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(57) Abstract

Propylene is converted to propylene oxide In a vapor phase oxidation process employing a silver catalyst supported on an zlkaline
earth metal carbonate and containing both a potassium salt such as potassium nitrate and a molybdenum promoter. The potassium salt and
the molybdenum promoter may be simulatneously supplied by the use of a potassium salt of a molybdenum oxyanion. The efficiency of the
process is greatly enhanced through the simultaneous inclusion of carbon dioxide and an organic halide in the feedstream. The feedstream
need not contain a nitrogen oxide species such as NO to attain high propylene oxide selectivity.
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SUMVARY OF THE | NVENTI ON - This invention provides a . process -
for epoxidi zi ng propyl ene conprising contacting at a tenperature

of 180[ err] Cwooefisiferr] C. (i) a feedstr eXCRESMMNOBYed of
propyl ene, an oxygen-contai ni ng 5 gas, an organic
hal i de, carbon di oxi de and, optionally a ni t rogen

oxi de species wth; (ii1) a supported silver catalyst

conpri sing (a) an inert refractory solid support

conprising an n ' | carbonate;
10 (b) a c%%??tqlaﬁtﬁgg Fgggﬁxﬁési | ver;
(c) a pronoting anount of a potassi't t g

pot assium cation and a nitrogen oxyan '

precursor thereof; and %EB&THEdHthg!QP‘OWDHng anount of a
mol ybdenum pr onot er. 15 . . ., I n one particul.ar esj rabl e enbodi ment
of the invention, the ?h‘s'“"”13'8?5@@?%?&?§aqr?°?,s§rfﬁ94héégreﬁ{)‘?’ﬁ 9 Rication
and an anion selected from t roup consisting of nitrate,
nitrite, and other amgypg\ectgmgqu o;ptge%tge%apor phase us?ng molecular oxygen

and particular supported silver catalysts.
BACKGROUND OF THE INVENTION |

The direct oxidation of ethylene to ethylene oxide by molecular

oxygen is well-known and is, in fact, the method used currently for

10 commercial production of ethylene oxide. The typical catalyst for such
purpose contains metallic or ionic silver, optionally modified with various
promoters and activators. Most such catalysts contain a porous, inert
‘support or carrier upon which the silver and promoters are deposited. A
review of the direct oxidation of ethylene in the presence of supported

15 silver catalysts is provided by Sachtler et al. in Catalyst Reviews: Science
and Engineering, 23 (1&2), 127-149 (1.981).

It is also well-known, however, that the catalysts and reaction
conditions which are best suited for ethylene oxide production do not give
comparable selectivities in the direct oxidation of higher olefins such as

20 propylene. The discovery of vapor phase direct oxidation processes
capable of providing propylene oxide in higher selectivity than is presently

attainable thus would be most desirable.

CONFIRMATION COPY



under goi ng di spl acement or other chenical reaction to formnitrate and/or
nitrite anions under epoxidation conditions. In another enbodi nent of the

20 i.nvention, the supported silver catalyst conprises a potassiumsalt

of .a mol ybdenum oxyani on such as potassi um nol ybdate or the [|ike.
Such are capabl e of functioning sinultaneous ter
conponent s Wé%ﬁ% 97/ 28142 bén P REA

PCF/ EP97/ 00371 . - 3-

(c) and (d). ‘Surprisingly, it has been discovered that high
propyl ene oxi de selectivity may be #&-tained even in the absence of
any nitrogen oxide species such as NOin the feed stream 5

To achi eve the highest propyl ene SKMMARY QE(THEINYENTIONi s critical to
operate the process by contacting a feed streamwi th a supported silver
catal yst at a tenper at urlhisinvestijreproyides a #0663s forniefoxidizihggropglenbei ng
conprised of 2 to 50 volune percent propylene, 2 to 10 vol une percent
oxygen, 50 to 500 momprisirgcoritactingata terperatdee ofi180°C 103503 Crol ume per cent
10 carbon di oxi de, and said supported silver catalyst conprising an

al kal i ne eart h (jyet ala feedétruamt Comphissd 6FpropPIene A bidfgeiredMAiAIng

bari um carbonate and strontium carbonate, 25 to 60 wei ght percent

silver, 0.5t 3 peigasén Bigank Kiilide, SarbeH ldididb &ty RptiBAally-a"

cation, of potassiumnitrate and 0.05 to 2.5 wei ght percent,

cal cul ated as Mo, of a nol ybﬂﬁw&meif&fmﬁr derived from an oxyani on
conpound of nol ybdenum Al'ternatively, 'a potassiumsalt conprised

of potassiumcation andgy g supported silver catalyst comprising

(@) aninert refractory solid support comprising an
alkaline earth metal carbonate;

10 (b} a catalytically effective amount of silver;

(¢) apromoting amount of a polassium salt comprising
potassium cation and a nitrogen oxyanion or
precursbr thereof; and

(d) apromoting amount of a molybdenum promoter.

15 In one particularly desirable embodiment of the invention, the
potassium salt comprises potassium cation and an anion selected from
the group consisting of nitrate, nitrite, and other anions capable of
undergoing displacement or other chemical reaction to form nitrate and/or
nitrite anions under epoxidation conditions. In another embodiment of the

20 invention, the supported silver catalyst comprises a potassium sait of a
molybdenum oxyanion such as potassium molybdate or the like. Such

salts are capable of functioning simultaneously as promoter components



nmol ybdenum oxyani on can be utilized in place of the potassiumnitrate

and nol ybdenum pronot er. An inportant advantage of the
invention is that it is highly selective 20 and t hus capabl e of _
furni shing propylene oxide in relatively high yield. Mor eover, the
process may bewopeestsred in a continuous manner over a PCTR®700371 Od

of time without significant deterioration of catalyst activity.
WO 97/ 28142
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON : The present invention
Is directed to a przﬁe {Qgr t he vapor phase oxi dati on of

propyl ene to propyl ene ox i.e., an epoxidation process

perfornmed in the presenceg, of .an o;< ns.contai nin rticular
class’ of supported sil ve%u@%rt'%ng&'gﬂas been scove:%dqgatrﬁgﬁgg%:gg Fhe ﬂﬁf‘@rl aI

used in the present ipv lon IS ed f f sever

car bonat e- cont ai ni n§® Ee&‘?i?'iit%maﬂeﬁee F?%ﬂ‘% e%"b@?tﬂﬁ?&f‘ﬁe of any nﬂroggﬁrg dis
an inorgani c carbonate havi ng a cation which is an al kaline earth
metal ion, particul #PPGieesueh@mNQn din fegd stie@fhesi um or bariumwith 10

calcium strontium and barium being nost preferred. Such carbonates
are capabl e of Sprovi di ng Texachiavedthealhighast gropylensyoxide selectidtiss; litds criticalite s
and have been found to be surprisingly superior to other support
materials in this reppmtethesprdceiss bycantaxting @ feed streem witle acpported gilvdror
exanpl e, in Canadian Patent No. 1,282,772. The carriers of the present 15
invention may exi st catalysiat atemperatare ¢f2001€ tor8000CBait feéd stréambeig i S
comprised of 2 to 50 volume percent propylene, 2 to 10 volume percent
oxygen, 50 to 500 ppm of an ‘aliphatic chloride, and 5 to 25 volume percent
10 carbon dioxide, and said supported silver catalyst comprising an alkaline
earth metal carbonate selected from calcium carbonate, barium
carbonate and strontium carbonate, 25 to 60 weiéht percent silver, 0.5 to
3 percent by weight, calculated as potassium cation, of potassium nitrate
and 0.05 to 2.5 weight percent, calculated as Mo, of a molybdenum
15 promoter derived from an oxyanion compound of molybdenum.
Altematively, a potassium salt comprised of potassium cation and
molybdenum oxyanion can be utilized in place of the potassium nitrate
and molybdenum promoter.
An important advéntage of the invention is that it is highly selective
20 and thus capable of furnishing propylene oxide in relatively high yield.

Moreover, the process may be operated in a continuous manner over a

fong period of time without significant deterioration of catalyst activity.



one in which the carbonate is the predomnant (i.e., at |east 50% by
wei ght) or, preferably, substantially the exclusive conponent of the
support- (i.e., the support consists essentially of one or nore alkaline
earth nmetal carbonates). In other enbodi nents of the invention, the 20

i norgani ¢ supgeydrpgmserial is used in conjunction with a sol%&&%ﬁuﬂte,

| .e., a subsupport or substructure conposed of a nore convention
support material, such as alumna (preferably, alpha-alumna). This latter

WO 97/ 28142 _
PCT/ EP97/ 00371 ' _ -4- -5-
type of support may enploy the carbonate material coated on individual,

relatively small particles DETALER BRSGRETIONQFSURBINVENTION a | ar ger

uni t such as a three-di nmensi onal framework having a honeyconb-type
of structure. The present invention i8 direated tara processfortthe vapobphgée
support material is preferred in the present invention,

particul arly when oxiiationof yiand tspropylene oxide, i.e., di 5AIRIM proegePnent
of the support. Conmercially avail able carbonate material s

suitable for use parfohfied ﬁr???g;breis@ﬁ@é‘bf an oRygeri€ontaining gas 3%@ ﬁﬁ'ﬁg@%r by

powders whi ch can be conver to the preferfed granul@a

conventi onal gnet he%gs df%géégthW%téi?%“ bed i n Canadi an Pat .
e e

No. 1,282,772. As SCri I'n greater ail below, the carbonate
SiTver compound and t haTEaLPEPraerBES s o Bhpredhnt diepbn i€ Seledled g ”
Alternatively: s Qe Ll BShaaid OSBRI Esf AalRaL TRy 2% dnate
employed is an inorganic carbonate having a cation which is an alkaline
earth metal ion, partidulérly calcium, strontium, magnesium or barium with
10 calcium, strontium and barium ‘being most preferred. Such carbonates
are capabile of providing exceptionally high propylene oxide selectivities
and have been found to bé surprisingly superior to other support
materials in this respect. Suitable carbonate supports are described, for
example, in Canadian Patent No. 1,282,772. The carriers of the present
15 invention may exist in various forms. In one embodiment, the carrier is
one in which the carbonate is the predominant (i.e., at least 50% by
weight) or, preferably; substantially the exclusive component of the
support (i.e., the support consists essentially of one or more alkaline
earth metal carbonates). I.n. other embodiments of the invention, the
20 inorganic support material Is used in conjunction with a solid substrate,

i.e., a subsupport or substructure composed of a more conventional

support material, such as alumina (preferably, alpha-alumina). This latter



15 mat eri al may
sol ution,

support.s to forma
spread on a suitabl

be conbined with an appropriate silver-containing
such as that used conventionally to inpregnate solid

slurry or paste. This material .may then be
e surface and dried and cal cined at an

appropri ate t qfgpeimsidre, such as about 500C. Thi s r BEVEP/OPI1 g
carbonate support with silver being supported 20 thereon inits
el enental state. The catal yst may then be inpregnated W th

solutions of the potassiumsalt and/or the rmgbdenum pronot er and
S

thereafter dried. As an alternative, the pota

97/ 28142

ium salt and/or
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sil ver-containing
paste or slurry wt

Kelakively slmrgilrpea%n o Oﬂﬂ%}gﬂ%ﬁ%pﬁ g suppon or rc?nta ergce?'at ! 29

carbonate support materl al, before or after |ncorporat|on of tE
silver, potassium s&ueh agraithsee WWWWWBFV"EH%@ 2 /i Qﬂt o)
shaped conposites suitable for use in propyl ene oxide manufacture. The
conposites may be f stmisturey any suitabl e techni que. For instance, it is
possible to formthe conposites by conpressing the support materials

into a nold havdng a desiA ganularforquotihecarbonate supporbmaterial is:prefetreskinmay

10 be selected to be appropriate for the formati on of the conposite and

i's often i

ithé jpeesemt invenfior [particutariyOrherousedhas the exclusivesarer s i n

maj or di nmensi on. When coated catal ysts, i.e., those
catal ysts in which tgiedeminantedmponent of the support. Commercially available

10

15

20

carbonate materials suitable for use in the present invention may be
obtained as powde_rs which can be converied to the prefer'red granular
form by conventional methods, including those described in Canadian
Pat. No. 1,282.772. As described in greater detail below, the carbonate
support may then be impregnated, or coated, with a s_olution containing a
silVer compound and thereafter reduced to elemental silver.

Alternatively, as described below, the powdered carbonate support
material may be cpmbined with an appropriate silver-containing solution,
such as that used conventionally to impregnate solid supporis to form a
slurry or paste. This material may then be spread on a suitable surface
and dried and calcined at an appropriate te.mperature, such as about
500°C. This results in a carbonate support with silver being supported
thereon in its .elemental state. The catalyst may then be impregnated
with solutions of the potassium salt and/or the molybdenum promoter and

thereafter dried. As an alternative, the potassium salt and/or



material is coated on a substructure are enployed, a slurry of the 15
carbonate material, in either powder or granular form may be m xed with
t.he particles of support material and thereafter dried. As with the
predom nant or exclusive carbonate support materials described above,

t he coated cayglysdisy My al so be prepared by using a sol uti Gigrairefreldtd ver
conpound or the silver conpound, a potassiumsalt,. and a nol ybdenum 20
pronmoter or the silver conpound and the potassiumsalt or the silver
conpound and the nol ybdenum pronoter to form%éﬁe slurry, followed by

sui tabl e drying and cal ci nati on. 97/ 28142

PCT/ EP97/ 00371 .
The surface areasmglybdenum promoter may b be d{ss?rl&eceirln tt'fe same sﬂv?r ¢dritaining

range fromO0.6 to, about b/ fer from a out 1. bout 10

nerr]/g. However! mem&*&ﬁ%%@@a d‘%@dﬁﬁ? ‘?‘Ei\r/’grpf %Pfﬁ'ygyaW' ®hi gher

than 14 nferr]/g are also effective for the purposes of this invention. The
5 surface areaCaBondigmaterialy the conventional B. E. T. nethod using

nitrogen or krypton described by Brunauer, Emmett and Teller in J. Am
Chem Soc. 60, 309-16 {Thezarbonate support material, jafore ar after incareratiorsofibed i n

the present invention may generally be descri bed as porous or
m cr opor ous 8nd t giNerppblassiamesalytand/qranelybddfium promioterpsam be dbomed M5 t o
0.80 cc/g. " The supported silver catalysts are typically

?fﬁg gz t Ihn?l)\r“ ?EZEI’B?%%% ggwggt@i?éé s@itatie fir Uselie Profyiersd axide MdhFadre. TThe i s
composites may be formed by any suitable technique. For instance, itis
possible to form the composites by compressing the support materials
into a mold having a desired configuration. The size of the particles may

10 be selected to be appropriate for the formation of the composite and is
often in the range of about 0.001 to about § millimeters in major
dimension.

When coated catalysts, i.e., those catalysts in which the carbonate
material is coatéd on a substructure are employed, a slurry of the

15 carbonate material, in either powder or granular form, may be mixed with
the patrticles of suppdrt material and theréafter dried. As with the
predominant or exclusive carbonate support materials described above,
the coated catalyéts tnay also be prepared by using a solution of a silver
compound or the silver cc;mpTaund, a potassium salt, and a molybdenum

20 promoter or the silver compound and the potassium salt or the silver

compound and the molybdenum promoter to form the slurry, followed by

suitable drying and calcination.



or exclusive carbdnate. supports as well as the carbonate- - coated
supports. However, in sone instances the supports, particularly 15 t he
car bonat e-coated supports, may have a particul ar shape and size and

thiss is especially true of the subsupports used with the carbonates.
Typical ly the wobspgigprts are fornmed into aggregates or "pil |l /Epo7603%1 2€
and configuration to be usable in tubular reactors. These pills nmay be
formed by conventional extrusion and firing techniques. The pills 20
generally range in size fromabout 2 nmto abbut 15 nm preferably

about 3 mmto about 12 mm The size is chosen to be consistent wth the
type of reactor enployedhelsurfgoaarads ofithe fcatmnaie duppod matedalplgeoataliyns,
WO 97/ 28142

PCT/ EP97/ 00371 range from 0.6 to about 14 m%g, preferably from about 1.5 & about 10
sizes . ranging fromabout 3 nmto about 10 mm have been found to be

nost suitable in tRet Rbwaled HQFHG‘%%% W fhattiRils hBviRg SURAES are-g}.?ﬁgher

shapes of the carrier aggregates use pur poses of “the presen

| venti on can var v del %ol Bk 6f rid rhBteR of Y RURMGSE! THe  °

used in the heterogeneous

unexpectedly di scovered that. exceptionally high.. electivity to the
desired propyPene %ﬁ%@ Yraducyse r%‘ﬁ?&h%?%ﬂ‘%&'ﬁlpgalb% E.T.me hod.ysigp|

sel ection of conposjtion of the su rted silver tal yst. The

catal yst nust cont"é#rﬂgﬁﬂf"%FMR}O%Hegé)r%ﬁdbeegWﬁr"rﬁpme&:%%gﬂ@'én JufBbr t
10 and silver but also a potassiumsalt as well as a nol ybdenum pronoter
or, alternativel y,Qﬁﬁ-@@ﬁQésﬁﬁrﬁQﬁiﬂﬁ (t938). nol ybdenum oxyani on. The

The carrier materials used in the present invention may generalily

be described as porous or microporous and typically have water pore
10 volumes of about 0.05 to 0.80 cc/g.

The supported silver catalysts are typically used as individual
particles of irregular shape and size. This is true both for the predominant
or exclusive carbonate.-supports as well as the carbenate-
coated supports. However, in some instances the supports, particularly

15 the carbonate-coated supports, may have'a particular shape and size and
this is especially true of the subsuppqrts used with the carbonates.
Typically the subsupports are formed into aggregates or "pilis" of a size
and configuration to be usable in tubular reactors. These pills may be
formed by conventional extrusion and firing techniques. The pills

20 generally range in size from about 2 mm to about 15 mm, preferably
about 3 mm to about 12 mm. The size is chosen to be consistent with the

type of reactor employed. In general, in fixed bed reactor applications,



support may be present either as predom nantly or execlusively the
carbonat e, designated herein as "carbonate-support”. The correspondi ng
cat al ysts which include such support are designated "carbonate- 15
supported catal ysts". Wien the carbonate is coated on or 'in the

presence of gysedgikate or subsupport, the support is desi gpersformosn
"car bonat e-coated support” and when the support is used in a conplete

catal yst, the designation for the catalyst is a "carbonate-coated
catal yst". As used herein, the term"coated" is not intended to
I nply that one 20 subst ance necessarily Borms a | ayer on or envel ops a

second subst ance . but nerely refers to the procedure involved in
the preparation of SZggfanging from abgyits mg to about 10 mindhaye/baenfound to be

PCT/ EP97/ 00371 . . . : ) - 9-

The carbonat e- andmaQst suitehle inthe: typicalippular teacigrsysegirnpammerce. The  as
I ndi cat ed above or obtained commercially. The carbonat e-supported

cat al yst of the prebapes ohthecariar aggyegatepusaful fod purpases ok thevpresenthod

of introducing silver and/or a potassiumsalt, such as potassiumnitrate,

in 5 sol ubl e inventiomcan varyewidslyydritbcambe anyrof the, forms sonventionaly m to a
support. A preferred nethod of introducing silver to the carbonate

support is bysan i gBégithe Helerdgensass catapBi & a sol ution of a soluble salt
or conplex of silver in an amount sufficient to deposit the desired weight

of silver upon the carr jtfiasifeef UreRkbsctadlytistoverddthhEexddpritnallytigh 10
"conpl exi ng/ sol ubi I'i zi ng" agent. Th_e sol ution may be used to I'np egnat e
selectivity to the desired propylene oxide product is only obtainable by
careful selection of composition of the supported silver catalyst. The
catalyst must contain not only an alkaline earth metal carbonate support
10 and silver but also a potassium salt as well as a molybdenum promoter
or, altematively, a potassium sait of a molybdenum oxyanion. The
support may be present either as predominantly or exclusively the
carbonate, designatéd herein as "carbonate-support”. The corresponding
catalysts which include such support are designated “carbonate-
15 supported catalysts®. When the carbonate is coated on or in the
presence of a _substrate or subsupport, the support is designated
"carbonate-coated support’ and when the support is used in a complete
catalyst, the designation for the catalyst is a "carbonate-coated catalyst".
As used herein, the term "coated" is not intended to impiy that one
20 substance necessarily forms a layer on or envelops a second substance

but merely refers to the procedure involved in the preparation of such

material.



the support or carrier by immersing the carrier in the silver-containing

| npregnating solution and formng a pasty mxture or slurry. The slurry is
then dried and cal ci ned by placing the m xture in an oven or furnace at
about 100 to about 120[err]C for 0.5 to 6 hours and then heating the
mxture 15 woaknadtenperature of - from about 250 to about GRUIERYPBTE or

another 1 to 6 hours. This procedure acconplishes drying of the
car bonat e/ si | ver m xture, renoves volatile conponents and reduces
the silver present to its elemental §form The

requi red potassiumsalt nmay be introduced to Yhe catal yst as

| mor egnat on sol Ui on | iy &4R8ARILE ahTRAARI-80s8H SopdHEinRy ﬁa;?r%pared

may be done by any knomm nner npreg na Ing a
Conveniently, this

VO 97/ 28142 Bhaf éﬁéveedoroébtajﬁgd %oﬁﬁﬁeq'%lalilpe'lﬂgtcglﬁ'o?\taté@ﬁﬁﬁdr?éd 'n a

PCT/ EP97/ 00371
contai ner, evacuat i GalyakofdBe presant inyaption, Byay he RrieparRd bRy 'ﬁ{f"t'm@%'éﬂq

sol ution. Alternati veI t he support. may be spray d or sprinkled with the
i npregnating sol ut i fintragicing silier angfor A RAtasiym; %SF @m“?’d"ﬂ?'ﬁ i
of f or the sol vent nay be renoved by evaporation under reduced
pressure at a Suit a3nlidbledemmarand/er-a mpiybdspum Rremaiery in mublséomutea at a
noderate tenperature (e.g., at 120[err]C in an oven for one-half to five
hour s. Sucsuppopt: oA praferred methomhof introducing gilnetito the casbonate
"consecutive" nethod of preparation. The carbonat e-supported
catal yst may al so bsupposisbydandimpregnation pracéssiinswhichna sokition of a soluble salt
"coincidental” nmethod of preparation. Wth this
or complex of silver in an amount sufficient to deposit the desired weight
of silver upon the carrier is dissolved in a suitable solvent or
10 "complexing/solubilizing” agent. The solution may be used to impregnate
the support or carrier by immersing the carrier in the _silver-containing
impregnating solution and forming a pasty mixture or slurry. The slurry is
then dried and calcined by placing the mixture in an oven or furnace at
about 100 to about 120°C for 0.5 to 6 hours and then heating the mixture
15 at a temperature of from about 250 to about 600°C for another 1 to 6
hours. This procedure accomplishes drying of the carbonate/silver
mixture, removes volatile components and reduces the silver present to
its elemental form.
The required potassium salt may be introduced to the catalyst as
20 an impregnation solution in a separate impregnation step. Again, this
may be done by any known manner of impregnating a porous material.

Conveniently, this may be carried out by placing the catalyst material in a



10 met hod, the potassiumsalt is included in the silver

conpound- cont ai ni ng solution used to inpregnate the carbonate
support.. . The carbonate-coated catal ysts are prepared by
coating a suitable substructure or subsupport material, preferably
al um na, andw@Fingia2 preferably al pha al um na, wth apcrmperioesr:
carbonate-containing slurry. This may 15 contain only the carbonate, in
whi ch case the carbonate-coated support is ) further treated as

I ndi cat ed above to produce a silver or aqgilver and pot assi um

nitrate or nitrite carbonate-coated catalyst. Alternatively, a

carbonatel o1 S ARp WAbAS e S BRI M BASHL B ERONR e
e el Bpoaous, B e B BR e Ba el v e

coincidental procedure. Thus, in a sequential procedure, particles or pills
WD 97/ 28142 impregnating solution. The excess solution may then be allowed to drain
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of a suitabl e gfdrsthersuiventanay beremoved by evaporationl undenseduee] coated with

a slurry of a carbonate material and a soluble salt or conplex of silver

di ssol ved in S Rt i Sl Impert agpBteatd] ' itlal s are
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duration of hea . nvers . to the tenperature
Sbove wiih o S Bieesetd g RE R Bofenty ol opREBE Al M de o
preparation. The carbonate-supported catalyst may also be preparéd by
a "simultaneous’ or “coincidental® method of preparation. With this
10 method, the potassium salt is included in the silver compound-containing
solution used to impregnate the carbonate support.

The carbonate-coated cata'iysts are prepared by coating a suitable
substructure or subsupport méterial, preferably alumina, and most
preferably alpha alumina, with a carbonate-containing slurry. This may

15 contain only the carbonate, in which case the carbonate-coated support is
further treated as indicated above to produce a silver or a silver and
potassium nitrate or nitrite carbonate-coated catalyst. Altematively, a
carbonate/silver compound slurry or a carbonate/silver compound/
potassium salt slurry or a carbonate/silver compound/molybdenum

20 promoter slurry or a carbonate/silver compound/ potassium salt/
molybdenum promoter slurry may be produced in a sequential or

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



nol ybdenum pronoter, and then dried. The carbonate-coated supports 10
may al so be forned by a coincidental procedure in which a carbonate/

si | ver .conpound/ potassium salt/ nol ybdenum pronoter slurry is used to

coat particles or pills of a suitable subsupport. After draining, the

cat al yst woomisss2dried at a tenperature and for a durati 86TERIEI e
above for those car bonat e-coat ed catal ysts prepared by the
sequenti al procedure. The 15 particular silver salt or conpound used
to formthe silver-containing | rrpregr‘1at| ng solution in a sol vent
or a conpl exi ng/ solubilizing agent is not particularly critical
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PCT/ EP97/ 00371 thereafter drained and calcined in an oven at a temperaturg-of about

oxal ate, nal onate, nul ate, maleateo | actate, citrate, phthalate, %rally
the silver salt® of 3h05Gdp abeut G0GE der ahaws thrae minwtes to about four ho

I arge number of solvents or conpl exing/sol ubilizing agents nay be

suitably used to forduration ef heatingdeinginversgly propedional tnghstgmnerawre 5
Besi des adequately dissolving the silver or converting it to a soluble

form a suiemgiibyed.oThe catalyst istthph impraghated inithe piangeadesaribedoul d
be capabl e of being readily renoved in subsequent steps, either by
a washi ng, above with a solution of potassium salt followed by a solution of

molybdenum promoter, and then dried. .The carbonate-coated supports

10 may also be formed by a coincidental procedure in which a carbonate/
silver compouﬁd/ potassium salt/molybdenum promoter siurty is used to
coat particles or pills of é suitable subsupport. After draining, the catalyst
is dried at a temperature and for a duration indicated above for those
carbonate-coated catalysts prepared by the sequential procedure. The

15 | particular silver salt or compounci used to form the silver-containing
impregnating solution in a solvent or a complexing/solubilizing agent is
not particularly critical and any silver salt 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

20 employed. Thus, the silver may be introduced to the solvent or
complexing/solubilizing agent as an oxide or a salt, such as nitrate,

carbonate, or carboxylate, for example, an acetate, propionate, butyrate,



vol atilizing or oxidation procedure, or the |like. The conpl exi ng/

sol ubilizing agent, preferably, should also permt solution to provide
silver. 10 in the finished catalyst to the extent of preferably about 25
t o. about 60 percent silver, based on the total weight of the

catal yst. |t woonisisf general ly preferred that the Srehsos
conpl exi ng/ solubilizing agents be readily mscible with water

si nce aqueous solutions may be conveniently enpl oyed. Anong t he
materials found suitable as solvents or 15 conpl exi ng/ sol ubilizing
agents for the preparation of the silver- conﬁaTnlng solutions are

al cohol's, including glycols, such as ethyl ene am nes

(i ncl udi ng al kanol 2%& ra#ena!q(madntanmé@} Aa%a{eaFMmW%tedgenera&m

as lactic acid, as well as aqueous mi xtures of such nmaterials.

Typi cal Iy, a sil vethegiivesisaits gf highet fally acidspang theclikeby di ssol ving 20
silver in a suitable solvent or conplexing/solubilizing agent such as, for

exanple, a mxture of wétlarge murhbérofetiventsie; camplexingésolubilizirng agsnt@maye
and nono- et hanol am ne. The solution is then m xed with support

97/ 28142 be suitably used to form the silver-containing impregnating solution.
PCT/ EP97/ 00371 - 13-

particles andsgdrai Bgidesieqahtely disbsivingthe sihesi orconveing Rty a@oluu!e form,

As indicated above, after inpregnation, the silver-inpregnated
carrier particles alsitabRoddMbritOreom Iﬁxing’/itﬂuﬁhilﬁghgéﬁt' shotifd 56 Bapabie of

Ssilver nmetal and thereby ef Pect deposition of silver on the

surface of the suppgig readcﬁmm&ma%bggﬁﬁrﬁﬂgﬁg lhﬁeyrlﬂgxatser%llgfﬁsurfaces of

applied to the support, udes not

the carrier but al §afififing BF 8kidatior Prdcaare, of B'fghke. The complexing/

solubilizing agent, preferably, should also permit solution to provide silver

10 in the finished catalyst to the extent of preferably about 25 to about 60
percent silver, based on the total weight of tt;e catalyst. ltis 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

.15 complexing/ solubilizing agents for the preparation of the silvér-containing
solutions are alcohols, including glycols, such as ethylene glycol, amines
(including alkanolamines and alkyldiamines) and carboxylic acids, such
as lactic acid, as well as aqueous mixtures of such materials.
Typically, a silver-containing solution is prepared by dissolving

20 silver in a suitable solvent or complexing/solubilizing agent such as, for

example, a mixture of water, ethyieﬁediamine, oxalic acid, silver oxide,

and mono-ethanolamine. The solution is then mixed with support



I's, the surfaces defining the pores or internal portion of the support
particles. This nmay be done by treating the inpregnated particles with a
reduci ng agent, such as hydrogen or hydrazi ne and/or by roasting, at an 10
el evated tenperature to deconpose the silver conpound and reduce the

silver to itswoemspetallic state. Certain solubilizing agenPETEBENIOIY

al kanol am nes, al kyl diam nes, and the |ike may al so function as reducing
agents. An alternative nethod of obtaining a

car bonat e- supported silver 15 catal yst suigtable for use in the process
of this invention once it has been nodi fied with potassium salt

and nol ybdenum pr onpiditlessaneddréifred. Thereafter Méaﬁérﬂbfeétdréﬁuﬁﬁblﬁhﬁé&r .
carbonate and al kaline earth nmetal carbonate from the respective

nitrates or other water- RQWa%&QE vce'%ﬁ?pmcggn%r{, %é%iﬁer—im?rf)gna}_eg:at .

No. 2,825,701 (incorporate erein by refe InIts entire 20

exampl e, a silver- contigt Bilesal Al WA VAP sB SPASRHIERYo siver

preparing an aqueous sol Ution contarning a sIlver

nitrate and an al k%F@?f\?g&%?%te%cts@ptosﬁﬂﬁ%%ﬁv&raclncihlé@uwaEé%& the support.

preferably
PCT/ EP97/ 00371 . . n . - 14
at a nolar ratPo fr@fused hegein. the tegm, syrface’, agiapplied te the -g{qppp]'t-, ingludes not
al kal i net al, carbonate sql ution, such, a ot assi um car bonate in
water to forma  onlythe E&eﬂ?aiﬁﬂ?‘?%ﬁ%mi? CQNGK@PP alspbe mitemalsuriaces) thad
earth netal carbonate. The . Co-precipitate may thereafter be
washed, dried, inprisgihesiagesdefining the pases\asirtamal pedioptaf the\seprart
potassiumsalt, and/or treated with a

particles. This may be done by treating the impregnated particles with a

reducing agent, such as hydrogen or hydrazine and/or by roasting, at an
10 elevated'temperatur_e to decompose the silver compound and reduce the
silver to its free metallic state. Certain solubilizing agents such as
alkanolamines, alkyldiamines, and the like may also function as reducing
agents.
An alternative method of obtaining a carbonate-supported silver
15 catalyst suitable for use in the process of this invention once it has been
modified with potassium salt and molybdenum promoter is by co- |
precipitation of silver carbonate and alkaline earth metal carbonate from
the respective nitrates or other water-soluble salts as described in U.S.
Pat. No. 2,825,701 (incorporated herein by reference in its entirety). For
20 example, a silver-containing carbonate support may be prepared by
preparing an aqueous solution containing a silver salt such as silver

nitrate and an alkaline earth metal salt such as calcium nitrate, preferably



reduci ng agent or by calcination or the like to reduce the silver to its
free netallic state. The sequence of such additional steps nay be
varied.as desired. The co-precipitate may be coated or deposited
onto a different granul ar, porous refractory material, as

descri bed i npidRngder enentioned .10 pat ent . PCT/EPlobayugh at
| east a catalytically effective anbunt of silver nust be pr esent
in the finished catal yst (nmeani ng an anount that provides a

measur abl e conversion of propylene to propylgge oxi de), the silver

concentration preferably is fromabout 2 percént to 70 percent, by weight,

stiver o0 O Cont Bbial T ork st 1-67hnkHe 50 iRAirig, n i

wei ght . |1 hgs been di scovered that the pregsence, of certain
speci 1 msseLaarboriite soldion uEh 25 Forsiuta gationals asmar o &
significantly enhances the . effici encY of said catalyst as a
propyl ene epoxi dat FerPrecipiate-af silyercaghonate and gikalinggafthmetal ¢arbongle, The

oxyanion (i.e., an anion or negative ion which contains . both
nitrogen and oxygegodrecipitatenay thereaftar beswashedn dred.iimpsegnated withir sor
thereof (i.e., an ani on capabl e of undergoing di spl acenment or other

WO 97/ 28142 & molybdenum promoter and/or potassium salt, and/or treated with a

PCT/ EP97/ 00371 -15-
chemical reaction seduding agent ar byicalcigationcontbe liketaredace thposilveata itsfree
catal yst preparation conditions). Potassiumnitrate (KNJerr]) is the
preferred potassi umetallit state. The sequence of slith atkiitionaksteps aadybevaried as

potassiumsalt may be introduced to the
desired. The co-precipitate may be coated or deposited onto a different
granular, porous refractory material, as described in the aforementioned
10 patent. |

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 to p}opylene oxide), the silver
concentration preferably is from about 2 percent to 70 percent, by weight,

15 based on the total weight of the catalyst. More preferably, the silver
concentration ranges from about 25 to 60 percent, by weight.

It has been discovered that the presence of certain specific
potassium salts in the supported silver catalyst significantly enhances the
efficiency of said catalyst as a propylene epoxidation catalyst. The anion

20 must be a nitrogen oxyanion (i.e., an anion or negétive ion which contains

both nitrogen and oxygen atoms) such as nitrate and nitrite or a precursor

thereof (i.e., an anion capable of undergoing displacement or other



5 catal yst in any known manner. Thus, inpregnation and deposition of
silver and a potassiumsalt nmay be effected coincidentally or sequentially,
as descri bed above. The preferred nethod is a sequential inpregnation

of .t he support wherein initial introduction of the silver-containing

sol ution wo 9728182 f ol | oned by drying of the silver-cont aiRGIEPIFUPRLr t
and heating and/or 10 chem cal reduction of the silver. This support is
then i npregnated with a solution of the potassiumsalt. The

af oredescri bed sequenti al i npregnat jgp procedure, when a M
pronoter is present, advantageously yiel ds a catal yst that breaks

in more quickly andcﬁérﬁig?ﬂ%géﬁs‘ﬁﬁﬂﬁd ﬁﬁﬁﬁainﬁrogleg oﬁ%ﬁﬁh%nggfgfﬁiaﬁtﬁ?oro”

stream As will be exp sequent nor e Is al so

prefert et 10 11t o roBBB SO BRI Bkl it NG i 211

€ potassium equent1 a

| npregnation is als ' e Where the feed stream does not contain
any NO or other ni tﬁ'@g{(ié%s%gs'g%ﬁ s. In another desirable

embodi nent of the inventjon, however, the potassiumgsalt and. the 0
nol ybdenum pronoter are "i'?wﬁﬂ'f’ﬁ'?%’@h?"?‘ﬂg% SR Fﬂfﬁ@é}%'ﬂ@gg‘?dgtf’ the
a potassiumsalt of a pol ybdenum oxyani on such_ as potassi um -

nol ybdat e. 5 Gatalyst ingnyknown manner. Thus, impregnation and deposition of
PCT/ EP97/ 00371 .

In order to perf orn$ilver and afatassiumsall gy be aifeetad cpislcw@gtallu{égfequenﬁaﬂy.
must be soluble in the sane sol vent or conpl exing/solubilizing |iquid used
with the silver inpaedesaribed abhove: The preferredimethpdds aisequentialjimpregnation
of the support wherein initial introduction of the silver-containing solution
is followed by drying of the silver-containing support and heating and/or
10 chemical reduction of the silver. This support is then impregnated with a
solution of the potassium salt. The aforedescribed sequential
impregnation procedure, when a Mo promoter is present, advantageously
yields a catalysi that breaks in more quickly and attains steady state
within 1000 minutes on stream. As will be ex;ilained subsequently in
15 more detail, it is also preferred to introduce ﬂf;e molybdenum promoter to
the catalyst prior to impregnation with the potassium salt. Sequential
impregnation is also desirable where the feed stream does not contain
any NO or other nitrogen oxide species. In another desirable
embodiment of the invention, however, the potassium salt and the
20 molybdenum promoter are simultaneously introduced through the use of

a potassium salt of a molybdenum oxyanion such as potassium

molybdate.



procedure in which the silver is added first, any solvent capabl e of 5
di ssolving the salt which will neither react with the silver nor |each it
from . t he support is suitable. Aqueous solutions are generally
preferred, but organic liquids, such as alcohols, may al so be

enpl oyed. Supickh§isz procedures for effecting introdeeiE®ioesnt he
potassiumsalt to the solid support are well known in the art. 10

The required potassiumsalt is added in an amount sufficient to
provi de an inprovenent in one or nore of the1§at alytic properties (e.g.,

selectivity, activity, conversion, stability, yield) of the supported

silver catal ys e talvst n cant ai.ni ng t

pot assi um sal t irt ﬁs&eﬁﬁsg?rg? ?@H%%"@PSP«%‘@%@%%%?‘QW Qﬁ%e
preci se anount will v . dependi nq upon such var, abl.es as the
nitrogen oxide speﬁ%ggérﬁ?}"%'e in th8 s%%@\‘ﬁ'ﬁé’[’ COMPIngEe “é’ﬁ‘ﬂpg@gﬂ'ﬁi ysedhe
epoxi dation procedure, the | concentration of other conponents in .
the feed stream t Méhdheghyerdmpregnating solutione Withhepraiairedsaayentidl o yst
the surface area of the support, the rocess conditions, e.g.,
space vel ocity andprasesureinwhich theisilver isasideg firshany solyent.canable of
Cenerally, however, a suitable concentration range of the added
pot assi um sal 6, cabissblvingthasaavhichwill neithieo raach with the silvesmor ach it from
percent, preferably about 0.5 to about 3 percent, by weight, based on the

WD 97/ 28142 the support is suitable. Aqueous solutions are generally preferred, but
PCT/ EP97/ 00371 -17

total weight of thergticliquids, Suohtasmicshols Moy alshbewhplojed, aSaitablen an
amount of about 1.5 to about 2.5 weight percent K
procedures for effecting introduction of the potassium salt to the solid
- support are well known in the art.
10 The required potassium salt is added in an amount sufficient to
provide an improvement in one or more of the catalytic properties (e.g.,
selectivity, activity, conversion, stability, yield) of the supported silver
catalyst as compared to a catalyst not oontéining the potassium salt
(herein referred to as "promoting amount®). The precise amount will vary
15 dependi-ng upon such variables as the nitrogen' oxide species and
concentration thereof employed in the epoxidation procedure, the
concentration of other components in the feed stream, the amount of
silver contained in the catalyst, the surface area of the support, the
process conditions, e.g., space velocity and temperature, and morphology
20 of support. Generally, however, a suitable concentration range of the

added potassium salt, calculated as cation, is about 0.15 to about 5

percent, preferably about 0.5 to about 3 percent, by weight, based on the



It has been unexpectedly found that the addition of a pronoting

anount of nol ybdenum (i.e., an anount that works effectively to provide
5 an inprovenment in one or nore catalytic properties of a catalyst as
conpared to a catal yst not containing nolybdenun) ‘to a potassium
salt-containi gpomepRrted silver catal yst inproves the propyPCREPY0IY
selectivity of such catalyst. The extent of pronotion observed using

nol ybdenum si gnificantly exceeds that obtained-when transition nmetal 10
conpounds ot her than Mo conpounds are introduged into the catalyst.

The exact form of the pronoter under epoxidation operating conditions is
not known. The nol yﬁé&wwaqrftwm@éamryst.lmoa%rbﬁfsﬂy, the saftlis RAGSEMtarP D

the catalyst in the elenental formsince the pronoter is applied to the

catalyst in the for rﬁrﬁéuﬂt%%bogﬁ.g}sto aggqt)gg:‘gggggﬁ%gﬁtﬁonpl exes and the

15 ~-reducing condi t1ons gener use siTver to netallic

il t ffici t he..npl . th
levena Oy oo, 1PN b Aol et R NGRS RIRRHRNE..
deposited on the support .or present . an e, catal yst..is {n_the

af ¢ BEPQUDIAT PEIVDIENUM (2 amAUnt At WORKS eifErtively 19 arayi
ggirrgiogncorrg(r)lrpn rm]snﬁ\’ rese?fl pbreferred . errlt_)qpegi nt, .the roqrfgtg;
's appliod to the cAMIMRIEVementB aneormers, catalytic properties,ota catalyst ash 1 he

formof an anion, or negative ion which contains oxygen. WO

97/ 28142 compared to a catalyst not containing molybdenum) to a pptassit® 7/ 00371
- 18- Exanpl es of anions of nol ybdenumthat can be suitably applied
i ncl ude sait-containing supported silver catalyst improves the propylene oxide

selectivity of such catalyst. The extent of promotion observed using
molybdenum significantly exceeds that obtained when transition metal
10 compounds other than Mo compounds are introduced into the catalyst.
The exact 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 complexes and the
15 reducing conditions generally used to reduce the silver to metallic silver
are not usually sufficient to reduce the molybdenum to the elemental
form.
It is thought that the promoter deposited on the support or present
on the catalyét is in the compound form, most probably in the form of an
20 oxygen- containing or oxidic compound. In a presently preferred
embodiment, the promoter is applied to the catalyst in the oxyanionic

form, i.e., in the forrﬁ of an anion, or negative ion which contains oxygen.



nol ybdat e, di nol ybdate, paranol ybdate, other iso- and hetero-

pol ynol ybdat es, phosphonol ybdate, and the |ike. The anions can be

prepared by the reactive dissolution of various non-anionic materials such
5., as the oxides such as MbG3 etc., as well as other materials such as
carbonates, sihbflggs halides, oxyhalides, hydroxyhalides, Qs st8h:

sul fides, etc., of nolybdenum As nentioned previously, the use of

pot assi um salts of nol ybdenum oxyani ons (e.g., potassium nol ybdate)

avoids the need to utilize different conpounqg to introduce the necessary
10 pot assi um salt and nDbedenun1pronDter The carrier is

| npregnated with r.onot . onpound( s)
and/ or conpl ex( es;r%"%mpi 'Benﬁeﬁ'éwh'g’gﬁh'ém?hﬁ‘é %‘1 by suitably apﬁ'ﬁa@"aée

ot her conponents of the ca re added bef or e, and/ | at er.
Preferably the rol VRR¥ pﬁ?ﬁﬁ/’i@ﬁ%m@mw& 8\%59?6885‘@&%"" 15 i nto
the catalyst prior to the addition of the potassium sal

The preferred amurﬁpmowmé?hoéﬁh%@QWGdﬁﬁeeéléﬁtthQ)W%rThea"'onscaﬂéﬁom ted
on the support or catalyst ranges fromabout 0.05 to 2.5 wei ght

percent M (neasur @ueparediby the seagtiveidisselitiontaf various non-anionis materialscsuch

the pronoter is present) based on the total weight of the supported silver
20 cat al ysta ThasdbgoxidesisubbasMoOgpeslicaiasaveliws other materidiesuchias i ned

limts wi || vary dependi ng upon particul ar properties and
characteristics, suwarbonates, sulfates, hdlidescoyinalides, hydmixyhalidesnhydroxides,
catal yst preparative techni ques, WO 97/ 28142

PCT/ EP97/ 00371 sulfides, etc., of molybdenum. As mentioned previously, the use of
potassium salts of molybdenum oxyanions (e;g., potassium molybdate)
..avoids the need to.utilize different compounds to ititroduce the necessary
10 potassium salt and molybdenum promoter.

The carrier is impregnated with molybdénum 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 and silver are incorporated

15 into the catalyst prior to the addition of the potassium salt.

The préferred amount of promoter compound present on or
deposited on the support or catalyst ranges from about 0.05 to 2.5 weight
percent Mo (measured as the element irrespective of the form in which
the promoter is pre_sent) based on the total weight of the supported silver

20 catalyst. The 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 chem cal properties of the
support utilized, silver content of the catal yst, and potassi um content of

t-he catal yst. The presence of the indicated and cl ai ned
pronoti ng anmount of 5 mol ybdenum in this specification and cl ai ns does
not precl udewdwer2ssa of ot her activators, pronoter 2CTERNADNRYr S,
stabilizers, inprovers, and the | i ke. However, the present

i nvention has unexpectedly been found to be capabl e of operating
at relatively high efficiency even in the abﬁgnce of ot her
pronoters such as rhenium 10 The pronoter conpounds, salts and/or

conpl exes used in éﬂﬁa rea and &Srgm ? fr8an8'sultace bﬂéﬁ\ﬁl&i Pl%?bﬁleé%ﬁhé‘r e

nol ybdenum conpounds X or conpl exes
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sane sol vent used od g& {jt the silver and potassiumsalt.
Preferred prom)ter ?é fHs are the oxyanionic corrpounds of

nol ybdenum preferably the amoni um and, a| kal | tal ani opat es,
such as potassi um nol ybaﬁ?é’fe%eé'ﬁﬁm%ma ﬁ'ﬁl'ﬂ?‘& WtWQU"t of
amoni um nol ybdate, |ithium nol ybdate, sodi um nol ybdate and the |ike.

Propyl ene and5an ofyal¥hrenyim i thi&ﬁyegﬁsamn and clairg goes fpt preciuge the use of
nol ecul ar oxygen) are brought together in a reactor in the presence of the
previously descri betheractivators, prafestess; ephancars, stabiizers.improverscanptiesh at
| east partial epoxidation of the propyl ene. Typical epoxidation conditions
WO 97/ 28142 like. However, the present invention has unexpectedly been found to be
PCT/ EP97/ 00371 - 20-
capabile of operating at relatively high efficiency even in the absence of
other promoters such as rhenium.
10 The promoter compounds, salts and/or complexes used in the
preparation of the instant catalysts are molybdenum compounds, saits
and/or complexes that can be solubilized in an appropriate solvent.
Preferably, the solvent is a water-containing solvent. More preferably the
solvent is the same solvent used to deposit the silver and potassium salt.
15 Preferred promoter compounds are the oxyanionic compounds of
molybdenum preferably the ammonium and alkali metal oxyanionates,
such as potassium molybdate, cesium molybdate, rubidium molybdate,
ammonium molybdate, lithium molybdate, sodium molybdate and the like.
Propylene and an oxygen-containing gas (i.e., a gas comprising
20 molecular oxygen) are brought together in a reactor in the presence of the

previously described catalyst under conditions effective to accomplish at

least partial epoxidation of the propylene. Typical epoxidation conditions



include tenperatures within the reaction zone of the reactor on the order

of about 180 to 350[err]C (nore preferably, 200 to 300[err]C) and pressures
from about 1 to about 30 atnospheres. Inlet pressures may be as |low as 96.5
to: 517 KPa gauge (14 to 75 psig). To achieve satisfactorily high
selectivity wo9728142t 0 epoxide, it is 5 critical that E»Eﬁm%ﬁt ream
to the reactor contain carbon dioxide as well as an organic

hal i de (described in nore detail hereafter). A gaseous ni t rogen
oxi de species (described in nore detail eafter), may

optionally be supplied to the reaction zone within the reactor by

i ntroduci ng saintlugde teroperafurasevithie the reseiioo @enaiofithe reaciarydreties §igepsh 10

and/ or recycl ed) and nol ecul ar oxygen. The feedstream nust
contain an or gahabottd 80to 3501C ¢mnatd preférably, 200 to JVBFCPaRARsLINrEL Ocar bon
ot her than propyl ene such as a saturated hal ogenat ed hydr ocar bon.

The feedstreamfraffiabo@Nfts ¥bsucd0 eRdsteres Infet preS&tires '?n% Bé iaggéwhb??&s. to

presence of carbon dioxide, contrary to the expectdt on pri or
art, has been PbliA%atgrugabEidate 78 bsig)nkoaehieve satisfactorilg! lghi ddlertivity
propyl ene oxi deoGpidedit gt he present process. Exanpl es

of nitroggn oxjde ecies . suitable fqr optional | . I ntroduction in
the f eedssr eanﬁc‘jmﬁ tgﬁ fgg%g{regxﬁéogpe R%,Ctﬂfcf%ﬁ‘t?]", cajpen diaxids as well
Nerr]err] or any gaseous, substance capable of fornm ng one of the 20
af or enent i onedaﬁﬁﬁgaﬁﬁrﬂﬂiﬁﬁl (dpscrined insaonayetail hereaftes). Agaseaus i on
conditions, and m xtures of one of the foregoing, particularly NO wth one
or more of CO, hitnapengxidesspecies (daseribey én more KdBtaikhersaften)smapr ef er r ed
ni trogen WO 97/ 28142 .
PCT/ EP97/ 0037 loptionally be supplied to the reaction zone within the reactor by
introducing said species to the feedstream containing propylene (fresh

10 .and/or recycled) and molecular oxygen.

The feedstream must contain an organic halfde, optionally, a
halogenated hydrocarbon other than propylene such as a saturated
halogenated hydracarbon. The feedstream additionally must contain
carbon dioxide; the presence of carbon dioxide, contrary to the

16 - expectation of the prior ar't,'has been found to substantially improve the
selectivity to propylene oxide obtained in the present process.

Examples of nitrogen oxide species suitable for optional
introduction in the feedstream include at least one of NO, NO,, N,C,,

N,O, or any gaseous substance capable of forming one of the
20 aforementioned gases, particularly NO and NO,, under epoxidation

conditions, and mixtures of one of the foregoing, particularly NO, with one

or more of CO, PH,, SO, and SO,. NO is the most preferred nitrogen



-21- oxi de specfes. It has unexpectedly been found, however, that

I ncl usi on of such nitrogen oxide species in the feedstreamis not
necessary, as high propyl ene oxi de selectivity may be acconpli shed
even W t hout such additive, particularly in the enbodi nent where

t he catal yst ivwopr28i ed by 5 a sequential inpregnati onPCTEPSTEEIITL . €. |
the Mo pronoter and Ag are I ntroduced prior to the potassium
salt). The anmount of gaseous ni-trogen oxi de speci es present
(if any) is not critical. The optinuyanount is determ ned, in
part, by the particular pot assium salt used and the concentration
thereof, and by ot hejidespeties. HRas un@detedlp B¥en fhlind howbVerS it inchision of
opti mum anmount of potassiumsalt. ypically, a suitable

concentration of t heséﬁhtrﬁ %éié%%cgé's;%%effgédstﬁeam is not ﬁ@@é@s@%&éﬂr}ﬂﬂ}er .

propyl ene, is about 1 to ~about 2,0 m by volune,
et i o
vy o 130 PRS0 i R €t B

" oxygen- cont ai g%g @agaq%pbﬁﬁgpéegq?tpﬁgrp%(f.gﬂ%Vot%omoter and AGaf8 ned as

i ncl udi ng pure nol equl ar oxygen, atom.c qQxygen, any transient 20
radi cal species deri'R}‘é%d‘fqeérﬂqu Rutassig %?I"hr oxygen capabl e of
exi stence under epoxidation conditions, m xtures of another gasequs

substance with at |east Jme SRoYHOf gasaQNs Rijogem axida specins present dhary)ds

WO 97/ 28142 » i . o
PCT/ EP97/ 00371 not critical. The optimum amount is determined, in part, by the particular

potassium salt used and the concentration thereof, and by other factors
10 . noted above whichinfluence the optimum amount of potassium salt.
Typically, a suitable concentration 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 ballast. When NO is used in the epoxidation of
propylene, the preferred concentration is about 5 to about 2,000 ppm,
1.5 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-containing gas" employed in the reaction may be
defined as including abure molecular oxygen, atomic oxygen, any transient
20 radical species derived 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



-22- form ng one of the foregoing under epoxidation conditions.
Such oxygen-containing gas is typically introduced to the reactor
either.as air, commercially pure oxygen or other substance which
under epoxi dation conditions both exists in a gaseous state and
fornms nol eculygs odgygen. 5 The gaseous conponenperpbéfbsa €
supplied to the reaction zone, or that region of the reactor where
reactants and catal yst are brought t oget her under epoxi dation
conditions, are generally conbi ned bef.ppe bei ng i ntroduced to the
reactor. If desired, however, such conponents may alternatively be
I ntroduced Sﬁ%fr?g§hdopfhéﬂar, ihg UAdECahniddticineonditidhs. Sude feed stream

havi ng the parti cul ar conpositionh previously described t hus may be

formed prior r ' eTs [RA, ﬁ?}g ; .. thereof
enter the re%’@&eglnc%%ﬁe"Fh%%g%égé‘?%lmﬂlméu%% h& e %?@Ee%gge'én ar,

catal yst of the present invention are enployed be of an e known
Lo the art. GOTBFISEFaMERurE Sde a5oTaek SHERtanke WhEh UBdel BPORHRtsRt er s whi ch
15 may be used in the present invention is presented bel ow

I n addi ti on eandiiansbaethexisising ggseoysaiate apd forms mplecyiaraxyggan

oxi de species), the feedstream al so nust contain a perfornmance-

enhancifig or gani cThegaseoyscarhponants whichiarepsipplieddo ghe reactionizonede) . The

organic halide is preferably a volatile conmpound, i.e., a
subst arice wharthat Rigion opbthedeattonnitere eeactantsiandatalystsaredroughtder t he
t enperature and pressure conditions present in the reaction zone.

The normal RghbiHaR under epoxid@ForEoriitions; apé ganerallp Tohitinédbemré pref er abl y
| ess than abolt 100[err]C at
being introduced to the reactor. If desired, however, such components
may altematively be introduced separately or in various combinations.
10 The feed stream having the particular composition previously described
thus may be formed prior to or at the time the individuél components
thereof enter the reaction zone. The reactors in which the process and
catalyst of the present invention are employed may be of any type known
to the art. A brief description of several of the reactor ﬁarameters which
15 may be used in the present invention is 'presented below.
In addition to propylene and oxygen (and, optionally, a nitrogen
oxide species), the feedstream also must contain a performance-
enhancirg organic halide (preferably, analiphatic e.g. alkyl halide). The organic
‘halide is preferably a volatile compound, i.e., a substance which
20 predominantly exists in gaseous form under the temperature and

pressure conditions present in the reaction zone. The normal boiling

point of the organic halide is most preferably less than about 100°C at
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at nospheri c pressure. Conpounds containing from1 to 10 carbon

atons are preferred. Most preferably, the aliphatic halide is a chloride
speci es. The weormpsilse phatic halide includes both saturated aSROUERSFDENTHL ed
hal i des, such as ethylene dichloride, ethyl chloride, vinyl chloride,

met hyl 5 chl ori de and net hyl ene chl gzg_de. Preferably, ethyl chloride
i s enpl oyed as the organic halide. Mxtures of different organic

hal i d b - d ' 't | | oyed
1 ar v e pendimospheric SRRSEE | ColfliouHds Kiinthirk AR 1o L&RORTP, 0V

w ll vary depen

ncentration of | ene_bei | dized, the particul
pot assi um sal t SHIPRELT BERIRTES dlost peeleebly die idmnacis halide ischihleridas

thereof, as well as ot 3’? factors noted above as i nfl uencing the
opti mum amount SPe¢BEadSRURME alaLiphasinhalidpednelydge both saturategdearidunsaturated
However, a suitable range of concentration for the organic hal i de

in the oxi dati ohatidessupllasrethylene dishiaridey ettiyb ahlotide, vioylkditoride? metay!
ppm nore preferably about 50 to 500 ppm by vol unme, of the feedstream 15

In additioB, a byidrideandonethyiera chibridd. yPrefemibly, attied chichidedsehgploysd/ch as
nmet hane, propane, or ethane, may be included in the feedstream The

feedstream may aé @ 6RJENK Ralfidd Mbdsres OF ditidreft érgahitaiies iy Bgen, or

other inert gas, particularly when air is used as the oxygen-‘contai ni ng

gas. Varying angﬁ‘\ﬁzcﬁ/ee‘agt R %oﬁﬁpﬁorpﬁﬂicq'{a‘ﬁae% O?ﬁ?ﬁgﬁl*varg&elpending

Car bon di oxide Is ressential conponent ee eam
i oxi de i t i 2 B oftectoh Tt BUER b Rnnd ol iutetbnf Beltt,
oxidized, the particular potassium salt and nitrogen oxide species and the
10 concentrations thereof, as well as other factors noted above as
influencing the optimum amount of potassium salt and nitrogen oxide
species. However, a suitable range of concentration for the organic
halide in the oxidation of propylene is typically about 0.1 to about 2,000
ppm, more preferably about 50 to 500 ppm by volurﬁe., of the feedstream.
15 In addition, a hydrocarbon, particularly a saturated hydrocarbon, such as
methane, propane, or ethane, may be included in the feedstream. The
feedstream may also contain a ballast or diluent, such as nitrogen, or
other inert gas, particularly when air is used as the oxygen-containing
gas. Varying amounts of water vapor may also be present.
20 Carbon dioxide is the other essential 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
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- 24- | mprovenent in propyl ene oxide selectivity. Desirable
enhancenents in selectivity are generally observed using 1 to 30
valunme % CJerr] in the feedstream with 5 to 25 volunme % CJ err]
bei ng pref er rggomsia2 The. conponents of the feedstgEapodp@7TOSt
suitably present in 5 t he anobunts shown in the follow ng tables.
Volunme in % Component . (or ppm) for Propylene
Oxi dati on propyl ene -24- about 2 to about 50%
oxygen about 2 to about 10% 10 organi c halide
about 0.1 to about irapa@mpmhin propylene oxide selectivity. Desirable enhancements irfor e
preferably, about 50 to 500 ppm nitrogen oxi de species 0Oto

about 2,000 ppm selectlwhydrl‘eog?@'fd?ﬂgr Sbdeeved using 1 to GQ) vlurRBOH ICO the

t han propylene 15 carbon di oxi to 30% mor e preferably

5 to 25% NkddcRRBP Wit 58 2 g%im& %Qé bei

Al t hough the present 1 nvent'ion can be used WI |ze and type

20 “Pbed react o s knownfP Joﬁ%%bsbﬂﬁ“%%%ﬁ%{ b s Riesprticen:
i nvention wllL fing npst V\%d%gdp 3 R@lﬁ cat I n standard fixed bed,

mul ti -t ubul ar °r eacttt @MOHR VY'HG' “f"ﬁg €%s et hyl ene oxi de
reactors. These generally include wall-cooled as we|l as ad| abatic or

non-wal | - cool ed reactors. Tube | engths may typical M‘W’Hﬂgg 4 rom
about 1.52 to abou&’i@%ﬂéabout 5

propylene about 2 to about 50%
oxygen ~ about 2 to about 10%
10 -organic halide about 0.1 to about 2,000 ppm,
more preferably, about 50 to 500 ppm
nitrogen oxide species - 0 to about 2,000 ppm
hydrocarbon other 0 to about 5%
than propytene '
15 carbon dioxide 1 to 30%, mare preferably 5 to 25%
nitrogen or other ballast gas remainder.

Although the present invention can be used with any size and type
of vapor phase epoxidation reactor, inciuding both fixed bed and fiuidized
20 bed reactors known to the ar, it is contemplated that the present
invention will find most widespread application in standard fixed bed,
muiti-tubular reactors such as those now in use as ethylene oxide
reactors. These generally include wall-cooled as well as adiabatic or

non-wall-cooled reactors. Tube lengths may typically range from
about 1.52 to about 18.3m (about 5
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about 60 feet) but will frequently be in the range of fromabout 4.57 to .
about 137m (about 15 to about 45 feet). The tubes may have internal
di aneters fronwalowegi4d?2. 7 to about 63.5mm (about 0.5 RCIEFBHITL 5

I nches) and are expected to be typi cal | y 25 em about 20.3 to about
38. 1mm (about 0.8 to about ches). A plurality of tubes packed
with catalyst arr@AbeH GPrfefpshb'ﬁlvrlB |freﬁ11%h¥rbean§ftﬁ repgs of fegre pbouthS7He abfamllgzmd
GHSV general ly range from about 500 to about 10,000 hr[err]. Typically GHSV
val ues r delopit fi5cmabons 45 eed The mbesmap ha@ointeonal diastetdrs Aonpatens 12,25
from about 101 to about 3040 KPa (about 1 to about 30 at nobspheres),

conmonl y about 113 abeut&bSuim fbéut{Pa to about 2.5 ifehes)ind hrelexpected@ibie thpically from
at nospheres). Contact tinmes should be sufficient to convert 0.5 to

70% preferably Jpb@ ﬂs)ﬁ/ozo%oﬁthm i® (4b&RE0.8 td Gbout 1.5 inches). A pl
EXAMPLES preferred nmet hod of preparrllng )a S r%%hrt{ 05 tubes

s ne o ouds sPagkef with clhieiigkdn *’%‘iﬂé}“r“?ﬁféﬁs‘aﬁﬁ ﬁrﬁr?rﬁﬁréaﬁ”
et hyl ened an ne. '@%‘Z‘m Fo ety i 30810 g5 0g0 482 ?rmsé\f’vv@éér Valys
ol et oy, s ek 269u P e o B o o 7
di ssol ve conmpletely. Add 14.40 et hanol ani ne _and 1. 20 bdi c

aci d, di armoni um ¥4pKPaaheurd o &Q“F 30 AH%PSE%)QCWQIY BWtM{maWSGZLKHa

20 g cal cium carbonate. Add 10 m xi ng stones, cap the jar and ball ml|
for 4 héaboyt 1.drtg about ﬁ(}mpesph]:@)ﬁ deomntach times shduwdhbe sfficient taiconvert 0.5
300[err]C for 4 hours.

to 70%, preferably 5 to 30%, of the propylene.

10
EXAMPLES

A preferred method of preparing a supperted silver catalyst
suitable for use in the process of the invention is as follows: geep 1
Place a 0.47.1 (16 cz). . wide- mouth jar containing a Teflon-coated
15 stir bar on a stir plate. Add 41.12g ethylenediemine to jar, followed by
40.80 g distilled water. Mix well, then slowly add 41.20 g oxalic acid and
allow to dissolve completely. Slowly add 71.20 g silver () oxide and allow
to dissolve completely. Add 14.40 g ethanolamine and 1.20 g molybdic
acid, diammonium salt, and mix well. Add 15.0 g distilled water and 51.4
20 g calcium carbonate. Add 10 mixing stones, cap the jar and ball mill for 4

hours, dry at 100°C for 1 hour, then calcine at 300°C for 4 hours.
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Step I't. Gind the solids obtained in Step | to a powder. Add 160
m.distilled water to a 500 nL one-neck round bottom fl ask. Di ssolve 6.2

g potassium rnwbomistsd n the water and then add 120 g of grougya@bdebS7f r om
Step 1. Mx for 20 mnutes on rotary evaporator, then apply vacuum and 5
heat to 60[err]C. Continue rotary evaporation until contents of flask
appear dry. Dry the resulting soli®#6-at 110[err]C for 2 hours. The
resul ting catal yst may then be pelletized and sieved to 14 x 30
mesh. Exanpl e Step Il. Grind the solids obtained ivr Stepd do i pdwdere Add/ 80 i on,

a supported silver catalyst was 10 prepared conprising a cal cium

car bonat e suppor t migistillad wetesto @800 anl. one-neck raundobdtears iflesk.n Dissehve)6.2and
0.5% Mo (added as nol ybdi ¢ acid, di anmmoni um salt). The supported

silver catalyst (g potassias dipaead thé\wﬁter and then aHHbllﬁoa? of §RRkMA'sofBE frbRst ed

under the follow ng run conditions: 10% propyT ene, 5% oxygen, 200

bal ance ni &1 ogen, Sy MEABF RO S 013, yabormton SRE R0 Ay AR
total pressuge. 2qghep i EAREY @ﬁwgggéa%n%nﬁc&q{&%?mﬁgk Vgpbé‘aﬁs >9%

selectivity To propy ene OxXi
Exanpl e 1 was rep tht e_ex hec fion of
propyl ene was dec g@’é}' Wﬁ resyiti E‘ﬂé°ﬁ%3%teﬁb?§}$6% %ﬁﬂm q?éalyst

was i ncreased to 20%.. and t ture was .|l o redto 240[ err] C.
ayqthen%e ?Ieilzens) S|ueved to 4 X é’}? mesh. [ ]

Examplet
In accordance with the invention, a supported silver catalyst was
10 prepared comprising a calcium carbonate support, 54% Ag, 2%K (added
as potassium nitrate), and 0.5% Mo (added as molybdic acid,
diammonium salt). The supported silver catalyst (2 cc) was loaded in a
‘tubular reactor and tested under the following run conditions: 10%
propylene, 5% oxygen, 200 ppm ethyl chloride, 75 ppm nitric oxide, 10%

15 carbon dioxide, and balance nitrogen, GHSV = 1200 hr' » 207 KPa gauge
(30 psig) total pressure, 245°C. Propylene conversion of 3.2%

with 58-59% selectivitv to propylene oxide were obtained.

Example 2

Example 1 was repeated, with the exception-that the concentration
20 of propylene was decreased to 5%, the concentration of carbon dioxide

was increased to 20%, and the temperature was lowered to 240°C.
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-27- Propyl ene conversion of 4.5% and 59-81 % selectivity to
pr opyl ene oxi de . wer e obt ai ned. Conpar ati ve Exanples 3-4
These exanpl es denonstrate the deleterious effect of omtting the 5

nol ybdenum pr-essizagiser om t he supported silver catal yst. A carCi/Ervowds
prepared conprising a cal cium carbonate support, 43% Ag and 1. 7% K

(added as potassiumnitrate). The catal yst g2 cc) was then loaded in a
tubul ar reactor and tested under the follow ng run conditions: 10%

propyl ene, 5% ox ' -840 0ty fd cfi8, 10
bal ance nit rogen%‘é\?ﬁg @98%‘%?#}{%?? %%%gsgéagsgggw(t%g %glﬁg')eﬁtg othzclm;i
pressure, 250[err]C. Jﬂtg%bene conversion was 11%w th only 33% sel ectivity
to propyl ene oxi ere ned. A second supported silver catal yst was

prepared conpri Si a al ¢i um car bonate support, 54% Ag, 2% K
(added as pot assi am and 0.5% Mo (added as nol ybdi ¢ acid,
di anmonium salt). The catal yst was then tested under the run

condi tions described di®se exemplesdemonsiate the deleterieys gffociof omiting thae
conversion was 11.2% w th selectivity to propyl ene oxi de of 39.5%

The additiofal ofmelybdenuraipromoterdtom e suppatedsilver catalyst. A catalyist was al yst
thus clearly increased the epoxide selectivity to a significant 20
extent under conmpégdred doffprisirig a eaidiurh @arboriate stpport, 8% Vienamd 3.7% K

sel ectivity are obtainable by addition of carbon dioxide to the reactor

feed - M XicaéGad Bs PERASHMN ARtraté). NTHdSatalyét (2 £6)'Was then loaded in a
tubular reactor and tested under the following run conditions: 10%
propylene, 5% oxygen, S0 ppm ethy! chloride, 200 ppm nitric oxide, and

10 - balance nitrogen, GHSV = 1200 hr* , 207. KPa gauge (30 psig) total
pressure, 250%. Propylene conversion was:ll$ with only 33% selectivity
to propylene oxide.

A second supported silver catalyst was prepared comprising a
calcium carbonate support, 54% Ag, 2% K (added as potassium nitrate),
15  and 0.5% Mo (added as molybdic acid, diammonium salt). The catalyst
Was then tested under the run conditions described above for the Mo-free
catalyst. Propylene conversion was 11.2% with selectivity to propylene
oxide of 39.5%. The additional of even small amounts of molybdenum to
the catalyst thus clearly increased the epoxide selectivity to a significant
20 extent under comparable testing conditions. Further improvements in
selectivity are obtainable by addition of carbon dioxide to the reactor feed

mixture in accordance with the invention.
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- 28- Conparative Exanple 5 - A supported silver
catal yst (2 cc) conprised of a cal cium carbonate support, 52% Ag
and 2.1% K (added as KNJ err]), but no nol ybdenum was t est ed

under conditiwoemsigntical to these utilized in Exanple 1. pcampordifsoPy! ene
conversion was 5.1% propyl ene oxide selectivity was 50-52%

(significantly | ower than had been observed in Exanpl e 1 using a

nol ybdenum cont ai ni ng supported silver cat al_é : Conparative
Exanpl e 6 A supported silver §tal yst contai ning potassium
nol ybdate was 10 repared. as foll ows. Ethylene diamne (5.14 g),
distilled water (5. xalic acid dihydrate (5.15 g),
silver(l) oxide (8.94 g) et hanol am ne ), potassium

mol ybdate (0.779 g) in dbSepRared ﬂlﬂ@éﬁateh{se@ga)comsegpf;a@nicsum carbonate

carbonate (6.45 g) were conbined in a 4 oz. jar containing 5 ceramc
stones. The jar wasuppanea2%Ag pnd@ei%(ﬁl(@dbdlas KNOJ), butrnoimbiybdenufihwas15
resulting mxture was then heated at 110[err]C for 1 hour; the tenperature
was thereafter incrtesteddinder cofditiojddentical tmtlmsarmilizamm&xa’hﬁm@atr] C and
hel d at 300[err]C for 3 hours. The solids thus obtained were

ground to a pdwder Propylene conyersiontwaes.1%; miopylenceokite séiéctiviROnvaest-52% €
resulting supported catal yst cont ai ned 51 wei ght % ].6 weight

% K, and 1.8 wei ght{siggnificanthy2ldwer than had bedrh6bsdreacindEemy lbelduﬁﬁé al yst was
| oaded in a tubular reactor and tested under the fol | ow ng

condi tions: 10% prmymu@%mwgg%nedsnlvercmmt hyl chloride, 200
ppmnitric oxide, balance nitrogen;

Comparative Example 6
A supported silver catalyst containing pﬁtassium molybdate was
10 prepared as follows. ‘Ethylene diamine (5.14 g), distilled water (5.17 g),
oxalic acid dihydrate (5.15 g), silver(l) oxide (8.94 g), ethanolamine (1.87
g}, potassium molybdate (0.779 g) in distilled water (1.88 g), and calcium
carbonate.(6.45 g) were combined in a 4 oz. jar containing 5 ceramic
stones. | The jar was sealed and placed on a baII mill for 4 hours. The
15 resulting mixture was then heated at 110°C for 1 hour; the tempel.'ature
was thereafter increased at 10°C/min. to a maximum of 300°C and held
at 300°C for 3 hours. The solids thus obtained were ground to a powder,
pelletized, and sieved to 14 x 30 mesh. The resulting supported catalyst
contained 51 weight % Ag, 1.6 weight % K, and 1.8 weight % Mo.
20 The above-described catalyst was loaded in a tubular reactor and
tested under the following conditions: 10% propylene, 5% oxygen, 50

ppm ethyl chloride, 200 ppm nitric oxide, balance nitrogen; GHSV = 1200
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hr[err]; 207 KPa gauge (30 psig) total pressure; 250[err]C. Propylene
conversion was 13% w th 40% sel ectivity to propyl ene oxi de. Further

| nprovenent | woorsed2ectivity I's expected with the | RCOEP®HE8Ilon of
1 to 30 volune percent carbon dioxide in the feed streamin
accordance with the present invention. 5 Exanple 7

Thi s exanpl e denonstrates that the presence ofgNO or ot her ni t rogen

-oxi de species in the feed streamis not necessary in order to _
achi eve renarkably Rgh 207 apx! @nge 0R00%i5e! 1REAL Mrb¥surkh B0COr dBRGK 1AL h

the present inventi Qe SIP GLT ﬁhl)ver catal yst was prepared 0
conprising a calciu : A -
mp g Kgﬁ%&%gm g i 'gbmﬂéne &dde AgurtherMpgfoldHeRtn 0 selectivity

potassiumnitrate), ded as nol ybdi ¢ acid, di anmonium
It). Th talyst, ' {est ed
ndet the f ol | ow ng st ih ERESmoRatyol £ R pELaiEbareftybtn" ©
o] en, 200 m et hyl chl.orjd 9 rbon.. di,0Xi I 15
n?(%/?ogen; GHg\p/ = 12é8x%'5r¢f?e%%%vﬁf§éa% ngwgb%ggppﬁ?'g@@@e
245[err]C. Pr ogyl eng conﬁeEm on of 2.8% was achieved, with 58%

selectivity to®prop i de. _ WO 97/ 28142

PCT/ EP97/ 00371 . - 30-
CLAI VB This example demonstrates that the presence of NO or other

nitrogen oxide species in the feed stream is not necessary in orderto
achieve remarkably high propylene oxide selectivity. In accordance with
the present invention, a supported silver catalyst was prepared

10 comprising a calcium carbonate support, 53% Ag, 1.1% K (added as
potassium nitrate), and 0.54% Mo (added as molybdic acid, diammonium
salt). The catalyst (2 cc) was loaded into a tubular reactor and tested
under the following conditions:. 10 volume % propylene, 5 volume %
oxygen, 200 ppm ethy‘l chloﬁdé. 10 volume % carbon dioxide, balance

15 nitrogen; GHSV = 1200 hi? ,” 207 KPa gauge (30 psig) ratal pressure,
245°¢. Propylene conversion of 2.8% was achieved, with .58% '

selectivity to propylene oxide.



-. ne epoxi dati on conprising contacting at a
terrperat urnﬁmﬂ "Ii'ﬂ“l "m "ﬁ 180[ errJ]Cto 350C. (1) a

I'TRQ I Opy an oxygen-contai ni ng gas, an
or gam c hal i de and car bon d| OXI de with (i) a supported
silver catal ywbo®eips i Si ng (a) an i nergernlotagbor v
solid support conprised of alkaline earth net al
car bonat e; (b) a cataBtically effective anount of
silver; (c) a pronoti n? anount of a potassium salt
conpri sing potassium C cation and a nitrogen
oxyani on or precursor thereof; and (d) a pronoting
anount of a nol ybdenu precss® fasrpropylene epogidation FRMATISINGsONASHing 2ti istnperatutt ai m
1, characterised in that the nitrogen oxyani on s nitrate.
3. A process as cleof l83Cito 38D 1, characterised in that the potassium -
salt is potassiumnitrate. 4, A process as clained in
any one of the preceegd) ng alfebdstrearfi oimfpeisingi proplylene, an oxygen-contaihin@tgas)an
potassiumsalt is present in an anmount of fromO0.5 to 3 percent by

wei ght, calcul ated as pot aggadiéthflide] 28 cdBGiFdioRide Wi total weight of the
supported silver catalyst. WO 97/ 28142
PCT/ EP97/ 00371 (ii)  a supported silver catalyst comprising -31-
(@) an inert refractory solid support comprised of alkaline earth
metal carbonate;
(b)  a catalytically effective amount of silver;
(c) apromoting amount of a potassium salt comprising potassium

cation and a nitrogen oxyanion or precursor thereof; and

(d 2 promoting amount of a molybdenum promoter.

2. A process as claimed in Claim 1, characterised in that the nitrogen oxyanion
is nitrate.
3. A process as claimed in Claim 1, characterised in that the potassium salt is

potassium nitrate.

4. A process as claimed in any one of the preceeding claims, characterised in
that the potassium salt 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.



. A pr in any one of the preceeding clains,
char acteri Emmmﬂ In”m !J that the nol ybdenum pronoter is present in an
dnount -suf f kcientt t @ prsove fromO0.05 to 2.5 wei ght percent

Mo -based on the ‘total weight of the supported silver catalyst.
6. A proce3O9828342ai ned in any one of the preceding cl ai mMPCI/EP97/00371
characterised in that t he nol ybdgpum prom)ter Is derived from
an oxyani oni ¢ corrpound of : nol ybdg 7. A process as

claimed in Caimg, ﬁrp%ée?{ gsz ?gléﬁe?lr é{ Jngebf%é’ AT claims, characterised in

conmpound of nol ybdenum'i*s“se nmoni um yod
nmet al nol ybdates, amopi u bdates, al kal i netal
m xt ures ther eof . t?m 1§]e °Ii%‘%?‘55 SLAalEr l(?I"éﬁ"sﬁ‘étdmlar‘f WnLﬁ@ﬂwn&tﬁgrovﬂe

precedi ng cl ai ns, char silver

catalyst is pr epar ed gr#yveamgnq ReFceaLMehassg on the' ol wetght {?f‘gﬁé‘tﬂﬁf’@e

wherein the silver and the m)l ybdenum pronoter are inpregnated
on the inert refractor-?lVWﬂY%upport prior to inpregnation of the inert

refractory solid support by the potassiumsalt. 9. A process for
propyl ene epoxi dati on conprising contacting at a tenperature of
180[err]C to 350C (i) a feedstream conprising propyl ene, an

oxygen- cont ai ni ngé.gas, A process as claimed in any one ofxhe precedig tlaites, chiabterised aithat
di oxide with
the molybdenum promoter is derived from an oxyanionic compound of

molybdenum.

7. A .process as claimed in Claim 6, characterised in that the. oxyanionic
compound of molybdenum is selected from ammonium molybdates, alkali
metal molybdates, ammonium dimolybdates, alkali metal dimolybdates, and -

mixtures thereof.

8. A process as élail;xed in any one of‘ lthe preceding claims, characterised in that
the supported silver catalyst is prepared by a sequential impregnation
procedure wherein the silver and the molybdenum promoter are impregnated
on the inert refractory solid support prior to impregnation of the inert

refractory solid support by the potassium salt.

9. A process for propylene epoxidation comprising contacting at a temperature
of 180°C to 350°C.
() a feedstream comprising propylene, an oxygen-containing gas, an

organic halide, and carbon dioxide with
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portedwsidver catal yst conprising: (a) an
| nert refract ory solid support conprised of al kal i ne earth
met al car bonawe;97/28142 (b) A catal ytical | y nmount
of silver; and (c) a pronoting anount 041%%‘?5& um
salt conprising potassium -32- cation and m)l ybdenum
oxyani on 10. A process as clained in daim9, characterised in
t hat the nol ybdenum (i)  a supportesksitver oatalyss comipsibidgt e, di nol ybdat e,
par anol ybdate, or phosphonol ybdate. 11. “A process as clainmed in

any one of the precedi ng olpi nmn inkmrrefriceory sotid isoppdititomprised of alkaliné RSrth
al kaline earth netal carbonate is selected fromthe carbonates of

strontium cal ci ummdéiardatbbnaed M xtures thereof. 12. A
process as claimed in Caim1ll, characterised in that, the inert refractory

~solid support conprises Cahgi U Gﬁﬁl@ﬁéﬂ&%ﬁectwe amou?:?‘of silvey; Hh@CESS as
clainmed in any one of the preceding clains, characterised’in that

the inert refractory SO|I up f | i earth
met al car bonate)'S Qc}{rbmﬁ%?érﬁ&iﬁt %ﬁg’g{s‘%ﬁ%‘é%@ co:ﬁé e

of the preceding clains, chara
halide is an al phatic chloride.

%E\t?ornl and m(':lybéenum oxyanion the or gani C

10. A process as claimed in Claim 9, characterised in that the molybdenum

oxyanion is molybdate, dimolybdate, paramolybdate, or phosphomolybdate.

11. A process as claimed in any one of the preceding claims, characterised in that
the alkaline earth metal carbonate is selected from the carbonates of strontium,

calcium, barium and mixtures thereof.

12. A process as claimed in Claim 11, characterised in that, the inert refractory

solid support comprises calcium carbonate.

13. A process as claimed in any one of the preceding claims, characterised in that
the inert refractory solid support consists essentially of alkaline earth metal

carbonate.

14. A process as claimed in any one of the preceding claims, characterised in that

the organic halide is an alphatic chloride.
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A process as «l & n#d Fn © ass 15, characterised in that the aliphatic .
chloride is selected fromethyl ene dichloride, ethyl chloride,
vi nyl chl ori dwo smesiwz| chl oride, nethyl ene chl or POWEPT®0ITON
tetrachl oride, chloroformand m xtures t her eof . 16. A
process as claimed in any one of the prececﬁ3ng cI al m; characterised in

t hat the saldfeeds ea ditjon santro xi de
speci es sel ected3- A process #F&WT@E‘@ *J’ 55 5‘?3?% al a]‘mé)

Nlerr]Jerr], Nerr]JQerr] and m xtures there ocestﬁ
claimed in any one ofis stlectgst Eremqgthyjens Qichlﬁ“d%h%{hﬂc‘ih&r}@eéﬂth C‘["ﬁ&i’e methy!

the feed streamis additionally conprised of 5 to 2000 . .

A process as cl ai med chierideymethglent cidoridercarbon det;ashloelﬁarcagqrefor@easdmﬁ%-

sai d feed streamis characterised by the absence of a nitrogen
oxi de speci es. tHédeof. A process as clainmed in any one of the preceding
clainms, characterised in that the supported silver catalyst is
conprised of 25 to 60 wei ght percent silver based on the total
wei ght of the supported silver catalyst. A process as cl ai ned

in any one of thg ProCHAcdd aé biginted in GHPBRCSARE ?ﬁéednig &18i#s, characterised in thie
carbon dioxide is present at a concentration of fromb5 to 25 vol une
percent in the feedsiy LA feedstream additionally comprises a nitrogen oxide species selected

from the group consisting of NO, NO,, N,0,, N,O, and mixtures thereof.

17. A process as claimed in any one of the preceding claims, characterised in that

the feed stream is additionally comprised of S to 2000 :.pISm NO.

18. A process as claimed in any one of Claims 1 to 15, characterised in that said

feed stream is characterised by the absence of a nitrogen oxide species.

19. A process as claimed in any one of the preceding claims, characterised in that
the supported silver catalyst is comprised of 25 to 60 weight percent silver

based on the total weight of the supported silver catalyst.

20. A process as claimed in any one of the preceding claims, characterised in that
the carbon dioxide is present at a concentration of from 5 to 25 volume

percent in the feedstream.
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process as al any one of the preceding clains, characterised in

t hat _ the feed streamis contacted with the supported silver
catal yst at aygomepf from 800 to 3000 hrsf[err] BFFSSUr e
of froml.1 to 5 atnospheres. 22. A process as clained in any one
of the preceding clains, characterised in t34at the feed stream

is contacted with a supported silver catalyst at a tenperature

of 200[err] C to 200[ & pfocsss e cidiniesddd apy pacof the preceding claimspcimraaterised inothetne
per cent propylene, 2 to 10 vol une percent oxygen, 5 to 2000 ppm
of an aliphatic the feed stréant &5 ¢cotteacted rwithlthe guiiidried Isilver camtyseatta GHSNOoE

di oxi de. 23. A supported silver catalyst useful for vapor phase
epoxi dation of propylRRE800 to 3000 hrs? arkiOdTprebsukd)6f £6mal.k 2 5atmésphérbs. Met al
carbonate support, 25 to 60 wei ght percent silver, 0.5to 3

wei ght percent, cal cul ated as potassiumcation, of a salt '

sel ected from potassiumnitrate and potassiumnitrite, and 0.05 to 2.5

\évéell gh;\ supporte&z'si F%‘?@%‘Ff@%ﬁ'ﬁgghc ala!?rep ﬁw&wgﬁ%g%?gwge ati n
g o ol BT RARAS by bhlSP OB U Ppse
Chat the oxyan on c EoATBGHE B Frory e airrire SHPERRSPLATI0 Yetime percent "

propylene, 2 to 10 volume percent oxygen, 5 to 2000 ppm of an aliphatic

chioride, and 1 to 30 volume percent carbon dioxide.

23. A supported silver catalyst useful for vapor phase epoxidation of propylene
comprising an alkaline earth metal carbonate support, 25 to 60 weight percent
silver, 0.5 to 3 weight percent, calculated as potassium cation, of a salt
§elected from potassium nitrate and potassium nitrite, and 0.05 to 2.5 weight

percent, calculated as Mo, of a2 molybdenum promoter.

24. A supported silver catalyst as claimed in Claim 23, characterised in that the
molybdenum promoter is derived from an oxyanionic compound of

molybdenum.

25. A supported silver catalyst as claimed in Claim 23 or Claim 24, characterised
in that the oxyanionic compound of molybdenum is an ammonium or alkali

metal salt of molybdate, dimolybdate, paramolybdate, or phosphomolybdate.



Vr;\g glw Zm"m"llmlﬂmrn I!Il di nol ybdat e, paranol ybdate, or phosphonol ybdat e..

PCT/ EP97/00871+ " . - 35- 26. A
supported silver catal yst useful for vapor phase epoxidation of propyl ene
conprisi-ng anwadaBiae earth nmetal carbonate support, 25 to BOTERS79HI71

per cent silver, and 0.5 to 3 percent by weight, calculated as
pot assi um cation, of a pot assi udPsal t conpri si ng potassium

cation and a nnlzg.bdeguggpgéxé? éiﬁfgf catalyst useful for vapor phase epoxidation of propylene

comprising an alkaline earth metal carbonate support, 25 to 60 weight percent
silver, and 0.5 to 3 percent by weight, calculgted as potassium cation, of a

potassium salt comprising potassium cation and a molybdenum oxyanion.



