
than 60% prior to trip phosphi ne addition. Oxygen utilization for

propyl ene okhelelefioraat b@ﬁYrQMmarcmmwlwdl@hatlw ehayastersndemayayshi n
addi tion (40(txﬁertQ?‘p\eg?%(r)rbral?a?soors]{rﬂgtu?eddwlm Ak Q‘ié‘(s) ]o? e:‘t;i:\gy/l%mc unsaturation

25 being terminal and/or internal. The olefin preferably contains 2-30 carbon atoms;
the process of the invention is particularly suitable for epoxidizing C,-C4 mono-
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 halide, carboxyl,

30 hydroxyl, ether, carbonyl, cyano, or nitro, groups or the like.

Typical examples of suitable olefins include ethylene, propylene, 1-butene,

cis- and trans-2-butene, isobutene, 1,3-butadiene, pentenes, isoprene, hexenes,



.The epoxi dation was repeated, but using 120 nL nethanol and,0.22

tri.phenyl phosphi ne oxide as the nodifier added fromthe starg Aﬂf@@ﬂ@m
A selectivity to propyl ene oxi de of 98% or greater was observed during the
first 95 hours on streamat which time reactor effluent propyl ene oxide
yield stoodo@enesgnensspdecenss. safecanes; d9detrnasary@prerdentaguol@@ngal | y
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(1000 rpm except far n 6 ich was carried out af 60C. Gas flow rate
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and 8850 ccify |t3£H£errfé9‘?Héé%é’%B/ SRbaRne iByurks! SBietirs Ghay O of YUoiidIape
bal ance nitrogen). A solvent contalning vaporizer was pl acgd In the feed
i ne to previlitedefapordasired. | dbe piocebe afdht arventibmeist espacidilnsisefig, foB

grans of cat al\éiﬁ I n 11% rgr&m; of net hagollwater (75125 by wt) were used,
in Run 7, CYGERNGPIIAATY PEIDYgNe QY Grams of water was used. Reactor
effluents were ampkyz6cksdidresd InveRio®mdyl Btes GesbIE B6ITRLOG LARBY thel r2akhién
Runs, the reaction was carried out until steady state conditions were

achi eved at cowditons(si. g tameerabyiegpresedrep eayianiiatips) dessuibedadn dae §allowieg

ranc 807 30PRSI dunlicuRil Arofiget il e dssB AR R, "R ligh, e
the steady gésdriberPResdih ri@?r@é@ntohhmé @W@'@efﬁrﬂdﬁy@r@@yﬂ\% @X\y@@n iafe tHen
reactor effluent before and after the Bgosghl ne addition. 8 Table 1% 10

RUN NUVBERCAOMBEYETPWESRRE NEtahZs tUMED, ANEO Bl 2RE4 BHOEPHD SV LNGYR
PO PROPANE

PHOSPH NELACERO 7441 BIQAT/479%. o586 7 4518 HE369870, 2Rd AsRB99300. 260. 281 0
. 054BTPPO. 181 0. 2§h3 Hrlo Wi EERR s i8ed Bfayih & de I8N 2h& baBisZdt the F88RPPPQ0

.1210.080.0710.01 TPP = triphenyl phosphi ne DPPQ = di phenyl net hyl phgsphi ne
oxi de1b ratio of the titanium contained in the titanium zeolite to the olefin that is supplied
per unit of time. Typically, sufficient catalyst is present to provide a titanium/olefin
fed ratio of from 0.00001 to 0.1. The time required for the epoxidation may be
determined on the basis of the gas hourly space velocity, i.e., the total volume of
olefin, hydrogen, oxygen and carrier gas(es) per hour per unit of catalyst volume
20 (abbreviated as GHSV). A GHSV in the range of 10 to 10,000 hr" is typically
satisfactory.

Depending on the olefin to be reacted, the epoxidation according to the
invention can be carried out in the liquid phase, the gas phase, or in the
supercritical phase. When a liquid reaction medium is used, the catalyst is

25 preferably in the form of a suspension or 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 liquid phase, it is 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, lower aliphatic alcohols such as methanol,

30 ethanol, isopropanol, and tert-butanol, or mixtures thereof, and water. Fluorinated
alcohols can be used. Itis also possible to use mixtures of the cited alcohols with

water.



15 The catal ysts used above were prepared as follows: ... co CO O N 19
~~~ ~ QD02, Cata~st A Palladiumtetraamine nitrate (7.77 gran$)dvab( 2002
di ssolved in 310 granms of 25 wt % aqueous ammoni um hydr oxi de, stirred at 23C
for 3 days and filtered. In a single-neck round-bottomflask 15 grans of
TS 1t i ¢ ani um si FPRARRYEN @oprdingils ThF BHPUT caCBi o Seb TR or 4
hrs) was sl gddtigd tb BchikvatAERIefred DTN E86KiNaHEGH - préferkBlySatSteHipgetatufed i ams
of the palladiumtetraammine nitrate solution was added and heated at 80C
under a ni tthegengaohdsjRer & (haerepeferably 12@- BOG).d Thasnelantatiedofidydrogen

t ti t . Th Li ds. dried j acuum i 60C. f
e e Thae St B L iiCRe Rl ofd, ot depHe e O 574 s ©
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n

Catal ~ s~ rl ennmeyer fl ask eqéjiﬁped with a teflon coated stir bar
-ank

was char gediowl: 20, 3 preferabbyrl: TS te %1 [@tivelyl highQ.te olefinanglary atiasdgi aim

| ci ned in,ai L C - de . '
ot rammi ne'd Shie)ieY Bird Pitagddys 18 BeibintORARL 2 s W Raricfpd et 4o
wt % anmoni udediytl mdrdgasindnasts eded 0 TiHeenioldrartionofsoletia abidagriet yas ys thvar a

10 minute period. The reactjon_m xture s allo to stir at 23C for 24
hrs. The sl¥s43iviadhe angs eid804ad 1. %Pﬁ%ﬁa&ggﬁt'@d‘m’rhe solids were

washegd,wi t h dei opj S wat er ' ' | '

Vacuutd oven at SOt Tone e Uk, niBRupskSR ahaip i, SHUEE WibiRr,
gl ass tube amd xeneatard smitablenirt addiion (td0titrogéniand aearbbsOdiokite. 4 Satisratekhe
cat al yst ctontai ned about 0.5 wt % Pd. st. C. This catal yst was prepared

J Cat al
in a manner NYITRFARENE Yithnks, %qec@wr%@n%g@fe Y WHN {Ind CAERANCRIORRS. Sk h
pal | adi um t ' Lir Sk | | V t wWhine tal hed
about 1 %P@Teli@t al %Sﬁbbpiér)lﬁaer 'eﬁﬁ%%@%’%fﬁﬁ.&%ﬁg@'ﬁh art\ﬁ?g ?@nﬁcd;at ed
stir bar wasatchatedd®-@j hpd@eagranssarefthé referted sneirucarsiel geaks.t Mixtirds of %

titanium calcined. in air. at 550C) 3 nd 100 grans of deionized water.
Pal | ad? um dinGrSteHEeoCHEeLPaRES C%\%épstﬂﬁat%%ms? d in 15 grams of 30 wt %

o, 0, oBIGIBAHETd SpbReesh o caldd i e wient
prdpane can be supplied in such a way that, in the presence of an appropriate
excess of carrier gas, the explosive limits of mixtures of propylene, propane,
hydrogen, and oxygen are safely avoided and thus no explosive mixture can form

20 in the reactor or in the feed and discharge lines.
EXAMPLES
A catalyst containing O.5 weight percent Pd was prepared by impregnating
a solution of PdBr, in ammonium hydroxide onto a TS-1 titanium silicalite
containing 1.1 weight percent Ti. The catalyst was dried and used as is without
25 prior reduction with hydrogen. The epoxidation reaction was conducted at
atmospheric pressure using 3g catalyst at 45° C in 100 mL methanol. The
gaseous feed to the reactor consisted of 44 cc/min of 5% O, in N, and 6 cc/min
of an 80/20 mixture of propylene/H,. A methanol-containing vaporizer was placed
in the feed line to prevent evaporative loss of the reactor solvent. Reactor
30 effluents were analyzed directly by on-line gas chromatography.
After 218.5 hours on stream, a solution of 0.2g tripheny! phosphine in 20

mL methano! was added to the reaction mixture. The amount of propylene oxide



1 ~~U~ ~1JU- at 23C for 2 hrs. The liquid was renoved by rotoevaporatlon
at 50C. The solids were dried in a vacuum oven at 50C for 4 hrs %
solids were then transferred to a glass tube and treated with nltrogen 0
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vacuum oven at 50C for 4 hrs. The dried solids were then transferred to a
gl ass tube exdetprepyledewixide hiprepae) wapgreatenhay %t% BhecCintrdustionof tiige
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conversion to the desired propyl ene oxide product. USI ng talyst Dis
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t he aqgltl 0R 16/ 100 ng. of benzot hi ophene in 10 20 granms of nethanol. The
results are g| en inthe following Table 2 and clearly denonstrate the
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process for pro &P6xT de CONpri si react an o rogeéen
and oxygen houtden pires@ratevioth (ime raacmr eﬁk&ht pmmrerre&mdﬁ yield $tbad|aum1 00

vanadi um zeol i te _and a ngb] e net al hosphor u ul f sel eni um
or 5 dPseni epabnﬂ%ae\%avw thergaftgr Qéﬁ%éesgatﬂpf@dégﬁw B0gs @ 186 HppFReon
epoxt de cor GRERRNGL % bRl bk ield 10Tl fo REAEFHM O c! a m 1 wherein the

nodi fier is ecte e group consisting of organi c phosphi nes)
organic phosphl né\ eefidexf addjaona Eph[xmlpmntab[umsn\dasrrgadmc o seactiomswad0 3.

e ool ot GHAE A o B Sl e S Ch Bt et Bo
g fLa‘fbﬂz;Bx%grfﬂ?@e';ﬂgzégw%dese%?ﬁﬁ.crzﬂg:ﬂs'ee?ﬁ S 158 AR Ee
cl ai m20 whereactot lveag |26ah|a¢hnmqirop¢lens/hmdrmﬂru|(12Q5!0‘a|%|hmirog@n) and 1880
process. of Cc n"xm 1n|tvr@geér?09ygt;gne/moetﬁane volumecéﬁb@zq% 8!’ mthane balance
nitrogen). A solvent containing vaporizer was placed in the feed line to prevent
evaporative loss of the reactor solvent. In Runs 1-6, 3 grams of catalyst in 112
grams of methanol/water (75/25 by wt) were used, in Run 7, 3 grams of catalyst
25 in 130 grams of water was used. Reactor effluents were analyzed directly by on-
line gas chromatography.
In the Runs, the reaction was carried out until steady state conditions were
achieved at which point the designated phosphine in about 10 cc of the reaction
solvent was added. In Runs 1-5, 200 mg. of phosphine was added, in Runs 6-7
30 190 mg of phosphine oxide was added.
The following Table shows the steady state concentrations of propane and

propylene oxide in the reactor effluent before and after the phosphine addition.
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Er?llg(’/fo((%z (dldleQi;/L@né!)rréaQéde{’/@oéc uhdet Q%Girbyeh HEHIYBN e #orlzqf/#rs() THEW id
10sl : s10%& Was frémooed’ kfy) rasaraton at $09&. (Th&saBidh@dré dried in a vacuum
1'10% & f $10°/ % O/ -1 109 & . 1109 & () - b?| dEmb@
Fl f?ﬁ 10((%2& } ﬁ%@%é" %Qé% % )(%SF)S‘? éd@é E'“)e”&%a_lﬁ(@é)zeé iman gys w lrﬁ ChaB
{TE$@1 ﬁ,%il?;“'ﬁ;g&bnﬂﬂnokﬁ?(%’%oé}) 105)0 Q%Q?(%r& (119055/ &ﬁé@%’(a?ys(t)cnntanﬁ%’@%%@dé Wt%
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FI F10908' ()A! LRoPR ()= 110%08' ()-fs$10%0& () -

1090 () -1 |11 O##$SNBAED@ F! ! 10%0& () - S! 10908 () - $109%08 () -

& 10908 () - $10%%n (Er’re f(ésk@?ﬁpl»ﬁ@@/w&ﬁ@@fﬁd tdated stir bar was charged
0/(100/0& (O)-('1092& ()-'!10%08 8-I B 10%08 () - #$10%0&' () -
110908 () -wikiz G(O\g(qrwcp; TSqpdtanium silicalite (1.2 wt% titanium, calcined in air at

15 550°C) and 100 grams of deionized water. Palladium tetraammine dichloride
hydrate (0.38 grams) was dissolved in 15 grams of 30 wt% ammonium hydroxide
and added to the titanium silicalite slurry over a 10 minute period. The reaction
mixture was allowed to stir at 23°C for 24 hrs. The slurry was centrifuged and the
liquid decanted. The solids were washed with deionized water four times. The

20 solids were dried in a vacuum oven at 50°C for 4 hrs. The dried solids were then
transferred to a glass tube and treated with nitrogen (100 cc/min) at 150°C for 4
hrs. The catalyst contained about 0.5 wt% Pd.

Catalyst C
This catalyst was prepared in a manner similar to that for Catalyst A except
25 that twice as much palladium tetraammine nitrate was used to give a catalyst
which contained about 1% Pd.
Catalyst D
An erlenmeyer flask equipped with a teflon coated stir bar was charged with
30 grams of TS-1 titanium silicalite (2.1 wt % titanium, calcined in air at 550°C)
30 and 100 grams of deionized water. Palladium dibromide (0.38 grams) was
' dissolved in 15 grams of 30 wt% ammonium hydroxide and added to the titanium

silicalite slurry over a 10 minute period. The reaction mixture was allowed to stir

10
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100 ot SR i A0SRE bl Y 10 107 510% ()

118, 1087 ?" Safa) st@ , 1095] 5j & ()-.3! $,10%) +j & ()-:3!",10%e& ()-:3!, 10%&' (
)-:31'&, 10%82‘(5 > 3';;;;;;;;{peZ8 e )10%('(& ()- 100 100 100 s109%& () -
P, 1090K" W& ( %nﬂ]@@@&e or-flask g quinpg iefmmteade\i:sthSNas charged

ﬂ):%( :&1(();/( §> %%égf)ﬂ—$ %0{%&{%}‘(3"@? 8/‘((2)2( %/%@ngr%l) calcined in air at

9YYA0% (& (950"'0‘)031’&( &b yrdrhd BYla&idnizd@RARAA li_a‘iﬂﬁm]dlbron&lﬂl@o Sﬁé ram sE)
0/@00/(& ()-#F10% & ()-!s!10% & ()-@s! 1094 & ()-s! 104 & () - eZ8
111", sot ! 109¢&digsolves motg grams of 30 wt% ammonium hydroxide and added to the

9! 1010/6 & O dbvifcdits slh;lrg%(/é‘rgdbmlﬁu{]eop@r‘?bd.)%e e HERRRREAY s allowed
to stirat 23°C for 2 hrs. The liquid was removed by rotoevaporation at 50°C. The
solids were dried in a vacuum oven at 50°C for 4 hrs. The dried solids were then
transferred to a glass tube and treated with nitrogen (100 cc/min) at 150°C for 4
hrs. The catalyst contained about 0.125 wt% Pd.

15 As can be seen from the results reported in Table 1, the phosphine addition
in each case sharply reduced propane production thus greatly enhancing
selectivity of the propylene conversion to the desired propylene oxide product.

Using Catalyst D is above described, Run 8 was carried under same
reaction conditions but with the addition of 100 mg. of benzothiophene in 10

20 grams of methanol. The results are given in the following Table 2 and clearly
demonstrate the sharply reduced propane made as a result of the modifier
addition.

11



111" 10( 10( 10(Y: 10% & ()- @s! 109% & ()-f510% & () - 3&10% & () -!
2(10% (& () - EEOFF>GG, HM?VK@ 1! ! " 10%4] & () - ! (B10%| 4| & () -G ! 1096 AUG 2002
10@"' 10% & ()-110%] & ()- $10%4| & () -, HyHH I 111 dEVK@
101" 1094 & () - 109%# & ()-S$L0%| & ()-, ! 10%4] & ()-9! 10%| & ()-! 10%4 & () -
- 19JJJj KK LAEVK@

11" @1 10% & ()-, 1 (1 10% & ()-, 398 1094 & () - #$10%4| & ()-,!!1109%| & ()- , S
110%1| & ()- L] LvLLM MWEVK@
111 3$10%HN & () - S, 251 1094 & () - SOs! 10%| & () -, . 10%| & ()- @-
1094 & () - +$10%4| & () - MV N#ENSNONEN. NON-_ @ 11! "ys109& ()- : 109& ()- 104]
104| 104|:t10%| & () f 78 10%4| & ()-143510%| h| & () - ONBN7N>NGNRNZNE~_ @
111"0 F. 109 ()-0 F. 109& ()-0 F. 109%& ()- 0 F. 109%& ()- 0 F. 109& () - &L0%& () - ZN
eNvN-NNNNe; ~_ @
111)?2nn! E.O'F. 109%& ()-0 F. 109& ()-0"F. 109 ()-0"F. 10%& ()-0" F. 10%& () - NNNNN
NNi 2~ @
111))?2nn!E. O'F. 109& ()- 0" F. 109& ()- 0" F. 109& ()- 0" F. 109& ()- 0" F. 109%& () - NNNN
NNNi 2~ @
111))?2nn! E. 0" F. 10%&' ()-0"F. 109& ()-0"F. 109 ()-0"F. 10%& ()- 0" F. 10%& () - NNNN
NNNi 2~ @
111))?nn! E. O'F. 109& ()- 0" F. 109& ()- 0" F. 109%& ()-0 F. 109& ()- 0" F. 109%& () - NNNN

00 0 ?~_@
111))?nnl E. 0 F 100@ ()-0'F. 1p%& ()- 0" F. 10%& ()-0"F. 10%& ()-0 F. 10%& ()-
00000 (A ?~ @ -
111)) ?nn! E. O7[F. 10@ (-0 F.3pu& ()-0" F. 10%& ()-0 F. 10%& ()-0 F. 10% ()- (OO
: LLI e
, 01LC90CADA ? Al S
111))?nn! E. 0° F.o\io%' {E-EF.QW&' ()-0"F.10% ()-0"F. 10%& ()-0"F. 10%& () - DOFO
HOVMOWROOO 21 & & = 3
111)) 2nnl E. 0 F S0 & - BJF. 10%& ()-0° F. 109 ()-0"F. 10% ()- 0" F. 10%& () - bCcO
} OO000hA~_@ R )—t=&rt09%p&()- Y L=8$ 10% & ()-r( L10% & ()- L L-10% & ()-
P =
N
2 S
a . & &9 g
- = un - o
© © w D
> 0o m w
L
Z
w
I
o
Q
:
e N
(] z
(] L
< m
-
w
2
)
i
<
&)
a4
0
z = ®
2 D
x =z
wn

12



£ ,10%& ()-0 F. 10% ()- OOO0OOPNPPvU4 1! L!10%: & ()- L 10% (g/
Lm0%: & ()- LY%0%: & ()-310: 10: 10: L3=(10% & () - ; PPBOARRR s&? WUl 002
10%: & ()-L $109%00& ()-FL $10%~:: & ()-FL L!10%: & ()- L $10%: & ()-
L'11096 & () SYSSTPUUY [ : vUs 1! L L&L0%: & ()-L L% 10%: & ()-L

| L#$109%: &‘%’)‘”L 100 & ()- LL$10%: & ()- L!10%: & ()- UU(VXWW|[ vu4 1! L
L "010%:& ()-L 1. mloﬁ(ébr&céésforlpﬁod@ﬂ(ﬁ%&n(é dXId-G"C&(ﬁT@%gH‘% 'Ctl )aJaQ?’(éfu& ()-
LE(mL0%: & () - VBWNY X0X1X2X3X] [ NA4_ 11 10%: 107: 107 L [LF: T0%:

L6! 10%: & (hydregenasnd epraen (r)theusei@%ea@f @ a cmalw%orwpros)e@ o : NA4

Lsonc &' (B PG v ée@%ﬁ?@%owf@r?%nw6r"

& ()- ¥’k 1Qsl1iséﬁié bohipoln(a%(n&c{f)er Sﬂ&%@r&péﬁa{ure effective to form the epoxide
L9$109%K: & () - %}? Aan SyU4 11 ) 2f\ U, 90N 940%; & () - N. 94.09%;
& ()-N. W&O%PFEQSPP"Q'% eI 00 00k; & () - arhhi AKAVAAhSYUA 1!
?) 2\ U, 90\ 94.0%¢ & ()ThEY 0 ( o

4 MMMM oA & | )%)@?@S%ﬁ %/lig%/kﬁi@%érég‘n the '}hgéﬂe’k sgséléct'ﬂd ﬁ‘&'ﬁ‘kthe
(V&O%(p&p(()enw%{@/&f@rgamlc/\pmnhlr&wm&anbc?pb\@@l’tﬂp%@)@&é@/&( organic

) -

“N. %409 94 0% & 98.0%: & ()-N. Y40%k: & ()- AAAAAAAG: yU4 11
12\ @W%e%) R&@&Qﬁ%{ééhﬁ &00/«(3& ()-N. %100/«(3& ()-N. 04.0%:
(‘)ﬁf\MMM” [3. Fhe)pre&dddd’6s daif 1 M}%Yelﬁqpﬂgnﬁgodlﬂerﬂg@éfeje@@d:%ﬁﬁhe group

(Y40%<& ()-Z s>Y% Pl0vs <& ()-cN. %40%; & ()-~ [ )¥'s ) 109%;
) - slo%E;QﬂS(S)mesofMgaﬁtC&D"(QSPWSIMO&E(”)IG pboam&e&ix( es s &10%5
) -
)

b 109%: . & ol &
L syioee L Toebrd G, Wik s toy haE bl 0sE,
'l ;/E gtvézj;jse‘f:tllé[ %@;e&tlﬁén tise pOPEdi&n{ater SOHRUEASIUM ze8litd 0%E;
C eLe

p—

' (
' (
' (
)’?
' (
>)
' (
' (
' (
0
'

R RRRRYV Ro— R0 R R

The process of claim 1 wherein the titanium zeolite is titanium
15 silicalite.
6. The process of claim 1 wherein the olefin is a C,-C4 mono-olefin.
7. The process of claim 1 wherein the noble metal is palladium.
8. A process for producing an epoxide comprising reacting a C,-C,
mono-olefin, hydrogen and oxygen in the presence of (a) a catalyst comprised of
20 titanium or vanadium silicalite and palladium and (b) a modifier selected from the
group consisting of organic phosphines, organic phosphine oxides, organic
phosphites, and organic phosphates at a temperature of from 20° C to 80° C to
form the époxide corresponding to the C,-C, mono-olefin.
9. The process of claim 8 wherein the modifier is a phosphine or
25 phosphine oxide having three organic substituents.
10.  The process of claim 8 wherein the organic substituents are aryl
substituents.
11.  The process of claim 8 wherein the modifier is selected from the
group consisting of triphenyl phosphine, triphenyl phosphine oxide, and mixtures
30 thereof.
12.  The process of claim 8 wherein the C,-C; mono-olefin is propylene.

13.  The process of claim 8 wherein the titanium silicalite is TS-1.
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to 5.0 weight percent Pd.
18.  The process of claim 7 wherein the molar ratio of modifier:noble
10 metal is in the range of from 50:1 to 0.05:1.
19. The process of claim 1 wherein the modifier is an organic sulfur

compound.
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