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PROPYLENE, OXI DE PROCESS US| NG ALKALI NE EARTH METAL COMPOUND- SUPPORTED

SI LVER CATAL : !FQ'D OF THE I NVENTI ON This invention relatesptppEpoRi66SS
for the di reﬁ%{? ation of propylene to propylene oxide in the vapor phase

usi ng nol ecul ar oxygen. In particular, the invention pertains to the use of
catal ysts conprised of silver supported on certain alkaline earth

nmet al - cont'ai ni ng conmpounds to selectively formthe epoxi de. BACKGROUND COF
THE | NVENTI ON The direct oxidation of ethylene to ethyl ene oxide by

mol ecul ar oxygen i s WPRORYLRENE @XIDE PFROCESS USING el KALINR:EARTHent | y

for commercial product METAL €OMPOUNDSUPPOREED \SILVER CATAJMSTSr such
pur pose contains nmetallic or ionic silver, optionally nodified with various
pronoters and activators. Mdst such catal ysts contain a porous, inert

support or carrier such as al pha ah@?q)pmmi\@}qﬂmsilver and
- .

pronoters are deposited. Areview o e direct oxidation of ethylene in

t he presence of suppqyt.ed sil.ver talysts is praoyided Sachtler et . al.
1 Chtalyst Revi owar S dngesti eefs o Bk Yhs giipct doigidt of byiyéie p
is al so wel | -known, however, that the catal ysts and reaction conditjions
which are best Suppyene gxidet iy theneanski phass vgingcmplssulap axygenyi i putigalakbihe
results in the direct oxidation of higher olefins such as propyl ene. The
di scovery of prdneentien peaains| te the yse ofi catalystp copptisedeobsilvie supportguoon wersia
direct oxidation in

alkaline earth metal-containing compounds to selectively form the epoxide.

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 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 such as alpha alumina upon which the silver
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 Catalyst
Reviews: Science and Engineering, 23 (1&2), 127-149 (1981).

It is also well-known, however, that the catalysts and reaction conditions
which are best suited for ethylene oxide production do not give comparable resuits
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.
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general |y are of Newi suppoit maseniais are/doptinnensly being triedar Howsvérpmmmy of those
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catalyst. In _seeking the ideal. support material, there hgs been sone
departure fr }fﬁfq{ga‘gﬁﬁﬁﬂﬁl% éﬁ‘%‘ﬁﬂ%‘%&ﬁ&*’éﬁm p@roigg(g}mrgl, nalPtee use has

been made of alkali nmetal and al kaline earth netal carbonates, both as the
sol e support nat efluming, ip itsvariowsfaoms, fartiguaslyosinka-alymies,; has deen prefierred
carrier for processes such as direct oxidation of al kenes to epoxides. For
exanpl e, Carmsda swppest matdnial for siB2r-caataining batalystsdn uhe podpasdtioal ofhepoxidesh
nmetal carbonates as supports for silver catalysts in olefin epoxidation
systens. Numerous variations of surface area, pore dimensions, pore volume and particle size

- have been suggested as providing the ideal physical property or combination of

properties for improving efficiency, activity or useful life of the catalyst.

In seeking the ideal support material, there has been some departure from the
commonly employed substances. For example, some use has been made of alkali
metal and alkaline earth metal carbonates, both as the sole support material and in
combination with other materials as the carrier for processes suéh as direct oxidation
of alkenes to epoxides. For example, Canadian Pat. No. 1, 282,772 teaches the use
of alkaline earth metal carbonates as supports for silver catalysts in olefin epoxidation
systems.

The development of alternative supports which provide equivalent or improved
performance in epoxidation process as compared to known materials would be highly
advantageous, as such alternative supports may be of lower cost or provide other
practical benefits such as higher strength or structural integrity. Selecting materials
which will be suitable for such purpose is not straightforward, however. For

example, as will be subsequently demonstrated, not all alkaline earth metal-containing

compounds perform equivalently as supports for silver epoxidation catalysts.
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cost or provi er practica hi gher strength or
structural integrity. Selecting materials which will be suitable for such
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subsequent |y de gqtng@ilgdgn\%oh§|sp ?Wiqgene %ﬁ@?ﬁﬁ&ﬁ#ﬁ?’ﬁmﬁwmr In an
conpounds perform equi val ently as supports for silver epoxidation .
catal ysts. -2- epogidation pro¢esy. Fredieting in advance which substencescwilbprovidedihe gy
different behavior in an epoxidation process. Predicting in advance which
substances wi || dopoee OF s¢lbativiiygio epoxideewhichsis| required inya tcommereiiatl progesscthus ds
required in a comercial process thus is nearly inpossible. US A 2593100

descri bes a cat aﬁééﬂP, ifnfpeBdibRL Ny silver supported on spinel for the
epoxi dation of ethylene. Oxides, hydroxides, carbonates and peroxi des of

al kali and al kaline e I =0
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pronoter and a dissol ved silicon- containin% salt.

Jeast one promoter to enhance the efficiency of the catalyst and a manganese

component. The efficiency promoter may be a compound comprising at least one
alkali metal or oxyanion of an element other than manganese or oxygen selected from
group 3b through 7b and 3a through 7a of the Periodic Table; titanates and
phosphates are listed as being suitable oxyanions for such purpose. A maximum of
2 weight % of the anion in the catalyst is taught. A cationic promoter such as an
alkaline earth metal may also be present up to a concentration of 1 weight percent in
the finished catalyst. This publication thus does not contemplate the use of alkaline

earth metal titanates or phosphates as the inert refractory solid support.

SUMMARY OF THE INVENTION
. This invention provides a process for propylene epoxidation wherein a
feedstream comprising oxygen and propylene is contacted in the vapor phase at a
temperature of 180°C to 350°C with a supported silver catalyst comprising silver and
a support comprising an alkaline earth metal-containing compound selected from the
group consisting of alkaline earth metal titanates, tribasic calcium phosphate,

magnesium aluminate, calcium molybdate, calcium fluoride, and mixtures thereof.
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European Pat. No. 393,785 teaches a catalyst for the manufacture of

al kyl ene oxi de containing an inpregnated silver nmetal on an inert 1
refractory solid support, at least one pronoter to enhance the efficiency
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use of alkaline earth nmetal titanates or phosphates as the inert refractory
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- 3- titanates, tribasic cal ci um phosphate, magnesium alum nate, cal cium
nol ybdat e, caSe¥eidmalkalige icgeth mptal epmpgurdscontainings casrigr mdterialsippbhe akkaline
catal yst further conprises a potassiumsalt conprising potassium cation and
an ani on sel exarthdmétaboompoumd employed iis & inorganis compaimdceiftaining one or more
alkaline earth metals, particularly calcium, strontium, magnesium or barium with
calcium, strontium and barium being most preferred. Déepending upon the alkaline
earth metal selected, the alkaline earth metal compound may additionally contain
titanate, phosphate, aluminate, molybdate, fluoride, or some combination thereof.
Specifically, the alkaline earth metal compound is selected from the group consisting
of alkaline earth metal titanates (e.x., calcium titanate, strontium titanate), triba;ic
calcium phosphate, magnesium aluminate, calcium molybdate, calcium fluoride and
mixtures thereof.
Tribasic calcium phosphate is an inorganic substance corresponding to the
approximate empirical formula Ca,,(OH),(PO,)s, containing 34-40% Ca, and having
the CAS Registry number CAS 12167-74-7. As will be demonstrated subsequently
in the examples, tribasic calcium phosphate has unexpectedly been found to be far
superior as a support material than related substanczs such as tricalcium phosphate
(CAS 7758-87-4) and hydroxyapatite (CAS 1306-06-5).

Calcium molybdate is the calcium salt of molybdic acid and has the chemical

composition CaMoQ,.
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support material used in the present invention is selected fromone of
several al kal i neypafeafrionedfa selabaakduracaltandisodivanfloostde.mat eri al s. The

al kaline earth netal conpound enpl oyed is an inorgani c conpound cont ai ni ng
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preferred. Dependi ng | ected, the al kaline
earth netal corrpﬁEFHU"ﬁé@agég%{)‘?%ﬁﬁ}r@?g%%[ Mgat anare, phosphat e,

al um nate, nolybdate, fluoride, or sone conbl natjon thereof, Specifically,
the al kaline earth neddkalingngasihangtal utapates SQmprise, the lass oo, inosganic suhgances

containing an alkaline earth metal such as barium, strontium, calcium or magnesium

and a titanate species. Suitable alkaline earth metal titanates thus may correspond to
the empirical formula MTiO,;, M,TiO,, and MTi,0; wherein M preferably = Ba, Sr,
Ca, or Mg. Any of the conventional methods for preparing such substances may be
utilized. Barium titanate, for example, may be prepared by heating a mixture of the
correct proportions of barium carbonate and titahium dioxide at 1300°C until the
reaction is complete. Strontium titanate may be obtained in pure form by calcining
the double strontium titanium oxalate precipitate from titanium tetrachloride solution.
The calcium titanate can correspond to the compound CaTio; (12049-50-2), which
occurs naturally as the mineral perovskite, but which can also be synthesized by
heating equimolar amounts of the oxide to 1350°C. The term "calcium titanate" as
used herein also embraces the substances having the formula 3CaOe 2TiO, (CAS
12013-80-8) and 3Ca0 TiQ (CAS 12013-70-6). Magnesium titanates include the
metatitanate MgTiO,, the orthotitanate Mg,TiO,, and the dititanate MgTi,0s.

Such support materials are capable of providing exceptionally high propylene
oxide selectivities and have been found to be surprisingly superior to other support

materials in this respect. The carriers of the present invention may exist in various



of alkaline earth metal titanates (e.g., calciumtitanate, strontium
titanate), tribasic cal cium phosphate, nmagnesi um al um nate, cal cium

nol ybdat e, B%ZWE] fluoride and m xtures thereof. Tribasic cal cium
phosphate TS organi ¢ substance correspondi ng to the apEBCIEPIHOR0

enpirical fornmula Ca[err](OH)[err](Pderr])[err], containing 34-40% Ca, and
havi ng the CAS Regi stry nunber CAS 12167-74-7. As will be denonstrated
subsequent | y fogmshelnegaenembodimentythe carrigr ds woe ih owhichtthe lalkaline @aahcinegl v
been found to be far superior as a support material than rel ated substances
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substrate, i.e.; a subsupport or substructure composed of a more conventional support
material, such as alumina (preferably, alpha-alumina). This latter type of support
may employ the alkaline earth metal compound material coated on individual,
relatively small particles of substructure or subsupport or on a larger unit such as a
three-dimensional framework having a hoheycomb-type of structure. However, the
alkaline earth metal compound support material will comprise at least 25 weight
percent (in some embodiments, at least 35 weight percent) of the finished catalyst.
The concentrations of alkaline earth metal compounds in- the catalysts of the present
~ invention thus are considerably greater than the amounts of compounds typically
utilized by prior workers as promoters in supported silver catalysts.

A granular form of the alkaline earth metal support material is preferred in the
present invention, particularly when used as the exclusive or predominant component
of the support. Alkaline earth metal materjals suitable for use in the present invention
may be commercially obtained as powders which can be converted to the preferred
granular form by conventional methods. As described in greater detail below, the
granular support may then be impregnated, or coated, with a solution containing a
silver compound and thereafter reduced to elemental silver.

Alternatively, as described below, the powdered granular support material may
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of the oxide to e term"calciumtitanate” as used herein also
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carriers of the present invention may exist in various
(hereinafter referred to collectively as "promoters"), if so desired and thereafter
dried. As an alternative, promoters may be dissolved in the same silver-containing
impregnation solution used to form the coating paste or slurry with the alkaline earth
metal compound material.

The support material, before or after incorporation of the silver and optional
promoter(s), can be formed 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 by compressing the support materials
into a 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 in the range of
about 0.001 to about 5 millimeters in major dimension.

When coated catalysts, i.e., those catalysts in which the alkaline earth metal
compound material is coated on a substructure are employed, a slurry of said
material, in either powder or granular form, may be mixed with the particles of

substructure support material and thereafter dried. As with the predominant or

exclusive alkaline earth metal compound support materials described above, the
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considerably greater than the gmounts of conpounds typically utilized by
prior wor ker generally is#fileast 0.6 my(g yefesably at least bAmY/g.s Howexerralkalingreartbr m
of the alkaline earth nmetal support nmaterial is preferred in the present
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of the support. Alkaline earth nmetal materials suitable for use in the
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described i nggsapf MmarefigisHdvidyuPiice bhBs of 50 to 100 m?*/g have been found to function

quite effectively in the present invention. This finding was unexpected in view of the
fact that support materials such as alpha alumina which are conventionally used for -
silver vapor phase oxidation catalysts preferably have much lower surface areas. The
surface area is measured by the conventional B. E. T. method using nitrogen or
krypton described by Brunauer, Emmett and Teller in J. Am. Chem. Soc. 60, 309-16
(1938).

The support materials used in the present invention may generally be described
as porous of micréporous and typically have water pore 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 alkaline
earth metal compound supports as well as the -alkaline earth metal compound-coated
supports. However, in some instances the supports, particularly the coated supports,

may have a particular shape and size and this is especially true of the subsupports



granul ar support may then be inpregnated, or coated, with a solution
containing a silver conpound and thereafter reduced to elenmental silver.

Al ternativel cri bed bel ow, the powdered granul ar suppo '
may - 6- Ve /i fibia5h
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such as that used conventignally to i npregnate,salid supports to form
slurry or .paste.® P‘gt\fh'ﬁféﬁ?agpeﬁﬁ?}?ﬁfgﬁ ‘E?g’psob‘f‘g‘a ygically 2 subspep ?’55@"&%
dried and cal cined at an appropriate tenperature, such as about 500[err]C.

This results in inte aggregatesordpllsf ofwisige andeanfiguratiop se be usableinstubylar reactars;
supported thereon in its elenental state. The catal yst nay then be
i mpregnat ed wi t These pilisansy b faymedby eosyentiodalf éxtrusioncod Faingl tochniques. dihie pills
additives of the types well known in the supported silver oxidation
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desired and thereafter dried. As an alternative, pronoters nmay be dissol ved
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i n propyl ene
about 10 mm have been found to be most suitable in the tubular reactors commonly
utilized. The shapes of the carrier aggregates useful for purposes of the present
invention can vary widely and can be any of the forms conventionally used in the
heterogeneous catalyst art.

The alkaline earth metal compound and alkaline earth metal compound-coated
supports may be prepared as indicated above or obtained commercially. The
supported catalyst of the present invention may be prepared by any known method of
introducing silver and/or a promoter in soluble form, to a support. A preferred
method of introducing silver to the alkaline earth metal compound support is by .an
impregnation process in which a solution of a soluble salt or silver compound (which
can be a sait 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
"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 at a temperature of from about 250 to about 600°C for



oxi de manufacture. The conposites nmay be formed by any suitable technique.
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dried. As with predom nant or exclusive alkaline earth metal conpound

support nat ey en?l gﬁ (?ﬁ?j above, the -7- WO 97/ 34693

PCT/ EP97/ 01290 ¢ o8t 60 ca ysts may al so be prepared by using a solution of
a silver compound . ter, or t desired or
separate sol uti on§38%w§§yy‘\9etﬁ° %ﬂfﬁﬁjﬂﬁ’pﬁ q° Wlfﬁ'ol"(?fi\’?)m?%w g?ﬂ"?’h%"“él“&?‘? Y,
fol l owed by suitable drying and calcination. The surface area of the
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merr]/g, preferably at least 1.5 nferr]/g. However, alkaline earth
agents or the like into the supported silver catalyst. In one desirable embodiment, the

catalyst contains not only an alkaline earth metal compound support and silver but
also a potassium salt.

The optional potassium salt may be introduced to the catalyst as an
impregnation solution in a separate impregnation step. Again, this may be done by
any known .man'ne'r of impregnating a porous material. ‘Conveniently, this may be
carried out by placing the catalyst material in a'containef, evacuating the container
and thereafter introducing the salt solution. Alternatively, the support may be
sprayed or sprinkled with the impregnating solution. The excess solution may then |
be allowed to drain off or the solvent may be removed by evaporation under reduced

~ pressure at a suitable temperature. The catalyst may then be dried at a moderate
témperatu‘r‘e (e.g., at 120°C) in a oven for one-half to five hours. Such a procedure
‘is known as a "sequential " or "consecutive" method of preparation. The alkaline
earth metal compound-supported catalyst may also be prepared by a "simultaneous”
or "coincidental” method of preparation. With this method, the potassium salt is
included in the silver compound-containing solution used to impregnate the support.
The alkaline earth metal compound-coated catalysts are prepared by coating

a suitable substructure or subsupport material, preferably alumina, and most

,;///
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met al conpound support materials having relatively high surface areas are
al so effective for the purposes of this invention. For instance, tribasic

cal ci um phos
nerr]/g hav

g‘bcgte sugport mat eri al s having surface areas of S0p&EpHio1200

und to function quite effectively in the present

invention. This finding was unexpected in view of the fact that support
material s such as al pha al um na which are conventionally used for silver
vapor phase oxi gutferably alphayaluging; withy amatkakins, earth metal sompound-coptainingcslurry.

The surface area is neasured by the conventional B. E. T. method using

nitrogen or

K Y PL18 nihgScvnitdi dnlyytheralkdline reartkrmethl compbuhd| irewhich chse #ira coated

Chem Soc. 60, 309-16 (1938). The support materials used in the present

i nvention may g
have water pore v

% 13@& ¥ fgﬁhaeﬁe&kgsg RAJARHOATOVE 1o HrOHER0E AilvePdF o ¥ilberAAddy

umnmes about 51to 0.80 cc/g. The supported silver

ize This i o o bRl RRURC i Pelab B el LR AlFatiRly. Al

met al compound supports as well as_the alkaline earth netal

mpound- coat ed

c
supports. Howeveerth mesalecompouadisiiver prompoyngd, surry, Hi i‘ﬁ’ul’ﬁkﬁ?‘et [FaTth o Jnctal

supports, may have a particular shape and size and this is especially true
of the subsuppordompo@nd/silver compound/promoter slurry may be produced in a sequential or

coincidental procedure. Thus, in a sequential procedure, particles or pills of a
suitable subsupport material, such as alpha-alumina, are coated with a slurry of an
alkaline earth metal compound material and a soluble sait or complex of silver
dissolved in a complexing/solubilizing agent. The particles or pills are thereafter
drained and calcined in an oven at a temperature of about 250°C to about 600°C for
about three minutes to about four hours, the duration of heating being in general
inversely proportional to the temperature émployed. The catalyst is then impregnated
in the manner described above with a solution of promoter, and then dried.. The
alkaline earth metal compound-coated supports may also be formed by a coincidental
procedure in which an alkaline earth metal compound/silver compound/promoter

slurry is used to coat particles or pills of a suitable subsupport. After draining, the

.catalyst is dried at a temperature and for a duration indicated above for those

catalysts prepared by the sequential procedure. The particular silver salt or
compound 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
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WO 97/ 34693 PCT/ EP97/ 01290
used with the alkaline earth netal conpound. Typically the subsupports are
fornmed into aggregates or "pills" of a size and configuration to be usable
in tubul aW%JZ@P s. These pills may be formed by conventi ORGI/ERSG1280 on
and firing techniques. The pills generally range in size fromabout 2 mmto
about 15 mm preferably about 3 nmmto about 12 mm The size is chosen to be
consi stent Wemploybd. t ypThey, rthectsitvecnmagyebe rodicadPi8. the fdokdds bed
reactor applications, sizes ranging fromabout 3 nmto about 10 nm have

been found ! goiflefig)sofubiitaifk Sgdnt ds'fh bIBKIGR'a SARCKRS %%&gg@p{%ﬁg@gggﬁfd-

The shapes of the carrier aggregates useful for. purposes

i nvention ca i glel f the forms conventionally used
in the heter %&éﬁ’[ oﬁé’\f tg’gte éﬂ%@’ g@?@%@éﬂ%gﬁehgmgﬁﬁ’?w & 1maleRay a%end
al kaline earth nmetal conpound-coated supporis may be prepared as indicated
above or obtRaleats, 3%!{ CItEate., phtiplates  fatty, acikdestes, angdsthedike pe combinations
i nvention may be prepared by any known nmethod of introducing silver and/or
a pronoter ithesof.uble form to a support. A preferred nethod of introducing
silver to the alkaline earth nmetal conpound support is by an inpregnation
process in which A lageuiunder of sclvéms obtemplekingMolubiligy ageafiasy de gmw can
be a salt or conplex of silver) in an amount sufficient to deposit t
desired wei ' 5 Ir | ' 1 Npas s I

AR o, Jornt e SRRy BRaRRt (Elordshing SRR, | "neudl hihfiely,

sol vent or "conplexing/so Izl ng" "age n ‘nay

| npregnat e t lﬁﬁ"ﬁ"sgf%é esglﬁfﬁf ?)ﬁgaizcgréq‘ct :}gi) m‘ﬁ gglu*){éefgr?nr,rineguitlaglet Sivent or

silver-conta

complexing/solubilizing agent should be capable of being readily removed in
‘subsequent steps, either by a washing, volatilizing or oxidation procedure, or the like.
The complexing/solubilizing agent, preferably, should also permit solution to provide
silver in the finished catalyst to the extent of preferably about 25 to about 60 percent
silver, based on the total weight of the catalyst. It is‘also generally prefer-r’ed 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
silver-containing solutions are alc.o'hols, including glycols, such as ethylene glycol,
amines (including alkanolamines and alkyldiamines) and carboxylic acids, such as
lactic-acid and oxalic acid, as well as aqueous mixtures of such materials.
Typicall'y, a silver-containing solution is prepared by dissolving silver in a
- suitable solvent or complexing/solubilizing agent such as, for example, a mixture of
water, ethylenediamine, oxalic acid, silver oxide, and monoethanolamine. The

solution is then mixed with support particles and drained. Thereafter the particles are
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formng a pasty mxture or slurry. The slurry is then dried and cal ci ned by
]E)l acing the mxture in an oven or furnace at about 100 to about 120[err]C
or 0.5 to 6 hours and then heating the mxture at a tenperatu;&&h;a%a .
about 250 toYB8UP48B0 C for .9- WD 97/34693 M

PCT/ EP97/ 01290 another 1 to 6 hours. This procedure acconplishes drying of
the al kaline earth nmetal conpound/silver m xture, renoves volatile
conponents and rsaitablgsdriede silver present to its elemental form
Selectivity to the desired propyl ene oxi de product nay be further optim zed
by the incorporation g§ BARaRA ABGW, PAftstOimpregnaitd, t iheesilveedmprdphhtedt support
nmodi fying agents or the like into t he supported silver catalyst.

| naccor dance wit} \Y | : ' '
carth metal comiia b Bt AabeIhe i o Bk Siplcdb sAlce mith Sk Tl
defi ned above whigh enhances the efficien of. t,he catalyst. T pot assi um
salt may be int re(gffﬁE BEP‘{SH‘OE’h%é %ﬁ’f‘ﬁf’?s‘f‘e 33'%5?? P e%‘RB?&b?ﬁ% Bﬁﬁ{%ﬁmi’ ﬁﬁ%m’m
separate inpregnation step. Again, this may be done by any known manner of
i npregnating a perrace"mas applied taciie, fuppar: tcludes ngt ﬁai}' the exterpalesmrpges pi) the
pl acing the catalyst material in a container, evacuating the contai ner and
t hereaf ter i ntr aRlppéradut adsos thet intevhalt surfaces) thet isatthe shyfacdshdefimigg the pores dre

internal portion of the support 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 elevated temperature 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.

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 propylene oxide), the silver concentration preferably is from about 2
percent to 70 percent, by weight, 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 preferably is a nitrogen oxyanion (i.e.,
an anion or negative 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 chemical reaction and forming a nitrogen oxyanion under

epoxidation or catalyst preparation conditions). Potassium nitrate (KNO,) is the

—_—
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sprayed or sprinkled with the inpregnating solution. The excess solution
may then be allowed to drain off or the solvent nmay be renoved by
evaporation under reduced pressure at a suitable tenperature. The catal yst
may then WO at a noderate tenperature (e.g., at 120[ RGIYERI70129 oven
for one-half to five hours. Such a procedure is known as a "sequential" ‘or
"consecutive" nmethod of preparation. The al kaline earth netal :
conpound- suppreferred patassiyratsalrnyHalideosalts gfrporasiath fuchas'potdssii 186HEE nRY
"coi ncidental” nethod of preparation. Wth this nethod, the potassiumSalt

s incl uded o bB @il af BAIRRMMA HeoR Kaind 6 Gusiction'as Y'brbaEthr! 8 difRie 003" ©

the support. The al kallne earth netal conpound-coated catalysts are

D eFar abl v af% v Bited s ittt 8 bdiibitioh gty PPor mReert el
PCT/ EP97/ 01290 pr 1er & al pha al um na,, w tp an al kaline earth netal
conpound- cont ai ni %e §? ‘¥'§F.Y‘ CIRg POtasHvm; S3ltqnay, be introduged to\theccatalyst imt al

conpound, in which case the coated support is further treated as indicated
above t o-progaknawsmapaer. ckhus, impregnationdngd depesitéon of dilver and ®potatsivm salk
conpound-coated catalyst. Alternatively, an al kaline earth netal

conpound/ si | may bewffrotedccoiddidenyallyr oreseqatitiallynes desciibedrabeve. conpound/ si | ver
conmpound/ pronoter slurry nmay be produced in a sequential or

In order to perform coincidental impregnation, the potassium sait must be
soluble in the same solvent or complexing/solubilizing liquid uséd with the silver
impregnating solution. With the preferred sequential procedure in which the silver
is added first, any solvent capable of dissolving the salt which will neither react with
the silver nor leach it from the support is suitable. Aqueous solutions are generally
prefetred, but organic liquids, such as alcohols, may also be employed. Suitable
procedures for effecting introduction of the potassium: salt to the solid support are
well known in the art.

The optional 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 containing the potassium salt (herein referred to as "promoting amount™). The
precise amount will vary depending 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 of support.  Generally, however, a suitable

This Sheet Has Been Reﬁaced -14-
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coi nci dent al procedure. Thus, in a sequential procedure, particles or pills
of a suitable subsupport material, such as al pha-alum na, are coated with a

slurry of an_al kaline earth nmetal conpound material and a sol r
conpl ex of sMRHEP4Bssol ved in a conpl exi ng/ sol ubi l'i zi ng agenw&ﬁé@m&”%
particles or pills are thereafter drained and calcined in an oven at a
tenperature of about 250[err]C to about 600 C for about three mnutes to
about four hour soné¢eneration adrigerofahe ladded potaksiumgsalty cajeuieted| asi catiensisl about 0.15
proportional to the tenperature enpl oyed. The catal yst is then inpregnated

in the manner d%ﬁﬁ&ngta Ba S piitdrably abdbtDINR Mbbuls PEREAY, . yawek]gh,%edrézﬁgxe

The al kal i ne eart conpound- cOat ed supports nmay al so be Tornmed by

Compound pr ot SAcEERSf 8 GBNRP MAE pridfeab, 1, R @ aafiA RO i oot

subsupport. After_draining. the catal Is dried at a tenperature and for
a duration indida? %2%'6&65?”&?3 Wﬁgcéngg{'al ysts prepared by the sequenti al

procedure. The particular silver salt or conpound used to formthe
si | ver - cont ai ni ng i mPrepyiens agd ao| axyEeATCORiaiRingEase(ite.op gas comprising molecular
conpl exi ng/ sol ubi lizing agent is not particularly critical and any silver

salt or Comooundxg%m afd biouhoogether inhereatior i thehpresenbe of tiseoprebioasly desdiibed
does not react with the solvent or conplexing/-solubilizing agent to form

S?JT;J E‘ggg} ggzggo‘éhﬁfysfrﬁﬂdé?%nditm UtedtRI® accomplish at 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 about 1 to about 30.4 x 10°Pa(about 1 to about 30
atmospheres). Inlet pressures may be as low as 96.5 to 517 kPa gauge (14 to 75
psig). To favor high selectivity to epoxide, it is desirable that the feed stream contain
carbon dioxide and/or an organic halide (described in more detail hereafter). 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 feedstream containing propylene (fresh and/or recycled) and molecular
oxygen.

Examples of nitrogen oxide species suitable for optional introduction in the
feedstream include at least one of NO, NO,, N,O,, N,O; or any gaseous substance
capable of forming one of the 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 oxide

species. Inclusion of such nitrogen oxide species in the feedstream is not necessary,
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enpl oyed. Thus, the silver my be introduced to the solvent or
conpl exi ng/ sol ubilizing agent as an oxide or a salt, such as nitrate,
carbonate, or.carboxylate, for exanple, an acetate, propionate, butyrate,
oxal ate, WO ¥MFB nrmlate, maleate, lactate, citrate, pht haPCR/EPIHRRY aci d
ester, and the like or conbinations thereof. A |large nunber of solvents or
conpl exi ng/ sol ubilizing agents nmay be suitably used to formthe

si | ver - cont ahowesgri npr egnati ng- sol uti on. Besi des adequately dissolving the
silver or converting it to a soluble form a suitable sol vent or .

conpl exi ng/ sol ubi {rp&l O : | Qs el bl v r ved in
subsequent steps, Tg%?ﬁgpﬂggp%asawashiIﬁ‘g,g&:/g?ig??*’i&zlgn%%n?g‘)?iaggﬁsoxynmﬁ?%@gldur e,
or the like. l.exingisol ubi.l j zi. gen referably,., should al so _
permit sol ui T PSRBT s Rt linec ub Bad Y e s pudsingy lroised aady of
preferably about 25 to about 60 percent silver, based on the total weight
of the cat al {&tconcentratiog thereof,n and, byy othep fastors natad aboye: which, dnfluenge the
conpl exi ng/ sol ubi li zing agents be readily mscible with water since aqueous
sol uti ons negptiseurs emosni efrpdtassisnpsadty ctiypigaiiyn g svikebleredneeitedtionfof dinenisropémbl e
as solvents or conpl exing/ solubilizing agents for the preparation of the
si | ver - cont agxide)gpeuidsuforaspoxitlationlof Qiropylend, nig| abdun 0. Ut/ a6 . 2,006 Bpds b

et hyl ene glycol, am nes (including al kanol am nes and al kyl di am nés) ar‘?d
carboxyl i ¢ agiélfe, Sl RE i A5kd GsMABANOWRERING ROy S Lo ilarRlUGPUS
m xtures of such materials. Typically, a silver-contalning solutron’is _
pr epared by I n.a suitable

conpl exi ng/ s%%‘ﬁ@%lﬁv’lzﬁﬁg?’g“géﬁ%ds‘f% eriga,txopo*s 86%%52}," 3{’?&‘?&?{9"9 Bpm, 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 from atomic
or molecular oxygen capable of existence under epoxidation conditions, mixtures of
another gaseous substance with at least one of the foregoing, aﬁd 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 epoxidation conditions both exists in a gaseous state and forms
molecular oxygen.

The gaseous components which are supplied to the reaction’ zone, or thﬁt
region of the reactor where reactants and catalyst are brought together under
epoxidation conditions, are generally combined before being introduced to the reactor.

If desired, however, such components may alternatively be introduced separately or
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wat er, ethyl enedi am ne, oxalic acid, silver oxide, and nonoet hanol am ne.
The solutiqn is then m xed with support particles and drained. Thereafter

t he part icle > - WO 97/ 34693 PCT. 7/01290
PCT/ EP97/012§6?§SU| ta ly dried. As indicated above, after inpr egnantnl”on, t he
silver-inpregnated support particles are treated to convert the silver salt

or conplex to silver, netal and, there effect depqgsition of silver on the
surface of the $Mpstous %m%@nﬁereib[ﬁ‘,e {r ?‘Eﬁaﬁfg’é’ﬁWﬁa » particulap gompesitipn
t he support, includes not only the external surfaces of the support but

al so the i nt er npkevioustyadescribed athus anay be foomed qeior diof Phiahghe tianep thee indiyidual
i nfernal portion of the support particles. This may be done by treating

t he i mpregnat ed compbhentstherédfrenterr the reactipnazpnat , Theiase af tényd!'foedstrean” herein
hydrazi ne and/or by roasting, at an elevated tenperature to deconpose the

silver conpound tlﬁ;,t@qs ot Wirint l&fr g.ht YIRS pieSerit! probés8 Qo The @hibbdiieht %e@aﬂadme

sol ubi l'i zi ng agents such as a nol am nes, al kyl di am nes, and the |ike may

al so function as reduci ng agents. t. ] t catalyticall .

ef fective amounf2HPUS P?‘v@?“ s?rebcé’%r’&e?éﬁ{bﬁ? ’f‘ﬁ'ga?(ftf?f's%é%’dgmgﬁts into the
(meani ng an amount that provides a nmeasurabl e conversion of E?ropyl ene toQ
propyl ene oxi deyeactipzang.  Ehe 3B RRICH the pracsss ang catalystof she piesent ipvention

~ are employed may be of any type known to the art. A brief description of several of

the reactor parameters which 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 desirably contains a performance-enhancing organic
halide such as an aliphatic halide. = The organic halide is preferably a volatile
compound, i.e., a substance which 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 atmospheric
pressure. Compounds containing from 1 to 10 carbon atoms are preferred. Most
preferably, the halide is a chloride species. The term aliphatic halide includes both
saturated and unsaturated halides, such as ethylene dichloride, ethyl chloride, vinyl
chloride, methyl chloride and methylene chloride. Preferably, ethyl chioride is
employed as the organic halide. Mixtures of different organic halides may be
employed. The amount of organic halide employed will vary depending upon a
variety of factors, including the concentration of propylene being oxidized, the
particular catalyst promoter(s) and nitrogen oxide species and the concentrations

thereof, as well as other factors noted above as influencing the optimum amount of
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percent to 70 percent, by weight, based on the total weight of the

catal yst. More preferably, the silver concentration ranges from about 25 to
60 percent by weight. As indicated above, it has been discovered that the
presence B‘foé"é?‘t‘%gn specific potassiumsalts in the supportREI/EP¥NQIZ90

catal yst significantly enhances the efficiency of said catalyst as a

propyl ene epoxi dation catalyst. The anion is a nitrogen oxyanion (i.e, an
ani on or neg#fptassumsalt and pitrogen oBida spesies, Howevsgensuitableonanpgreof concemtyationc h
as nitrate and nitrite or a precursor thereof (i.e., an anion capabl e of
under goi ng dffcmihecrgmric halidoimtre atidationadf propyleneris yiicdliy #Boue 021 & hbsEen
oxyani on under epoxidation or catalyst preparation conditions). Potassium

ni trate (KNCRgIoD!ppm,Smbiecprefetably abd 35/ (0350tPsbm by volur :
PCT/ EP97/ 01290 prl:}epf er re%e%ot assyum salt. Halide ga‘l’otl%m%’fdptgfggesﬁsﬁsna%hg as

[ fl . , | 4 h b f ound
1I‘O lcj);gts ﬂjgmas g&{ﬁ{r‘g@urs d %%%%r@@‘?ﬁg? @gggeghsi‘??g%b?%egﬁh?g?é“%ﬁﬂ@ the

epoxi dation conditions). The effi.ci.e .-énh cin otassium salt nay be
P Y oduced t BB S Shinss Thay B JoURn, (A TEIsmo. The EaERAD SRS
deposition of silver and a potassiumsalt may be effected coincidentally or
sequent i al | yconainacalipstins dilupety such 35 nitragen, 105 ogher fimarhgaso paticulanlyavhen air
i npregnation, -the potassiumsalt nust be
is used as the oxygen-containing gas. Varying amounts of water vapor may also be
present.

Carbon dioxide is also 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 pr :de¢ surprising improvement in propylene oxide
selectivity. ‘Desirable enhancements 1n selectivity are generally observed using 1 to
60 volume % CO, in the feedétream, with 5 to 25 volume % CO, being preferred.

The components of the feedstream are most suitably present in the amounts

shown in the following table.
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soluble in the sane solvent or conplexing/solubilizing liquid used with the
si |l ver, i npr.egnating solution. Wth the preferred sequential procedure in
whi ch the silyer _j dded first, any solvent capabl e of dissol g, h4q. | t
which wi 11 ndVORB63act with the silver nor |each it fromthe%%’pfglr?@”?g
sui tabl e. Agueous solutions are generally preferred, but organic |iquids,
such as al cohols, may al so be enpl oyed. Suitable procedures for effecting

i ntroduction of the potassiumsalt to the solid support are well known in
the art. The potassiumsalt is added in an amount sufficient to provide an
i nprovement in one or nore of the catalytic profpdumeds %e.g., selectivity,
activity, conversion, stabiComponenti el d) of the (suppm) feriPropylepe Qxidat
conpared to a catalyst not containing the potassiumsalt (herein referred

to as "pronoting anount ").p ldpe€cCi se anount \wbbilit ¥ 8 ¥bslRIFOLEI Ng upon such
vari abl es as the nitrogen oxide species and concentration thereof enployed

I n the epoxidation procedu he concentratio nents in the
feed stream the anount of Egﬁeber cont ai ned in%Pﬁ‘fét %gf]gﬁsg}gﬁtﬁ%he surface

area of the support, the process nditions, e.d., .S el ocity and
t enperature, and nor phol og?’%‘fncs??gﬁﬁrt. Gener(}%ﬁol @P"%Eg chpm, mOfg piefrably,
- 14- WO 97/ 34693 about 20 to 500 ppm

PCT/ EP97/ 01290

nitrogen oxide species 0 to about 2,000 ppm

hydrocarbon other 0 to about 5%

than propylene

carbon dioxide | 0 to 60%, more preferably S to 25%
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 reactors known
to the art, 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 oxide reactors. These generally include wall-cooled as wéll as adiabatic or
nbn-wall—cooled reactors. Tube lengths may typically raxige from about 1.5 to about
18.3m (about 5 to about 60 feet) but will frequently be in the range of from about 4.6
to about 13.7m (about 15 to about 45 feet). The tubes may have internal diameters
from about 12.7rhm to about 63.5mm (about 0.5 to about 2.5 inches) and are
expected to be typically from about 20.3 to about 38.1mm (about 0.8 to about 1.5

- inches). A plurality of tubes packed with catalyst arranged in parallel within a

suitable shell may be employed. GHSV generally range from about 500 to about
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concentration range of the added potassiumsalt, calculated as cation, is
about 0.15 to about 5 percent, preferably about 0.5 to about 3 percent, by
wei ght, based on the total weight of the catalyst. Mst preferably, the
salt is ad®R¥34%n amount of about 1.5 to about 2.5 wei ght PEEEEE#1290
Propyl ene and an oxygen-containing gas (i.e., a gas conprising nolecul ar
oxygen) are brought together in a reactor in the presence of the previously
descri bed catlﬂlﬂﬂgthrdn(ﬁtpl@HucﬁHSb'n&luﬂSfrenga fromt aboat 8001 atsdut 3{000cAls™ at
partial epoxidation of the propylene. Typical epoxidation conditions

i ncl ude t enppfeasites From about 1 e abGRC30.9'x 207 QAbolNe t6 ABEHIOS0 AmddpRefeber
of about 180 to 350[err]C (nore preferably, 200 to 300[err]C and preséures

from about LebudhRhocl. £ 1ol ok 3. P 3074 bet 1Rl FuBREISY)

I nl et pressures e as lowas 96.5 to 517 a gauge

contain car boREAFLPRL B SithEiepldo dobv B D4 21 e Bl RSB

hereafter). A gaseous nitrogen oxide species (described in nore detail
hereafter) nﬁSPPéﬂe%- optionally be supplied to the reaction zone within the
reactor by introducing said species to the feedstream containing propyl ene
(fresh and/or recycled) and nol ecul arEXAMBBRESFExanpl es of nitrogen oxide
species suitable for optional introduction in the feedstreaminclude at

| east one of Exéshpltid err], Nerr]O[err], N203 or. any gaseous substance
capable of form ng one of the aforenentioned gases, particularly NO and

N gg(r); ,ng?ng er e Eﬁ?&ﬁ?hﬁ@d‘ sERAadl i Sin B6rddhed %ﬁsthefm%‘aoﬂfcoh{b%smg 39
weight % Ag and 1.9 wslght % K on a tribasic calmum phosphate support (Aldrich;
CAS 12167-74-7; surface area = 65 m?/g) was prepared in accordance with the
following procedure: A 0.121 (4 oz.) jar was charged with ceramic stones (5),
ethylene diamine (10.30g), distilled water (10.20g), oxalic acid dihydrate (7.50g),
sitver (I) oxide (13.0g}, monoethanolamin_e (3.63g>; potassium nitrate .(1.59g) in
distilled water (5.17g), and the tribasic calcium- phosphate (17 0g). ’I‘he Jar was
sealed and placed on a ball mill for 4 hours. The resultmg mixture was dried at
110°C for 1 hour and then calcined at 300°C for hours. The material was thereafter
pelletized anol sieved to 14/30 mesh. The supported sﬂver catalyst was tested for
activity in propylene ox:danon usmg a tubular reactor under the followmg run
conditions: 2cc catalyst, 10 volume % propylene, 5 volume% oxygen, 50 ppm ethyl
chloride, 200 ppm NO, GHSV = 1200 hr”, 40 cc/min flow rate, 207 kPa gauge (30
psig), 250°C. Propylene conversion of 5% with sellectivity to propylene oxide of

27% were obtained. Increasing the concentration of ethyl chloride to 200 ppm

improved the propylene selectivity to 34% (5% propylene conversion).
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one or nore of CO PHerr], SJerr] and SJerr]. NOis the nost preferred
nitrqogen oxi de species. Inclusion of such nitrogen oxide species in the
feedstream i s not necessary, WO 97/ 34693

PCT/ EP97/ 012%@ H er. The amount of gaseous nitrogen oxide s%%l(':’llﬂégsmngo
present (if any) is not critical. The optinmum anmount is determ ned, in
part, by the particular potassiumsalt used and the concentration thereof,
and by other fadxampledted abgve which influence the optinmum amount of
potassiumsalt. Typically, a.guitable concentration of.the nitrogen oxide
speci es for epoxi dat i%supgorfedogilver catalyst imnbaordaned with thieoinve®jdhOComprising 1
vol ume, when N2 is used as ballast. Wien NOis used in the epoxidation of

propyl ene, the gy r%e%&gmqnﬁéﬁhi OpKi @dadPHé KF) 6n 3D Gibiasié. &i&uﬁpglgodﬂﬁl%

preferably about to ppm by volune, with an N err] ballast. wever,
as expl ai ned previo e 1 4OX.I s td Ry :
essentially zer 8‘."’%&*&?&8@%82%%2%@%1 %ﬁaﬁg%?égactfﬁgm@y%eﬂe%g? ?%ea tgv%ty
i ncl udi ng pure nol ecul ar oxygen, atom ¢ .0 en, any.transient radicgl.
speci es derived® r%?ﬁﬂ?%%%g?mhﬂf"’é‘&u? éﬁ‘b"@‘s&’é’ﬁ“’é a‘i;‘éﬂﬁ CoFamms, irug SORAGRY &
epoxi dation conditions, mxtures of another gaseous substance with at |east
one of the foregdesaniped jmaxmplgtlaﬁngntggpabq:t@onde). Propylene selectivity of 36% at 6%

propylene conversion was observed.

The following Comparative Examples 1-4 demonstrate the superiority of :
tribasic calcium pﬁgép.hate as a catalyst support over other substances which also
céntain calcium and phosphate components.

Comparativ ample 1

A supported silver catalyst comprising 40 weight % Ag and 2 weight % K
(added as Kr;l(),) on a rﬁonobasic calcium phosphate (CAS 7758-23-8) support was
prepared and tested-}-:j%)r activity using the run conditions™described in Example 1 (50
ppm ethyl chloride;v 276kPa gauge (40 psig)). Only 1% propylene conversion was
achieved; no propylene oxide was detected.
Comparative Example 2

A supported silver catalyst comprising 39 weight % Ag and 1.9 weight % K
(added as KNO,) on a dibasic calcium phosphate (CAS 7757-93-9) support was
prepared and tested for activity in propylene oxidation using the same conditions as

: in Example 1. As in Comparative Example 1, no propylene oxide was detected and

the propylene convefgion was low (1%).

-21-



‘of form ng one of the foregoing under epoxidation conditions. The oxygen is
typically introduced to the reactor either as air, comercially pure.oxygen
or other substance which under epoxidation conditions both exists in a
gaseous sWR¥B4Y forns nol ecul ar oxygen. The gaseous conpORSHERINM2Wh ar e
supplied to the reaction-zone, or that region of the reactor where
reactants and catal yst are brought together under epoxidation conditions,

are gener al | Compatative Exianiple 8 bei ng i ntroduced to the reactor. If desired,
however, such conponents may alternatively be introduced separately or -16-

WO 97/ 34693 A supported silver catalyst comprising 43 wei%ht % Ag and X Welgh? % 42290
I n various conbi nations. The feed stream having the particul ar '

composi ti on @hged ARNO. 81 hydiheyaBicc Sappbie (CASPRGRIG. 8 s o ardl = N5y L1 110

t he individu conpone nter eaction zome. e of"term
"feedstreant herein thus i.s apt to. Limt the present, process to the
enbod; ment viE W PPt cangl kesiotr i incprop Bl axfdasioh pidsr the, rum
introduction of said conponents into the reaction zone. The reactors in
“which the preseditionsnef GamparativeorExampler bserfhei rasulis | abtaiged @FAp| ypylenmy be
of any type known to the art. A brief description of several of the reactor
par anet er s vdoneérsiony 0% popglene dxide selectivity)i proeidti funthes cpnfiseationdod eheow.
superiority of tribasic calcium phosphate as a catalyst support.
Comparative Example 4
A supported silver catalyst comprising 43 weight % Ag and 2.1 weight % K
(added as KNO;) on a tricalcium phosphate support (CAS 7758-87-4; surface area =
47 m?/g) was prepared and evaluated for activity as a propylene oxidation catalyst
using the conditions described in Example 1 (50 ppm EtCI). Surprisingly, despite the
compositional similarities between - tribasic calcium phosphate and tricalcium

phosphate, the latter compound when used as a support gave no detectable propylene

oxide and only 1% conversion of propylene.

Example 3

A supported silver catalyst in accordancé with the invention comprising 39
weight % Ag and 2.1 weight % K (added as KNO,) on a calcium fluoride support
was prepared and tested for activity in propylene oxidation using the same condition
described in Example 1 (50 ppm ethyl chloride). Propylene conversion was 4%;
selectivity to propylene oxide was 35%. When the O, level was increased to 8

volume %, propylene conversion was 7% and propylene oxide selectivity iniproved

to 40%.
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In addition to propyl ene and oxygen (and, optionally, a nitrogen oxide
speci.es), sthe feedstream al so desirably contains a performance-enhanci ng

organi ¢ hali ch _as an aliphatic halide. The organic hali ' _
preferably aa&)?%é‘??se conmpound, i.e., a substance which pr edogﬁﬁgﬁﬁ’{?l_”“

exi sts in gaseous formunder the tenperature and pressure conditions
present in the reaction zone. The normal boiling point of the organic
halide i s nost pexamplediy | ess than about 100[err]C at atnospheric
pressure. Conpounds containing from1l to 10 carbon atons are preferred.
Most preferably, the Aasuppertéd silverhtatalysidnageeridence with the imveationlcampeising 50
hal i de i ncludes both saturated and unsaturated halides, such as ethyl ene

di chloride, ethyyeight % Af@nd 2iviibhio®! Ki{adid 2SKNGL) ol Magibeivaw Slufhdty sepifort

chloride. Preferably, ethyl chloride is enployed as the organic halide.

M xtures of diff Eﬁe%geg | ' : . . . .
organi c halide e‘ﬁp y %E%%PP?%SE@I yfoggf)tén i]rrgﬁ 0u@on é;&\%g?tlm;ﬂ]‘%lg F g%:'ngrcg?dmons
i ncluding the concentratian of. p | ene heing., oxi dized. the, pAaltJd cyl ar
catal yst pronot e‘p’fgr;hegﬁw %?‘?'Pglﬁeiﬁgéip&’g' §B’é¥1 icggméi‘?d h‘éd}'d'é‘ﬁc%nebé?fi ?ﬁgpylene
t hereof, as well as other factors noted above as influencing the optinm
amount of -17- conygssiop/ was6%; propylene oxide selectivity was 42%.

PCT/ EP97/ 01290 potassium salt and nitrogen oxi de species. However, a
sui tabl e range dExanspledntration

A supported silver catalyst in accordance with the invention comprising 50
weight % Ag and 1.3 weight % K (added as KNO,) on a strontium titanate support
was prepared and tested for activity in propylene oxidation using the same conditions
described in Example 1 (50 ppm ethyl chloride). At 10% propylene conversion,

propylene oxide selectivity was 38%.

Example 6

A supported silver catalyst in accordance with the invention comprising 54
weight % Ag and 1.9 weight % K (added as KNO,) on a calcium molybdate support
was prepared and tested for activity in propylene oxidation using run conditions
identical to those of Example 1 (50 ppm ethyl chloride). Propylene conversion was

2%:; selectivity to propylene oxide was 26%.

Example 7

A supported silver catalyst in accordance with the invention comprising 43
weight % Ag and 1.6 weight % K (added as KNO;) on a calcium titanate support was
prepared and tested for activity in propylene oxidation using the same conditions

described in Example 1 except for the use of 200 ppm ethyl chloride. Propylene
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for the organic halide in the oxidation of propylene is typically about 0.1
to about 2,000 ppm nore preferabl:y about-25:to 500 ppm by vol ume, of. the,
feedstream In addition, a hydrocatbon, partiicularly a saturated

hydr ocar b3 9% as nethane, propane,- or ethane, may be i nBCTERA1R9 he

f eedstream The feedstream may al's6"contain a ballast or diluent, such as
nitrogen, or other inert gas, particularly when air is used as the :
oxygen- cont ai nkidg sglestivitiaof B6% atrdfamrepylenercanyersicrpwas observedio be present .
Carbon dioxide is also desirable to include as a conponent of the
feedstreamin xi dation process of this invention. The presence of
carbon dioxide, wthin certain limts, has been found to provide surprising

t
el oot i vily ;Pepgi‘#ﬁ%ﬁ’“"ﬂ@ﬁ?ﬁ? gt *#g*‘*"’%‘%ﬁé% A e SRR Ok 12

feedstream w.th 25 v, % ref el red. .The conponents
of the feedst‘fvg'ﬁ#gé ggrﬂ%‘tf dT‘?%h& %%faé@gﬁ NG SUPPOT Was
following table. -18- WO 97/ 34693

PCT/ EP97/ 0129PFepatednind testad dorastiity in propylene oxidatigm psipg rthe fsame Frongitioas e

Oxi dati on
described in Example 1 except for the use of 200 ppm ethyl chloride. Propylene

oxide selectivity of 26% at 3% propylene conversion was observed.
Example

A supported silver catalyst in accordance with the invention comprising 50
weight % Ag and 1.5 weight % K (added as KNO) on a magnesium titanate support
was prepared and tested for activity in prop&lene oxidation using the same conditions
as described in Example 1 except for the use of 200 ppm ethyl chloride. Propylene

oxide selectivity of 35% at 4% propylene conversion was observed.
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propyl ene ' about 2 to_about 50% oxygen about
2 to about;, 10% organi c halide ' g apout 00 ppm nor e

pref erabl vy, \ggﬁy}af% to 500 ppm ni tF‘dE ié?&g??ﬁ%&%s t o equire7iided
__ppm hydr ocar 0 to a@haut Poropyll ene carbon di oxi de

0 to 60% nore preferably 5 to 25% nitrogen or remai nder. ot her

Hmm'"ﬂmmmugh the present invention can be used with any size and
|on reactor, including both fixed bed and

ui di Zed "oed reactors known to the art, it is contenplated that the

present invention wlil fi mdsuppstted\muwmtebﬁt wmlufmrppﬂenmeMWn@ommmg

bed, multi-tubular reactors such as those now in use as ethyl ene oxide

r éact or s. These s{16d19nalal appore borpriving an allkaline earth metal-containingdmhpaundrselected

non-wal | - cool ed reactors. Tube lengths may typically range fromabout 1.5

to about 18.3m ﬁ%ﬁiﬂﬁfﬂz gﬁg&&x £Qni8E (nibkkid camb}n PHORBNRE) trthigrieSiutd alifthate,

range of froma ut 13.7m’(about 15 to about 45 eet). The

t ubes may have i ternal neters fr, out 63. 5mm (about
0.5 to about 2. 5 i &P "B&Jﬁ“?f@g %d %’gxtgypl %é}F?tS from about 20.3
to about 38. lrrm(about 0 8 to about 1.5 inches) A plurality of tubes

packed with catal yst 2ar r arysuppastedagaialys) asgl elqu ig claim 1 characterised in “that the

alkaline earth metal-containing support is an alkaline earth metal titanate and the
alkaline earth metal titanate is selected from calcium titanate, strontium titanate, and
mixtures thereof.

3. A supported cétalyst as claimed in claim 1 or claim 2 which
additionally comprises a potassium salt comprising potassium cation and an anion
selected from nitrate, nitrite, anions capable of forming nitrate under the epoxidation
conditions and mixtures thereof.

4, A supported catalyst as claimed in claim 3 which is obtainable by
impregnation of the support with a mixture comprising of water, a silver compound,
the potassium salt, and a complexing/solubilizing agent selected from amines,
carboxylic acids, and mixtures thereof, followed by calcination.

5. A supported catalyst as claimed in any one of claims 1 to 4
characterised in that the support additionally comprises an inert refractory solid
support other than the alkaline earth metal-containing compound.

. 6. A catalyst as claimed in claim 5 characterised in that said inert

refractory solid support forms up to 50 weight percent of the support.

7. A supported catalyst as claimed in claim 5 or claim 6 characterised in

—_—
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suitabl e shell may be enpl oyed. GHSV generally range from about 500 to

-~ about -19- WD 97/ 34693
t o about ?%W@‘ﬁ%r s[err]- bout 1 to a
10[err]Pa (about 1 to abo res), comonly abo !lmﬂ about
e
suffici ent t dhatdhe énert Gffactory S0d syppoficisadipha Bumin30% of &wj’mm{
EXAMPLES Exanple 1 A supported silver catalyst in accordance with the _

PCT/ EP97/ Q1290 10, 000 hr[ val ues range from about 800
5.1 x 10[err] Pa (about 1. 1F0 about 5 at nospher es). Conta
i nvention conprisiglg 39 ippbitedt Al dad . dainRigRi dyKofid Gf (ldiRasi %o 4

cal ci um phosphat e support drich; CAS 12167 74-7; sSurface area = )'
was -prepar ed t h@@rf e &ﬁﬁ §14 )
jar was char ggﬁa&%ﬁéﬂgg{;gﬁrﬁ \é!hgtk 0 ' , @%;ﬂ}df}gg&ne Bé%éﬂ mgén

distilled water §10 %‘?Oﬂq agxal i ¢ aci d di hydrate (7.50g9), silver (1) oxide
(13.09), non&at 3.63g), potassiumnitrate (1.59g) in distilled
wat er (5.179), and the tribasic cal cium phosphate (17.0g). The jar was
seal ed and pl aced%n a A Bracess for prepyl wemvemahqmwhpmagmgrmmnms

dried at
oxygen and propylene is contacted in the vapor phase at a temperature of 180°C to

350°C with a supported silver catalyst as claimed in any one of claims 1 to 8.
10. A process as claimed in claim 9 characterised in that the feedstream
. additionally comprises an aliphatic halide. |
11. A process as claimed in claim 9 or claim 10 characterised in that the
- feedstream additionally comprises a nitrogen oxide species selected from the group
consisting of NO, NO,, N,O;, N,0,, and mixtures thereof.
12. A process as claimed in any one of claim 9 to 11 characterised in that
- the feedstream additionally comprises carbon didxide.
13. A process as claimed in any one of claims 9 to 12-characterised in that
propylene is contacted in the vapor phase at a temperature of 200°C to 300°C with
oxygen, an aliphatic halide, carbon dioxide, and a nitrogen oxide species selected

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

Tl
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110[err]C for 1 hour and then calcined at 300[err]C for hours. The materi al
wes thereafter pelletized and sieved to 14/30 nesh. The supported silver
catal yst was tested for activity in propylene oxidation using a tubular
reactor upder the follow ng run conditions: 2cc catal yst, 10 vol.une %
propy| enedtrectyiily #E%](PSWESEW%S ppen extibit radicallyi differenbehapior MOan pdRidation200
hr[err], 40 cc/mn flow rate, 207 kPa gauge (30 psig), 250C. Propyl ene
conver si oproofss5Preditting il aivaned whichsubstanues wilé pooviidiettafhidly Yegves 6 Rivitgd-
| ncreasing the concentration of ethyl chloride to 200 ppm i nproved the _
propyl eng IWRIEN i i BBy ¢iSINS 3 =20- 1. WO 97/ 34693
PCT/ EP97/ gfegggﬁgx‘gmn%?g fzquﬂiﬁugép%/r ted s(::lfﬂ&grro 8%2?1%&;%?& %rrlly zli%lg%srs 1cs’zlierice with the
added ,as KF) on a

i nvention co L Si ' % .ght 2K
tribasic cal m#&% Eg%%]fbg\t/\@ésgﬁ%eﬁo% ?g'(ag}{gg F%@ﬁﬁs@§ﬂf§rl Yypppsted. on, spingl for the s =
65 n{err]/g)_ was tested for activity . in propyl ene oxidation using a tubular
react or (FPPHGaUeROLeRE s, nOKIslss) hydeoridess carbeatesand perosistesnflatkali ahs @lkatine
ethyl chloride). Propylene selectivity of 36% at 6% propyl ene conversi on
was obsereash méfils atobugpested) aCpromotetsi ve Exanpl es 1-4 denponstrate the
superiority of - '

EP-A-0 318 815 describes a catalyst for the epoxidation of higher olefins such as

-~

propylene which is prepared by contac_ting in aqueous solution a dissolved silver-containing
- salt, at least one dissolve'd_ salt of a muliivalent cation brompter and a dissolved silicon-
contailiing salf.

European Pat. No. '393,785 teaches a catalyst for the manufacture of alkylene o#ide
containing an impregnated silver metal on an inert refractory solid support, at least one
promoter to enhance the efficiency of tﬁe catalyst and a manganese component. The
efficiency promoter may be a compound comprising at least one alkali metal .or oxyanion of
an element other than manganese or o.xygen. selected from group 3b through 7b and 3;
through 7a of t_:he Periodic Table; titanates and phosphates' are listed as being suitable
oxyanions for such purpose. A maximum of 2 weight ‘% of thé anion in the ..catalyst is
taught. A cationi_é promoter such as an alkaline earth métal may also be present up to a |
_concentrat_ion of 1 .Weight percent in the finished .catal_yst. This publication thus does not
contemplate the use of alkaline earth metal titanates dr phosphates as.t.hé. inert refréctory solid
su‘ppoi't. |

According to the present invention, there is provided é supported silver catalyst useful
for propylene epéXidation comprising_éilver and a support characterised in i:hat said suppbrt

comprises an alkaline earth metal-containing compound selected from alkaline earth metal
3

AMENDED SHEET



tr| basi c cal ci um phosphate as a cat aI yst support over other substances

V\/m ch al'so contain cal ci um and- phqsphate conponents. Conpar ative . Exanple 1
A’supported sil ver cat al yst corrprl sing 40;weight % Ag and 2 Jei ght % K
(added as, K n aS| c cal ci'um phosphat e (CAS 7.758-.23- 8)

suppor t v&éfé“N% éﬁ-&‘ halg, megnes a‘\i’é‘?ﬂﬂet Gelciugn malyhilate, otalcium
described in Exarrpl e 1 (50 ppm et hyl chl oride; 276kPa gauge (40 psig)).

Only 1% pfugridesand ouxtuesssheraofanst sathsupperted catalgst(ﬁnythmmmsdeag@&sg@h@qked. .
Conparative Exarrpl e 2 A supported silver catalyst conprising 39 weight % Ag
and 1.9 Wondfhisidle forbasldedanion KDkefanich @lecheddibASiitiafed i) BAGRNARLR (7AS
7757-93- 9) suppor was prepared and tested for act|V|ty i n propyl ehe

OXI datl ngofiﬁnigg%&% ‘ﬁﬂgpthcéloé&,gk &.5 @C?%E%@;mmé ﬂé% il Conparative

propyl ené ox propylene conversi on was
Iow(lo/() -21- WO 97/
PCT/ EP97/ 01296“‘&%%{%”&{1@?5@ PEQYAE %P@ci?SéQFprBPﬂéHe %?qumeéﬁb&r%ﬁ feedsiseansi ng
43 weight % Ag and 2 weight %K
comprising oxygc_m and propylene is contacted in the vapor phase at a temperature of 180°C

o 350°C with a supported silver catalyst as defined above.

3A-
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(added as KN err]) on a hydroxyapatite support (CAS 1306-06-5; surf ace
area = 33 nferr]/g) was m d for activity in propylene -
oxi dation under the run Eﬂmﬂlﬂﬂmﬂ“ arative Exanple 1.: The results

*

obtai ned (1% propyl ene- cohvet siton" 0% propyl ene oxi de sel ectivity) provide
further confi rBAIMIS of the superiority of tribasic calcium phosphate as a -
cat al yst support. Conparative Exanple 4 A supported silver catalyst .
conprising 43 weight % Ag and 2.1 weight % K (added as- KNOJerr]) on a
trical ci um phosphat e support (CAS 7758-87-4; surface area = 47 nierr]/Qg)

was prepared gnd ev, t for . b ' r | ene .oxi dation, cat al yst
using the conditi oﬁlgl Hggggt?‘? S‘g%m?c%{ag\%%ﬁf@%f?f’ &998%&%2?@@0%’}8&%@ r
despite the conpositional simlarities between tribasic calcium phosphate
and tri can¢p SHPRITbSHARAterised e thah 4id SUPRAtHEAMRFiSHA R alkaline garthmetabsontainingy e
no detectabl e propyl ene oxide and only 1% conversi on of propylene. Exanple
3 A suppoompoumi |selectedafminy silkilineaeanh dmetad tifandtes, h eribasice ralofuin Cphadphate,Ng
39 weight % Ag and 2.1 weight % K (added as KNO[err]) on a calciumfluoride

support S8R ANBHInaRY chIBRIE thol ffdafs Ichi¢iuny fhubriBé, ' | 9
t he sarreﬁggrrl\dition dlgscricbed in arafp[’e 1 (50 pf)lm g@#y@%ﬁ@%?%%mdﬁi@

Propyl en rsi % [JRYA S 58V o) oxj.de was_ .35% ,Wen

the o or FPEREVE catfiR: Witnet ConlisEE b'abbistub ofl SMp SR BOLESVTGHER haanros
d I ' | ectivity i dt % .

and pr Oanice)r? gelgé(tleg %rosfne nietfaté,vr{itr%{e,l arxr:t%nosvceapablg olft(%m?ming nitrate under the epoxidation

conditions and mixtures thereof. .

2. A suppdrted catalyst as claimed in claim .1 characterised in that the alkaline -
carth metal-containing support is an alkaline earth metal titanate and the alkaline. earth m_etal
titanate is selected from calcium titanate, str_oﬁt_ium titanate, and inixtures -the.reof.

_3. - A supported catalyst as claimed in Claim 1 or Claim 2 which is obtainable by

impregnation of the support with a mixture comprising of water, a silver compoﬁnd; the

: .pot.assium salt, and a complexing/solubilizing agent selected from arniﬁes, carboxylic éc-id_s,
and mixtures thereof, foll'owed-by calgination. |

.4. A supported catalyst as claimed in any oﬁglof Clajms 1 to 3 characterised in
that thg support additionally cqmprisgs an i@ert refractory solid support. other than the
alkaline earth metal-containing compound. |

5. - A ‘supported catalyst as claimed in Ciéim 4 characterised in that sai& inert
refract.ory solid support forms up to 50 Wéight percent of the support. |

5, A.supponed catalyst as claimed in Claim 4 or Claim_'S characierised in that
the inert refractory solid s1;pport is alpha a‘lumipa. |

7. . A supported -catalyst as claimed in any one of Claims 1 to 3 charactc;ised in
. -25-
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o ovoomsases NN MA RN

PCT/ EP97/ 01290 Exanple 4 A shpported.»si.l ver catal yst in accordance with the

i nvention conpty si Labt. % A, | s 3 KNOJ er f on
a magnesi um al Eﬁnﬁﬁ rtlg?sé& 8%%}%3&%%&%}@ a?fgt \éﬁdrll 2 }e%’i("?egg Cg’gﬁ‘?‘%}?%ﬁ ’F’Hml'?d'
propyl ene oxi dation _using the sanme conditions described inzExanple 1 (50

ppm et hyl chl ori de; 850 v% Prosess.tex propylene epsxidaiion feersin g desdisiseam gempriging oxygen
propyl ene oxi-de selectivity was 42% Exanple 5 A supported silver catalyst

i n accor dance waid prapyteneris enntacted dm ther vapion gphsse avai ginpefdtuyy ofri@01CI0I5090twith a
K (added as KNGB) on a strontiumtitanate support was prepared and tested

for activity igyponey sRvé Qudifhl eRitéd Bady éneSeiElafRdith izons described in
Exanple 1 (50 ppmethyl chloride). At 10% propyl ene conversion, propylene

oxi de selectivity s 38% _Ex le 6..A su ed silver catalyst | _
accordance with th\2@1 nve iPB%C%érngﬁBr‘?%‘F}?é @ﬁ%“bh§ %‘R&egﬁﬁfizgt%ﬁ’e%tfeﬂﬁﬁ@m
(added as KN err]) on a cal ci um nol ébdat.e support was prepared and tested
for activity i#diiensily cempsisesian aliphatie balide-un conditions

10. ~ A process as claimed in Claim 8 or Claim 9 characterised in that t:he-
feedstream additionally co'mprisés a nitrogen oxide species selected frorﬁ the group consiéting
of NO, NO,, N,0,, N,O,, and mixtures thereof.

11. A process as claimed in any onme of Claim 8 t(; 10 characterised in that the
feedstream additionally comprises carbon dioxide.

12. A procegs as claimed in any one of- Cléims 8 to 11 characterised in that
propylene is gontacted in the vapor phase at a temperature of 200°C to 300°C with oxygen,

an aliphatic halide, cérbon_ dioxide, and a nitrogen oxide species selected from the group.

“consisting’ of NO, NO,, N,0;, N,0,, and mixtures thereof.
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i dentical to those of Exanple 1 (50 ppm ethyl chloride). Pr%&g’.\
' } BRheA

I
conversion was 2% selectivity to propyl ene oxide was 26% |
supported silver catalyst in accordance with the invention co?fﬁrﬁ‘@i h\gam -

wei ght % Ag and 1.6 weight %K (added as KNOG3) on a calciumtitanpate
support wasyRle8R3tsd and tested for activity in propylene oxi'gg,w'zgn blsi fig
BHEZSH 1380

the sane conditions described in Exanple 1 except for the use
et hyl chloride. Propyl ene -23- WO 97/ 34693 o
PCT/ EP97/ 01290 oxide sel ectivity of 36% at 4% propyl ene conversion was :
observed. A suamothercdtost howrs. cBtisipyocedura ageamplishes dryiug of thealkalinerarthrmets)
conprising 42 weight % Ag and 1. 1 weight % K (added as KNJerr]) on a
bari um ti t anatpnipmaydilveRmitufl) EMEvaSl4tRS thiflpordeats Adirbdbde¥ thd'siRe? éﬁﬁ@
oxi dation using the same conditions described in Exanple 1 except fo?yt e
use of 200 pp%%_tyém&%%'rﬁﬁ. Propyl ene oxide selectivity of 26%at 3%
propyl ene conversion was obse€rved. Exanple 9 A.supported silver catalyst in
accordance with the_invention conprising 50 weight % Ag and 1.5 weight %K
(added as KNJ er r] )Selertiyitydg the desired propxleae é’&ﬁ%d?f@dua may be further optimized
by the incorporation of one or more promoters, additives, co-catalysts, modifying

agents or the like into the supported silver catalyst. Inaccordance with the invention,ﬂie
catalysi ;:bntains not only ap alkaline earth metal.compound support and silver but
also.g potassium salt.as deﬁm?d above 'which enhances the efficiency of the catalyst.
The potassium salt may be introduced to the catalyst as an !
impregnation solution in a separate impregnation step. Again, this may be done by
any known manner of impregnating a porous material. Convenienily, this may be
carried out by placing the catalyst material in a container, evacuating the t;.ontainer
~and thereafter introducing the salt so_lﬁtion. Alternatively, the support may be -
sp_rayé\ci or sprinkled .with (he impregnating solution. The excess solution may then
be-allowed to drain off or the sol;:cnt may be removed by evaporation under reduced
' pressure at a Sﬁitable temperature. The catalyst may then be dﬁéd at a moderate
temperature (e.g., at 120 ‘C) in a oven for oﬁe—half to five hours. Such é érooedﬁre |
is known as a “sequential" or "oonsecniive" method of preparation. The alkaline
m metal compobnd—supported'catalys: may also be prepared by a "simultaneous”
or "coincidental” method of preparation. With this method, the potassium salt is
included in the silver compound-containing solutibn.used to impregnate the support.
The alkaline earth meral compound-coated catalysts are prepared by coating

a suitable substructure or subsupport material, preferably alumina, and most

-10-



was prepared-and tested for activity in propylene oxidation usi\nggQQ. ane
conditions as described in Exanple 1 except for the use of 200‘?&%&?&&?@ :

chl oride. Propylene oxide selectivity of 35% at 4% propyl ene conver.si on s
observed. -24- - CLAI M5 1. A supported silver catalyst useful for

propyl ene epoxi dation conprising silver and a support characterised in that

sai d support veQopB#ssds an al kal'i ne earth netal-containi ng conpoRCEIERS/a3230d
from alkaline earth netal titanates, tribasic cal cium- phosphate,

magnesi um al um nat e, cal ci um nol ybdate, cal ciumfluoride, and m xtures. -

t hereof and said 0k 1 catal yst further conprises a potassium salt
conpri sing pot assgfs'gﬁﬁcéaéggn and an anion selected fromnitrate, nitrite,

ani ons capable of form ng nitrate under the epoxidation condjtions and
mxtures thereof. 2. As RdiGadoabevs.cafiel japregation, tiey silver-jmpregaated support
characterised in that the alkaline earth netal -containing support is an .
al kal i ne earth ipattidles atcarredted eonconviit the isiivérrsaltamraomplex to silver apeaslearidsthereby
selected fromcalciumtitanate, strontiumtitanate, and m xtures thereof.

3. A support @ﬁe&aﬂ?déﬁ}of"éf ﬁha% BROthk Suffadd BT theOSuppbft, AS udbd Bereis, the term

obt ai nabl e by inpregnati-on of the.-support with a m xture conpri sing of

water, a silver,coapaownd, .th t 45sl a exi LLi Zd '
agent selected f m %%sappﬁﬁfgoo@l %u@ﬂé% h‘isc,luu?egqm?-oﬁwca éh@.q{afgé,#?&s gftﬁg
support but also the internal surfaces, that is, the surfaces defining the pores or
— internal portion of: the suppoi't partides. This may be done by_. treating the
imprégnatcd particles with a reducing agent, such as hydrogen or hydrazine and/or -
by roasting, at an elevated temperature to decompose the silver.compound and reduce
the silver to its free me:ailic state. Certain solubilizing agents such as alkanolamines,
alkyldiamines, and the like may also function as reducing ageats.
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 propylene oxide), the silver concentration preferably is from about 2_
N percent to 70 percent, by weight, based on the 1otal weight of the catalyst.  More
“preferably; the silver concentration rénges from abqut 25 to 60 percemt by weight.’
As indicated above, it has been discovered that the presence of certain specific
potassjum salts in the supported silver cata_]yét siéxﬁﬁcamly enhances the efficiency
of said catalyst as a propylene epoxidation catalyst. The anion is a nitrogen oxyanion
(i.c., an anion or negative jon 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 chemical reaction and forming 2 nitrogen oxyanion under

epoxidation or catalyst preparation conditions). Potassium nitrate XNO,) is the



—and m Xt ures théreof, foll owed by cal ci nation. 4. A support(‘%g\“‘@b&k& t
b Ptbood

as clainmed in any one of Clains 1 to 3 characterised in that ke
additionally conmprises an inert refractory solid support other than the

al kal i ne-earth netal - contai ni ng conpound. 5. A supported catal yst as .
clainmed in daim4 characterised in that said inert refractory-solid
support fowe 9334623 50 wei ght percent of the support. 6. - APCUERDVI12%D

catalyst as clainmed in Claim4 or Claimb5 characterised in that the inert
refractory solid support is al pha alumna. 7. A supported catal yst as
claimed in any oobRENE L1t Opals | ' -potasshdif '
support consi s?fsgfge‘rsrgéeﬁﬁ al'ly %4(' tﬁéjxﬁ?ﬁ%ﬁ@dﬁw %’e?éﬁ-%ognt al n?‘r%ﬁae may
conmpound. 8. A, process for_pr | ene oxj dation wherein a feedstregam
Combrisi ng oxydlsh bR RIptas, pe AR dE R ren dOu 0 Tuniibnl Gutepm e Oigte Gc.,
tenperature of 180C to 350[err] Cwith a supported silver catalyst as

cl ai med i n anyiscwaveftedta higatel under the gpoxidanoneanditionshs claimed in O aim 8
characterised in that the feedstream additionally conmprises an aliphatic
halide. 10. A proUnsefficiendyaériaacing potasimmbsal méy de iatbodricad a6 Uy cagkyst i

that the feedstream additionally conprises a nitrogen oxide species
sel ected Trom 08 duH Mafiféts THus npregnation and deposition of silver and 2 potassium salt

may be effected coincidentally or sequentially, as described above.

U - In order to perform coincidental impregnation, the potésSiuin salt must be
soluble in the same solvent or complexing/solubilizing liquid used with the silver
| impregnating solution. With the preferred sequential pr-oocdu'rc in which the sﬂvcr
is added first, any solvent capable of dissolving the salt which will neither react with
the silvér nor leach it from the support is suitable. Aqueous solﬁtiéns are generally
preferred, but organic liquids, such as alcohols, may also be employed. Suitable
procedures for effecting introduction of the potassium salt to the solid support are
well known in the art. -

The potassium salt is added in an amount sufficient to provide an -
improvement in one or more of_ the caia_lytic properties (e.g., selectivity, activity,
conversion, stability, 'yicld) of the snpported silver catalyst as éomparcd-to a catalyst
not containing the potassium salt (herein referred to as "promoting amom_it"). The
precise amount will vary depending upon such variables as the :iitrogcn oxidé species
and concentration thereqf 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 of support.  Generally, however, a suitable
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ofNO

addltlonally co
one of Clains 8

N2, Nerr]derr],

N204, and m xtures thereof.
¢l ai nmed in any one of C|a|m8 to 10 characterised in that the fda
S car borwokiLewirgElescTdR. PROP i
1 characterised i fPepigp!

11. A pr e
{a &TA%4

an
ylene is contacted i4f& 6}1?@?—

vapor phaNE!'ERNAa‘IomaPRLM‘mN PRIBOJSHED) UNDERHE PATENT GPORERATIQNTREATY (PCT)

al i ph ; Qﬁuﬂ% pxide, and a sel e gd%-,

from mﬁcléfghg%h%% 1&0 NO, NO r“ % %QT& err i E‘l er rb%g[ err], w 14693
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(54) Title: PROPYLENE OXIDE PROCESS USING ALKALINE EARTH METAL COMPOUND-SUPPORTED SILVER CATALYSTS

(57) Abstract

Propylene is oxidized to propylene oxide in the vapor phase using an oxygen-containing gas and a supported silver catalyst comprising
silver and a support comprised in whole or in substantial part of an alkaline earth metal-containing compound selected from alkaline earth
metal titanates, tribasic calcium phosphate, calcium molybdate and calcium fluoride. Such supports provide significantly higher selectivity
to the desired epoxide than would be expected from the performance of related materials. Propylene oxide selectivity may be further
enhanced through the introduction of nitrogen oxide species such as NO, aliphatic halldes such as ethyl chloride, and carbon dioxide into

the oxygen-containing gas.




