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EPOXt D PROCESS USI NG SUPPORTED GOLD, CATALYST FI ELD OF THE | N\/Qgﬂ'li@% 'mgz
" invention relates to a method for cwmmmmmummol efin to the 15990 25

correspondi ng epoxi de by oxidation wi th oxygen in the
. presenceWeX99H92Fsogen using a catal yst coepei sed of gol d onPaTHERrPYOr4s
conprised of zirconium BACKGROUND OF THE | NVENTI ON The direct oxidation of
ethylene to ethylene oxide is practiced commercially using supported silver
" catal ysts. UnPOXIDAXION PROECESSUSHSGSWPPORTEDN  GRALDOEAFAIYST ns
containing allylic hydrogens such as propyl ene generally exhibits
significantly lower selectivity to the epoxide due to side reactions. In
view of the problens encountered with supported silver catal ysts of the
type used for ethylene oxidation, alternative catal yst systens have been
explored for use with higher olefins in recent years. For exanple, U S
Pat. No. 5,623,090 describes theppy ousHEONVEN®DIgPOXi de from an
unsat urated hydrocarbon by passing a mxture conprised of nolecul ar

hydr ogen, the unsahif inventiopdrelatasbisnaanethod fpsrcanvestion an istafinoto the

catal yst co _Si I i di oxide Li t LN old particles
deposi ted On@éﬂﬁ%éﬂ(}g}ﬁpépbgﬁggﬁyd@ﬁééﬁ% 6@@352{@}16\9& B#(Yéﬁgé' @@gﬁ??g&?o use
gol d ang titahhydnodiepriisifgiacaRiNEttdnmpised dingold Breasabportdifplided b
patent have simlarly reported (Hayashi et al., Synposium on I—Bt er ogeneous
Hydr ocar bon Bk¢QHUMen, Presented before the Division of Petrol eum

Chem stry, Inc., 211th National Meeting, American Chem cal Society, New

Ol eans, LA, March 24-29, 3 pported on netal
oxi des other than Ti 02 doéR@Gkﬁmmﬂ@dati on of propyl ene.
Qt her publicati ongheelaber dxid Ao it EfyRMed t@%tﬁyn\%z ogm/ee i@lg@cﬁe@@am zed

the criticality of having titaniumpresént in i 9/ 462
PCT/ EP%0101468nmprcizlly usng supgorted silves gatatysts.i HUntartunately, the analogausaict i ve

081 00414, ani e DY LN SFlATHE cerBpFEBS rekfod s sLE8 e Praisleien

provi des a pgesessyfexhilpite Biynificaraly i1eRexiseRechivity I the epdxidNlaé ttb ad&n
olefin with oxygen in the presence of hydrogen and a catal yst conprising
gold on a sufﬁﬁﬂ%&ns\/\hé'ﬂ afigw: ak theppeblemns anseyntered withz suppentedn silvge

£ ndi h . . S ,
cssent ral Iy PREYALFBrPetlbe BRER AR BE b aferhatile Cadidt ysidmee o
ol efi n150 t hhavebeeapploneg fep wsedeithvhighenidlefirsUinpecentigears. vi ew of the 10

eneral belief in_the prior art that n oxjdation activity coul d_be
obtai ned unl oss ¢ FORRKBMAS e fiatt NonS 28 i desibesithe ret 6ot a1 ov o
THE | NVENTI Qb AkitB arR aﬁ%éﬁtﬁféteﬁggpr&ea 8R byssing BppdnecesRpAsed hi s
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i nvention, the process Is particu y vveFI -sUited for the epoxidation of
rel ativel y | omole®ian ydregen atheyunsatatatedhydrocarhmruanid cxygeaitmonghaa | vl i c

whi chcont ai ReRud! 61 RGN ARG L ERN U e B8 TR Ebard ehipacid ™

utilized. ThparicRld descditedom iy 8a0fenr ReBokiiy & thiethteRt, Vit ¢oeSsentldo
hydrogen atons, but can al so be substituted wth one or nore halide, ether,

ester or al cuBelgoftbandititanivm dioxidedntdomebinatien.(sEheinvehtorsosamedfindbei s

particul arly er cial Ly where the_ process,_js e Carri out
in the vapor p%%&e.ﬁ%l gﬁﬁf rl% éé%%?is,(hgya%i tetbl al'bl gg’fﬁ%oﬁ(f%l ugg

et hyl ene, pr pRYé@YRNebub U PIRICaPb o Bi@atidrs PriekEhRitEbeforeetheeDRisidn RENt ene,
but adi ene) allyl alcohol, allyl chloride, styrene, cyclohexene and the

i ke. Most pPéetiglewnyChemistoy.efna, 251125Npﬂi@pgl Meetingh Amedigan Gherticali n

o be BAr 1 coouiey R, CliedRey S e, 2hiaf, (55 R te Wb EPTgaer o

supported on metal oxides other than Ti0, does not lead to the partial

oxidation of propylene. Other publications related to supported goid

catalysts have also emphasized the criticality of having titanium present in
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i of olefin will depend upon a nunber of process variables such as the:™
react or Egggg 46255 PCT/ EP99/ 01468 f~~~i ~ti~2 3 design, the relative w
amounts of° oxygen, and optional diluent enployed, PEEERIYVUASS
tenperature, and so forth, but may be easily ascertained by routine .

- experinentation. In general it will be desirable to operate the ngﬁﬁF§ ﬁ?
that the olefin is in nolar excess relative to the oxygen in ordg o £
_inmprove epoxide productivity. Typical oIefig concentrations will be from
about 5 to 85 nole percent based on the totdl noles of olefin, oxygen,

hydr ogen and opﬁlonal dil.uent. The QX en Mhlﬁ is required in the procgess

can be from any [3@SHRBPR iR 8 %fetosftttatn agtive plefin sppxidatiop Ciﬁi?h’sht)s@@u %fr
oxygen. Q her copaptiidsywi@§ QWBE@Q@WC?%R%Q@IBOW{) Ebgﬁ'kn i/g?)%’(?fﬁ%u

oxygen such as ozon€ ahd nitrogen 'oxi des could a e enb oy

for econom c reasons nol ecul ar oxygen is preferred. Provided there is at

| east sufficient oxygen present SUMMARMGHE THE ¢IENTIORPOXI de, the
quantity of oxygen can be varied over a wde range wth the optinmum
concentration being rERiPrgsean ineertien ﬁﬁb’l‘@%? W@Qﬁﬁt@@(ﬁéarlﬁﬁrﬂmepghld%s
stated prewy ousl i

usi ng an o?éefl nc366n %@(sﬁ&%n Cﬂbat%étdl%ﬂg‘?"tgge r\etng??rggg@ M}@og %g.@he
desired epoxide ateatattysircahyprﬂxi*ng?moach slyspare, whe@umsupﬁdﬂﬁ@)toh@rfwdm
conmbusti on or over oxidatign ucts such as carbon dioxide. Typically,

the quantity of zy§eniup .Be@@@w&watgaﬁ@%zrtewutabpe@tﬁtmaawap@ﬁ wh@h
total moles of c@a‘ﬁfba{‘ﬁeg%%ggéﬂna n&yw%ga‘fgg%@}tﬁggé ?é}?éblg'o'ws@c .vgp%ogtga

I’eCIUI red for use I n rocess rom any SUI ource,

i ncludi ng, for exnolfs, tonthleecmﬂratpdmcﬂm@epoxrmletwaeeﬁntleysmbhem@ ior viewcofhible
dehydr ogenation. Such dehydrogenati on m;g/ be carried 25 out in the
epoxi dat i ol r eack@serat RRET I8 dha Prios aridhat paepexidation 3ctivitd cayish berpbiaingd

The hydrogen is d’rﬁé% hfhrﬁ‘unrnqgﬁﬁeﬁe@lf’lqﬁé'sﬁ LR convert the olefin to the
e t r

correspondi ng epoxi wth ogen c cent ration typically being in
the range of 0.1 to 30 nole percent based on the total noles of olefin,

hydr ogen, oxygen and opti QJE[AH_E,WQESCRIMMINW%H\JVEN]EEQ@/01468 20
| ~| ~~~ ~ ~~~~ 4 AIth(p)gg ‘éet’]_le presence of a d|Iu7ent is option jt has

been found to be hel §”W@éﬁf§‘ AN bR RBRIGEdIRNEhEIRISress Pﬁﬁ“ﬁ keR QF
generated duri ”gh H&%e EC?Q L,lQrTJ)f‘nl Oxyétgﬁpﬁigté’eg@&ﬁ%tlohh@f AR igRY

al so be utilize toren n m xt
non- f | ammabs e. Aety\ymmamy Iuqsmtﬂrﬁe@hlccdmpimxmdmotontwretngerallyhct hhydTegens
desi red epoxi datl'inon rf? t| on nmay, be utilize r ef er ne t i

8 IS ..
essential |y i nerMonREIETINSaBtS PEsTantad rAthQUIBLER QFF iasi gignesahicth e
gaseous di | uent Scoﬁ?QirPth?éJQ'n f&@r’b%mdér Qowﬁl%dda% dRAS bR Se afilzedn THEe

vapor phase when contacte the catal yst, include helium nitrogen,
argon, net hane, eefiacan tqera)bwtmcashcnmqntammgmrﬂpnathmmﬂahnd@g&h@tbtﬂ&ebahd

m xtures thereof. \Were the reac tg. are contact d.in the I|

with the catal ys? Pﬁ%?}bfah%u%ﬁq%ﬁﬁwﬂﬁfrﬁeoé ﬁﬁ%‘tiﬁ‘rdem ﬁ rpa@%g\ol
under the pgnper it Bd tRe akeUr Thed &f B)s @”Blé?u‘%drs ;E’éﬁfcﬁta?w Weféh@d
diluent liquid is resistant to oxidation and i s’ ther mal stab Exanpl e

of suitable |iquespetialiewhers the pusesaisio be casiad aut n:ceth@r\gemrd)tsaﬂe«emp@-

such as hai ogenatmqmzalé ar}x% 'eg &' sun%b?ennfe%ﬁs intihge’ @tytene, propylene, 1-butene,

2-butene, isobutylene, 1-pentene, 2-pentene, butadiene, allyl alcohol, allyl
chloride, styrene, cyclohexene and the like. Most preferably, the olefin is

25 propylene. '
The amount of olefin used in the process can be varied over a wide

range and is not considered to be particularly critical. The optimum quantity

of olefin will depend upon a number of process variables such as the reactor



The ‘amount of diluent) if any, is preferably |ess than about 80 nole
percent based on the total nunber of noles of olefin, oxygen, hydrogen and
- diluent. The catalyst utilized in the process of the invention is conprised
of 20 goiy pgdzss zi rconi um contai ni ng support As expl ai ”egc‘f"ﬁﬁ’bb/ﬁhcﬁhe '

. catal yst need not contain any titanium (i.e., the catalyst

essentially free of titanium. Wile the particle size of the gold i's not
believed to be particularly critical, typically the average goIZj[]péIj‘Blgglﬁg
"size will be inthe range of 1 to 100 nm The gold can exist in discrete
particles consisting essentially of gold or3 25 alternati vel y in discrete
particles conprised of gold and one or nore other elenents. The gold can
exi st in the zedesigal, é¢he rehativel Bhrounds @lfehy@llrogen ampygﬁrt i ared \apitioned dsiluené or
in some conbination of different val ence s zi r.coni um cont in

e i port e loyad, Toactan Spetaii.ant b for, BEmay e sesi Spasfufed o
oxi dat on stat enf TBEfingTeseTRkayaN B GERETANI wiBeIBLdne EAHIEING 00

2 0~ ~ 200z state of +3 and/or +4 Anor phous as well as crystalline
oxi des of zircopiracessep that the blefiads drs mdhar sxqqserretatmertodhemy@emndyder

Crystall |18 phalSEnIRIRRPPRAE Prodss oI ol ciertiagiona gl be from

fluorite). The pgbuf &l to/ 88CHBIE 'p@ﬂ:éﬁtrt%séh éntiﬁéqst#)fhblésnaﬁ’o@ﬁns%)@y@@n}’
used as a source of zirconiumoxide. Zirconates can al so be suitably

enpl oyed as t hehydrageysand opfional dilleatzi rconate may be either crystalline

or anorphous. |If so sired, zi rc nat es. of, . t r onot er

di scussed hereinaft e(r:ﬁz\e OAY¥SED V&@F 15 reﬁtwe%én {hq ;Foggﬁs gﬂr&ﬁe?ggmt‘?é’yzw'%ﬁ%t es
of al kali netal gpurlekaiidhngs aridr Rsdéntily Puse malBtilancAryeret aliser cdtfipaghdgi de
metals. Specific illustrative exanples of suitable zirconates include
magnesi uml @i r condli@s areaapakim ofifuactinnieg as soLiees P @oganesuch As mizone and

or phous. 2t - colBLRIdE SRR oSN, 410 BBl Rilfbign To¥ EuBhbhllE 88Cons
structure, al sonffigcdl bRigén Isoprefspeds Privided theretis didsadti gufficiaat expgen es
of porous zirconosilicates include porous anorphous zirconosilicates,

porous | ayered Preseshézpradisedse dgsied epexide) theaugstitief oxygesras be vatied
particularly th havi ze i r I S u

zi rconi um at omngrgre guh@ F %‘e%éf%ttﬂmﬂlr'?cg JTfil’?:)ﬂrrlsbl n rﬁtﬁt%tft§§ng"‘%éﬁlly
M cropor ods andd&ﬁamﬂnabves bqrwmmbl erperiimentationl. | iAsistatedapréddously| iit exill

i ncl udi ng but not ted to those mat er i 3*}5 havi n franemrléé.s uctures
i somor phous wtﬁr%sﬁt be ofasirable, to cpeEts dig, PIRSRAS s EsAMS IR AIFAET

IlTustrative pumdusmtﬁrﬁg@ééﬁr%mg BeldctioRy td ttféa&é'ire‘élfeﬁé{n&éh%vmé@s? 25
capabl e of being used as supports In the present process include U S. Pat
Nos. 5,399, 336, be, eanbases] duel 63,5 T7ejuced3endancy ® foms omebustx@v@rswer-

3, 329, 480, 3, 329 4 d.3,329 482, P P
466, 545 and 796055%%"‘@2?‘1%#55!"3“ 35 s RS Ygﬂr']?tﬂ”xgeﬁéﬁé%’ﬁ&??%%?”?faﬁas
New Cat al pgts f oy pwydahi %rﬂe%ttr@ths gePcédtebéséquoﬁ Reasstal rkbIed of oW,

99/ 46255 PCT/ EP99/01468 J 6 2 ~~G Commun. 651-652 (1996), WAng et
al ., Stud. SurfhySngtatQadygeaancBGptmqlﬂﬂgﬁt)lt Dongare et al., Zeolites 11,

690 (1991), each of i ' incor at ed h ein b f

entirety. Another Su%h%érggﬁﬂﬁguq%ﬂqrﬁge T hfefgf’c%%%ﬁ-"’g 8?%%pbﬂ éfos!“of
this 5 inventi OQWWéb@%Lﬁté QQHUHmdfcﬁré&éﬁﬁﬂe Qﬁolﬁbhla@&ry@ll’ro@éﬂﬂabtaiméd pgous
substance. The zifconi um nmay di spersed over the silica surface in either

a di sor gani zed @&mw@lgyh@rdetwgmmooc@mthmhmggnaﬁﬁn eRy Herrarried

ised in tR2 supsor i BERoRdceReld TRe Moo el oRPith FRLRSHRTARIREED, o
10 to be obtai negu. AMRHYHPEGeRR VR inam amyehtéffddive 1o bbnaenrme@teﬂratbltﬁef or

use including, for exanple, fumed silica, silica gel, precipitated silica,
precipitated sildogeesgendingsepoxidei with4he hydregrresoneritEation typically beingum

ey git “per cent RASdaNgR e d LA gime bRberftEEs s BB el by e
zirconi umon si lHyg @o%é}ﬂ nféHd dptiena@alient.i npregnation of the silica
support using a solution of a zirconium conpound such as a zirconi um

al koxi de, zirconium sul fate, zirconium halide, or zirconium carboxyl ate,
drying, and optionally cal cining. Adsorption of a zirconium conpound onto
the silica may al so be practiced, as can sol volysis of zirconium al koxi des
in the presence of silica. The zirconium may al so be 20 deposited on the
silica using gas phase techni ques such as exposing the silica to a gas
stream conpri sed of a volatile zirconium conpound such as a zirconi um
hallde or Z|rcon|un1aIkOX|de preferably at an elevated tenperature

A a1 o Y o oy




PCT/ EP99/ O146~ 2 0 ~!~~ 200.2 The gold | oading on the zirconi um contai ni ng
support sufficiently high so as to inpart the desired | evel of
cat al yst%?igf“?/ﬁfy to the catalyst, as in the absence of golFETHFIE{0Bf i cant
conversion of olefin to the correspondi ng epoxide is observed under the

- reaction conditions of this 5 process. The opti mum anount of g(ﬂﬁ Mﬁ;l}_‘{}@@ry
dependi ng upon the other reaction paraneters selected, but |levels of from
about 0.01 to 20 weight percent gold basedg4on the total weight of support
have been found to be effective. The gold can be deposited on the

zi rconi um cont ai ni ng r at . ni known in t art

for placing a netal %‘@%&ﬁ??‘%ﬁ%’b@éﬁ“?ﬁéﬁ@ﬁ ‘%3’*’98?9@31%%?3’?%’@;‘% S on,

co- preci pi t at i dfelpfuhesicmeans B refRivirsg bharuiséi?_atiﬁgm@mt gRRB ARSI AP
in

by precipitation. Methods devel oped for deposi dg gol d on ot her met al
oxi des such as thetriRFess- dinok vaporahiase nreeess . \thedhivest may alsodawtilizehto

re deser] bed. ANGEf RROIFPBRIS Aok pbdreah b Ay ik Fialee
i ncor por atged heglgich dyes elotrigfeefere nwith sthentibsiedd 'epRAIMAP 4 8ctiodd Mgy At 14,

WD 98/ 00415; WD 97/ 34692, Haruta et al) J. Catal., 115, pp. 301-309 (1989);
Tsubota et al . Ythizep, ppripeallyenes thattisl seaentially mert (nsonrreackg). undenthe

fi3, G Poncel : Ler 695- ) i et
al ., Sensors aﬁédD c'?%tg?rglr: 8"“’@%%5‘}5 ﬁ@%ﬂ%@ﬁg@{ﬁtﬁgﬁugr&}%s%%arﬁ?%?é’laa%l
5,623, 090; Har wisecewheh. the feaCaims are ld4he Vapot pHA8e; whkrs.coRtdcteliavith the
4,839,327; U.S. Pat. No. 4,937,219; U S. Pat. No. 5,051,394; Tsubota et al.
in "Preparatiorfalyehingiyds BeNygm, nittogepnatgan, reethane, ethane, prerane steyp,
227-235 (41995); Fa [ : LES, ). S
Pat . No. 14 cos, 340N AR 2 the FRe ARG RLERELE Syitte i Hoaptlfd pre ¢
for use in the ¢ordsetet iepexiighsd iphasprwitie tise catalstethdrhtheddiesiittrnan baenany
precipitation ofcmqol din t,he,f%m of hydr oxi de onto the surface rg_,the

zi r coni um cont a¥HTRGUEE YPYFR Is kgid | e IeMRRREY§<ARG RIBFHHEFO 'V%’P\_"er
sol ubl e gol d Mﬁg 402 P Referanty, fid/ditadt ﬁqu‘f’@%}?e&s{érg 5 oxidationyYak®ts de
conpound (obtained, for instance, by adjusting the pH of an aqueous

sol ution of an theimiaty gtabte. cloxaropledoftsuitalve hquid dibeots intiugletwateb asiwell as
range with_a base such as al kal i tal hydroxi.de).my be conbined with a

L oont U Sont TR SRSERRS ENcas BeloaerEis 21PBHE AR PR B CHENOPBRAS-  ne
5 support having theTH@'éﬁn&Yﬂr&)ﬁi%n@ﬂFﬁﬁyﬂg ér@?@@bw fead thBerasut s0hdole
support is then separated fromthe suspenSion by filtration, decantation,
centrifugati on percenheasasien theetotal nupbevokinioleswaistiefin wxygemm dydrogeasr and
portions of a sg.;ﬁit aQI e washing sol vent such as water, and then dried and/or
calcined (for e ”fﬁﬂ e, by heating in air or under an inert gas atnosphere
at 10 a tenperature gheajzgalyshatiliz2d0nGhe gideess ofdhié imieitRireisScarpribed of
incorporated into the catalyst in order to HH_).r ove its performance.

Pr onot er s2Ghi chdedRit @ AmmeninggaptaivingsurparheAs&xplgisedsarniae thensataly st
catal yst activi r J VA <. Ld r j ife of
the catal ysts abéeganr fdgﬁ'l?%{bléyﬁy;%t\%g'h agﬁéug!‘g1?%’@?@?@8%&?%&0@% eO?
may be an al kal titamitirn). Bille the gafticnsi@efithé gold ishtotRelievdd ¢o betpatisulatly as
l'ithium sodium _potassjium rubidiumor cesiumor an alkaline eaﬁr%h mibal
sel ected from GPdigalItyPigally the averagrioeldrpatislessiza wilk bedn fne range aah R dPm

cal cium strontj i : I ide. @rrt?f/
actini de net al sh}rﬁ;}y‘?@? g“bégnu?gpﬁgeogé%%?%bg%g%{g‘?ﬁ%ﬁrtg%?%%d‘t@, t@lgr%unt
of pronot 26 depaitetredively infdiserete partioies eotrprisedgpofgylidand vhelortrmoteebthezn

about 0.1 and 10 wei g%gt gercent based, on the total wei ?ht oﬁ_ t he catal yst.
Were the suppoFler@Rtsr i Aheigold sas exist inthg 2arpcvaignt (metallic) state o It fe

promoter, the praghiEn it stafB¥r infdom8Wotfibindfion of different valence states.

The zirconium contained in the support may be in a variety of forms,

but preferably is in a positive oxidation state (most preferably, an oxidation



.consi derably greater then 10 wei ght percent. 25 Optionally, the catal yst of

thig invention can be extruded wth, bound to, or supported on a second

support_ having a chem cal conposition different fromthat of the

- zi rconi e # ni ng support. The second support may be utAGT/ERSQ/014680r der
to inprove sone characteristic of the catalyst such as, for | gggggWQts
physi cal properties (strength or attrition resistance) or EP

009901468. . .. ..,...... R

-2 0 ~~rc ~oo0z vl 1 1g as a binder tg hoId together catalyst

particles. Exanple of materials usable as second supports include silica,

o et ur es. e IR P ATRRAOR 3Pt S SaUER Grdesy zieou ©
shapes convenirhapald yiified 8y afk 50 bhﬂ ZIRVMIALABALE (SRLAKY! foR ehcample,

including, for exanple, powders) peIIets) spheres, h ) granul'es)
ext rudat es andnapebe iused rnhany)rofcmiouﬁ diffesenhceystaltine qeirases (monbelihiout in

t f t I t I
Dhase. pr ocessdePABTHIPHASTREROIEXANHHIS THARISY: Tiedalrely OFrameeoPInasel,
flui di zeds bed,pgHudiddtelMaash sﬁi‘t‘%l}: Uséleas BlgirGe BPEWEBhiaRTokideck! € bed

reactors. The reactor may be operated with continuous, intermttent, or
swing flow As the br@m@igsmzaneabphm suablyuempinyedhes tbe stadalyst beppodyi ded

for renoving ot pe nt.r ol |. t ge ted so that catalyst
bt vty and Sheantopl nie e ahdr SUGRNTR of Rfbriples 1§ gatid
desirabl e to cojoretted bﬁtﬁ@@%m@tér dlehieritbaoans dlacabs@d HerbRIEIRIah Yherd N
t he range of fromabout 20C to 250C, with the optinumtenperature for the

particul ar catdgtasmaydrestiized sugh anthe airceratesf alkall metalseskkalingieathes

oL et el e A HARISal SPAb OB, "R

34473. 8 kPa (Smhpesoof sikeile difRrdtes essiubs raégﬁésngﬁdzir&ohafesvadm;uﬁhase
t he space veIOC|ty of the feed gas (ol efin, hydrogen, oxygen, opt i onal

di i uent (s)) tt?ér@ﬁ‘aff%eb?'é‘a!@t sirconate, géneatiym ¢ieenate, tspdivan gisconater @nd100
to 10, 000 hrlQﬂﬁg %g t hough the catal yst conposition and reaction
conditions ma se e "so as to permt the process to be operated at
a satisfactorily hiQtystaired andl a:m@nﬂ)hsouiswrcynombcatas patticukhely these ¢rdav'm‘g

time, the catalyst na eventu decl.jne i.n activi and/ or de.
seletiiviay, saéﬁrwaér é&y%fﬁe?lélﬁbi% 0,05 AedRE S URRSho e iTting

attractive. drapiekY Séf MBY eitehosiiEMeaCethdidd I8l e%%,@ oISlED
poi nt . SU|tabIe regenerat|ngnn|%)‘§%%)ceztl regsl NDED SHEET ¥ g 9/ 2#% 10
PCT/ EP99/ 0146&ionosilieated;yorons| layered aircexasilicatesheand rugysﬂaﬂtr@pemous

t al t t | ted, t t . 0. 50C t 5 C t
cont & ni ng. hydrEER LA BRYGUPATY (8BS BAYINgs2eaMiaeb MASFIRS S EE
present; pref eftalitirest WRefL IRBSHig atbm§ arePfIidstitied o stlfé%nabt%?ﬁ\frﬂt He

ol efin or other reactive species). EXAMPLES Exanple 1 A catalyst is
prepar eRby t Hearhewogni Migra @uStartﬂmesepomusawsiﬁ lipeairsgnpsilicalgisarg i c

Cemer at ur o orVReth SRV bD T, Bhifq OvES SRiRays hiind JFBRRERS, "
was adj ust ed tan]ct@rel@ys@rﬂdrmtfs%mzm geMiam huslite bets. ZSVE FRIESMAD )

was then added to the solution and the resultlng suspensi on stirred for 1
hour. The sol i@nrd MEM-4bparated from the aqueous solution by filtration,

peshed et 2 b e B Bleo i s RS RSSO,

obt ai ned2ger e mamlérbﬂbemg ﬁed@@@hbﬁ@mrrﬁﬂw;ﬁés@ht éﬁ:dmrmcludrs leds Irmatal r
at 100 C for 4 hours, and finally calcined in air four hours

catal yst ther e'ﬁ?soﬁtﬂgn%%ﬁ h2d48, é@ﬁrp’bépﬁlﬁyﬁ @%Mﬁént‘%ﬁéﬁaﬁ@s‘t 576 305
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different runs A—G wer e then g”rforned wherein a feed streantcontalnlng

hydr ogen, oxyget ca*@r!&w(‘eatalystm PxidaliemReastipas yrthe kiaslid Phase, cahamy st
bed and the gaseous products exiting the reactor anal yzed by gas

chromat ography. The catal yst was al so 25 anal yzed at the end of each run to
determ ne the quantity of nonvolatile solids accunul ated on the catal yst
during the run. This was acconplished by purging with nitrogen and then
passing a m xture of 2.5% oxygen in nitrogen through the catal yst for
approxrmately 4 hours at 400C. The , effluent fromthe reactor was

coll ected and then anal yzed by gas
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- assunption that ail of the carbon had been converted to COZ d@ [injliEapyst
regeneration. The effects of varying the feedstream conposition) 5
tenperature and pressure are shown in Table_|. TABLE | 90 15 zo z5 30 35 i

" RunABCDEFGTenp. (C) 50375040404040Pr essur e (I@Pa( psig))103.4 (15)103.4
(15)103.4 {15)344.7 {50)586.1 (85)586.1 (85)5B6.1 (85}Feed
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. substance. The Zircordur@ rﬁéyGeLd)Qé?ersed over the sxllca surface in either-
W claim A process of preparing an epoxide
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rocess of cl erel n

olefin. 3. The p)tsedemSthefsuplp@rmn)rbwﬂmmat ltbermxts)anratctwe cxtalpsi smlpoéman '
oxi de of zirconium 4. The process of claim1 where iShe cataly I S

conprised18f 0. &8 besoltainege ATRPTRIGUSRS WRYI 3P crystaﬁq@e phiee 48 Sé’ftaéleafloﬁ#@e
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6. The process support Z2irco
di spersed on si lsilica géis, shivalife anet sixtafestharaofl T\Mwlmamluméoadlpgtmntthesmca

compri sed of 2 2L Leongslihheat e, B dhe IO a6kl heriSHaledHtne
weight of the silica. Methods of depositing zirconium on silica include, for
15 example, impregnation of the silica support using a solution of a zirconium
compound such as a zirconium alkoxide, zirconium sulfate, zirconium halide,
or zirconium carboxylate, drying, and optionally calcining. Adsorption of a
zirconium compound onto the silica may also be practiced, as can solvolysis
of zirconium alkoxides in the presence of silica. The zirconium may also be
20 deposited on the silica using gas phase techniques such as exposing the
silica to a gas stream comprised of a volatile zirconium compound such as
a zirconium halide or zirconium alkoxide, preferably at an elevated
temperature.
Another type of support suitable for use in the present invention
25 comprises zirconium dispersed on a silicate of a promoter element. The
silicate may be amorphous or crystalline and may, for example, be a silicate
of an alkali metal, alkaline earth metal, lanthanide rare earth metal, or
actinide metal such as magnesium silicate, calcium silicate, barium silicate, ,
and the like.
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9. The process of claim1l wherein said contacting is performed in a liquid

phase. 10. The process of claim1l wherein the catalyst is additionally

conprised of a pronotor selected fromthe group consisting of alkali

nmetal s) aN&od/4a85 earth netals, | anthanide rare earth netal sscoedo/gifds

metal s and conbi nations thereof. 11. The process of claim1l wherein a

diluent is additionally present during said contacting. AMENDED SHEET
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"a]]ca] ca] ca]ca salctal ﬂ% . J ca] cal] ca] cal] ca]
cal] ca] cal] ca] cg%?%ggébgl%%/gﬁ%ﬁ%g ()- imﬁlﬂéébﬁéﬁﬂ)ﬁ_
& ()-8&3"10%&' () - &$ @ MMethpps developed for depositing gold on other metal oxides such as
| 910983& ()-, k Z109%&,. ()., S109%&' () - @B109&' () -, * . . .
Love (), 10w IRIghiohaR may b (SRl pebRted fors uasoiy the dneniy-
| S10%. () 15! S10¥Ehizining SLAMBI)utizoB i s FvRrioNERSHCH AethaS kg @d8eMbdd -
y,, 109%&' ()-"10%& ()-s10%& f)-@10%13:()4?{ o
in detail in the following publications, each of which is incorporated herein
by reference in its entirety: WO 98/00413; WO 98/00414; WO 98/00415;
WO 97/34692; Haruta et al, J. Catal., 115, pp. 301-309 (1989); Tsubota et
al. in "Preparation of Catalysts V", Stud. Surf. Sci. Catal., 63, G. Poncelet et
20 al., eds, Elsevier, pp. 695-704 (1991); Kobayashi et al., Sensors and
Actuators, B1, pp. 222-225 (1990); U.S. Pat. No. 5,623,090; Haruta et al.,
J. Catal,, 144, 175 (1993); U.S. Pat. No. 4,839,327, U.S. Pat. No. 4,937,219,
U.S. Pat. No. 5,051,394; Tsubota et al. in “Preparation of Catalysts VI", G.
Poncelet et al. eds., Eisevier, pp. 227-235 (1995); Okumura et al., Solid
25 State lonics, 95, 143 (1997); U.S. Pat. No. 4,698,324 .

One suitable method for preparing a catalyst suitable for use in the

present epoxidation process involves the deposition and precipitation of gold
in the form of a hydroxide onto the surface of the zirconium-containing

support. For example, an aqueous solution of a water soluble gold
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hydroxide compound (obtained, for instance, by adjusting the pH of an
aqueous solution of an acidic gold compound to the neutral or slightly basic
range with a base such as alkali metal hydroxide) may be combined with a
zirconium-containing support such as zirconia to obtain a suspension of the
support having the gold hydroxide compound immobilized thereon. The
support is then separated from the suspension by filtration, decantation,
centrifugation or other such means, optionally washed with one or more
portions of a suitable washing solvent such as water, and then dried and/or
calcined (for example, by heating in air or under an inert gas atmosphere at
a temperature greater than 300° C).

One or more promoters may be incorporated into the catalyst in order
to improve its performance. Promoters which enhance the productivity of
the catalyst by increasing catalyst activity or selectivity to epoxide or
extending the useful life of the catalysts are particularly advantageous.
Preferably, the promoter may be an aikali metal selected from Group | of the
Periodic Table such as lithium, sodium, potassium, rubidium or cesium or an
alkaline earth metal selected from Group |i of the Periodic Table such as
beryllium, magnesium, calcium, strontium or barium. The lanthanide rare
earth metals and/or actinide metals may also be utilized as promoters.
Typically, the amount of promoter deposited on the zirconium-containing
support will be between about 0.1 and 10 weight percent based on the total
weight of the catalyst. Where the support material is comprised of a
zirconate or silicate of the promoter, the promoter levels may, of course, be
considerably greater then 10 weight percent.

Optionally, the catalyst of this invention can be extruded with, bound
to, or supported on a second support having a chemical composition
different from that of the zirconium-containing support. The second support
may be utilized in order to improve some characteristic of the catalyst such

as, for instance, its physical properties (strength or attrition resistance) or

“
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as second supports include silica, alumina, titania, aluminasilicates, clays,
magnesia, carbon and the like and mixtures thereof. The final catalyst may
be formed into any of the shapes conventionally employed in the
heterogenous catalyst art, including, for example, powders, pellets, spheres,
monoliths, granules, extrudates and the like.

The process of the invention can be carried out in a reactor of any
conventional design suitable for vapor phase or liquid phase processes
including, for example, batch, fixed bed, transport bed, fluidized bed, moving
bed, shell tube, bubble column and trickle bed reactors. The reactor may be
operated with continuous, intermittent, or swing flow. As the process is
exothermic, suitable means should be provided for removing or otherwise
controlling the heat generated so that catalyst activity and selectivity may be
optimized.

It will generally be desirable to contact the reactants with the catalyst
at a temperature in the range of from about 20°C to 250°C, with the
optimum temperature for the particular catalyst, olefin, reactant ratios and
other process variables selected being readily ascertainable by routine
experimentation. The pressure may typically range from about atmospheric

: up to about 34473.8 kPa (5000 psig). Where the process is practiced in the vapor phase,

the space velocity of the feed gas (olefin, hydrogen, oxygen, optional
diluent(s)) though the reactor will generally be in the range of from 100 to
10,000 hr' mL/g catalyst.

Although the catalyst composition and reaction conditions may be
selected so as to permit the process to be operated at a satisfactorihs high
level of productivity over an extended period of time, the catalyst may
eventually decline in activity and/or epoxide selectivity, such that continued
operation is no longer economically attractive. The catalyst may be either

replaced or regenerated at such point. Suitable regeneration procedures

AMENDED SHEET
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Example 1
A catalyst is prepared by the following deposition-precipitation
procedure. Chloroauric acid (0.252g) was dissolved in 400 mL deionized
water. After increasing the temperature of the resulting solution to 70° C,

10 the pH of the solution was adjusted to 7.5 by adding 5% aqueous sodium
hydroxide. Zirconia (10 g) was then added to the solution and the resulting
suspension stirred for 1 hour. The solids were separated from the aqueous
solution by filtration, washed with 1 L deionized water, and filtered again.
This washing and filtering sequence was repeated twice more. The washed

15 solids thereby obtained were vacuum-dried at room temperature for 16
hours, dried in air at 100° C for 4 hours, and finally calcined in air four hours
at 400° C. The catalyst thereby obtained had a composition by elemental
analysis corresponding to 1.0 wt% Au, 0.02 wt% Ti, 0.03 wt% Na, and 0.01
wt% Cl. The surface area of the catalyst was 43.6 m?%g.

20 A 1.6g (2mL) sample of the aforedescribed catalyst was loaded into
a tubular reactor. A number of different runs (A-G) were then performed
wherein a feed stream containing hydrogen, oxygen, propylene, and
nitrogen was passed through the catalyst bed and the gaseous products
exiting the reactor analyzed by gas chromatography. The catalyst was also

25 analyzed at the end of each run to determine the quantity of nonvolatile
solids accumulated on the catalyst during the run. This was accomplished
by purging with nitrogen and then passing a mixture of 2.5% oxygen in
nitrogen through the catalyst for approximately 4 hours at 400°C. The

effluent from the reactor was collected and then analyzed by gas
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11.  The process of claim 1 wherein a diluent is additionally present
during said contacting.
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