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This invention relates to a process for the direct oxidation of

propyl ene to propyl ene oxide in the vapor phase using nol ecul ar oxygen. 10
in-particular, the invention pertains to the use of catalysts conprised of
silver supported on certain al kaline earth netal -containing
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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
20 commercial production of ethylene oxide. The typical catalyst for such
purpose contains metallic or jonic 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
25 presence of supported silver catalysts is provided by Sachtler et al. in
Catalyst Reviews: Science and Engineering, 23 (1&2), 127-148 (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 results in the direct oxidation of higher olefins such as
30 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.
The use of molybdenum-promoted supported silver catalysts as



t hus woul d be nost desirable. The use of nol ybdenum pronot ed
supported silver catal ysts as

2 Moogsyskesie epoxi dation catalysts is described in UpSyr/dBasrezsdo.
5, 625, 084. Wil e such catal ysts are capabl e of produci ng propyl ene

oxide at relatively hi gh selectivities when the feedstream contains
carbon dioxide, the rate at' whi ch propyl ene oxide is fornmed (as
nmeasured by the concentration of PO 5 in the reactor effluent)
unfortunately is quite sensitive to the carbon di oxide
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al l eged eff ecticxide pengandrationses of the silver catal ysts, and does not

provi de15 According to U.S. Pat. No. 4,007,135, the addition of a number of
elements, in particular one of the group consisting of sodium, cesium,
rubidium and potassium in combination with at least one member selected
from the group consisting of copper, gold, zinc, cadmium, mercury, niobium,
tantalum, molybdenum, tungsten, vanadium, chromium, calcium,

20 magnesium, strontium and barium, improves the properties of alpha-
alumina-supported silver catalysts used for the preparation of alkylene
oxides and having a silver content between 3 and 15 wt. %. This patent
teaches that relatively low concentrations of tungsten (from 0.052 to 2570
ppm by weight, based on the final catalyst) are used for said amounts of

25 silver. However, the patent does not teach which tungsten compounds
could be used for such purpose, does not specify the nature of tungsten’s
alleged effect on the properties of the silver catalysts, and does not provide
any working examples showing the use of tungsten-containing catalysts.

. U.S. Pat. No. 5,407,888 notes that tungsten-doped silver catalysts

30 have not been used in industrial processes for the preparation of ethylene



any wor ki ng exanpl es show ng the use of tungsten-containing catalysts.
U S Pat. No. 5,407,888 notes that tungsten-doped silver catalysts 30

have not beggdgsed;i n i ndustrial processes for the preparat iloé’r/ﬁﬁsﬁ)tzml ene
' at

3 - oxi de. According to the patent, the reason for this ist
doping with tungsten reduces catalyst activity to such an extent
that the high tenperatures required for |ong-termusage of these
catal ysts cannot be attained in thg pressure-water-cool ed tube
bundl e reactors normally used for 5 i ndustrial ethyl ene oxide

production. The .gatent proposes, alternatjve silver . . .catalysts,

cont ai ni ng one®™ emﬁgc‘g'i% 3039?69 e%dhar§8$9f&ff@5#@ﬁ-'sat§at doping Withrot er s
on a porous S%@E%rﬁ%ﬁ&é@é'@étbbﬁs?%&ivﬁg' R Rlchl A BELAC A $Re high

al pha-al um num oXi de and contal ni'ng tungSten 1 n a concentration not~to
exceed 990 ppntemperaturbageduied tfoe ldng-termcasadey sf thdse catalysts canAdtibei onal

publications disclosi tungsten-nodi fie upported silver tal ysts
include U.S. PA a.'”?«iig‘%ﬁ,% ,Uféﬁ‘!ar{gf'@%?g?g?ép@{ﬂ%!wfs normalty 5??‘3%’,"824,

5, 364, 8265 5, 33dusBai , 0 3‘?@% i i No.
81- 105, 650 (Chemu Abs?trﬁgﬁ‘g c%(gg% gi;f%gg?ﬁ Eﬁ??%geanr%%ga : u%l.temativégﬁﬁors._
480, 538 and 48cgtalsis aodtdiningr naei onahoru hlkiati atietals Nasd 3168 Studg8Enh &S

d WOO6/ 13493. . . SUWARY. OF THE | ENTI ON
A boeas T or DIPTSR B AGIOUREVRRPT SUbS B0l ARG OO eh=e

conpri si ng pr opBhaRAuRHLIA HGES ang eaﬂammr%ﬁrgsdéhoym ?g&{c@ﬁ'ﬂ%ﬁohy&ﬂ tef

silver 20 catal yst. The catalyst 1s co e a support; (b) a
cat al ytical | y exceed 9% ppuot weighhbased ooftheitbtabecataiyst. a pronoti ng anount of

a tungst pr onot er - nd (d ranoti ng amount._of a potassium
pr onot erfé]The supporaditignal pﬁ’““é‘ﬂ#p&?@@ﬁ'”@%f' _t%rl"l’i‘&?‘jlﬁl%é §H?E?ﬁ?r‘i?$‘fer
conpound sel ecégdiystPNMNERRAINOW Pat. No£ORSEEH, 788, A 8able¥'s, ns oar by, net al
car bonat es (e.g. , _cal ci um car bonat e),
,145,824, 5,364,826, 5,380,885, 5,447,897, and 5,502,020, Japanese
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SUMMARY OF THE INVENTION

A process for propyiene epoxidation is provided wherein a feedstream

comprising propylene and oxygen is contacted with a particular type of silver

20 catalyst. The catalyst is comprised of (a) a support; (b) a catalytically
effective ambunt of silver; {(c) a promoting amount of a tungsten promoter,

and (d) a promoting amount of a potassium promoter. The support is
comprised of an alkaline earth metal compound selected from the group
consisting of alkaline earth metal carbonates (e.g., calcium carbonate),

25 alkaline earth metal titanates, and mixtures thereof. The potassium
promoter is desirably derived from a potassium salt which comprises
potassium cation and an oxyanion selected from the group conéisting of

carbon oxyanions, nitrogen oxyanions, tungsten oxyanions and mixtures
thereof. In one embodiment, potassium tungstate is utilized to introduce

30 both the tungsten promoter and potassium promoter. The process is



25 al kaline earth netal titanates, and m xtures thereof. The potassium
pronoter is desirably derived froma potassium salt which conprises

pot assi um wax98m9aNd an oxyani on sel ected fromthe group copsTEPbsER4zH
carbon oxyani ons, nitrogen oxyani ons, tungsten oxyani ons and m xtures
thereof. In one enbodi nent, potassiumtungstate is utilized to introduce 30
both the tungsten pronoter and potassium pronoter. The process is

4 desirably operated with a rel ahi vely hi gh proportion of carbon
di oxide in the feedstreamin order to enhance propyl ene oxide

(o rmasur v 1SPNRERARaH i areiagvel) o r8Bool Srtaffon Hokid el ease

when the car bdeedsipsatidn ofdurad ehhhhed pidpyldhR oxide selbERA! TR Prbdudtiviyeased
to the sane extent as that of other netal-pronoted S Eported silver

catal ysts. of the catalysts phthiminventioni(as measured byithe eats ahwhichePO is

f eedst ream addj t.i I onprises. a nitrogen,oxide ci es ,and/ or
an or gani ¢ haldélrég%&li)l%oes not decr&as@when %ﬁcﬁﬂbﬁﬁ mpwr%%etag rmEe

| NVENTI O feedstream is Tiife@iRbRtheisAnRNEXBAt AS tlt be6tRA nidtaBplhaness for
t he vapor phase oxi dation of propylene to propylene oxide, i.e., an

epoxi dat i on prfRPested silver caj@dysterned in the presence of an

Caralysis 15 0 o oR8 eAeBier b ihg ipvenyion ol Tl B4 Aol ont i on

i s selected fraomprises a nitebder bxidespecles@idibr R @alidgl kal i ne earth
nmetal titanates, and m xtures t hereof . Carbonates suitable for use

i ncl ude inorganic carbonates having a ~cation which is an al kaline

o o O oo oo YAV ETELESHESORIO R e pwvnmicRge U o

met al carbonate suppie psesent idesttiorbodirdated ¢x anroeess for the vapor Ghasdi an

Pat. No. 1, 2826x7i gt‘lorf\ Io agrggﬁle%grgohp%y?éné iog(%g?ti.ee?, gr? rTcl.-)proix?deatitorl]leproce.:ss
performed in the presence of an oxygen-containing gas and a particular
class of supported silver catalysts.

15 The support material used in the present invention is selected from
alkaline earth metal carbonates, alkaline earth metal titanates, and mixtures
thereof. Carbonates suitable for use include inorganic carbonates having a
cation which is an alkaline earth metal ion, particularly calcium, strontium,
magnesium or barium, with calcium carbonate being most preferred.

20 Alkaline earth metal carbonate supports are described, for example, in
Canadian Pat. No. 1,282,772. Alkaline earth metal titanates comprise the
class of inorganic substances 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

25 MTiO,, M,TiO,, and MTi,O, 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 titanium dioxide at 1300°C until
the reaction is complete. Strontium titanate may be obtained in pure form

30 by calcining the double strontium titanium oxalate precipitate from titanium



cl ass of inorganic substances containing an al kaline earth netal such as
barium strontium calcium or nagnesiumand a titanate species. Suitable
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Ba, Sr, Ca, or My. Any of t he conventional nethods for preparlng
such substances may be utilized. Bariumtitanate, for exanple, may
be prepared by heating a m xture of the -correct proportions of
bari um carbonate and titani um di oxi de at 51300[ err]C until t he
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wei ght percenig pgfortt rr}watenal is ufsed aﬁhggnjﬁﬁct:tlaolr}/ with a solid substrate, j.e., a
subsupport or substructure composed of a more conventional support
material, such as alumina (preferably, alpha-alumina). However, the alkaline
earth metal compound support material will normally comprise at least 25
20 weight percent (in most embodiments, at least 35 weight percent) of the
finished catalyst.

A granular form of the alkaline earth metal compound support
material is preferred in the preseht invention, particularly when used as the
exclusive or predominant component of the support. Alkaline earth metal

25 compound materials suitable for use in the present invention may be
commercially obtained as powders which can be converted to the preferred
granuiar 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

30 silver.



A granul ar formof the alkaline earth nmetal conpound support
material is preferred in the present invention, particularly when used as

t he wexek193i ve or predom nant conponent of the suppoplor/ppbiglsbne
earth netal 25 conmpound materials suitable for use in the present

I nvention may be commercially obtained as powders which can be
converted to the preferred granul ar form by conventional nethods.
As described in greater detail beéomn tthe granul ar support nay then
be i npregnated, or coated, with a sol ution containing a silver
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15 The support material, before or after incorporation of the silver,
potassium promoter and tungsten promoter, 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 combosites by compressing the support materials into
20 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
25 of said material, in either powder or granuiar 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 coated catalysts may also be prepared by using a

solution of a silver compound and any promoter or separate solutions of



selected to be appropriate for the formation of the conposite and are often
in the range of about 0.001 to about 5 mlIlinmeters in nmajor dinension.
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25 of said material, in either powder or granular form may be m xed
with the particles of substructure support material and thereafter
dried. As with the pr edom nant orb_/excl usi-ve al kaline earth netal
conpound support materials descri bed above, the coated catal ysts may
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15 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 used with the alkaline
earth metal compound. Typically the subsupports are formed into
20 aggregates or "pills" of a size and configuration to be usable in tubular
reactors. These pills may be formed by conventional extrusion and firing
techniques. The pills generally range in size from about 2 mm to about 15
mm, preferably about 3 mm to about 12 mm. The size is chosen to be
consistent with the type of reactor employed. For example, in fixed bed
25 reactor applications, sizes ranging from about 3 mm to 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.



techni ques. The pills generally range in size fromabout 2 mmto about 15
mm preferably about 3 mMmmto about 12 mm The size is chosen to.be
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reactor applications, sizes ranging fromabout 3 nmto about 10 nm have

been found to be nost suitable in the tubular reactors commonly utilized.
The shapes of the carrier aggregates useful for purposes of the present

i nvention can vary wi dely and can be anysof the fornms conventionally used
in the heterogeneous catalyst art.
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m xture, renoves volatil e conponents reduces the silver present
to its el enensyppdrbimthe s:lver—contammg Imbeegnatmg&mimcm endtfenmiagd pastyst en
pronoter may be .introduced

separat el y, a®ftHis 8554 on B8 S'U”tygisb{]r\ee@ng}'%ly%’tdsE%llﬁ{'%%(reb}' rF’gL| éba%ggﬁl }s/t g|ro
or steps. AYailufdthSnBVen: fRTRe 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
15 600°C for another 1 to 6 hours. This procedure accomplishes drying of the
alkaline earth metal compound/silver mixture, removes volatile components
and reduces the silver present to its elemental form.
The potassium promoter and tungsten promoter may be introduced
to the catalyst, either simultaneously or separately, as impregnation
20 solutions in a separate impregnation step or steps. 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 container, evacuating
the container and thereafter introducing the solution(s). Alternatively, the
support may be sprayed or sprinkied with the impregnating solution(s). The
25 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 temperature (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



by any known manner of inpregnating a porous material. Conveniently, this
may be carried out by placing the catalyst material in a container,
evacuat i ng WO98/5293the cont ai ner and thereafter introduci ng thpeTssogiviaan(s) .
Al ternatively, the support may be sprayed or sprinkled with the

I mpregnating solution(s). The 25 excess solution may then be allowed to
drain off or the solvent nay be renoved by evaporation under
reduced pressure at a suitable tenperature. ) The catal yst may then
be dried at a noderate tenperature (e.g., at 120[err] O in a oven

for one-half teédtaves » r e s, K
aV ecompbEnd-SusPorled” B5QMML rﬁa;{_ﬁlewnﬁ gliel?glrclacr!]ebgarath

"sequential" or "consecutive" nmethod of preparadtion.

WO 98/ 52931  “"simultaneous" or "coincidental' method of preparation. With this method,
PCT/ EP98/ 02422 . . 9 .
metal conpoundilGRAIBSTIL® RIEMAtSIANchide tungsteperemetrnase ingjuded in the silver

"simul t " "ok NG | " . tion. Wth thi t hod,
the pot acer um SDRORRY BEhETG ol e lo HIPRANeRB auPRay T ANGIBEE! | ver
conpound- §ont agMbBEireMtfitRE inaRfoh OtHd isBHISS gﬁ%lfée{geaﬂﬁima's%ltﬁ,ﬁ &er S

enbodi mnent of the invention, the support 1's Inpr a so Ion or
sol utions of s$OEPNSRfiBIverePrapeundas tungsteropromater, dried dndrohicinéd,ianed, and

th [ t | t.] t ' . t d, dried.
The par (i cal aren e duiiS il sBluts SR Bromepistef e gfing
i npregnating sol utiPheipartical ¥WVEr SGmpoGRdRIseY RoorRl e SivdrRDndsiR S

not 10 particularly critical and any silver conpound generally known to
the art whi ch Impregnaing sejution i alsbl/eint oa accaioplexingtsalebilizingiagent leensbl vent

or conp inalsal.ubili zin ent to forman unwant ed product may be
enpl oyeq?o Thtés'ﬁf;@g_r%ﬂ'@t@rla f"géﬁ\%ﬁ_ 9%"?@@ 'é‘lﬂ%?ﬂﬁ’@_ra#w‘“"h
conpl exi ng/ sol igbi hothi NgbiasRNt indSaAd NUddLe Rbt @ éafétt ,Wmlc.qhés éUl\FéDrﬂt €ar 15
carbonate, or carboxylate, for exanple, an ace{a e, propionate, butyrate,

oxal ate, mal oneareplexiigisaubitizingatgent aot fdrn an turdianteBhphsdwtemadyatey aci d
ester, and the |i |<e or conbi nations thereof. In one enbodi nent, silver (I)
oxide is utilis®gloyed. Thus, the gilves; graybmbdntredueed vionttbe ogolvent or

compl ex1 0 50l bR R ARG R BYeHE o apctal 3P S st 58"l
15 carbonate, or carboxylate, for example, an acetate, propionate, butyrate,
oxalate, malonate, malate, maleate, lactate, citrate, phthalate, fatty acid
ester, and the like or combinations thereof. In one embodiment, silver (I)

oxide is utilized.
A large number of solvents or complexing/solubilizing agents may be
20 suitably used to form the silver-containing impregnating solution. Besides
adequately dissolving the silver or converting it to a soluble form, a suitable
solvent or 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, shouid
25 also permit solution to provide silver in the finished catalyst to the extent of
preferably about 10 to about 60 percent silver, based on the total weight of
the catalyst. It is also generally preferred that the solvents or
complexing/solubilizing agents be readily miscible with water since agueous

solutions may be conveniently employed. Among the materials found



adequately dissolving the silver or converting it to a soluble form a

sui tabl e sol vent or conpl exi ng/ sol ubi lizing agent shoul d bhe capabl e
of bei ng rewnd 4852931 renmoved in subsequent steps, either By aswashing,
vol atilizing or oxidation procedure, or the like. The

conpl exi ng/ sol ubi l'i zi ng agent, preferably, should 25 al so permt
solution to provide silver in the finished catalyst to the extent of
preferably about 10 to about 60 percent sqgver, ‘based on the total weight
of the catalyst. It is also generally preferred that the solvents
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material s founthe silver-containing solutions are alcohols, including glycols, such aslO
sui tabl e as sol%ert S c&%ﬁorrp,l exi ng/ sol ubi |'i zi ng agents S%or the preparation
of t he®&Y|8NE 't 3ninesdinstiding alkeneclamingssiich as ethapolamming agidycol s,
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I
aqueous m xtures of_such material s. T
si | ver - cont ai ni ng sﬁymcalbfmais@vwmaiemgaaohatica’sislpvémed byidisgoiving a silver
conpound in a suitable solvent or conplexing/solubilizing agent such as,
f or ex%ﬂFBP%?“‘g'“rﬁ §‘t”(fﬁr}§e §PIvgat er coraplRying/radikiliaing agemtsuch ass far,

si |l ver oxi de, ?&ﬁln : Wyl tion iL.s then mxed with
support particles %[ﬁda Mﬂﬂ%ﬁ%aﬁ&@ﬁ%ﬂ%@&rﬁg? ?gélycp%?'ai %'FVgg og,,d(‘g, ?ﬂ'l%t ably
dried. monoethaf®ldriiec aTes! selEYR is EHeremidd®WRE Rabb8R pdrfidies and

si |l ver-i npregnat ed support particles are treated to convert the

si | ver C{B:pourﬂa!ﬂ?dsiTWﬁaﬁ@f e particles arerstitably diiigd.ef f ect deposi tion of
silver on the surfage of..the, s sed herein, the term

. ort. _As. . U |
"surface", as appli‘ed fgigated s%%&ﬁ't?ﬁ?rndrlnﬁﬁ%%naﬁ@ﬂ ?ysﬂ‘éﬁr"mﬁrﬁ@n%tﬁf’ernal
surfaces of thappepidricleytarahrtéd o b?ﬁ\?‘érf‘ﬁ{e §We$%t8ﬁ§mézb§§%r§[il§e% Héffat

surfaces defining the pores or internal portion o p Cl es.
Thi's renyd teerabyefiert depasitiog dffelivenpnepsaiuefhceost thel Ssppurt. AR
reduci ng agent . sSuch as Pfydr‘pgen or. hitgrazi ne and/ or by roasting,
at an el evat ed'sed herein, thederm isyrface’s agapplipd i thensunnart éncledes sahaniynd

;Sgﬁfg tst%hsiilstﬁglre aéri]‘g%g%rﬁagg? of IHE PPt fs S hdliftentH 'sLfhles thils | ha! nd
surfaces defining the pores or 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

20 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
25 concentraﬁon 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 10 to 60 percent by weight.
It has been discovered that the presence of potassium in the

preparation of the supported silver catalyst significantly enhances the



al kyl diam nes, and the |ike may al so function as reduci ng agents.

Al though at least a catalytically effective amunt of silver nust be
present in woeskimished catal yst (nmeaning an anmount that proyEesosRie
nmeasur abl e conversion of propylene to propyl ene oxide), the silver 25
concentration preferably is fromabout 2 percent to 70 percent, by weight,
based on the total weight of the catalyst. Mre preferably, the silver
concentration ranges from about 10 to 60,pfrcent by wei ght.
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di ssol ving 20 nei t her eac h™t'he nor
leach it from ¢dleinatiopaird reduction of the silver compound to metallic form; this is

15 particularly preferred where the potassium salt is potassium nitrate.

In order to perform coincidental impregnation, the potassium salt must
be soluble in the same solvent or complexing/solubilizing agent used with
the silver impregnating solution. With the preferred sequential ﬁrocedure in
which the silver compound is added first, any solvent capable of dissolving

20 the salt which will neither react with the silver nor leach it from the support
is suitable. Agueous solutions 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.

25 The potassium salt is used in an amount sufficient to provide a
potassihm promoter concentration which results in 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 promoter. The precise amount will vary depending



I's suitable. Aqueous solutions are generally preferred, but organic

| i quids, such as al cohols, may al so be enpl oyed. Suitable
pr ocedur eswd sws2efif ect i ng i ntroduction of the potaspiyipsgdalizat 0 t he
solid support are well known in the art. 25 The

potassiumsalt is used in an amount sufficient to provide a

pot assi um pronoter concentration which results in an inprovenent in one
or nore of the catalytic properties (e.?z, sel éctivity, activity,

conver si on, stability, yield) of the supported silver catalyst as
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15 works effectively to provide an improvement in one or more catalytic

he

properties of a catalyst as compared to a catalyst not containing the

tungsten promoter. The exact form of the tungsten promoter under

epoxidation operating conditions is not known. The tungsten promoter, it is

believed, is not present on the catalyst in the elemental form since the

20 promoter is applied to the catalyst in the form of a compound such as anion,

salt, or complex and the reducing conditions generally used to reduce the

silver to metallic silver are not usually sufficient to reduce the tungsten
compound to the elemental form.

It is thought that the tungsten promoter deposited on the support or

25 present on the catalyst is in the compound form, most probably in the form

of an oxygen-containing or oxidic compound. In a presently preferred

embodiment, the tungsten promoter is introduced to the catalyst in the

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

oxygen. Examples of oxyanions of tungsten that can be suitably applied

30 include tungstate, ditungstate, paratungstate, other iso- and hetero-



salt, or conplex and the reducing conditions generally used to reduce the
silver to netallic silver are not usually sufficient to reduce the tungsten

conpound t avdbgsebenmental form It is thought gd@kpdshesrs
tungsten pronoter deposited on the support or 25 present on the catal yst
Is in the conpound form nost probably in the form of an

oxygen-contai ning or oxidic conpound. In a presently preferred
enbodi ment, the tungsten pronoter is intrgﬂuced'to the catalyst in the
oxyanionic form i.e., in the formof an i on, or negative ion which
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Impregnation of the carrier with the tungsten promoter compound(s)
15 may be done at the same time that the other components of the catalyst are
added or before and/or later. In one advantageous and convenient
embodiment of the invention, the tungsten promoter compound(s),
potassium salt and silver are incorporated into the catalyst simultaneously.
The total amount of tungsten promoter present in or deposited on the
20 support or catalyst is relatively high as compared to previously known
supported silver catalysts for ethylene oxide production and ranges from
about 0.1 to 10 weight percent W (measured as the element irrespective of
the form in which the promoter is present) based on the total weight of the
supported silver catalyst. The use of a catalyst containing from 0.5 to 7 wt.
25 % W is particularly advantageous. 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
chemical properties of the support utilized, silver content of the catalyst, and

30 potassium content of the catalyst.



20 support or catalyst is relatively high as conpared to previously
known supported silver catalysts for ethylene oxide production and
ranges froRyo og/s2931 about 0.1 to 10 wei ght percent W(neasurg,gT%Q%&g‘\n

el enent irrespective of the formin which the pronoter 1s esent)
based on the total weight of the supported silver catalyst. The use
of a catalyst containing fromO0.5 to 7 w. 25 % Wis particularly
advant ageous. The degree of benefit obtained within the

above-defined linits will vary depending1dpon particular properties and
characteristics, such as, for exanple, reaction conditions, catalyst
preparative techni qli® tuRgatendsomoter condpponds vsediin the peepharation af ¢he
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s a wat ef - cond:glLpi . | vent. More preferably the solvent is the
sanme sol \?jent %ggpéﬁgggé%ssﬁu{mt B 5 silver and potassiumsalt.

Propyl ene and an Owwvmﬁnhﬁdrém@xggén-ﬁzbn&ining (ICRY §84 dmprising

nol ecul ar oxygen? are brought together in a reactor in the presence of the
previ ousl y dedBpiestlar exyaeysarelrrgughtiogetharima reatectn the peseocemfithesh at

| east parti al oxidation of th r l,ene. Typical epoxidation conditions
10 i ncl ude Ffergw&gggt(Eﬁ%%{%\ﬁdt?ﬁ%ﬁg’tgﬁgx?%ra@?ri‘%ﬁg%ﬁgeﬁ Ve kR aredBplish ah t he
order of | aﬁg}g é@& ; e 0 : err] O
and pressures ??%tm &l %%(‘)ﬁfgflﬁj{e[)b @g&lﬁ?{ 660?21@%‘%';%2@{%%&9&8&?%@%8& hi gh

sel ecti Vity t dnelpde teteperiatures within the redetion athe of tHs rddetorf @EtheSsrdenoF
contai n carbon_ di oxi de apnd/or an organic alide (described in nore

detail her eaf (2ROl 1R0JRs&HUS fPre gEaiewmbin2005to 38@“&9@ p(esssices Bon i n
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~ halide (described in more detail hereafter). A gaseous nitrogen oxide
15 species (described in more detail hereafter) is also desirably 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 introduction in the
20 feedstream include at least one of NO, NO,, N,O,, N0, 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. |
25 The amount of gaseous nitrogen oxide species present is not critical,
although it will be highly advantageous to expose the catalyst to the nitrogen
oxide species either prior to use (as a preconditioning step) or while being
used in the epoxidation process. The optimum amount is determined, in

part, by the particular potassium sait and tungsten promoter compound used
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generally conbb%,lp_ef ore being I ntroduced to the reactor. |If
desi red, however;~ such conponents nay
The gaseous components which are supplied to the reaction zone, or

15 that 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 in various combinations. The
feedstream having the particular composition previously described thus may

20 be formed prior to or at the time the individual components thereof enter the
reaction zone. The use of the term "feedstream” herein thus is not meant
to limit the present process to the embodiment where all of the gaseous
components are combined prior to introduction of said componeénts into the
reaction zone. The reactors in which the process and catalyst of the present

25 invention 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, the feedstream also desirably

contains a performance-enhancing organic halide such as an alky! halide.



alternatively be introduced separately or in various conbinations. The
feedstream havi ng the particul ar conposition previously described thus may
20 be fQigwemapyi or to or at the tinme the individual conpepeRbsslasy eof
enter the reacti on zone. The use of the term "feedstreant %erei n
thus is not neant tolimt the present process to the enbodi nent
where all of the gaseous conponents are conbined prior to

i ntroduction of said conmponents into the ‘reaction zone. The reactors
in which the process and catal yst of the 1|§resent 25 i nvention are

enpl oyed may b of any . type. known to the art. descri ption of
several of the %@W'%é?ﬁ%t’%ﬁeﬁﬁﬁwh %9'35@ %@Hoidﬁdt he., a SUbStaﬁg@sent

oxygen, the 1 SUEE BBy, exits, i gaseous fgfllih, b mBbrARHE R

per f or mance- emfragshrabopditMs oredbhidn tﬁé@é‘aé%naébrﬂal kvhe h@km@lﬁbomr&g pomt
16 The organic halide is preferably a volatile conpoun

subst ance of thevdrganiy dwlidenintrhgsteprafesabily lgasetbas fbont u‘l’QﬁaC ta’ie
tenperature and Pressure conditions present in.th ction zone.

The nor mal bouthW&PBET"ﬁP essure CQIT‘P?‘H@%F%FHI%"%HPFU@ t‘i’é%rﬁ?s’ OB ARIBE abl y
I th b
Cgf]tsal n?ﬂgaf ?;ﬁr{]ei&gieerﬁ%d C%ﬁ? RﬁefFratﬁ}t’ Wé%hﬁh&é? %hfogé@wé%reperabl Y,

the al kyl hal itdemigiky® hatide incliedesesthasturbited and unsat@ét@dﬂhéﬁdeshshciﬂ%
I ncl udes both saturated and unsaturated halides, such as et hyl ene

di chl ori de, etetkzvle@m dtqhumde«letwi chlasided evinyteegride nimsthyle chlegide and

hyl hi h .
o Eor o Selime SBnaR; Frefirably, SRk ds EMREVEL a8 dnt eradhieTn .
amount  4qp liger %Qf&e@@fdlﬁgré?%}ﬁfﬁ@hmldés Mmav Ye Bgé@gTHE%&lﬁ(ar lety

of factors, I ncl udi ng the concentration of propylene being oxidized,
t he parti cul arof organlc paiides smployeal will ary dapxegsitrgmpomnmum&ﬂyloﬁcfmtpm at ed

into the catal yst concentrati on of njtrogen om% eC| as
wel | as ot her mayﬂmgst%t@@cammowf Propylengs PEE\QCPHE"%% unt

of potassium ﬁtggﬁﬂﬁi éalt%oér?ﬂlﬁ%n%feﬂecomcp%uquiﬁ@&bS?atemYﬁé ca&!y}g 'théb ! e

range of concentratrons organi hé “oXxi‘dation o
propylene is totriceptraombPhitroBes okidedpidles’asINEIl BE BtherFactors noted above

15 as influencing the optimum amount of potassium salt and nitrogen oxide

a

species. However, a suitable range of concentrations for the organic halide

in the oxidation of propyiene is typically about 0.1 to about 2,000 ppm, more

preferably about 20 to 500 ppm by volume, of the feedstream. In addition,

a hydrocarbon, particularly a saturated hydrocarbon, such as methane,

20 propane, butane or ethane or mixtures thereof, 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 source of
oxygen. Varying amounts of water vapor may also be present. |

Carbon dioxide is also highly desirable to include as a component of

25 the feedstream in the epoxidation process of this invention. The presence

of carbon dioxide, within certain limits, has been found to provide surprising

improvement in the performance of catalysts within the scope of the

invention. In particular, selectivity to propylene oxide generally will increase

as the carbon dioxide concentration in the feedstream is increased. As more



preferably about 20 to 500 ppm by vol une, of the feedstream |In addition,
a hydrocarbon, particularly a saturated hydrocarbon, such as nethane, 20
propane, bYY@A®52981 et hane or m xtures thereof, may be i ncl uREI/ERISN2E2
feedstream The feedstream may al so contain a ballast or diluent, such as
nitrogen, or other inert gas, particularly when air is used as the source
of oxygen. Varying anounts of water vapor may al so be present.
Carbon dioxide is also highly desirable #g incl'ude as a conponent of 25
the feedstreamin the epoxidation process of this invention. The presence
of carbon di ox¢dg.is thirbdicL thai itd bFHO fohARtidE PembRENEbIARdl Qéhdfant
surpri sing i nprovenent in the perfornmance of catalysts wthin the
scope of the (especially nagntompared) fer téxample, toelanaiogousy Mo-groomtedne
oxi de generally wll _ increase as the_carbon dj oxi de concentration
in thegf eedst r ﬂw@)wm@(tgggg@ of GO farmation (from non-selective over-oxidation

Folativel y cordt il propylbhef deBflaskl? TdaBle RRnAEHRIENE) 41 BeRerally
anal ogouss M- psbyE&dl using 1 toC80 Alofhe ) WhC O ih tRe rfabastpéakOMath b foos0mt i on

(from non-sel ective over-oxidation of the propyl ene) decreases.

Desi r abl e enhatedemets £Qykeing peafarred. ibone eotixsliment, garhan dioxideds usedune %
CJerr] in the feedstre with 5 to 50 volume % CJ err] being
preferred. In %@eg?ﬂ}{?&?%ﬁt , carbon dioxide is used as the bal |l ast
gas. J of: S, (o stream
cont ai ns onl lbqgkm&?@ﬁ%éﬂgﬁmlg6'?\}%;;'?80@%?0@?33%%?@r}%r{tﬁﬁgo vol
%, an advant agly alimitedodmbiiet gfroeeiesrs dioxidd@d.gl, 06 1levd! %R ensadvaritage
supplied to the reactor to mai ntain the contents of the reactor at

the desit®d r fctheopracesgesdhat desshgat needs tquhensupplieshiatie reaetes taot

o sk oni 1 cARETRI G GRS e RO At e st egiBh tembehalurtthamy £
cormponents of Wﬁ’énftlﬁ’@@ﬁaﬂ)ﬁsﬁ?o@’s%d?%htﬁh'iattﬁﬁbélteﬂr;ﬁ%ﬁmteli. Nirf §@oftmerci@imount s

shown in the followng ta
Vol.ume in % plant, this will result in a significant decrease in operating utility costs.

The components of the feedstream are most suitably present in the

15 amounts shown in the following table:
Volume in %
Component (or ppm) for Propylene Oxidation
propylene about 2 to about 50%
20
oxygen about 2 to about 10%
organic halide 0 to about 2,000 ppm, more
preferably, about 20 to 500 ppm
25
nitrogen oxide species 0 to about 2,000 ppm
hydrocarbon other 0 to about 80%
than propylene
30 : .
carbon dioxide 0 to 0%, more preferably 5 to 50%
nitrogen or remainder.

other ballast gas



Conmponent (or ppm for Propylene Oxidation

pr opyl ene about 2 to about 50% 20 . oxygen
about 2 to wbosk25P% organi ¢ hal i de bout
2,000 ppm nore pcggefsip?g ly,
about 20 to 500 ppm 25 nitrogen oxi de species 0Oto
about 2,000 ppm hydr ocar bon ot her 0 to about 80%
t han propyl ene 30 ca{ézon di‘oxi de 0 to 60% nore
preferably 5 to 50% i trogen or remai nder .
ot her bal |l ast gas 18

Al t hough the presenflthonghhthedresant ipentinnran bewsed with anyasize ape typsfof

vapor phase e ' ' Lncl udi .bot h fLxed bed fluidi zed bed
reactors knom%o&ﬁﬂeaggre{pféaﬁ{a%l{)g ’%@ﬁ?ﬁwg?'eatbf’ﬂhﬁxﬁcﬁ@gP@ggﬁ#dlzﬁ@g i on
will figadtare KnowrdRstheant iBRAdMahbRAed thattRE Pr8shtiiGshtdfcwil
multi-tubular 5 reactors such as those now i n use as ethyl ene oxi de
reactors. Thesfind most wigespreat!| gpplivatiodeinvstdndaod| facdabede! inultstubdiabat i c
or non- | - coal e actors. Tube |lengths may typically range from

r
about 5 t abo’&?"g‘t{sf%&h Bﬁttﬁose now Ijiuse 3% P¢ PXiIE reactaes. r Imgseof
from about 15 t; eglii e : have i nternal
di aneters frorﬁéﬂ)eg%ﬁydh F% gigguﬁm;e.ilg!%nc ee"sagn%d'gg%%{vl_(& ‘nog%ilgg%@ego be
typically fromeabtous. Tube lengttomiay tySicallyrange frbnPhbbd!5 foyatifut 60 feet butt ubes
packed with catal yst arranged in parallel wthin a suitable shell may be
enpl oyed. GHSWilj&iegugntly beamtssrangsrafitasaabsaon$ to about 43 6210 0N Her fubes] .
may have internal diameters from about 0.5 to about 2.5 inches and are
10 expected to be typically from about 0.8 to about 1.5 inches. A pluraiity of
tubes packed with catalyst arranged in paraliel within a suitable shell may be
employed. GHSV generally ranges from about 500 to about 10,000 hr.
Typically GHSV values range from about 800 to about 3,000 hour' at
pressures from about 1 to about 60 atmospheres, commeonly about 1.1 to
15 about 30 atmospheres. Contact times should be sufficient to convert 0.5 to

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

EXAMPLES
Example 1
20 This example demonstrates the preparation of a tungsten and

potassium promoted silver catalyst supported on calcium carbonate in
accordance with the ihvention.

The following materials were combined in a 16 oz. jar containing 5

ceramic stones: ethylene diamine (20.7g), distilled water (20.4g), oxalic acid

25 dihydrate (15.0g), silver (I) oxide (26.0g), ethanolamine (7.2g), a solution of

potassium tungstate (5.32g) in distiled water (5.0g), and calcium carbonate

(34.0g). The jar was sealed and placed on a ball mill for 4 hours. The

mixture was then dried at 110°C for 1 hour and calcined at 300°C for 3

hours. Elemental analysis indicated that the supported silver catalyst

30 contained 38 weight % Ag, 2 weight % K and 5 weight % W. The catalyst



Typi cally GHSV val ues range from about 800 to about 3,000 hour[err] at
pressures fromabout 1 to about 60 at nbospheres, comonly about 1.1 to 15
about 30 WVO98EMBtes. Contact tines should be sufficient toPCERMSOR42R.5 toO
70% preferably 5 to 30% of the propyl ene.

EXAMPLES Example 1 20 Thi s exanpl e denonstrates the
preparation of a tungsten and pot assi um pronoted silver catal yst
supported on cal cium carbonate in 19accordance with the invention.

The following materials were conbined in a 16 oz. jar containing 5 _
ceran c st onewasqirbysed andisiavartd P30 Mesitiprdr tol s inedpgdixidadidndg) , oxalic

acid 25 di hydrate (15.0g), silver (1) oxide (26.0g), ethanolam ne
(7.29), a solmaﬂe_ﬁﬁm_ﬁotassmmtungstate (5.32g) in distilled

t 5. 09), d he | d d
blaced on a bal | mif PHCSHIS Srape 1 was rhelfeq, e at a2 a el o ™"

110[err] C for Fétd%@wmamlat@alvﬁs @adsmbte@@i'ﬂﬁé b@tafs@rurﬁ tungstate. EI@Wiéntal
El emrent al ana yS| s. i.ndjicated that the supported silver cataly

cont ai ned 38 @ABAYRIS indisgtedihabihertatalyst eordaivedetlyweiont b Anrwwd:atwsat

19 wag, Rressed and sieved to 14/30 nmesh prior to use in

epoxi dati on. Conparative Exanple 2 The procedure of
Exanpl e 1 wasgxapmié @d, except that 3.2 g of pot assiumnitrate was
substituted for the potassiumtungstate. El enental anal ysi s indicated

that the cat aI yst dOaEeRoftatiep neelognancs al2earf eachisf gm catalysts prgpgred
Exanpl e 3 n Example 1Tgﬁde@@4ggﬁtiv%2EQ§ﬁE%W5§ e%fal%d 9% eag@ u‘R!ch the

catal ysts pr epa and arative
eval uat ¢d i n eufside idimrhefdd 316 etanslede sm‘eartabeiara‘éﬁct@t atrﬂaﬂss siee hlt"ubul ar

reactor at 20 eé\r/]a%d 410235(.)1ghr eerfre]edstream contained 10 mol % propylene, 5 mol
% oxygen, 200 ppm NO, 50 ppm ethyl chioride and variable amounts of

carbon dioxide (the balance being hitrogen). When a W promoter was

present in the catalyst (Example 1), the propylene conversion, propylene

15 oxide selectivity and propylene oxide productivity all consistently improved

as compared to the catalyst containing no tungsten (Comparative Example

2). This example confirms the beneficial effect of incorporating a W

promoter into a silver catalyst prepared using an alkaline earth metal

carbonate support. The experimental data are summarized in the following

20 table:
CO,, Propylene PO PO, PO Productivity,
Catalyst moi% Conv.% Selectivity, % ppm Ib/hreft®
25 Example 1 0 13.3 35 4800 0.86
(5 wt.%W) 25 8.8 53 4930 0.89
50 6.8 55 4090 0.73
Example 2 0 12.6 32 4210 0.76
30 (0 wt.%W) 25 8.7 52 4740 0.85
50 6.3 54 3750 0.67
Example 4

This example demonstrates the preparation of a tungsten and

35 potassium promoted silver catalyst supported on calcium carbonate where



GHSV and 40 psig. The feedstream contained 10 nol % propyl ene, 5 nol

% oxygen, 200 ppm NO 50 ppm ethyl chloride and vari abl e anbunts of

carbon di oxizdsodidbsy bal ance being nitrogen). Wien a W pronot ﬁET’ 0242
present in the catal yst (Exanple 1), the propyl ene conversi on, E?é% #2ne 15
oxi de selectivity and propyl ene oxide productivity all consistently

i nproved as conpared to the catal yst containing no tungsten
(Conpar ati ve Exanpl e 2). This exag&ge confirms the beneficial effect
of incorporating a W pronoter int silver catal yst prepared using

an al kaline earth netal carbonate support. The experinental data are
summari zed in ?W?me@rﬁ@%t&“@ ig wgpckas the source of W and POtaSS'U'U@@tE]

conv' 9% sel ot V5% 7,2 solite LA PARKSH blomotess e RIBNIRG matefiBs”

ég 3 35were combm%ﬂﬁ a 16 oz.GarBontaining 5 é&amg% §tdhes: etﬂ?lene diamike8 -
4090 0. 7é00 749), d:st:llggm%(zg 4 g), oxalic acid dihyglrate (15.0 ggzsuver () oxide4a210

g 676 30 ( 0 (26 w etginaémme (7. 2%)58 solution @‘Zaé'gmomum p%ré@gﬁﬁ aée ﬁo%

Thi s exarrpl e dgjrimdistitiee svatbe (50 g)aand icaltiwh carbomatst (@9, V\P])i Jhe jar p@kassi um

pronoted sil ve at al yst s orte cal ci um car bonat e where .

20 é&‘%‘ﬁ?ﬁ ?5&3@ "P'E fréloyrs. iThe resiiting mirturg waa dsisdassi um
nitrate at HQD‘@qgr AShdurSaHy ﬁ?e%éal&fﬁ%dpé}tfq%"djmrpf ABBEET Pofdl&; ume
following materjals were conbl ned . jar contair ni

ceram c st onesnitratey(Behg) dvasidissolved in distilled water (50 g) and added to the
10 calcined catalyst to form a slurry. The water was removed using a rotary
evaporator and the catalyst dried at 110°C for 2 hours. Elemental analysis

indicated the catalyst contained 39 weight % Ag, 2 weight % K and 0.6

weight % W. The catalyst was pressed and sieved to 14/30 mesh prior to
use.



(20.7 g), distilled water (202 g);oxatic—acid-di hydrate (15.0 g), silver
(I') oxide 5 (26.0 g), ethan I; ' mgra sol ution of ammoni um
par at ungst aP® {&F2831 ) |ﬁ| mﬂ ilH IHI (5.0 g), anccratrBOzA22

[

carbonate (34.0 g). The jar was * L gdeabed*and placed on a ball mll
for 4 hours. The resulting m xture was dried at 110[err]C for 1
hour and then cal cined at 300[err]C for_3 hours. Potassium nitrate
(3.2 g) was dissolved in distilled wate¥l (50 g) ‘and added to the 10

cal ci ng? ﬁt.al yst to forma slurry. The water was renoved using a rotary
evapor 2to"AMY the catalyst dried at 110[err]C for 2 hours. El ermental

Kand o6 1 LRERESG Y TrRBEY Hrok ol el Hitactieln festufah

mesh pcomprising propyleneusrel oxygen with a supported silver catalyst comprised of:
21 W Caim rocess. for propyl ene epoxidati on conpri sing

1. Ap )
contacting a f eed®) rééHPEQfﬁﬁ?‘inEPﬁ“gji of ¥psikalie eprd waiaheomppund selestadfvom dbe
stlver catal yst combyelonlising of sctine eyl QYRR SHH. SR el

—+

al kal i ne earth netal oun ec

consi sting of al kali rieanates} ndredisfurssahbreofit es, al kaline earth netal
titanates, and m xtures thereof; ) (b) a catalytically
effective amount (®f ajcatadytically effective amountcof silyepsr onot i ng anount of a

tungsten pronoter, a : r ting unt of a potassium
pronot er. <.;) Q%fﬂrgog?%&pggn%?ﬁgl)t%%e% [%ﬁgxlpgrhaﬁ e tungsten pronoter
I's derived from g)oapromdting aponaedf @potussitmgsrogidtaXyani on. 3

The process of cI,Iai m 1 vvher?i n the feedstreamis additionally conpri sed of
carbon di ox?de. Ihe progess of wlaimydomhereint the| tungsten \iiremeter ishdervddalfione a

th ale ! th i sti f | ci
g:{ bong@%@ﬁgﬁ@mdlﬁgﬁhg&gﬁgx&n@% e group consis mg of cal ci um

e, mtitanate res thereof. The process

of claim1 8her elThetprecesobAstinm pvABRdiRtheSeddbtrdgrh fs' SBiBoRANREDMPRsEA t
selected fromthe group consisting of potassium carbonate, potassium

bi car b8h&PEROHEIMEBum nitrate, potassiumnitrite, potassiumtungstate and

4, The process of claim 1 wherein the alkaline earth metal compound is
selected from the group consisting of calcium carbonate, calcium titanate, and
mixtures thereof.

5. The process of claim 1 wherein the potassium promoter is derived from
a potassium salt selected from the group consisting of potassium carbonate,
potassium bicarbonate, potassium nitrate, potassium nitrite, potassium tungstate and
mixtures thereof.

6. The process of claim 1 wherein said contacting is performed at a
temperature of from 180°C to 330°C.

7. The process of claim 1 wherein the supported silver catalyst has an
elemental composition corresponding to 10 to 60 weight percent Ag, 0.1 to 10 weight
percent W, and 0.15 to 10 weight percent K.

8. The process of claim 1 wherein the tungsten promoter and the potassium

promoter are derived from potassium tungstate.

9. A process for propylene epoxidation comprising contacting a feedstream



m xtures thereof. 6. The ) laim 1 wherein said
contacting is perforned at a tenpﬁimﬂﬁ IZ“ ﬁ“ESOC to 330[err]C
7. The Ry@egsmspf claim 1 whe A d silver g’%ttr?'lié% gas an
' , ¥ to
8

el emental conposition corresponding to 10 to 60 wei ght perc f

10 weight percent W and 0.15 to 10 wei ght percent K : The
process of claim1 wherein the tungsten pronoter and the potassium pronoter
are derived from potassi umtungstate. 22 9. ° A process for propyl ene
epoxi dation conprising contacting a feedstream

22  conpebeiprsi Vi&ige, OXMNERN cafRd i xit 4l b PO '
and an orgar?i]c ﬂﬁgalp%de at a tenperature of fron@gggﬁgraﬁdc to é%?ﬂf??gﬁﬁrﬁﬁ
a Supporh@uﬁ%iqtv%ltemgpaatygg of ofrar 260 "6 to 300°C with a (sappartedppitrdr catalyst
conpri segom‘prfs%l c('wm carbonat e wherein cal ci um car bonat e
constitutes a Ideas’t 25 percent by wei ght of the supported

silver catalyst; (a) a suppoftd)cdrhprsd® bp éﬁcwg%rﬂ%ﬁ{&gnwﬁé}éin calcium

(c) fromO0.1 to 10 wei ght percent Wderived froma conpoun
conprised of a tungstefabey@ie ononstitiites at least 2§ dperceomn By 1aveightl®f the

wei ght percent K deriv &Ef]; m, a.,00t assi.um sal t sel ected
fromthe group consi st% %r?e%g{lggrsf:a i‘é?afi‘bonate,

pot assi um bi car bong)e, frei 385tdBONVeIgHterBBhRAZ; UM nitrite, _
pot assi um tungstate, and m xtures thereof. 10. The process of claim

9 wherein the suppéit etros |Qdr teal 1 yerightiPeinent Nededved ofrpusia iammpound
corresponding to 10 tocglg\ \ﬁ%eg%ﬁgaﬁ%% E‘g 7 \M"%T?%nv% and 0.5 to 5 w. %K

11. A process for propyl 2 pOX ontacting a feedstream

conpri sing propyl erf afidnPOyU8toM bhwaightpRsebae KSHbMGEd 374! é’?bté’é%ti@rinngéit

by a nethod conprising inpregnating an al kaline earth netal carbonate

support with one or notelestditirems themareyp ngopsistingsiolf veptassippoucdrbgiytea
potassiumsalt conpri Sﬁ@&ssium bicarbonate, potassium nitrate, potassium nitrite,
potassium tungstate, and mixtures thereof.
10. The process of claim 9 wherein the supported silver catalyst has an
elemental composition corresponding to 10 to 60 wt. % Ag, 0.5 to 7 wt. % W, and
0.5 to 5 wt. % K.
11. A process for propylene epoxidation comprising contacting a feedstream
comprising propylene and oxygen with a supported silver catalyst obtained by a
method comprising impregnating an alkaline earth metal carbonate support with one
or more solutions comprising (a) a silver compound, (b) a potassium salt comprising
potassium cation and an oxyanion selected from the group consisting of nitrogen
oxyanions, carbon oxyanions, tungsten oxyanions, and mixtures thereof, and (c)
where the oxyanion is other than a tungsten oxyanion, a tungsten compound to form
an impregnated support and thereafter reducing the silver compound in the
impregnated support to metallic silver.
12. The process of claim 11 wherein the potassium salt is selected from the
group consisting of potassium carbonate, potassium bicarbonate, potassium nitrate,

potassium nitrite, potassium tungstate and mixtures thereof.



pot assi um cation and an oxyani o he group consisting of

ni trogen oxyani ons, carbon oxyani IBB” @' Mﬂmﬂm yani ons, and m xtures

t her eof awds(ms)%mhere the oxyani cl n a tungst epcoeyoenez, a
tungsten conpound to form an i npregnated support and thereafter reducing
the silver conpound in the inpregnated support to netallic silver.

12. The process of claim 1l wherein the potassiumsalt is selected from
the group consi sting of potassium carbo e, potassi um bi carbonate,

pot assi um ni trate pot assi um_nj trl% pot assi um tungstate and m xtures
t her eof . 13. 'Theprocess ofclaim 1Tw Hereint etungste compeynd is selected fromh e

process af éﬁﬂ%‘"ﬁ%{‘@ﬁﬁ? o nar}xpr?orilHHg?a??t Shatel s cﬁuﬁ?'tgﬁé‘éﬂst t%?ﬁum

group consi ni-um parat u un st Ssi um
t ungst attangstate Maxd unissutdsetheoéof. The process of claim 11
wherein the su port sil ver coppound, aﬁ5| um salt and tungstate
conpound are \tili ey Rrecgabuft sclaim e ddi v 18I Hey %Pﬁ%oﬁlgﬁ' s$qrpepund,

pa, "0, 5 ReElth S8V RIRIRGu el WO L pFORZBA 15 i e chh g s8ivield's

propyl erxepﬁbmédoatvie@@amvpf hs\inng arpeleaténtafcamipesitidrr eamesponding 1910 to 60
propyl ene and oxygen with a s ported silver catalyst obtained by a nethod
conpri sivily ﬁnﬁﬂeénéttpnb Vil %l aPPﬂ@ eata B Wkt @ Kear bonate support with one

or Tor e 01 NS £OCRELS B0 pf Ay @ng ERXSIAARTPAUIE R (o PR R oo

conmpound to forman’| npregn CI ng ver c

the i mproegmsisidg spropyidnd @ndebnw;em withversu;muitad’rpﬂegmethQst ha«bta:addcwl a
i mpregnat ed support, with a potassium salt conprising potassiumcation and
an oxyafPeiosesBPEaingG trpEedsagne s akaing &an afetﬂ'l ‘%#f@@é‘ﬁt%ﬁyaﬁPﬁn‘y‘th one

car bon %Wﬁgiéj utiBAd c’gnﬁ%r'x'gllgas(%rsrsﬂ% fFompour mifand [E)%a RIA ?t%?e QBrrﬁJoEUn'H t°

wherei n the po assi um sal ecte e group COﬂS stin

pot assi forrmaahdngiregnptdcisapporhi reallotipithe Hilterssomponindr bt ehepmmghafad
nitrite and m xtures thereof. 17., The process of claim 15 wherein

the tundsPROE tomsdalia s'lyegear&tr@arqqrama@egfwe@dmr%nﬁy%ﬁuamﬁwuma
par at ungphal §uns &4t HBhgHEIRS BbassRIt dBuon44F ah2568%ion selected from the group

consisting of nitrogen oxyanions, carbon oxyanions, and mixtures thereof,

16. The process of claim 15 wherein the potassium salt is selected from the
group consisting of potassium carbonate, potassium bicarbonate, potassium nitrate,
potassium nitrite and mixtures thereof.

17. The process of claim 15 wherein the tungstate compound is selected
from the group consisting of ammonium paratungstate, sodium tungstate, and
mixtures thereof.

18. The process of claim 15 wherein the support, silver compound,
potassium salt, and tungstate compound are utilized in amounts effective to yield a
supparted silver catalyst having an elemental composition corresponding to 10 to 60
wt. % Ag, 0.5to 7 wt.% W and 0.5 to 5 wt. % K

19. Theprocess of claim 15 wherein the feedstream is additionally comprised

of 5 to 50% carbon dioxide by volume.
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pot assium salt, and tungstate ml lﬁ“mm zed in anpbunts effective to
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19. The process of claim 15 wherein the feedstreamis additionally
conprised of 5 to 50% carbon di oxi de by vol une.

24 .20. A supported silver catalyst cggprised of (a) a support
conprised of an alkaline earth netal conmpound sel ected fromthe
group consi ghi n9acky,dild BiyeRELRIFR AdmpALEgRAt oS, al kal i ne
earth netal titanates, and m xtures thereof, said al kaline earth

met al conpound cfa)sta suppogt @dmpeast of arpalkakme ebythwaietditcorhpound selected he
support silver catal yst; b) from 10 to 60 wei ght percent Ag;

(c) from0.1 to 10 vi%?ﬁhtfhseg@ﬂ GANRIS LR P ?gﬁ"ﬁecgﬁﬁbuﬁé\eta' carbonates,
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percent K derived froma potassium sa om t'he group
consi sting of potasseamh esethboain@ound constituting td st PSperaehobgivesight of

%p;;atzfiegnl R; (rag]E ?’ pt%teaggésjorptnsin%li’ tcg{alyst; pot assi um tungstate, and
(b) from 10 to 60 weight percent Ag;
(c) from 0.1 to 10 weight percent W derived from a compound
comprised of a tungsten oxyanion; and
(d) from 0.15 to 10 weight percent K derived from a potassium salt
selected from the group consisting of potassium carbonate,
potassium bicarbonate, potassium nitrate, potassium nitrite,

potassium tungstate, and mixtures thereof.



