2.5 NOV 2005 DENSE PHASE EPOXI DATI ON FI ELD OF THE | NVENTI ON The present
.invention relates to the epoxidation of an olefin. such as_pr Ii by
reaction-with hydrogen and oxygen using a solid catalyst sﬁ&w &;
TS-1, the inprovenent being that the reaction is carried out in carbon
- di oxi de sol vent under dense reaction m xture phase -conditions. BACKGROUND

OF THE | NVENTI ON 10 Epoxi des COBNSE PHRA S £ 5’\3['!1 cl ass of chem-cal
i nternedi ates useful for the ‘p‘r‘epa'r‘a'ﬁ%o'n—t%f% pol yol s, glycol s,
" glycol ethers, surfactants, functional fluids, fuel additives. and the

~like.. Many different. methods FELDYOT e INVENBION des from the
correspondi ng ol efi s haveapeen descri bed |n the literature. A Japanese

~_patent apptication §s?r§ﬁﬁ nyeption 1ejatesdeH Rhesnsidationrof amojslibl susheas | n
1992 (Kokai ropf’ylé’rﬁgw RadidPPRES dFBHé'n”éhd” &Q@ eﬂ&n@é‘é’oﬁdb%atéﬁgﬁ hdP

_ propyl ene, hydrégen and oxygen usi g a cata conpr i
metal and a caydtdldn Aé-1.i thenaprovesieat baingittah theyreabitor wbaﬂfeqcéﬁﬁ init

woul d” be desi urther ovenents in epOX|dat|on nmet hods
of this type. E%O%eﬁg’é'a%ﬁ@vgn Eﬁg?r%‘?“f‘slﬁnp fen pitre Phase srRditionsen enpl oyed
in 25 vari ous reaction syst@m}(@mungt@plmg INVERTI@ROdUCt i on. of -
tertiary tyI hydr oper oxi de by direct.oxi dation of isobutene. See, for

exanpl e, 4, 40§P98'§9§n€9m5ﬂh08 8B Jmpsuiant RlassE of HEEIEIFNVENTntéTmédIates
s W&&fhﬂefafr‘ﬁée%erf*ﬁgmw pobisiher Rl La8pko iearpieror

reacting olefin oxygen usi'n
@am um zeol sur&cdanial yanctldﬁae fiuig, cmerradtllthes ghd Kiad 1kBE NeAR bRrdSt

condi 1ons.  ralitadEr BimheSieBareenidas e 5S oaaPoRAING PIePhS Haga Heon
_ agalbfaeoant
I Tl e W e e
~sol vol ysi1§ of Tesah &Qrp@rﬁ@oprambpublﬁied |n 1992 (Kokai No. 4-352771) proposed '
making propylene oxide by reacting propylene, hydrogen and oxygen using
a catalyst comprising a Gr.oop Vil metal and a crystalline titanosilicate. |
As with any chemical process, it would be deswable to attam further
‘ '7 mprovements in epoXIdatlon methods of this type. _ |
20 ‘ Dense phase reactlon mixture conditions have been employed in
~ various reactlon systems, most notably in the. productlon of tertlary butyl
" hydroperoxide by direct oxidation of |sobutene See, for example, USP
; 4,408,081 and 4,408,082.
' | - SUMMARY OF THE INVENTION _ _
25 in accordance- with the present invention, the epoxidation is carried
~ out by reacting olefin, hydrogen and ’oxygen using a noble metal on ﬁfanium
or vanadium zeolite catalyst, the |mprovement being that the reaction is
E carried out using CO; as the essential solvent at dense phase reaction |
, condltlons :
30 ‘ . DETAILED'DESCR]PTION _ _
| _ ‘There are a number of significant advantages which are echieved
through practice of the present invention. CO, is the essential soiveht'used
for the reaction and >according|y soivolysis of the oxirane product is
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25 NOV 2005 WD 03/ 033485 PCT/ US02128852 suppr essed ;due to thkHabO¥ndllor

' ' ' obl e
any nucl eqrihé3RsfmReci es except for water of reaction. ‘{':tt/ﬂ 9
net/al fromthe solid catalyst i's mnimal duet0'|nsolub|I| ??%

Because the olefin, h ogen and oxygen are totally mscible in the dense -
phase syst efUPPERSSEd %ﬂﬁntq e afrsarice Ofwlgmucl@mtdecs@ebmt iemosptdfan water

st.anti al |
o1 nat ed. O noaeEr o SRR bF obE HEREKSR B8 3ol caliis MinmAduede «hi s

t amsdiebilityeih COb. t IBezausgand; oléﬁl‘l eR ehsarlﬂa‘?ﬁ & rbQodigachi ngs
;ﬁg(h e(s)n ngar Elém4 35?%71 above referred t%ﬂgg wel gé %i Br ﬁa o

6, 005, 123 afdisciple gnodle 3dgnsenphase asysters, t beter LM\J!H‘OH nof l‘tgeprrea?‘rtt al
Ze0] | an a Nno e
(brof or ab) y ShCEnains tq b AABRRE LR EROL b2 A0 Sovhe, | -

zeol i tes ar eubstagtally glimiratédie - materials . having a porous, nolecul ar
- sieve structure t h trtanr um 15 vanadi um at-ons substituted in the
i i an

- framework. The ¢ gegerl mage Ratalyds RKPV'PUEEﬁéHQthIUr‘Ihlﬁ ramfben of

“fact n e 8| S i zed . For
eignglrz |l t é?ECBpérqg?ée@r elﬁl ttﬁg rl?ggr% rei Q?ﬁf" \I/eP%dsaer PH?)'I fe@%?'l n? gr
vanadi um zeliokaeNeu$135237 4 abiovamefemesi tbrasal.rell as U 5. Phtens 6100%,123 andiower

al i phat{g ch as ethyl ene, propyl ene, .1 20 butene. \Were the
ol ElPI n1|s prgﬁpdﬁ]%%éej the use of a TS-1 titani um silicalite or vanadi um

silicalite is espheicithlys@deabs a@equn- th@ifre@erﬁgé]rbﬁeég Sl'é '&oﬁl#?l%ea -

cycl ohexene a. larger pore titaniumzeolite su I um zeo

havi ng t“ralﬂlf{’ﬁ r Y%’!ﬁﬁi‘r"ﬂh@%@mw&nﬂ agwibile enefat fprefarably an Ee‘leﬂnemi of The { )

t tanrumco [ sts.in the,epoxidatiQn

slt ep of the%?%é:]e\gg %‘gﬁnipér ngro *)leZs %H?i a@’é%ﬁef’lte sﬁf?stﬂé%?e g n
titani um at tvaeriale .baviegi aulpedoﬂs)rmalepulal'l sisvef strbctufd |\lvl§l‘i)ntﬂ%hﬂ.li‘ﬁ EF‘ the
latti Cq 5 fr Such substances are nown in

the art. a?ﬁ%‘lr"ﬁr %mg?rer%)tlg?e El aE’r ts'hgh%nﬁf%‘liﬁw&ﬂ?u nghgeghpices of rasialitte t he
L ass Of | SPIedl wil BY6end UBERNLIRBE bEMAGTLLURE’ Wik olkb SAld ! &5

particularly 30 "TS-1" (having an M-l fopo the
ZSM 5. al ur ri#harg of the elefindel be eppx:drzes 2l“or( e:eamplge, atnsl\;EleferCHmtd)gye anal ogous

_ to that : relatrvely small pore titanium or vanadium zeolite such as a titanium silicalite

_ if the olefrn is a lower aliphatic olefin such as ethylene, propylene or.1-
20 - butene. Where the olefin is propylene the use of a TS-1 titanium silicalite or -

- vanadium silicalite is especially advantageous For a bulky olefin such as
cyclohexene a larger pore titanium zeolite such as a titanium zeoltte havmg _
- a structure lsomorphous with zeolrte beta may be preferred. : ' ( Yo
_ The titanium-containing zeolites useful as catalysts in the epoxidation |

25 step of the process comprise the class of zeolitic substances wherein
titanium atoms are substituted for a portibn'of the silicon atoms in the fattice -

framework of a molecular sieve. Such substances are well known i in the art.

Partrcularly preferred tstamum-centalnrng zeclrtes include the class of -

‘molecular sreves commonly referred_to as tltanlum silicalites, particularly

30 "TS-1" (having an MFI topology analogous to that of the ZSM-5
| aluminosilicate zeolites), “TS-2" (having an MEL topology an,alogous to that
of the ZSM-11 aluminosilicate zeolites), and “TS-3" (as described in Belgian -

Pat. No. 1,001,038). Also suitable for use are the titanium-containing
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~of the ZSM1 1 alurninosilicate zeolites), and "TSQ 3" (as descri bed in
Belgian Pat. No. 1,001,038). Also suitable for use are the 7?5 NGV 2005 -
titaniumcontaining 2 2 5. NOV 2005 nol ecul ar sieves having framework

structures is [ .to zeolite beta, nordenite, ZSM 48, ZSM 12, and
MCM 41. The t‘?@ﬁ?ﬁﬁ%&ﬁ’l’?ﬁﬁ?ﬁ"ﬁ& ff@grqwtgk SHUSHERS B YMemions e zeplite bett s
ot her “than ti tnasrd sy&| _OXY. ' he ' f Wor K .t hough
m nor anounts of Emt%’n‘?sﬁﬁ', Zgﬁu%z'nﬁ?nquch'ﬁf hghéﬁﬁéerﬁ%é%gglﬂpps%‘?@@a her

metal s such aPreferably opatains mo elemenits otter than ditemiuni, silded Afd dkg8en in
framewor k of ¢ o} | in addition to the titanium as described in
U'S. Pat. Nostﬂji%h;@% %éﬁ‘%&f?&k@&%,ggiB'.“ObPHPé'PF%@Jf BOrORNIreMa Auminum; and
zeolite cabal yiss tike midyolbe présaint USRheNnicha varidfurh SN LIQ, i | ]
general | y have a cogs)gglibéf Fqn correspondi n% Sgge%gsttﬁh@w%ﬂdguwm%%%{#ﬁ%al.
formul a xTi o2 P[Esenf 4; e Iattea framewasktafdael zeolitleda additibrotes0®: titkhiuen, as

preferably, t f ' Ll . e nolar ratio of Si:Ti

in the latt i.cgg?(\rﬁg&née%ﬁﬂ'%?%hﬂéagergd%@és%%ngig%’gggbusI y. from 9.5:1to
99:1 (nost pref er aBrgfefredrtitanfini-contaffing keofbecatsgsefl suitbid i’df‘elljéfér]in th
titaniumrich zeoli t?zzh.max. al so bﬁ desirable.. 15 Wile any of the noble
netal s can beP{REESP Igjnyentiogavi genergily; haveya somnasitigsasdrsetipamdirig todi um
_.rut heni umo oSstRelfBllow i Hal YHOC QW aat i pal Lumi s - -
particularly desir a%@eg B_ﬁl_@psﬁcié;{fﬁgﬁulta h’gngcr"rgmggf vg‘ﬂ%rgl’g'énggb?’e% @é&%“ in-
the catalyst @ndi0.5¥.i Moré preferaidy,dhe vatue 6 0is ftamZ001 WO A5, PRES Bitllar

 preferably 0. i gh . Th r ip which the 20 nobl |

PeF i neor por at aior e S P B el B frarne bt SE 1K rapitede ashmptagsauishicmay |y

critical. ' Fs5:Exerg9:¢,(mdwe prefdrablyehéh 0BYI 'P@G?J:Jﬂpo"r%%dué’%‘ &?ﬁiagﬁggt ite
u

by inpregnatigon peans or the like or first supported on anothe ance
such as sili cHanmmich zeolilesimay algodw desirable.t he 1i ke and then physical ly

m xed Wity t he zeohjig: oA L& pat i . ngble netal can be 25 »
i ncor por.ated int OO\M'ﬁeISZ%g' i?eﬂ%; nﬁ@!@'&%tﬁgnggﬁﬁ? E&'“FS? (?'eexﬁ%’l' eSilveg -
t et r aam ne . chplatingre, wpalladiumpi iritiium, ardtheshid SNty d8itherd@donE€or GAt @l yst
I's recovered by fi I%.r’at i O?ﬁ nd _vvashi_ng and is substanti-ally freeelz<0. 1 w.
% of halide. CrARiNALIAR.PA ‘ﬁéﬂ“t iScRAThipUlagy tdasiiablens Tyeisalivi the amouhaifce of
. nobl e netal KSR NS BF | : o) noRl &. al. 30
For exanple,. suitable goerr%c?)'gﬁ‘ggﬁ? olgré%si{l%ﬁmgﬂfepggg{ﬁcﬁ% edépﬁﬂgﬁiqqr 'ﬁngé '
- , weight percent, _preferably 0.1 to 5 weight percent.. The manner in which the
20 - noble metal is 'incorpqrated into the 1catalyst is .not considered to be |
particularly critical. - For example, the noble metal- may be supported on the
zeolite by impregnation means or the like or»ﬁr'st supported on another
{, ) - substance such as silica, alumina, activated carbon or the like and then
| physically mixed with the zeolite. Alternatively, the noble metal can be |
25 incorporated into the zeolite by ion-exchange with, for . exarhple. Pd
- tetraamine chloride with or without added ammonium hydroxide. The
patalyst is recovered by filtration and washing and is substantially free (<0.1
wt. %) of halide. There are no particular restrictions regarding the choice of
| hoble metal compound or complex used as the source of the noble metal.
30 For example, suitable compounds for such purpose include the nitrates,
sulfates, halides (e.g., chlorides, bromides), carboxylates (e.g., acetate), and
amine complexes of noble metals. ',Similarly, the oxidation state of the noble

metal is not considered critical. In the case of palladium for instance, the
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sul f at es, -hal I des (e.g., chlorides, brom des), carboxyl at epﬁ(ﬂﬂ&.};ﬁ%

acet at e) ,wa@p38% ne conpl exes of noble, metals. Simlarl )ﬁcf/ﬁﬁ)zﬁﬁsgat i on
state of the noble netal is not considered critical. In the casé o

pal | adium for instance, the WO 03/033485 NOV 905 PCTI US02128852 pal l-adi um
may be in apaladigat iroay heair ampxidationf state Ganywherie dromang toc adbonatmiyon of

such oxi datign s, s Jo,achieve the desired. oxidation state. or

combi nat i >oncolﬂ-l bg'iﬂ?j} ?%%&c&@{]@gtfo ﬁt@%‘ﬁoﬁ AaeP tgﬁﬁﬁﬁﬁﬁ °§\deF@P" ety

i ntroduced iontopniliinatioriofl oxidativhystages, the Yndlle rastal %bhipd%_fna-éﬁéi%@iﬂg :
Satisfactory catal ytic performance can,' however, be attained w tholit any

pre-reduct i gHregugedodoter | theo catalyst emalie bectiully or apartisfllypgireadiduegd.t he

cat al ystg ma . : h.as: treatnent in njtrogen, .
vac-uu?/n _%yd)rsggg%%gﬁa%tswﬁgﬁ ta a_@slé% Fr%f/ %\Q{EWO% ﬂ?agﬁqutg@gaaﬂynder or
the 1i ke angrergductidonbwhatsodeds. STo aichibvecthe abBRL&tate 6XbalsEdm tha any
desired formprior to use, in epoxidation. In additionto the noble netal,

t he cat al ysPa%é)Sﬁt gBaygHidergq) pretigatment duch ot thermatdraatment in aétroden, -

exanpl e, | aog%?ﬁgﬁgg{,‘%&% g., europium iron, cobalt, nickel, boron, .

al um num phos cium vanadi um  chrom um -nanganese, copper,

zinc, and gall i uitheléatalyst niayf additicndlly coreprissan iadangr ﬂ'reg?l_m GndQﬁtﬁyrnd ;
cont ai nj t least one site of ethylenic unsaturation'-(i.e. .,  at |eas ,
one ca%@ﬁ;@ﬁm@ﬁ?a- Hiupeide &{’@P?Sﬂﬁgxgpgﬁﬁiﬂp&eg{ly sHedJRERiRgior taHsRat i ¢ or
cycl oal i phain é%oiiaati&ﬂalraﬁaéi'ﬁoﬁrté tABhOBRY SreRhll BRS céta!})s'?gﬁéy BE Mb@feded
structure,” wWi.th the si tg}s)- of theylenic unsaturation bei'ng term nal
and/ or i nt eWifal additienal elamentscsughaisisy o0 examplendarthaoideamietals ateogs. | th€ )

. process of i ngion i artj,cul arl syitable for expoxidizing C2-C6
nono- ol ef i héb%@éft é;%rﬁ 88@3'3015{'#@']%&? n'n’%v}"rﬂ'@uﬂ}'eggﬂfﬁ?h‘ﬁ S'lrFaic'_ fene .or .
triene -for eamagibm, chitmiohsimanganeseeceppdry dinecandealiium.e. . contain only
car bon d hydrogﬁn atong) or may contain functional groups such as
hal i de,%rc]'ar_boxy_l TheRleti P be-tifed capabeciiy organissompesingr containing g!cou}os or
the |ike. TiRsfdneC¥RETE i T 0s t ne ropyl ene,
1- butene, ’bcé?g?%'gr?d%rags%y%et%ér[i@?g{l@%@u[féfﬁ%: #n@ggﬁgggl%gnﬁgﬁ es
i soprene,, tewhacsondict dines plefionear e adiplatic  anofibtice be TycloalipiestRN s,
' character and may have either a linear or branched structure, with the site(s)
~ of theylenic unsaturation being terminal and/or internal. The olefin preferably -
20 - contains 2-30 carbon atoms; the process of the invention is particularly
suitable for expoxidiz'ingr C2-Cs mono-olefins. ‘More than one doublé bond
may be 'preseni, as in a diene or triene for example. The olefin may be a-
hydrocar_bc@n (i.e., contain only carbon and hydrogen atoms) or may contain 3 _ (

P

_ functional groups such as halide, carboxyl, hydroxyl, ether, carbonyl, cyano,
25 or nitro, groups or the fike. | | '

| 'Typical exampie_s of suitable olefins include ethylene, propylene, 1-
'bu.tene, cis- and trans-2-butene, iéobufene, 1,3-butadiene, pentenés,
isoprene, - hexenes, octanes, nonenes, decenes, dndece’nes, dodecenes,
cyclopentene, cyclohexene, dicyclopentadiene, ‘ vinylcylohexahe,

30 vinylcyciohexene, allyl chloride, allyl alcohol, methallyl chlloride,‘ methaliyi |
| alcohol, alky! acrylates and methacrylatés, unsaturated fatty acids and esters
| fhéreof, styrene, alpha methylstyrene, divinylbenzene, indene and stilbene.
“Mixtures of olefins may, of course, be utilized if so desired. The process of
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cycl opentene, cycl ohexene dicycl opent adi ene, vinyl cyl ohexane, 30

.vi nyl cycl ohexene, .allyl chloride, allyl alcohol, nethallyl chloride,
nethal Iyl al cohol, alkyl acrylates and ‘met hacryl at es, unsajg gr AWYdHBtty
aci ds and est l’r thereof \Sjge F ha net hyl st yrene, diVinyl benzene, ,
i ndene and st i M5efYENtign,is e 'Yolu§f3 Ll'\§0F’r'rsl%W“V@ft'"élol;llfcma'lerbaetcl.utp:rlop;tlet:lelf SO
desired. The pgggess of- 4 2 - NOV 2005 - this invention is especially.
useful .for converting propyl ene to propyl ene oxide. The epoxidation .
reaction is carried I'emtEmeIdajloﬁOEeaadLonesm’atrm@d owtoL¥ipgt CQY a"so'e@séhﬁﬁls

- which are effe i de e _dense phase reaction mxture. - :
Al though sral | %gi‘fﬁg@n?gcgﬁw‘o'ﬁé&' é’b?&eﬁﬁ@-’@@nt%@r@\(j@%ﬁamégle dense phaséer r ed
that CO2 cBNprreagtidrhmixiBiedr A srﬁaﬁaﬁlcﬁln?é bﬁﬁe?lsPlvﬁﬁgsts ﬁ%@léra‘ﬁ’g' ght "

of the reaction solvent. -The" sol vent -conprises a _
of the reacti dniSrRreferred thatc$ Qe gomprisedire Wlﬁleff(E’m0Uﬂ'ltl’a1dJpréf@rab“gaf/qéa’st nor e.

cutfici ont 1y P% b7 pafeet B Rk SPvbat otel Ghr solvepbpompnsed b idast o

single, densaboht 40ivet- %6 dfethphesetion ilxtardl gs1efdiibl éll(iﬁft
~ Suitable- nﬁgl/atures are in the range Bf%z}o tro ?0 arﬁ surta%r?@'é%m
o

pressures fr OrMP™800 atm I n. other words, the dense-phase reaction

mxture i 0free of A hendSoaRPlocR Bation Hllhﬁléal%f‘é%ebﬁwggélﬁar gaggﬁﬁ,glq%%hgedgf

prior art reaction int ase or
m xture. Pr.ef éﬂﬁbley!ﬂytelava‘tedzSOrthat:meamxtlEremﬂUlel" n S CO4e0,sUpgishl %ﬁ% :
gen,

ondi t t | ef

i o i meHehE By s R ey ot et . 2§s§g:aa)ves.urebre

t | 20 t [
Che hgﬁsepl)ﬁi?e’ﬁ%rxaf‘ﬂ?éwﬁgfﬂ‘a%‘aailg?ﬂ?@%ﬁ?@i‘%ﬁ"e 38bd Breshtisiramat” "
critical p0| ntes 366 atranpleraiher worls] the dense-phate GERCth mddurk i@fﬂé&lol?ﬁweg atm .

f h dit f t th t

Stcor dancts w AP dsRy WibrE RAS bipl BheiAtteristicr dhatios A westonimites vapor he
feed sol uti onphigy oEMPTBNE na@@xlaﬁﬂ# llhﬂlo??l%xtdré W&lgﬁ%&ly,ﬁﬁejfeg%?gﬁcﬁg 91.9

C (Tc of propyl ene) andthe critical ure 1s hi m (Pc
~ of propyl ene)m”lt'rlfet ife URgsk sypersriipgl emdlﬁqym(mjat iimna reixturebtempiisingt oMy

condi t1 ons. ar GRSy, Hyatobert O niliftaid LS HEHIES Rpadatfe 20°C
' well as above its critical pressure. The oxygen and hydrogen are present in
20 solution in the dense phase mrxture notas a separate vapor phase.-
Although the critical po:nts of temperature and pressure of CO, of
) 31.1°C and 72.9 atm are useful in establlshlng condlt:ons for carrying out the
( _) B reactlon in accordance with the mventron, actu_ally the critical temperature of
' the feed solution, for example propylene in COZ, is.between 31.1 °C and
'25 --91.9° C (Tc of propylene) and the critical pressure |s hlgher than 46.2 atm
(Pc of propylene) In the case of propylene epoxldat:on suitable operating |
conditions are pressure of 15 to 300 atm and’ temperatures of 20 to 100°C.
The ‘molar ratio of hydrogen to oxygen can usually be varied in the range of
_ H2:00=1: 10 to 5:1 and is especially favorable: at 1:5 to 2:1. The molar ratio
30 of oxygen to olefin is usually 1:1 1o 1:20, and preferably 1:1.5to 1:10.
The following examples iliustrate practice of the invent'ion..
_ Exarnple 1. Preparation of Pd/T S-1 Catalyst




H2: 02=1: % 4ds and is especially favorable at 1:5 to 2: ar
ratio Séﬁg?}@g%}ﬂgﬁen to. olefinis usually 1:1 to 1:20, and p ably 1:1.5
to 1:10. The follow ng exanples illustrate practice of the invention.
 Exanpl e 1.  PrepaPst wes prdﬂmeSa@rgV}wspmlog/TBS%@% 'Ili (Bl?gg?/ﬁ{%? '20 |
/ USC2/ 28 : t 0 - suspendi - 6% Ti,
oramsy i Hosiadt atr BB Sl T e BiesepredtrEbeaire e
pal l.adi um  nittate (8% BAL P4422rade) &t 80%0 o 2BRGURO THAsORPNES recdyied®! i d
- was recovered Dby filtration under pressurized N2, was ed w t-hderoni zed
wat er - (150 Ry, filtration ewder meeysurizet e, adshed ovithe deianizeth whterQG50veILDI ght , -

o At .. 150C f.or, 4 fi in 5%02 - 95% N2 mixture. The resulting
ot al yotd hathrBe iy g indsy use \Bahdin 2t 508 Harightaasd GRsnedebentios

sas T ow (1000 G0 nit i BPG, L1610 MRt R] RS FaShing et ngs bk T M0
gExarrp!_e 2. Wt&/p'ﬁ’datlf’mﬁ' Sof cétﬁ!ﬂéi (2Jgr€mt¥lwlfls';th§h%p§péﬁﬂe|9{ mc?i [{tﬁ}ggpgrzgoe/d _

- as i : i ' raam ne pa 0
'33§ . aisl'h:anr Eé&fﬁ)\}vﬁg}yg@;@ﬁg?grg SSHnggﬁcﬂvgJﬁin Eﬂ&ﬁg}@nm gy flowddP% of -
P Ride 49 s i ' he reaction was
0Py one CEUK 4 05 143y oaa s oRd s 22

~carried out In.a stainless stee ol'ume 38.4 cm con_nected'v
to a hildh pEé%@Dl%ZsﬂeW@tipumdeﬁ'@wGﬁhabslgure< (Ij—:lqgégrregt , 30 (Z:n)Géshl gh

' ' Hew et t ackar ~Series 2-
v onat ograpn, e A PbeRlie S &eficyt b Examee bushe 03 qome1o o)
prepared i nofRetemhiind patladiahnhilege (5% PE). 2Phe 9a8(ifhg @%?alfst%ﬂé)%%ﬁ% hen 't fie)

\ - : ' 45C
system-was } horoughly evacuated under vacuum The Teact or I's ea_t ed at
~and known -a%(ﬁ)ﬁ?\-t s of CO2 (60.9 mmol), H2 (1.26 mol), air (31.3 mmovl)

bt ch' robct o i EaresiihroBYRAE e hEngp Fiabe Hedalbo Mithrae 545

mol 11§ added . vThe seapipniwass tarried 2t (6 Btdinless 38| bbmiekktcr usigaeh 1900
ction mxture, and the reaction m xture -

Sig, to proyide g dense phase rea Xt ur I e _
v gorogs _4nF'3'<"egh qOGPeﬂt%g R 3‘_.'9')5&”??1%"9_53’”"99 pump (High "Pressure
~ Equipment, 30 cm®), high pressure recirculating pump and a Hewlett -
Packard 5890 Series 2 Gas Chromatograph, featuringr both TCD and FID
detectors. Pd/TS-1 (0.1512 g) 'pfepar_ed in Example 1 was charged to the

20 reactor (38.4 ¢cm®) and then 'the system was thoroughly evacuated; under -

The nol ar ratio of hydrogen to oxygen can usually be variedlin tgg‘ugémpr!gﬁ of
P@%era¥

~vacuum. The reactor is heated at 45°C and known amounts of CO2 (60.9
) mmol), H, (1.26 mmol}, air (31.3 mmol) and propylené (3.97 mmol) are o
added (in this order) to the high preséure batch reacfor; 'Additibna! super : (
critical COz'(Praxair, Coolant grade, 548 mmol) is added via a gas boosfer '
25 - (single stage, Haskel) to reach 1900 psig, to provide a dense phase reaction
| mixture, and the reaction mixture is vi'gorousiy' mixed for 4.5 hours. At the
end of run, the 'de'nse phase is first anaiyzed 'by GC and then slowly
'depréssurized to atmospheric p,ressu‘re.' _ The 'poé,sible side products
| _precipitét‘ed on the solid catalyst are eXtracted in 5 mL MeOH and anélyzéd |
- 30 sepérately by GC. After 4.5 hours the overall productivity was 0.0256 g
propylene oxide / g cat. x hour while propylene selectivity to propylené oxide
was 62.1% No propylene giycol or other ring opening products were
detected. | |




end of run, the dense phase is first anal yzed by GC and then s O\‘;IIIZIIIﬁ
-depressurized to atnospheric.pressure. The possible side przoﬁlu 0
precipitated on the solid catalyst are extracted in 5 nL MeOH and anal yzed

- 30 separately C A er. 4.5 hours the overall -productivity was 0.0256 ¢
~ propyl ene oxi dex?mBIei:}% yRthesis ohpiopyl epedpyide ieDebse BhasetRedatiop MiRiurene

O o6 1", PRYIBHELS o8 i Dy fieh, (129 AB5H o4 pé%?g‘%‘ (598ense

Phase. React i orfnqut-urfEDrPralq:)yWerBa af@ed7innme! Jeadtrdto>#ih P %ﬁ?or el o%;gldene

.- oxygen (5.94 fro air added in the reactor t
oxi de as desc éIBte %%IHBI%EI\E ﬁﬁ?ﬁ@@&ﬁdﬂ@%?dﬂé%wwémr&d angamp@Z n -
Exanpl e 2 5 n jar@msl Dbf 6,1 hfyTs r re charged
as . solvent and the ?eactl(?%g\?\%rg car ﬁbégpout%ﬁﬁ?a?ng gg@%“ﬁﬁ%s@aéﬁqu%
psig and 45C. Seivest ang the reactiontwas @aErremI bupinothectiéndd phues - 1@9@%&9

I wh I | I
Do B N b BreE IR Ao e bYaRHl BrehieRopvies 4 15 raopenet cd.
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The reaction was conducted in. the ‘ex ?'n rII_‘9<arrpI e
3. Pd/TS-1 (oPI eng ghiceber elher ringopaping droduets everé deted@ddand MeOH (7.5 -

. g, Ad th 38. B The 15
?eact oII |Cs heat eII Iﬁﬂéﬁéﬁ@g % I/jﬁny Iﬁﬂgﬂgtéfeappg@(e( @f'dchﬁT)ﬁICk —EIﬂle— 26
mol ), aif (SMéOHm)I) and- propyl ene. (3.97 mml.) are added (in this order)

oy the hi gh pressu bat ch reactor. Additional : supercritical CO2 -
{ axair,: Cool ant |{eake@ction wasspnducied dnsoe \axaenmenwsseluqmiée&ndé‘d pol e

s\fa e, Haskel c a m xture |s vi gor ousl y
i xgd for 4. 5%‘8“@’5%?2 ISAIIIEétSIIeIBZIn% Qf’ﬂreyé?ﬁlin%g deWater (2:519)and yzed
by . GC and t MaOH{Y S Aldbeh, mutute)edeteocra;rgaéwﬁfe rea@fcﬁfzseuecmgcerh&

filtrate is anal

| EIeEUIII)IJI:I 21 Lg’r' I@?I“‘*&I%%?F@%“?%ﬁdg@qwrbawma @@C(aasﬁnsoﬁm Hlarin 2ay | ene
2)8( i goe/o / _glj_r gigmc?wiﬁw ho%m%?%ﬁ%%@ﬁg@%@@%ﬁ’@%ﬂ#r& L3R4 {in this gr)c(ileg)e was
PML), : 2- met hotey ths @Fﬁnerassure (lﬁﬂcrppeactﬂNB)Adiﬂltbnal supercrltlcal CO; (Praxair,
— Coolant grade, 372 ‘mmol) is added via-a gas booster (single stage, Haskel)
to reach 1860 psig, and the reaction mixture is vigorously mixed for 4.5
20 hours. At the end of run, the COz phase is first analyzed by GC and then
slowly depressunzed to atmosphenc pressure. The resulting slurry is filtered |
, | and the filtrate is analyzed by GC. After 4.5 hours the overall propylene
L} - - . oxide productivity was 0.00186 g propyiene ox:de / g cat x hour while
' propylene selectivity to propylene oxide was 18.8%. Traces of 1- methoxy—
25 propane-2-ol (30 ppm, PM1),- 2~methoxy-propane 1-el (50 ppm, PM2) and
mgthyi formate _(24_0 ppm) were detected in the resulting methanol solution. _
\COmpérative Example 6. Synthesis of’Properne Oxide in H;0-MeOH
The reaction was conducted in the experimental setup described in
Example 3. PdIT S-1 (0 1977 g) prepared in Example 1, water (2.5 g) and
30 | MeOH (7.5 g, Aldrich absolute) were charged to the autoclave. The reactor
is heated at 45°C and known amounts of N2 (7 4 mmol) Haz (1. 26 mmol), air
(31.3 mmol) and propylene (3. g7 mmol) are added (in this order) to the high
pressure batch reactor. Additional N, (Praxair UHP/ZERO grade, 120 mmol)
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met hyl . formate (240 ppn) were detected.in the resulting @Molzgugol ution.
Conpar at iywg Exaiese 6. Synthesis of Propylene Oxide in H20- |veo§—| The
reacti on was conducted in the experinental setup descri bedPGHU 02285981 e 3.
Pd/ TS-1 (0.1977 g) prepared in Exanple 1, water (2.5 g) and 30 MeOH (7.5
g, Aldrich aﬁ)edderﬂéc) reanl‘ezmpggdanmlldﬂaaawbmhmi% ig bigormli Riixeéd fdreat ed

31.3 I
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igggghv\begg} gg’?ﬂ %&ﬁ%&?@%B%%@gﬁ § to reac‘%@b‘g@ﬁ sl%‘}? Wgerﬁﬂe
‘reaction m 2ndribe; filtrateyis auelygzednb@efﬁd(} ;)?]l\fter54 :ﬁotvs\:j&s the ozfgrﬂlr;szigdg‘”?ggn t he
' en.-slo re , _ :
Semospner ¢ el BlodRRE ol 005G pdyierie faNdercd catng ot wiiler ate is
-anal yzed. bypﬁ@yleﬁeﬁé eblebtidity f@lpl'@pyilél@e %Xli‘l’ealnbs%gﬁ)?’eelrrﬁcé’é“ n@l@g flvity.

-was 0.00516 g. pro erne oxi d g cat x hour propy ctivity
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, 2-met hox P d_ ., nethyl . for 240 wer e
~detected i % ?Q@ﬂ%t?l ?aéﬁpﬁ%re iéiﬁ?ﬁd’ﬁth qﬁl"ég?’rﬁﬁ?hgm de

Sol vol ysi's Erafppe?ciHrd eheCﬁ?de’LSo siLIACS Q}tﬁguc '
experi p t al s?ﬁlﬁgdesc??bed in 044 g) prepared in

EX ; TS
Exanpl e -2, wat er reaclign wag condiisle ar@ﬁ&@ﬁwewentzgm@p \deser!hzedaurgleg tgnd |
the reacti oEramBRbeL RASCH (0,300 d) hedaS I BRIGE 2 WAER LT FaRT LY cnd
of the. run, Pﬂqwlaf@aexlden(m&‘lﬁtgbumeel dﬁ&{greggt?ﬁtrheebauﬁ??@gsls;%;ﬁﬁ%g 2%2; Ieglg J
is slowy d NS |
Ipfoéugt syarggé @;)g% @g%l %'8d?€ tﬂﬂ%%&%?i%@ Rl 9E@dﬁge'&ﬁcélpﬁl WMOEYEGE After
4.5 hours, vigofueRyhieRl aghsqplrow@fs dr§ theFRITBE fhed rP?né‘?{e%%ll pis in

. MeOH H2Q 20 The reaction was conducte e -exper| ne escri bed
©in - Exd®pl enixtumedisTanalyzesl By GC @)’ldpﬂlepatlmjsys’teﬁmrslbwly2dem‘?s§.lnz(e¥l & 9),

| -Zﬁl oelove! BHosBRERRHRRC 1 RS 3E olbmEion S e pimstan | 5
vi gorousl y 10 widvieOH &R aharyzéd%ebarutély b@IGCheAﬁéW 8Thdui§ rd'PropPidhet e gas
- glycol was detected. B :
~ Example 8. PO Solvolysis in MeOH-H,0
20 " The reaction was conducted in the experimental setup described in
o E)kample 3. Pd/Ts-1 (0.3039' g) prepared in Example 2, water (1.65 g),
~ methanol {5 g) and propylene oxide (0.3486 g) were charged to the
autoclave. N3 is added to reach 2180 psig, and the reaction mixture is | {
.vigorousiy miked- at 45°C for 4.5 hours. At the end of the run both the gas
25 and liquid phases are analyzed by GC, and the system is then slowly“
depressunzed to atmospheric pressure. After 4.5 hours, the percentage of |
PO reacted with MeOHIHQO to form PM1, PMZ or propylene glycol (PG) was
60%. . _ o
The above examples demonstrate the outstanding improvements
30 achieved' through practice of the .invention as compared to analogous
procedures not accordmg to the invention.




25 and liquid phases are analyzed by GC, and the systemis then slowy
depressuri zed to atnospheric pressure. After 4.5 hours, the percentage of
PO reacted with MeOH H20 to form PM, PM2 or propyl ene glycol ﬁ@@ms

60% The above exanpl es denobnstrate the outstanding inprov n

achi eved t hr ouglVg€lémi ce of the invention as conpared to anal ogous
procedures not accordi ngyfq t ipventjion. 8. 2005 W Claim |. In a
process for the epoxﬁdat Eno% (?F&éeﬁgofogf*h% Eﬁo’gé?ﬁ’&ctc’i n! e dyersontaefoen
and ol efin at reygegare exigent aotsolefin ataresntivel @atlions! witts CAPEdiRe dagilyspobl e
netal on titani i Jo Lyl A t he | nprovenment s which

conpri ses carry%ﬂisgpa?ﬁgd%%g%@a%%#%ﬁ‘ﬁ" c?érvﬁaﬁdqﬁmoﬂ' te; dhe dpiavement s
sol vent and % n Whieh isswfises sharmpind ealit rthe | epopitiation D eaHRH. didkids 0 bki NS

effective to j i ti L xture, 2. In a,process_%or
t he epoxi dat i o%%”ﬁ?'&%ﬁ@%%%ﬁﬁﬁﬁi@.ﬁr{&%ﬁ%ﬁ% leso 2t epnditiang efieetine ene
at reactive cort@ipreudsadense phaselreactoatraiktysd, conprised of noble metal on

TS-1, the inprovenert whjc i ses .carrying, out the epoxidation in
carbon di oxi de as esQ'se\r,l\,pbaP é%gg“gésnt%%ﬁﬁei#q" tigh s¥fh PEORYfengd b dcentattingphi | e

speci es, at cort¥dtdgsns oaydenc and eromyleneout teackivel LRRBIHERA G ées%‘ﬁ&i%aqst
m xture. 3.,5Th |.ai in.the catalyst is Pd on -1 s
4. The procl.e‘)ss%(‘§’¥‘}'r pgﬁg?%f %Bb' _e'ﬁéet?]n&]? ﬁ%ﬁ'g’hﬁt@‘BWV@Bﬁﬂf E'/whwhscoam!sas caiTying
tenper at ure of ogbthecepoxitatpmiticarben disside ersafssaftiabOlvattBnddn the absence of
: added nucleophile species, at conditions effective to provide a dense phase

reaction mixture. '

3. The process of claim 1 wherein the catalyst is Pd on TS-1.
15 | 4. The process of claim 1 wherein the reaction conditions are a
temperature of 20 to 100°C and a pressure of 10-300 atm,




