WO 98/ 30552

PCT/ EP97/ 054&%8/30552 PROPYLENE OXI DE PROCESS USI NG Mr&EBPPREGIOUS
METAL CATALYST SUPPORTED ON ALKALI NE EARTH METAL CARBONATE

FI ELD OF | NVENTI ON This invention relates to a process for
the direct oxidation of 5 propyl ene to propyl ene oxide in the vapor
phase usi ng nol ecul ar oxygen. In particular, the invention pertains
to the use of a catal yst conprised of silver, gold and a potassium

pr ogot er_suppor t edROPVLENEKAXIDE mngsstlml}%G MIXED m@U@METAL
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The direct oxi dgﬁ-%e]Lg§Te?H5an%TtEg et hyl ene oﬁé y no eculc%hB@NATE
oxygen is well-known and is, in t 6§ used currently for
comer ci al production of ethyl er@ggbigﬁ%? Ncal cat alyst for such
purpose contains met gihid Gneantidirelasdd M8M a %dé@%akdrytﬁ?cﬁiiéc?do%mo?{aﬁf ous
pronmoters and activators. Mst such catalysts contaln a porous, rnert 15

support or5 car r pepyiendh taprepyine akidei indhep@aponiphasetusing moletulandxygen.

t deposi.t ed. ' f the direct oxidati f ethylene i
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et al. in silveFad it apidsa Bst}a'tsgwﬁﬁ p%éfé‘il%lu_ﬁegrtg@%r?r?élkﬁ%e gﬁgﬁrﬁﬁ%af

127-149 (1981). . Is al so we nown, however,
catal ysts and recntairong 2arbonatendi ti ons which are best suited for ethyl ene

oxi de production do not give LN the direct
oxi dation of higher olefins %GK%O&W%&%WH@%Q% di scovery of
processesygapabl e of TREOYWirédtnexiBRAY | SNBHPEHEL to ethylenebé(xiéﬂéglﬁ% RBRRRiar

direct oxidation in higher gl el ds than aré presently attaina
t hus woul d be n@gtgededs raeli-snowp and is, in facthéhe nmetpad atsedh cofregolydfdrnt o

o modi Ty the CRBMIPE! FLpdinm ot sgpyI8RE s cire AiaPa s QUi dor R

oxi dation r eaCtplﬂ?@se%taﬂ‘n@m@l@H@b?Jorh’c%ilvé’ﬁ}toptionafly mOWified Wwi# &aPBds
(Wnterton), 3,773,693 (Cal cagno et al.), 5,112,795 (M nahan et
al .), 2,040, 78Prometereaad) acvaars. odogtiCasewatylysts, @gtaioa porous, (iSettonon

et al.), 1%nd 4’%{1&?%4 E?%%?ns@éh %ls' )alphliowﬁfr%fﬂa tu?neornewrl]\?cﬁw t%ﬁgnsilver and
promoters are deposited. A review of the direct oxidation of ethylene in the
presence of supported silver catalysts is provided by Sachtler et al. in
Catalysis Reviews: Science and Engineering, 23 (1&2), 127-149 (1981).
It is also well-known, however, that the catalysts and reaction

20 conditions which are best suited for ethylene oxide production do not give
comparable results in the direct oxidation of higher olefins such as
propylene. The discovery of processes capable of providing propylene oxide
by vapor phase direct oxidation in higher yields than are presently attainable
thus would be most desirable. _

25 The incorporation of gold into a supported silver catalyst has
occasionally been suggested in order to modify the catalytic performance of
such materials in ethylene oxidation reactions. See, for example, U.S. Pat.
Nos. 4,366,092 (Winterton), 3,773,693 (Calcagno et al), 5,112,795
(Minahan et al.), 2,040,782 (van Peskl), 3,844,981 (Cusumano), 4,361,504

30 (Solomon et al.), and 4,007,135 (Hayden et al.). However, there has been
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appreciatioﬁﬂfiﬁ?sgold could significantly inprove the ability of certain
supported silver catalysts to selectively convert propylene to propyl ene
oxi de usi ng nol ecul ar oxygen. In fact, a study of propyl ene

oxi dati on on Ag-Au all oy catal ysts-published by Geenen et al. [J.
Catalysis 77, 499-510 (1982)] 5 concluded that selectivity to acrolein
i ncreases, and g@l gehlecidtiont hal'gony teori iz/&gniﬁcantl?*ﬂnéﬁo\ﬁéeﬂee%mﬁy ofVckRain

i ncreasing gold content. M have now unexpectedl’y di scovered
that a cat al yst suhponed silvgrgatalysts to selectiedlpconvert pmpylane taiprepylepe oxiget i on
of propyl ene oxide from pr.opyl ene i bt.ai ned by using an kal i ne
car Ch hatal car toina BROREUSEEOERR. Fiarh = studiaEYeRe XA T farAd By o
and a pot assi Um0 EREAYsts PLBRSHEY tBY GleR@n et al. [J. C¥BHdide 7 10digNg {1@@2)Fuch
catal ysts are capable of selective propyl ene oxidation in the
absence of 5t he gaselodeddhalosdlertiviyido artalein insredeepraittbsalestivity to propyteneh

have heretof ore been,comonly lﬂied to..i rrpr?(ye epoxi de selectivity

in vapor phase PrBEdRYEagESTH} Nypesnggeid con ent.. SUMVARY
OF THE | NVENTI ON We have now RESpdd@D diRBvBFMhaes catdNAeASEn iLhighly
produci ng propyl ene oxi de whereih a feed stream conpri sed of “oXygen

and propyl ene i setswhivaciosdhe rdirect production wipsopyhag eoxide drare rrepytameeisof

oo 2 1o il M A MR, o, rud SR TP oA
(b) a capal yt cepldiya®dn asth diRer gdI8tarRf a PotaSdium ;%romoter. Also surprising( )

an anount of gold effective to inprove selectivity to _
propyl ene oxi dewasnthe finding that such catalystsggre capablen®i salgctiveunoppiens

POt asst . P10l By Afsence of the gaseous chioride an! . R AT RAHGY ™ ¢
sel ected from t pidh BaNve BersbdYe BeeRicommonly used to improve epoxide sdleétivigen
oxyani ons, carbon oxyani ons and precursors
t her eof . in vapor phase processes of this type.
15 SUMMARY OF THE INVENTION
This invention provides a process for producing propylene oxide
wherein a feed stream comprised of oxygen and propylene is contacted in
the vapor phase at a temperature of 180°C to 350°C with a supported
catalyst comprising
20 (a) a support comprised of an alkaline earth carbonate;
(b)  a catalytically effective amount of silver;
(€) an amount of gold effective to improve selectivity to
propylene oxide; and
(d)  a promoting amount of a potassium promoter derived
25 from a potassium salt comprising a potassium cation
and an oxyanion selected from the group consisting of
nitrogen oxyanions, carbon oxyanions and precursors

thereof.
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DETAI LED DEé@?SI@PFS&\I OF THE | NVENTI ON " The presgﬁ';r ”?Pﬁz’g‘?{‘{‘ ?on
is directed to a process for the vapor phase oxi dati on of

propyl ene oxide, i.e., an epoxidation process perfornmed in the

presence of an oxygen - containing gas and-& particul ar class of supported
5 silver catalysts. The support nmaterial used in the
present invention is sel eDEFAILEDDESCRIPTIONOSI TIHEVRNVENTION
carbonate-containing_carrier materials. The carbonate enpl oyed is

an i norgani ¢ car bonat/®ehBIASEGt Nvasttioprshiacted &0 arpracrss ferethe vapor plaasa h

nmetal ion, partj i Nt | | with 10
Cal ci um bei ng. nogiefbhs BREILdL GdE T M olBRRERL Bile R At e
exceptional | y hpedsepcenflanexy@endecathiaiig yad hag apatibane chernof ey be
surprisingly superior to other support materials in this respect. Suitable
car bonat e 8uppofiverfadalyetieri bed, for exanple, in Canadian Patent No.

1,282, 772. The carri i ' ' t rbonate i s the. predom pate 15
(i.e., at least 50% g{yhev\%f% H&t%ﬁ%l?u&e&?@gﬁg,&gagétt OXENEe ﬁ?ﬁ&%&ﬁﬁam ve
conponent of thenguppeelefdl. carbohhte-omaiNitg CeHIfbE rearsiarNt i Phd YetboRAR OF

nore al kaline earth nmetal carbonates). In other enbodinents of the
i nvention, the eM@ie¥RA &S a0gperdanimcarmanate swying aceatjomehiconiswin falisalbe i d

substrate, i.e. r et u osed of.a nore 20 .
conventi onal su%%'g’? '?H %é{t’éb?ﬁ ﬁ%rﬁéudéwgércmmgﬁ?ﬁt?"ﬁe%ggﬁﬁwm é’lrﬂ‘?é'-ué'i' L‘i‘fﬁhna) .
This latt® typealefurs weieg mastyprefartay, Shehcrbonaes drateipadle 6P 3rEHdRRYy

i ndividual, relatively snall particles of substructure or subsupport orf on

a | ar gepXqantionaliy RighsPropylane-oxifaseiadivdiestandpars Reanfpugd 4o be
honeyconb-t ype . f ; r . g or t he
car bonat e supposrlfrpr';[g{nequ asluﬁlééHf;:tgfoZﬁrgguha%ortt ﬁ%atenals'ain {hﬁg%%%?étl ns]gﬁ%l?lgn,
particul arly whearbosate aappbrs earel descvibed; forr edamblarih Canadian Ram@peNgt of
t he support. Comerciall ﬁ' avai |l abl e carbonate materi a sui tabl e

for use in the brEsenf2i MEntdIGRT impnBdn ywiiah dbe caébcgfgtﬁéa? heumredominate

o e ¥ hongcal Mok SEARLERSERDLE R SROVSTLIN e BRNEES, >
component of the support (i.e., the support consists essentially of one or
more alkaline earth metal carbonates). |n other embodiments of the
invention, the inorganic support material used in conjunction with a solid
substrate, i.e., a subsupport or substructure composed of a more

20 conventional support material, such as alumina (preferably, alpha-alumina).
This latter type of support may employ the carbonate material coated on
individual, relatively small particles of substructure or subsupport or on a
larger unit such as a three-dimensional framework having a honeycomb-type
of structure.

25 A granular form of the carbonate support material is preferred in the
present invention, particularly when used as the exclusive or predominant
component of the support. Commercially available carbonate materials
suitable for use in the present invention may be obtained as powders which
can be converted to the preferred granular form by conventional methods,

30 including those described in Canadian Pat. No. 1,282,772. As described in
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coated, with a solutlon containing a silver conpound and a gold conmpound
and thereafter reduced to provide a catalyst containing silver and gold in
t he el enental state. 5 -4- Alternatively, as described
bel ow, the powdered carbonate support mat eri al nmay be conbi ned

Wi th appropri at greitby getaiopéiain)ithg cambméqkuppon may théﬁfﬁeainfpr%g;né%dﬂdﬁons
or a solution containing both silver and go n such

t hose used conv@%ﬁednallltg)ﬂ sQlution ceqliainieg @cﬂllivar compound amm)glotctcomohndm a

slurry or paste | t he r ead

surface and dri %Bgm‘?{e@%ﬁ %@gegqggﬁoga%@&@?@é{?tecqrg%ggaﬁllg%ané@Qﬁm the

as about 500 er glenerftii stat@sults in a carbonate support with silver and

gol d bei ng supported thereon in their elenental state. The catal yst
may then b2 Aﬁgrr@@wﬁm@wﬁiew@@umelowstm povde s eabiomats alippard/ or

the opti onal d thereafter dried. As
al tornat v, t el MAOBECT el WG afoehels, Slirirariniing ancrapihe

di ssol ved in th@oﬁt&ﬂ‘ﬁn?hsolutlonﬁr%' 8USoliRioA! c‘éﬂﬁ‘élﬁin ' THbth ”E{\?%“a%]rioongold

solution used to formihe coating paste or Slurry
car bonat e nat er¢@mpounds, SUCh as thoeee usadbcnavewtmmqﬂyrto rmctpeegradit,e lrelidr e

ft t t | t d/
ol ybdenum pr oo 18 gk siuraconeaste. s rifiafauRautios Peessab e
for use 110 propstlieibee SXiaee ARA dhag aWtalcined at an E?Er@&ﬁ?@?érﬁ@érdmﬁé Eﬁ

formed by any suitabl e techni qgue. For instance, ossi'b
formthe conposds ébﬁy’t 66 esBhiagesuits EU@matrbOMteaup@Ioﬁ with @:Iver and gaid rml d

having a desir SIZ cl es
sel ec?ed to bqu%ﬁg FEH{@& @é}ef’ﬁé t&ﬁ &ﬁtf)%t?rylasi%t%b%ften
25 in the raﬁgﬂegﬁawdownhOs@Qﬂwh@ @bQHé §ot'élslsiu'rr'i"9§a¢tr andform&E  optiona)

di nensi on. coated catalysts, i.e., those catal ysts I n
whi ch the car bdRaty®denum p"ofﬁaﬁtéf iand jthetraftasddiada Aman aitamative e the

oo 17, o kol 8 SRR AR oepu proBF) oe R RS O
and thereafter preciedis ristaMcohtdihingnifrgsteghand selutidh usedeiCloi e esatiagat e
support materi %lasstg%?%Unpyev%ntﬁtt)ﬁg%art}om%tg%?atttggalcat alysts

The carbonate support material, before or after incorporation of the
silver, gold, potassium salt, and/or molybdenum promoter, can be formed

20 into shaped composites suitable for use in propylene oxide manufacture.
The composites may be formed by any suitable technique. For instance, it
is possible to form the composites ¥y compressing the support materials into
& mold having a desired configuration. The size of the particles may be
selected to be appropriate for the formation of the composite and are often

25 in the range of about 0.001 to about 5 millimeters in major dimension.

When coated catalysts, i.e., those catalysts in which the carbonate
material is coated on a substructure are employed, a slurry of the carbonate
material, in either powder or granular form, may be mixed with the particle
of support material and thereafter dried. As with the predominant or

30 exclusive carbonate support materials described above, the coated catalysts
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may al so be prepared by using a solution of (a) silver and gold conpounds,

(b) silver and gold conpounds, potassiumsalt, and nol ybdenum pronoter,
(c) silver and gold conpounds and potassiumsalt or (d) silver and gold
conpounds and nol ybdenum pronoter to formthe slurry, foll owed by 5

sui tabl e drying and, optionally, calcination. The surface
areas of the canimnalse beupepatedrby esingl = sgletion af (§) sivegand goid confgounds, 6

to about 14 nferr]/g, preferably fromabout 1.5 to about 10 n®/g.
However, car bonét?)es'lgﬁbBBS@Q@F@%PQP@E%&W@@P'BG’($%lh@"%§#r@§§/bﬁﬁe@ﬁ§? proraRters

/ | ' i s, i O
b P eaeufQ e A Bl EotPBLAHS BRREBo sty YT Sfber i plq °°
krypt on cdegwuriizdahy rolyhaieaum proricteransl fdehl e sard, fOMBdwEREHY

Soc. 60, 309-16 . (1938%. , .. The carrier materials used
in the predent FHRRIE G¥iNgRNG<tionrlly, gricination.  described as porous or

m croporous and typi I 0 of ,about 0.05 to
0. 80061 g, e SR artas Of wh U iRs bR moisPiels 9 el "enge
i ndi vi dual partfrehe®.®fto about 14 m¥ggpleterabiaponanthosi 2€5 t8hiiSoutS1 8 lrHEgbot h

for the predom nate or exclusive carbonate supports as well as™the
car bonat e- coat etlOXRYEHrasLongigesHpPort materials havigg peiriagetasaas Highwr thappiet t s,

ticularly thes , ti.cul
Phape and s ze s R i SEORICHrBATbBsod Bt nis VeSS, FoBStiniéde B oo
With the t@arbonaleasurdy byt yoriventions BpEQIT. Imatdd using nitrb?éﬁﬂﬂr krybfon

aggregates or "pills" of a size and configuration to be usable in

tubul ar reactor ?Sqﬁ@ebbéfqr@%ﬁ%‘@qtb?ﬂ%a-eﬂ?r Boh AL Char. Soe; 605869 18nd
firing techni quagssjhe pills generally range in size fromabout 2 nmto
about 25 15 nm ‘preferably about 3 nmto about 12 mm the size being

chosen to be Thercsins¢rentterialusduint heepretenteiactotiorenplyoyeterallp be

general, in fixed bed reactor ) apBIicatio_ns si zes ranging from
about 3 mmto AFRAAPES FHPARNS YdRigroporous ang dypigallhae wgser Refie wivaeasn

e R g O™l resent a0 | mvent o o
vary wi dely and can bbeauppoitednsataiystssaeotypimatly arsald 35 insidddual particles of
irregular shape and size. This is true both for the predominate or exclusive
carbonate supports as well as the carbonate-coated supports. However, in
some instances the supports, particularly the carbonated-coated supports,
20 may have a particular shape and size and this is especially true of the
subsupports used with the carbonates. Typically the subsupports are
formed into aggregates or “pills” of a size and configuration to be usable in
tubular reactors. These pills may be formed by conventional extrusion and
firing techniques. The pills generally range in size from about 2 mm to about
25 15 mm, preferably about 3 mm to about 12 mm, the size being chosen to be
consistent with the type of reactor employed. In general, in fixed bed reactor
applications, sizes ranging from about 3 mm to about 10 mm have been
found to be most suitable in the typical tubular reactors used in commerce.
The shapes of the carrier aggregates useful for purposes of the present

30 invention can vary widely and can be any of the forms conventionally used
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di scovered that exceptionally high selectivity to the desired
propyl ene oxi de product is only obtainable by careful selection of
conposition of the supported catal yst. The_gatal yst nust contain not only
5 an al kaline earth nmetal carbonate support and silver but also a

pot assi um in he@rgg@,ﬁ@éugéa Wjdt ap6 gol d.  The support may be present
ei ther as om nately ‘or exclusively the carbonate, designated

herein as cttsl‘ra:aivmreummmtedw dl‘ﬁheveered nmrmcépnmajbjﬁk&gry stfectititich

i ncl ud h ort are designated ' rbonat supported
catalyste . vnisnthereSiERropyEhg siestegugha bl emabinby Rareiesleetioror

substrate or Sueﬁb'&ﬂgbglttoh'?ﬁthe pport%eb‘igg St Tﬁe@ﬁﬂlﬁﬂ%t‘?&q contain.not only

"car bonat e- coat ed support
conpl ete catal yan alkaimejeangmaehad)nafhmnamsuppoalaymtsulv&r@ut ey pt&ssium

coat ed cat al st As _used herein term"coated” is not intended to
i nply d OEﬁ{easQ‘uB’ﬁ'aﬁéegﬂ gé?i PYPRYE nPay pﬁyEFeﬁﬁWoelﬂéﬁR/é!Sopes

a second 15 s%ﬁ&am@gzt orrere%msw%ﬁﬁrmet %drB8n e C BRLIRALEY Ohbedln' el e

preparation of mat er 1 al ona d
car bonat e- coat eétabplp@ﬂet-supmﬂ”be 'ﬁmapmrm&paadlng catalysts ndh:@:at mu@d@\@cﬁf
obt ai ned commerci a orte catal yst of the

present inventi®d ?PM Thﬁ%ﬁé&%@ L&%ﬁggﬂ%wmﬁé’f%ocaﬁiysm When ddgci ng
silver, gphd an@ér‘%nﬁté’@"c%%%c!‘ﬁh%"nﬁ thes?f‘e'%eﬁée B?)Ta ls@é&ﬂﬂ%@%%upépon, the 1N

sol uble form and/or a nol ybdenum prono I'n sol
support. A prefsuppait ised¢rignatied ‘earphatecgatad mpc&ﬁ’obrngdehdhbprp@rnb@nat e

is b ' ble salt or conpl ex of
i Tver and a sortil B SaPE RSBy ts Seppenion IanumPEab 13 & GHDOTBtS.
deposit 25 tdvatdg Thtagstienghisediherbiny fe @4 GQé@dUPsOHoflh?e dtde{m%gem

di ssolved in a sui tabl e sol vent or "conpl exi ng/ sol ubi 't zi ng
The sol ution rmﬂjiab@ne Substanggm%ﬁsamlvrfegnataela)ﬂee @uppenveiopesaa rsneeonby

eG4 e, SA el Bl ol rore PO 8L TR R0 R Bt B8
dried and, optisushl ihaterll ci ned by placing the
The carbonate- and carbonate-coated supports may be prepared as
indicated above or obtained commercially. The carbonate-supported
catalyst of the present invention may be prepared by any known method of
20 introducing silver, gold and/or a potassium salt, such as potassium nitrate,
in soluble form, and/or a molybdenum promoter, in soluble form, to a
support. A preferred method of introducing silver and gold to the carbonate
- support is by an impregnation process in which a soluble salt or complex of
silver and a soluble salt or complex of gold in amounts sufficient to deposit
25 the desired weight of silver and gold upon the carrier, are dissolved in a
suitable solvent or “complexing/solubilizing” agent. The solution may be
used to impregnate the support or carrier by immersing the carrier in the
precious metal-containing impregnating solution and forming a pasty mixture
or slurry. The slurry is then dried and, optionally, calcined by placing the

30 mixture in an oven or fumace at about 100 to about 120°C for 0.5 to 6 hours
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then heating the m xture at a tenperature of from about 250 to about
600[err]C for another 1 to 6 hours (preferably, under a reducing

and

envi r onnent such as 5-10 volunme % M2 in N2 or other inert gas).

Thi s procedure acconpl i shes drying of the carbonate/precious netal
m xture, renov heatiagthe rﬁl?@@r&i%f%n%'é’r hGRUSER St 28 13 Id
present to theie%ncI5hen eﬁgrrenta orm @ Oﬁ?@reqw rngHoQP

pot assi um sal t 6@y Méor anotheéudetd & doube(prafearbpht uasean reducing emviyoregeat i on
solution in a separate_ifmpregnati on step, Again, this may be, . done
by any known rra?"H’FZT %fsrﬁrv@&*fﬁ?i%g"g o edg’ ringrt. gaé- %‘%NEﬁ?QWﬁ Y,
this may be cartji ; AC F&E%p ri i n:

cont ai ner, evac%%%gﬁ%m%yg%‘?giﬁgtﬁegﬁa t e}%@??ég?&?nrtra{oaéurgf%ref hrgrré%\fets
sol ution. A t ervglatileecympdmnenssippat tredagedehs psibpedarad gy i priesedt wot thelihe

I npregnating solution. The excess solution may then be allowed to drain off
or the sol vent ¥8NHHakiOFBved by evaporation under reduced pressure at 15

3156 be used 1T desy PePAfHEY BalasHEISAR ApLEHIR AR PR BT T an
CemerSUi [« opmoalat s ey emmio Rl et g
preparation. done byh@nyamHengt emgu”ﬁﬁﬁrpédir&%ﬁeﬂnﬁ@f‘grr@y ROreyshenptesidhr ed

by a "si tan . Fo =CNJ NG " rati .\
Chie motnig - nednuerdSnty, s nfl) B AR but B7 PG In@ EERHR rhafkriafln &
sol uti ons cont ataritaiperhevgolatirg theurwhtainer andandémafier| imgodaoimgothn sadted

to inpregnate the carbgnate support. The carbonat e- coat e
catal ysts are rﬁ‘glrb%qréd E?rﬂ%té\‘fé?)ﬁ'gth& YRRAYbMAY be spraye oF Spepkied Wl‘tg‘ the

subsupport 1t Gfabondlie] EUARYY. FhuBass S5 Fay BRI NADlo orchh BR

alumna with ac containing slurry. y contaln on
carbonate, in wiritbe stdeenttrhay ber leomartest by avedosaliopauridaérsetiucet @resswatad as

i ndi cat ed ab to. d ' ! | . ' tal . and
ot asel umeal t S 8RBBP B EREANE: baRdPETt JntBast APRTSaElon BeRiitraryY

also be used, if desired. The catalyst may then be dried at a moderate
temperature (e.g., at 120°C) in a oven for one-half to five hours. Such a
procedure is known as “sequential” or “consecutive” method of preparation.
The carbonate-supported catalyst may also be prepared by a “simultaneous”
20 or “coincidental” method of preparation. With this method, the potassium
salt is included in the solution or solutions containing the gold compound
and/or silver compound used to impregnate the carbonate support.
" The carbonate-coated catalysts are prepared by coating a suitable
substructure or subsupport material, preferably alumina, and most preferably
25 alpha alumina with a carbonate-containing slurry. This may contain only the
carbonate, in which case the carbonate-coated support is further treated as
indicated above to produce a precious metal or a precious metal and
potassium salt supported on a carbonate-coated catalyst. Alternatively, a
carbonate/precious metal compound siurry or a carbonate/precious metal

30 compound/potassium salt slurry or a carbonate/precious metal
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conpound/ nol ybdenum pronoter slurry or a carbonate/ preci ous netal
conpound/ pot assi um sal t/ nol ybdenum pronot eg-slurry may be produced in

a sequential or coincidental procedure. Thus, in a sequential procedure,

particles or pl&h@&jn@nﬂwcﬁé@imsprbmmeprsuumwtcﬁraaéarbaugtae/@@cuous metal
al pha-al um na, are coated with a slurry of a carbonate nmaterial, a

sol ubl e salt orCOUmer“éi(p@ifiSSlum salt/mgiybglenn Rrafooienskiryaney de prodprest inf

I di | ved t I
o1 e & so e g qoinBORT BIORERb N2 15 SRyl phadBgle!
tenperature of p%b%lés2}5Q)lltsooﬁé)@UIta@l@OiLﬁfsrubﬁoft%atenal suchP@9HIpHA BReniIARNUL es
to about four hours, the duration of heating being 10 I nversely

proporti ofial t @receateshyith arslviey ehp ICagmﬂatermateaalaayS@ﬂum% sah@m complex of

d h desglLbeg ab
art Tol | owed BPR | P1Eb Bedthdly G | SHBIEGoR pabitm ApofiSed; o
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coi nci dent al procedure In which a carbonat e/Erem ous net al
conpound/ pot as @n@ma_lgmed ipaan PR fbadammepatoie oéabslu2bg 1o aboukB00YC doat
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above forqt hoseisbynopoeiia do ehé amplesature employsEPaThedcdidlyishes then
sequenti al procedure. The particul ar silver salt or conpound

used to form t ifBPRgnAteddn ke aanngy descibrdatnvegwitigr egjktion mf Pasassikeh in

a solvent or a nt
critical and aﬁ%ﬂzﬂc{%écpggﬁfg%?bé% ouno]Utlon Of enu?n ch}rﬁgf%mhért?d(; r‘i%{le art
which is both ﬂﬂbdbn'ﬁeld’arbﬂﬁbtémtéwéupm nmytdhsd be faaiadiy a coincidentar

conpl exi ng/ sol ubi |'i zi ng, agent to forman unwanted product may be
enpl oyed. ~ Thu®rogairsi i ¥higlyapeaibenaiipesiovs mael smméﬁynalrp%ss'um
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carbonate, or carboxylate an ace onat e, "buty e,
oxal at e, mal onsuiablesddistipporl. eAfter dizcihg) the caﬂaﬂy:‘ﬁtes dphd:l MIaateenpgm'nmeal |y
the and for a duration indicated above for those carbonate-coated catalysts
prepared by the sequential procedure.
The patrticular silver salt or compound used to form the precious metal-
20 containing impregnating solution in a solvent or a complexing/solubilizing
agent is not particularly critical and any silver sait or compound generally
known to the art which is both soluble in and does not react with the solvent
or complexing/solubilizing agent to form an unwanted product may be
empioyed. Thus, the silver may be introduced to the solvent or
25 complexing/solubilizing agent as an oxide or a salt, such as nitrate,
carbonate, or carboxylate, for example, an acetate, propionate, butyrate,
oxalate, malonate, malate, maleate, lactate, citrate, phthalate, generally the
silver salts of higher fatty acids, and the like.
Although, generally speaking, the particular gold compound used to form

30 the precious metal-containing impregnating solution is not critical, it has
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20 the f h the toft.al ht. of th cat al yst.
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washing, volatilizing or oxidation procedure, or the like. The

complexing/solubilizing agent, preferably, should also permit solution to

provide about 5 to about 50 percent silver and about 1 to 10 percent gold in

20 the finished catalyst, based on the total weight of the catalyst. It is also

generally preferred that the solvents or complexing/solubilizing agents be

readily miscible with water since aqueous solutions may be conveniently

employed. Among the materials found suitable as solvents or

complexing/solubilizing agents for the preparation of the precious metal-

25 containing solutions are water, alcohols, including glycols, such as ethylene

glycol, amines (including alkanclamines and alkyldiamines) and carboxylic

acids, such as lactic acid, as well as aqueous mixtures of such materials.
As indicated above, after impregnation the precious metal-impregnated
carrier particles are treated to convert the precious metal salts or complexes

30 to silver metal and gold metal and thereby effect disposition of silver and



acids, such as lactic acid, as well as aqueous m xtures of such materials.

As | nd| cat oathB}ffsz after inpregnation the precious netal-i Wfﬁ%ﬁ’g‘m
carrier particles are treated to convert the precious netal salts or

conpl exes 30 to silver netal and gold netal and thereby effect
di sposition of silver and WD 98/ 30552
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gold on the surface of the support. As used herein, the term"surface", as

applied to the galgperthe sungdaslesthRosuppdry Ab@s@lﬁttﬁr@ﬁt tﬁé’térﬁrg@sstﬁﬁctéﬂeas

carrier but also the internal surfaces, that is aces
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sol ubi lizi ng agents such as al kanol am nes, al kyld nes
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the al kaline earth rret al carbonate support. The ting mxture is
t hereaf t er con@d¥q Bin afienreiafiusiehagentsr conditions effective to reduce the

dondi t1ons are: 2BCELYe ety BresaBpl niorBEE By Bterits s el CataelS suutphle i "
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t hereafter introduced in the formof an aqueous so lon onto the
hydr ogen- t r eat E8MPrising waigdt 2 0okt corppeurist amd g sileerapripouns israomisinad seith

i mpregnati on t and/ or calcination, the desired
supported cata yé;t?gtﬁ%“reﬂtztel%{\’/neh {of tr%l .csegté%\&% SUR At ne "\e resultrng MXYEhBugh

at | east 'a cat tﬂereaﬁatd:o'ntef:tfeenhitl’\/ﬁy@dai@bﬁturﬂfer&bh&lﬂbnw&ecﬁ@eEH?écﬁJHethe
in the finished catal yst (meani ng an anount that provides a neasurable
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about 5 to 50 gas such aermtrogenby teei @ours. The potassium salt is thereafter
introduced in the form of an aqueous solution onto the hydrogen-treated
catalyst, preferably using incipient wetness impregnation methods. After
drying and/or calcination, the desired supported catalyst in active form is
20 obtained. :
Although at least a catalytically effective amount of silver must be present
in the finished catalyst (meaning an amount that provides a measurable
conversion of propylene oxide), the silver concentration preferably is from
about 2 percent to 70 percent, by weight, based on the total weight of the
25 catalyst. More preferably, the silver concentration ranges from about 5 to 50
percent, by weight.
The amount of gold present in the finished catalyst should be, at a
minimum, an amount effective to imbrove the epoxide selectivity of the
catalyst as compared to its epoxide selectivity in the absence of gold.

30 Preferably, the geid concentration ranges from about 1 to 10 weight percent



The anount of gold present in the finished catalyst should be, at a

mni mum a effective to inprove the epoxide sel ectivi
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Preferably, the gold concentration ranges fromabout 1 to 10 wei ght percent
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based on the total weight of the catalyst. It has been

di scover ed t hathdder) & BsE R Whigheof e capegtf i ¢ pot assi um
pronoters in the supported silver cat altéSt significantly enhances the
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procedure in which the . . )

described above. The preferred method is a sequential impregnation of the

support wherein initial infroduction of a precious metal-containing solution

is followed by drying of the precious metal-containing support and heating

20 and/or chemical reduction of the gold and silver. This support is then
impregnated with a solution of the potassium salt. |

In order to perform coincidental impregnation, the potassium salt must

Be soluble in the same solvent or complexing/solubilizing liquid used with the

silver impregnating solution, the gold impregnating solution or the silver/gold

25 impregnating solution. With the preferred sequential procedure in which the

silver and gold are added first simultaneously, any solvent capable of

T dissolving the silver and gold compounds which will neither react with the

precious metals nor leach them from the support is suitable. Aqueous

solutions are generally preferred, but organic liquids, such as alcohols, may

30 also be employed. Suitable procedures for effecting introduction of the



silver and gold are added first sinultaneously, any solvent capable of
di ssol ving the si%&gr and gol d conpounds which will neither react wth the

preci ous me?A B | each them fromthe support is suitable. 5‘&%8%@05449
solutions are generally preferred, but organic |iquids, such as al cohols,

may 30 al so be enpl oyed. Suitable procedures for effecting introduction
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pot assi um sal t tgotakeiuswistll t6 tinpeolid suppulare Wedhown inh@eadrt.. _
The required potassiumsalt is added in an amount sufficient to provide

an inprovenent in die @quirsd@atassivie sedialadded ipraspamoretsyfiicignt to provide

| ectivity, . | Vi ' tabil L | el f the .. .
Support ed et al y30 HERipitly FRENBIERL i A trobdisRiiat hgenigty.
potassium sal t (&&ietyDcoai@rsiord stabiity, yield) of the RU@BFBHEE Ta8dIDsAS bombed
preci se amount will vary dependi ng upon such vari ables as the

identity arfl conleemt Fatdlysi 0ot gastedingclhepoatassiumnsalhdherein refeifeddo as
stream the anoupts of. silver d | d_contained in the catalyst, the
surface area of tpﬁ(émgffﬁéoe}msu?@g Eﬁ%ggggsgmwﬁﬂﬂ,va& gePeadinge R SHFRy
and 10  tenpergirtities Addhkheentty RG] eehcepitratio STURRRLUS CEPRSEREAK in the
however, a sui tabl e concentration rar;ge of The added potassium

sal t, cal cul at edfegd stream, thecamiognis pEsiussandgald eantaibedtin 3he @atalyst, the

pref erably about bt b cent wei ght, based on th
total weight of ﬁtﬁ'{aacga?rg%yogtfﬁegmggrt, the p?Séespﬁ,%q Sy &G 1ePacK quPg’?ya@r(‘J‘gd
in an amourg of tabfsdrature, badabeuhorbHoivg) 8hthd BuppoRerGeRérally, however, a
The addition of a pronoting anmpunt of bdenum (1.e.,. an anbunt that

no
wor ks ef f ecti velSuitableconrgatration mgﬁ/@ﬁége addeshpot@ssivwpn sadiarcalguated as

ol ybdenum to- < psrais AR I B B aekR s R BhR S icithy PR T dSahan,.
20 may hel p tperbont, hisy weightvbasde qrether iedlCc®efht Sofc thes ajaahlyst.. Most

particul ar, it has been discovered that selectivity to propyl ene
oxi de can be i ndiretarably, the salt isaddedin anea@mtef@bopt i . Qisarbowta? bokeighh be
decreased jky i n%rﬁ@ﬁtaki ng nol ybdenuminto the catalyst. Transition
met al conpounds "ot hér than M conpounds may also be simlarly

i ntroduced into th&headalitiost of alpneatinet amount of molybdenum: (i.e., an amount that
works effectively to provide an improvement in one or more catalytic
properties of a catalyst as compared to a catalyst not containing
molybdenum) to a potassium salt-containing supported silver-gold catalyst

20 may help to further improve the performance of such catalyst. in particular,
it has been discovered that selectivity to propylene oxide can be increased
and the rate of catalyst deactivation can be decreased by incofporating
‘molybdenum into the catalyst. Transition metal compounds other than Mo
compounds may also be similarly introduced into the catalyst. The exact

25 form of the promoter under epoxidation operating conditions is not known.
The molybdenum promoter, it is believed, is not present on the catalyst in
the elemental form since the promoter is applied to the catalyst in the form
of ions, salts, compounds, and/or compiexes and the reducihg conditions
generally used to reduce the silver to metallic silver and the gold to metallic

30 gold are not usually sufficient to reduce the molybdenum to the elemental



25  formof the pronoter under epoxidation operating conditions is not
known. wo 9:;7%%5?‘)' ybdenum pronoter, it is believed, is not dﬁ*/f@?)ﬂ&«?n
t he catal yst the el emental form since the pronoter is applied t

t he cat al yst |n the form of ions, salts, conpounds, and/or

conpl exes and the reduci ng conditions generally used to reduce the
silver to netallic silver and the gold to AE3allic 30 gol d are not

usual ly sufficient to reduce the nol ybdenumto the el emental WO
98/ 30552 form. PCT/ EP97/ 05449
- 13- form I s thought that the nol ybdenum pronoter
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may be utifbi zed prepared by the I'éladtiveaitﬁdmﬁbmbﬂt/aﬁéué henianiefitirnateridle such
carrier is inpregnated with ybdenum pronoter ions, salt( s% _
conmpound(s) andASr themxidsg eysh thMOO Ss., asnﬂ\sia”bésd?ihér anaterialss shie taﬁe

t hat the ot her S
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In this embodiment of the invention, the carrier is impregnated with

molybdenum promoter ions, salt(s), compound(s) and/or complex(es). This
may be done at the same time that the other components of the catalyst are
added or before and/or later. Preferably the molybdenum promoter, goid

20 and silver are incorporated into the catalyst prior to the addition of the
potassium salt.

The preferred amount of optional molybdenum promoter compound
present on or deposited on the support ranges from about 0.05 to 2.5 weight
percent Mo (measured as the element irrespective of the form in which the

25 promoter is present) based on the total weight of the supported catalyst.
{he degree of benefit obtained within the above-defined limits will vary
depending upon particular properties and characteristics, such as, for
example, reaction conditions, catalyst preparative techniques, surface area
and pore structure and surface chemical properties of the support utilized,

30 precious metal content of the catalyst, and potassium content of the catalyst.



percent M (neasured as the elenent irrespective of the formin which the
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Propylene and an oxygen-containing gas (i.e., a gas comprising
molecular oxygen) are brought together in a reactor in the presence of the
previously described catalyst under conditions effective to accomplish at

20 least partial epoxidation of the propylene. Typical epoxidation conditions
include temperatures within the reaction zone of the reactor on the order of
about 180 to 350°C (more preferably, 200 to 300°C) and pressures from
dbout 1 to about 30 atmospheres. Iniet pressures may be as low as 14 to
75 psig. To favor high selectivity to epoxide, it is desirable that the feed

25 stream contain carbon dioxide. An organic halide and/or a gaseous nitrogen
oxide species (described in more detail hereafter) may also optionally be
supplied to the reaction zone within the reactor by introducing said species
to the feed stream, containing propylene (fresh and/or recycled) and
molecular oxygen. However, the presence of such species is not necessary

30 in order to attain relatively high catalyst activity and selectivity. in fact under
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certain condit it?,ns, thfa a%?l tion of an ot anic halide to the, feedstream
actual ly is det'feraif af criglvshogrgiyatiny.  Hhigdrew!t Wasigrexnectes iy view of the
accel erate f o t {i LOn ' SAkk:.:

unexpected in v?eer\]/\? o# eqteﬂi%ff i e gh?ﬁﬁzr%’gg@& hé?ﬁ %%%ﬁg&ge?ttﬁgh%bbg\rﬂggn?fc
hal i des i rfpr ovesugporidd sitvezrogdatfon Catalyssupported sil ver oxidation

catal yst. Exanpl es of njtrogen oxi de species suitable for
optional introductiofXamples of NifogRw oKESRAGiesPHfaRie (RIORItoNa 4YTodtiot

NO, NJ err], N[er ] g u b e
capabl e of forrr|1ﬁn%ﬂe%%%%tr?ﬁtﬁgd%%ﬁea&tllegﬁe gé)sfer\slc,)' ch’aﬁggbz}j%%?‘%éfgarr}\ y NO
and NJerr], urgksempoxilsstanon capabid obfesmirmdneiofttbe esomentorddd gases, t he
foregoi ng, particuylarly, err]l, with one or, nore of CO PHerr], SOerr]
and Sq%ﬁfrF‘fS]aNM%‘di Mhaﬁ@fi%ﬁp%fdéﬁ'eﬂ oadfiions ogRs MyxiLdes ohebees.

| ncl usi oy pf SUshine foregoing! baREERNIS, SREFLAS drinbReof Eefl BT &8 bdnot
necessary, however. he afrount of gaseous nit'rog¥n oXi de
speci es presentSQLf NDyis the most preferred ritrogerc akideTdpeaigd.i molusionwitsucs

determned, in part, by.the particylaf 1 Qtassium salt used and the
concent rati on tHEPasn SKdrispEiss itihg festbstsearhts ROt nigeStRoBORSYRT ch
influence the opti mppg nt®f ga8kaEs hitfiged! dxide _specife%PTé/ﬁrﬁ%ilf b¥y) & not

sui tabl e concentration of the ni'trogen oxide species
epoxi dati on of quiticayl ehre dptinalmuanmunttis ddierrnined)00 gartn byytheoparieuiarhen

1 e s 3 Lt MR LS LS U SRR B R
preferably noted@8B8&e 3Phich RIEReRBEN thRY o8Il abliRt & DEtakalumssalt.

However, as expl ai ned ) previously, the nitrogen oxi de species
concentration nigipicallyesa esuitatlie ycorgantration of the nitrogen oxide species for

epoxidation of propylene, is about 0.1 to about 2,000 ppm, by volume, when

N, is used as a ballast. When NO, is used in epoxidation of propylene, the

20 preferred concentration is about 5 to about 2,000 ppm, more preferably
about 20 to 500 ppm, by volume, with an N, ballast. However, as explained
previously, the nitrogen oxide species concentration may be essentially zero.

The “oxygen” employed in the reaction may be defined as including

pure molecular oxygen, atomic oxygen, any transient radical species derived

25 from atomic or molecular oxygen capable of existence under epoxidation
conditions, mixtures of another gaseous substance with at least one of the
foregoing, and substances capable of forming one of the foregoing under
epoxidation conditions. The oxygen is typically introduced to the reactor

either as air, commercially pure oxygen or other substance which under

30 epoxidation conditions both exists in a gaseous state and forms molecular



The "oxygen" enployed in the reaction may be defined as including

pure nol ecul ar en, atom c oxygen, any transient radical I i ved
25 fromwﬁm%égor nol ecul ar oxygen capabl e of existence uﬁgﬁ)ﬁ%g‘ﬁosqw
epoxi dati on conditions, m xtures of another gaseous substance with
at | east one of the foregoi ng, and substances capable of formng
one of the foregoing under epoxi dd6kon conditions. The oxygen is
typically introduced to the reactor either as air, comrercially
pure oxygen orogydwf. substance which under 30 epoxi dation conditions
both exists in a gaseous state and forns nol ecul ar WO 98/ 30552
PCT/ EP97/ 05449 The gaseous components which are supplied to the reagtien zone, or

oxygen. . ) S, C ongnt s ich.are s lied to, the
reaction zone, T region o}_t?ﬁ? ﬂegqc?c?}é\ﬁp%%np&acfﬁs fi\ég@@ '}’M?g’? 58%& weeteng
catal yst are bpggehledd@iti conditions, UBAET g&mMeraiIdabbidBire’) Bdfofd SheiRe
general |y conbined before being 5 introduced to the reactor. If
desired, howevistrodsgetl teoifisomeactor.ndy desired, hosvevernautl elopnpenémisr mdyced

Sere ey oo BT Bl Fefaronmpamo e lRT R A
prior to or atgstdwmtiavin ﬂh‘é;bérdbmbﬂu@rlnp%m@ﬁrﬁ@%@ué{?ﬁ!&%b@attﬁDstn'ﬁ' be
u n

reaction zone. The use of term "feedstreant herein s is not neant to
limt 10 t hi@rmesseier {sr ocathe imeHbedndivitiuat scomplomeatsatieredf ehierghseous

conponents are i pri.Qr t ol ion pf said conpopents . into.the
reaction zone.re%%ggrbggg?b?—bgi%ev%t% %g%ﬁr%@séem t'nF’9E’Ene@Ptich it
present 10 thel presémoprecesLB! e demBdipredt viHBret ¥REoKNAWN JRebllg art.
A brief description of several of the reactor paraneters which may

be used in thecorsponepsa@iesomiined priohto istrpduction efssaieéicomponents into the

ot bon di oxi de. is.des tab o e
Foedst ream i n EREILT3RhE-TTe fEactBfe PR nfks ERRRIERND shlanelet foe pasmast o
carbon di oxi denvahtidn rareesinpioydd mdysbe hefsabgeypd dapdnt & Hi@\drle S WrRfi si ng

i nprovenents in propyl ene oxide selectivity. Desirable enhancenents of 20
sel ectivity ardespsipdpglaf\seyssalafdae ieacigr patameters whichmaydes eset inghe he

feedstregm Wddsant Avénrtidfid'Preséntdd Bbloly,bei ng preferred.

Carbon dioxide is desirable to include as a component of the
feedstream in the epoxidation process of this invention. The presence of
carbon dioxide, within certain limits, has been found to provide surprising
improvements in propylene oxide selectivity. Desirable enhancements of

20 selectivity are generally observed using 1 to 60 volume % COQO, in the

feedstream, with 5 to 25 volume % CO, being preferred.
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The conponeﬁ?’gsgpsstzhe feedstream are nost suitably present in tﬁe

amounts shown on the follow ng table

Volunme in % Conponent (or ppm for
Propyl ene Oxi dation pr epyd ene about 2
to about 50% 5 oxygen about 2 to about
10% The ebgipurnenitelbf thee feedstream arefrrysaBlitab®) present in the
nitrogen oxi de species 0 to about 2,000 Blom hydr ocar bon
other than 0 tangausis sHuwn on the following table pr opyl ene 10

carbon di oxi de 0 to 60% nore preferably 5 to 25%

ni trogen or remai nder Volume iot%ker bal | ast gas

Al t hough the present in@emdomentan be used wi {&r gowy) $orzRropytbriey Oxid¥tion
vapor phase epoxidation reactor, including both fixed bed and fl uidized bed

15 reactors known topropylenet . it is cont enpbatta toladout BE8Y%r esent

i nvention wl | find nost wi despread application in st gndar'd fixed
bed, multi2 tubul ar OXygéfact or s such as t h88euhdwPiabowsdO%s et hyl ene

oxi dation reactors. These . h l.degeneral |y inclﬁt}de vYaI -cooled as well as
adi abatic or non-wal | - YSPEY Nat react ors. Pi&if t?g'n ths may typically

range fromabout 5 to %ggé?ﬁ%gﬁ%?w 20 O%ldboflﬁ%%ntg_‘;bh}h be in the

range from about 15 to a e tubes ave internal
di ameters from about O.H/drecaiemw otRebPiHdiches and st 5% expected to be

typically from about O. OF?%%S to about 1.5 inches. A plurality of
tubes packed with catal'yst“arranged in parallel within a suitable

shel | mayigbe enpl oyed. dabyn\didxids general |y 0ao®D%| @vrabesterad) 3 © 25%
about 10,000 (nore typically, from about 800 to about 3,000). Pressures of
nitrogen or remainder

other ballast gas
Although the present invention can be used with any size and type of

vapor phase epoxidation reactor, including both fixed bed and fluidized bed
15 reactors known to the ar, it is contemplated that the present invention will
find most widespread application in standard fixed bed, multi-tubular
reactors such as those now in use as ethylene oxidation reactors. These
generally include wall-cooled as well as adiabatic or non-wall-cooled
reactors. Tube lengths may typically range from about 5 to about 60 feet but
20 will frequently be in the range from about 15 to about 45 feet. The tubes
may have internal diameters from about 0.5 to about 2.5 inches and are
expected to be typically from about 0.8 inches to about 1.5 inches. A
plurality of tubes packed with catalyst arranged in parallel within a suitable
shell may be employed. GHSV values generally range from about 500 to
25  about 10,000 (more typically, from about 800 to about 3,000). Pressures of
from about 1 to about 30 atmospheres, more commonly about 1.1 to about
5 atmospheres, may be utilized. The contact time should be sufficient to
convert 0.5 to 70%, preferably 5 to 30%, of the propylene as it passes

s through the reactor.



fromabout 1 to about 30 atnospheres, nore commonly about 1.1 to about
5 at hospheres, may be utilized. The contact tine should be suffjci 0
convert 0.5“@)9%%‘32 preferably 5 to 30% of the propyl ene as FgT@kEﬂéﬁéh

t hrough the reactor. WO 98/ 30552
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EXAVPLES Exanple 1 -fdu s exanple illustrates the
preparation of a supported catalyst in accordance with the
invention. Silver nitrate (5.61 g) wasggisgplged in 20 m 5 distilled
water. To this well-m xed solution was™a d hydroxide (0.91

g) followed by Eedroplent carbonate (10 g). The resulting m xture was dried at
110[err]C for 4 hours, and thep @ drogen treated for 4 hours at ZSOHerr,]C
and 3000 CHS\N ISP XRMBI& éatr%tfesw@wgpa&ém ff Ai surRgated egtalyitiipi ent
wet ness | ' o] WUt d f | | 4.1

(024 9) di ssol SEI g Wi e AR ERltY N8 & of e st AL i
hydrogen t5 eat etistilledduater.( To3bis well-mixedypolufibe wasatidédgolt egdrokidea®.ghen
dried at 110[err] C for gho rs togield a cal.cium _

car bonat e- suppddifelpwed V@YC"&'@rﬁaé onaig (28 aheil§rtresyiligy mixsirgayameried at

% Au, and 1 wei 9 G}

car bonat e-superg'{E’tég/%g?J]"y“é? a? é@ﬁ@%@g%n%@aﬁd %S%Slourspét%%lo tg;grﬁda?%?%g 25
vei ght % Ag, 4.GH®M gbing/aAgedl oivdigtitydveder( &s nitteger]. CBeindipienasvetness
charged to a m.cro reactor. At conditigns qof 250[err]C, 30 ggl and 1200
GV, a f oedst IBRRPERAAN. AMEI4BOUFOIEOD.Y PORRRSE, N15Ale (Q.46 Tctipsalved

and 200 gpm NO&ABlm| ¥ dibtitdPwadr al8s 9% MHd heHR en%tgaﬁsgu&v fa4 he
ZPt er 2411 %(gl ?

20 catal yst. ours on [1ne, 6% propyl en€ conversion an 434/0

sel ectivity togrofyé easultingdrodectewabtthemelliedTte! t @G iford® houfrs ttheyigidaduct

was carbon dioxide. The rate of c taiaya% %eacti,v,ation unﬂer
Bed,Eialy

condi tions was CREAYPIGAEPINAGFYRRORE IGPNERIRIpE R B E?{‘e}\giﬂzﬁg"?’tﬁi@m
hour). 25 BxaIPlfRt Bwhight % K.
Example 2
15 A calcium carbonate-supported catalyst (2cc; 2.39g; 14-30 mesh)
containing 25 weight % Ag, 4.6 weight % Au, 1 weight % K (as K,CO,) was
charged to a micro reactor. At conditions of 250°C, 30 psig and 1200
GHSV, a feedstream containing 10 volume % propylene, 5 volume % O,,
and 200 ppm NO,, with the balance being nitrogen, was passed over the
20 catalyst. After 24 hours on line, 6% propylene conversion and 44%
selectivity to propylene oxide were obtained. The remainder of the product
was carbon dioxide. The rate of catalyst deactivation under the test
conditions was relatively low (approximately 6 ppm propylene oxide per
hour).
25 Examples 3-4
These examples demonstrate that relatively high selectivity to
propylene oxide is obtainable using the process of this invention even in the
absence of gaseous promoters (NO, and/or organic halide). A calcium
carbonate-supported catalyst (2cc; 14-30 mesh) containing 25 weight % Ag,
30 4.6 weight % Au (derived from Au(OH),), and 2 weight % K (derived from



These exanpl es denonstrate that relatively high selectivity to

propyl ene 0?%[288/.’50% pbtai nabl e using the process of this i nventl;cqz%ﬁy@g?bn

encé of gaseous pronoters (NJ err] and/or organic
cal cium car bonat e- supported catal yst (2cc; 14-30 nesh) containing 25
wei ght % Ag, 30 4.6 weight % Au (derived fromAu(OH)[err]), and 2 wei ght
% K (derived from WD 98/ 30552 -19-
PCT/ EP97/ 05449 -19-

KNO[ err]) was CRN@Ydvi® chafydd tdal. Qnaéwwmettewbwb@ﬂar hkée%éﬁbafc%@fctm

condi tiofis of 25 err]C, 30 psig, and 0 GHSV using a
f eedst ream conditionpr o6 2bWC, 160vp8ug;rear% pYZﬂQII@HSV Eusmng uaefetdefreani ,
and no gaseous bei n results of 2%

. _pr ers. W th the balanc
propyl ene convefQiRhises OfoqgrYd’l‘ﬁr@ 705 BIQRY] f‘? v E‘rﬁ?o@ er@%ﬂodgaﬁ%?‘és
obt ai ned. QAP n
cat al yst underm?yerﬁégaeég \ggﬂ tl??l ons, déB&ngaN erg;s"}ggsfbf\?m?%h @(&M%geméﬁfg&%scf%o
ppm et hyl &hl or add éﬁafecsetlectl\mg to propyle‘rmecdmtdeeamregm:nddnt|B)a_l wagsaf ts.

Exanmple 5 10 . Thi xa ' strat es odi ment of the

i nvention wher epwnganson aﬁ’ﬁgh %Qu% {g#eo?%"t’%Faﬁ %P@ggﬁ%ei %mﬁéom&'@as,
preci ous net al r i ngéqp

catal yst cont ai n 3 Zgﬁ@elz&? poon‘?aN@j Ag 4 mm?{gkp%&pﬁ%% wei ght % Mo
(from ammoni um iaadﬁltmarm)gameddnantxca! resultgi ght % K (from KNO3) was prepared

i n accordance th the_procedure of 15 Exanple 1. A portion of the
catal yst (2 cch@m@ée—éesh) was charged to a m croreactor. At

condi ti ongg of 250[ er rhfs e%}nPF‘é mugﬂl'?gtelsaﬁ@ e%bcé/dln?ent of the lﬁ\%ﬁﬁ%r\ﬁﬁg}eba Ance

contai ning 10 vol une % propylene, 5 volume % Jerr]
bei ng nitrogen, mn@daqﬁiwecprovmtet feeptesieat ys the Afiked précibosrmmetai supported

oD B O i A S0l et o B B P
Ag, 4.6 weight % Au, 0.5 weight % Mo (from ammonium molybdate) and 1
weight % K (from KNO,) was prepared in accordance with the procedure of

15 Example 1. A portion of the catalyst (2 cc; 14-30 mesh) was charged to a
microreactor. At conditions of 250°C, 30 psig and 1200 GHSV, a
feedstream containing 10 volume % propylene, 5 volume % O, with the
balance being nitrogen, was passed over the catalyst. After 10 hours on
line, 2% propylene conversion and 50% selectivity to propylene oxide were

20 observed. The remainder of the product was carbon dioxide.
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CLAI M WO 98/30552 A process for producing propyl ene oxi JETHEY &P a

f eedstream conpri sing oxygen and propylene is contacted in the vapor
phase at a tenperature of 180[err]C to 350[err]C wth a supported

cat al yst conpri si ng (a) .pg-2 support conprising an

al kal i ne earth nmetal carbonate; (b) a catalytically
effective amount of gjd Fﬁ_r dM: (c) an anount of gold
effective to inprove se ecﬁl\iityto propyl ene

oxi de; and 1. Aprodébs for prd@lﬁ@!ﬂ‘?tdrbgyléﬁ@wtdeoﬁh@reﬁﬁé fsesdstroam
pronot er derived roma potassiumsalt conprising

pot assi um cat i sierapdsing oxygen and propylene is caaeteidoin ¥l vapedphasenalat bon

oxyani ons, nitr.ogen ° O \art anj_ons ,an ecursors

t her eof . tg%perit'ure o{'ﬂg Op?é8§§so (c}fw%}l] 8 ﬁirp%o\m?grcealt%‘yghg&gwﬁﬁgne earth
et al carbonate is caja)i unaeappomabprising an alkalinddearth Ft@ali06685te0f
claiml1l wherein the feedstream additionall conprises carbon di oxi de.

4.  The process of clai mMbl wharcaiayigadlysitestive ameunttofisiver| ect ed from
the group consisting of pgfass] r ho SS| i bonat g, .
potassiumnitrate, pot assﬁ%ﬁjm n%#%rﬁ@@ngﬁﬁgﬁ gﬁégt?\{s%gor%ﬁo@’e selecﬁv;ty =3

The process of claim1 wherei npidpgleiegrpdabedngi | ver catal yst S
conprised of 5 to 50 weight percent silver based on the total weight of the
supported silver catalyst{d)  a promoting amoumfeofpt petassiush prpaioienderieedi n

by weignt. cal bulated as phencepeiref sATeRprag Rl et L ot

the supported silver catalyst.an anion selectédd froffheafiyoPcesgamibng) aitraden
wherein the gold is derived froma gold conpound sel ected fromthe

group consisting of gold hydr oX¥@ionsanad Pr?Clﬂ’épfﬁ)er%ﬁfes and mi xtures
oo s rrom® to 11 AEPRR SUrkaRh Tl R R R L
supported sil vearbonate is calcium carbonate.

3. The process of claim 1 wherein the feedstream additionally
comprises carbon dioxide.

4. The process of claim 1 wherein the potassium salt is selected
from the group consisting of potassium carbonate, potassium bicarbonate,
potassium nitrate, potassium nitrite and mixtures thereof.

5. The process of claim 1 wherein the supported silver catalyst
is comprised of 5 to 50 weight percent silver based on the total weight of the
supported silvar.catalyst.

; 6. The process of claim 1 wherein the potassium promoter is
present in an amount of from 0.5 to 3 percent by weight, calculated as
potassium cation, based on the total weight of the supported silver catalyst.

7. The process of claim 1 wherein the gold is derived from a gold
compound selected from the group consisting of gold hydroxide, golid
carboxylates and mixtures thereof.

8. The process of claim 1 wherein the amount of gold present is

from 1 to 10 weight percent based on the total weight of the supported silver

(i
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catal yst. Q‘Z} 88’30552 9. The process of claim 1 wherein theP(%‘Te[%l(,jgg{tO?“e“gm
S characterized by the absence of an organic halide. 10.
The process of claim1l wherein the feedstream additionally conprises a
nitrogen oxi de species selected fromthe @leup consisting of NG,
NOJerr], NerrJJerr], Nerr](err], and m xtures thereof. 11.

A process for @éggjygl ng propyl ene oxide wherein a feedstream conpri si ng
oxygen and propylene is contacted in the vapor phase at a tenperature
of 200[err]C to 300[%rr] he t hrecessppdt tadainsi verherminal s teadatiesimg is

(a) asupport co r|S|n al ci umcar ona (b) fromb5
to 50 percent, B qﬁlé? pe%t?gﬁtand}rgémc halide.

suppor ted catal yst, S'TI?’éabroc%ss of claim 1 wherein(th feEBQﬁ‘éérTn[ Qd&ﬁoﬂ’ﬁh

percent, based on the t ot

catal yst, of gebrhprized a nitrogen ox1de specieq sglecfedoiromitie goup wmehn‘ﬁg bjl

wei ght, cal cul at ed as ot assi um cati on based on the
total weight ofNO, NOz NOg N,O,, and m""‘”"%d%@"?ed silver catalyst, of a

potassi um prondter 44 A npracess for producing p%ﬂlgﬁgoixﬁgwr%rgﬁt?@dé%ﬁm t

sel ected fromthe group potassi um

carbonate, poteasfirising oxygen and propylene is contaated bnrtaéevanm’t plssseimat a
nitrate, potassiumnitrite an m xtures thereof.

12.  The procel@nperatueg af 490 \EF]B? 8PA°G ndthr 2 sHRPPEasSHYRS ¢atalyst comprising

conpri ses carbon di oxi de. gim1l wherein
the gold is derived from(g) aa%?%o%%rgr{)nopd Ice]'?%efnecte ?éooﬁr%r—‘l{the gr oup

consi sting of gold hydroxbjle, fgmndS to 50gudroeyl, stased andthel idtal esighiteobof .
14. The process of claim 11 wherein the feedstream is characterized
by the absence of an organic HYARgEed catalyst, of silV&;  The process of claim

11 wherein the feedstreampaddigdAndld Y0 weigtPBRELHEDabEY ML tblal Weifht
m xture thereof.
of supported catalyst, of gold; and
(d from 0.5 to 3 percent by weight, calculated as
potassium cation based on the total weight of
supported silver catalyst,.of a potassium promoter
derived from a potassium salt selected from the group
consisting of potassium carbonate, potassium
bicarbonate, potassium nitrate, potassium nitrite and
mixtures thereof. = -
12. The process of claim 11 wherein the feedstream addifionally
comprises carbon dioxide. o
13. The process. of claim 11 wherein the gold is derived from a
gold compound selected from the group consisting of gold hydroxide, gold
carboxytates, and mixtures thereof.
14. The process of claim 11 wherein the feedstream is
characterized by the absence of an organic halide.
. 15.  The process of claim 11 wherein the feedstream additionally

comprises NO, NO, or a mixture thereof.

g
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The process WOr8E3032m 11 wherein the supported silver catal ystPCT/EPgm5449
addi tionally conprjses a promoting anount of a nol ybdenum pronoter.

17. A supported si | ver catal yst useful for catalyzing vapor phase

epoxi dation of propylene conprising 29, (a) a support
conprising an al kaline earth netal carbonate; (b) from1l
to 10 percent, basedi@n tigelpbdlssticlin Pi wherein th

supported silver cat al'yst, 1t‘09 @‘;Tl 3 © © SUEE?HG? snver cata!yg&

wei ght percent admtmmblm’cdimpnsen alpramioihy amount of a molybdenum promo@ér

supported silver catal yst, of silver; and (d) from 0.5
to 3 percent by wei ghf- cAl YRPsried sdlg,/er catalyst useful for catalyzing vaperueBasen
cation based o o) supported
silver catal ys[éég)?dzg%prg{) Enﬁr OoanPnsmg derived

froma potassium salt COW(H)I SI aguppbdrssiMpising an alkaline earth metal carbogatet on

and an anion selected fromthe group consisti ng of
carbon oxyani ons, nitrogetP)oxyHRM st Oppewentobased on the total weight of

t her eof . 18. The s of claim17 wherein
t he al kal i ne earth netal cg‘rg onafdjs'wsér\?;al&a@um céa{mnat e. 19.
The supported silver catalgyst f?bnmmﬂﬂvﬂdglaiﬂbbmeaﬂaidsﬁd on tHeOKRAl Weiget a
pronoting ampunt of a nol ybdenum pronpte The supported
silver catalyst of claim 17 \,\ﬁ@$léqqpr§%3|lver CB&'%SPUM@&] ands sel ect ed
fromthe group consistingHf p b SsS

bi car bonat e, potassi um I’llﬂ at e%g'(s)tsdagg}ﬁ%é nﬁ?fclte?% B ?gi(rf!wdeelsféﬁlate 21 eof .

potassium cation based on the total weight of
supported silver catalyst, of a potassium promoter
derived from a potassium salt comprising potassium
cation and an anion selected from the group consisting
of carbon oxyanions, nitrogen oxyanions or precursors
thereof.
18. The supported silver catalyst of claim 17 wherein the alkaline
earth metal carbonate is calcium carbonate.
19. The supported silver catalyst of claim 17 additionally
comprising a promoting amount of a molybdenum promoter.
20. The supported silver catalyst of claim 17 wherein the
potassium salt is selected from the group consisting of potassium carbonate,
potassium bicarbonate, potassium nitrate, potassium nitrite and mixtures

thereof.
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