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50 (copromoter). Figures 3-8 show pore size distribution curves for carriers A-F of Table 1.

Generally, in the vapour phase reaction of ethylene with oxygen 1o produce ethylene oxide, the aethylene
is present in at least a double amount (on a mol basis) eompared ith oxygen, but frequently is often much
higher. Therefore the conversion is calculated according to the mol percentage of oxygen which has been
used in the reaction. The oxygen conversion is dependent on the reaction temperature which latter is a

85 measure of the activily of the catalyst employed. The value' Tq.o mdicates the temperature at 40 mol percent
conversion of the oxygen in the reactor and the value T is expressed in " C. This temperature is higher
when the conversion of oxygen is higher. Moreover this temperature is strongly dependent on the employed
catalyst and the reaction conditions. The selectivity (te ethylene oxlde) indicaies the molar amount of
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.percent by weight, preferably 5 to 20 precent by weight, basis total
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properties of some supports found useful in the instant invention are shown
in Table 1. Suitable manufacturers of carriers conparable to those in Table
1 include Norton Con?arl?/ and United Catal ysts, Inc. 46 -50 55 3

T (a ethod of Brunauer, Emmet and Teller, loc. eit.

45. (b) Flat Plate Crush Strength, single pellet.
(¢) Determined by mercury intrusion to 55,000 psia
using Micrometrics Au:opofe 9200 or 9210 (130"
o Contact angle, 0.473 N/m surface tension of i-lg) ..
(e) Median pore diameter represents the pore diameter
wherein 50% of the total pore '#é.Iume is found in

pores having less than (or grea.ter than) the median

&5 pore diameter.

Pore size distribution curves measured by meréury'intrusi'on techniques noted in footnote (c) above in
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0 0 wst generally lipssbetwaen 40 and 3000, preferably between 15 and
rheni um si wg%ﬂ@ﬁ\ﬁ%m?x&jqbbe&m fZﬂgﬂﬁand 1500 parts by wa:ght (calculated as metal) per million parts by

weight of total catalyst. Most preferably, the amounts. range between 50 -and 1000 parts per million by

35 weight of the total catalyst. The degree of benefit ob'ﬁmed w:thm 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 carrier
utilized, silver content of the catalyst and other compounds, tmtlons or anlons present in addition to further

: metal ions such as the ions added with the further metal or rhenium or compounds remaining from the
- 40 impregnating solution, and the above-defined limits were salected to cover the widest possible variations in
properfles and characteristics. The effects of these variations are readily determined by experimentation.
The further metal promoters are present on the catalysts in the' form of cations (ions) or compounds or
complexes or surface compounds or surface complexes rather than as the extremely active free metals.
- Without intending to limit the scope of the invention, it is believed that the further metal promoters are

45 present as oxidic compounds. More particularly, it is believed that the further metal compounds are
probably in the form of mixed suiface oxides or double surface oxides or complex surface oxides with the
aluminium of the support and/or the silver of the catalyst, possrbly in combination with species contained in
or formed from the reaction mixture such as chiorides or carbonatss or residual species from the
impregnation solution(s).

60 From the above it will be clear that the catalysts of thls mvention are concemed with the different types
of promoters, the first being rhenium and the second being the further metal compound. The said order
“first” and "second" does not refer to the importance of: the contribution towards improving the perfor-
mance of the ethylene oxide catalyst. This importance may be reversed i.e. the contribution towards
improving catalyst selectivity of the 'second promoter may be sigmﬂcarrtly larger than that of rhenium.

85 A large scope of various further metal promoter is envisaged in this invention, suitable second
promoters may comprise mefals such as molybdenum, tungsten, chramxum, itanium, hafnium, thorium,
zirconium, vanadium, thallium, tantalum, nioblum, gallium and germanium. Compounds of molybdenum,
tungsten or chromium have the ability to perform as oopromoter toa further metal promoter selecied from
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single inpregnation step, although it is believed that the individual or
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for 46 ex&Hphesoluiian, preferablycauebus i solotion. Thd loytSrefbifed Dantall iphorifRtel SC BadluphY rably
sur f ace “4r @epPlath@s g pauegusy splution kaving clesium hitrate of leesilint AydrdRiie RIRESVeE Shedin, § o the
support, t fighe Plafinetalsprovidertherrmest sigrnifichnt otievt wiein corisidefing tecdembtiy, parliddRriyPhs HRIRC €
of other c8 Wifs censidersel ithim the seripe 1% thp insisatiprefariad leimboosnBihitIithiua] #88r &diun
conbi nati offéhash bﬂpéesarrti{%ﬂagdlmttmtheatﬁg{po elkglivaetalishinsorddn t@ rovitie entaRded % dfErent
with the Ni'cin mat%! or_rhenium or conpounds remaining fromthe
0 There are known ‘excellent methods of applying the promoters coincidentally with the silver on the
qamer. Suitable alkali metal salts are generally those which are soluble in the silvér-iinpregnating liquid
phase. Besides the above-mentioned compounds may be mentioned the nitrites; the halides, such as
fluorides, chlorides, lodides, bromides: oxyhalides; bicarbonates; borates: sﬁlfatés; sulfites; 'i:isulfateS'
ac?tates; tarirates; lactates and isopropoxides, stc. The use of rhenium or alkali metal saits whlc:h have ions,

55 w!'nch react 'wlth the silver fons in solution is preferably avoided, 8.g. the use of cesium chloride together
with silver nitrate in an aqueous solution, since then soms silver chioride is prematurely precipitated. Here
the tfse of cesium nitrate is recommended instead of cesium chioride, for exampie. However, c.esium
chloride may be used together with a silver salt-amine-complex in aqueous solution, since then t'he silver
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i mpregnating solution. The presence of other activators, stabilizers,
pronoters, enhancers or other catalyst 50 i nprovers can al so affect t he
promoting effects of the rheni um |t EBORGHSI&E B0 t-hat any supported
silver- based, alkali netal pronoted ethylene oxide cat al yst which contains
other cations and/or anions or any other activators, pronoters, enhancers,
stabilizers 8'?'°' Ffé}”“?fﬁ‘f“?itﬁ P B P‘sthea"?? ?M'nch_cont al ns an agount of

r heni um whi ch ’ aiRlystge p

hi gher et hyl °" ‘f en%i se?‘y;&ce sy H:%m Kihaty fﬁ‘fa“%{' osggeggn
conver si on, ! ana %IE) ? z and sitver, li’hus lkali
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sol vent is aan@dlial of BB taiystRgd 5 ﬁsb(ﬂﬂé’l&f alkibun@ rHahitrh @h 818 lsippbrd SndSReniGAYEN tﬁescatal}et
sam—$0l vent uswe atnountl eihe alkali tribtal Siclor Eoniar GrondrsddnkRY pordiie batfier oF EiBisErhay also be
Exanpl es of rdgelated witttrocapiein ritks byreastitig ottiise sunausi dfl plomatbi MateraC¥ithoh *hematémolvent
hal i des, tihe for enmplenmethenbladr eitl@®|. t he rhenates, the perrhenates, the oxides
and the aci ds df pésticuiafyeprefermad plocpssaft énpregiating rttpcamelr donsidtecof mnprégnmd thercatriewith an
i Npr egnat i on agugbust $olstion containing e silveresaitt &b a qarbokydic abit,yanaorgenici aminep ersath ehedsiam and
However, thea@mRaym pagheate gissaived iherains Siler jexdidinis seprefesredniivenisalp dir ¢ah deatremsred by
si | ver _per r h&#giing silvet gxisie (%Wr‘h‘éﬂ%ﬁ B‘ﬂ’ @}"ﬂjm?‘H@rﬂf a¥y'enedieraing and oxalin acld, su(bhexalic acid
suitably (i PPSdgn ?’!PY@H? Jigm "ﬁeg!"ts i é)f ffed mmaﬁhaﬁﬁwsww sqligtioneof sfiver oxalate-
hydhabyzes tgtﬂh}i i» t°‘"’ "Foiy oWt Ofgpgium cprapound and

CF

r { li is
purposes of P @ f’*%’le J aﬂa @om b Ji“;?r',;fw%?’@ e
P Gth t diarhines er anPn ﬁ i ne, M@ @\g ing ‘silver
rheni um cogp so §p9 ltatm sl er OXi B and
conpounds Ca@ r C o éiv g% e ove e a ering
al cohol s, et gas‘ gtrun% then'
exaqpl e, lélﬂiz@dDWtrPQﬁ\ «@ aaarau \e@ifs{e Sl &{mn? o o
I npr egnat e t IRtadsfint, | sBdium llmﬁﬁ’turar?c?mmﬂres' & oap Pre ed also In
sol ubi | ZatghOmesd waysNYhe imprélffEed CENEHS HRsl then thQﬁecPGd gl sﬁpc 4890 c,

exi sts after pffkdslydetwdét 750 C:andr400° ©te8abRate thb Bélid dhd pREWS ainfetdli@lsivé® SOl ubl e

i n water. Howeuergsndrdl tdrfhs,Stad Nb&r@gnhﬁbnw&&n&dhﬁhﬁd uﬂbr&dnhﬁhg&ﬁé Suppsrt WM loned8r bre
hydr ogen per solitides eoniprdingosiiver, Tintinr mbigl and irtd@iuRNADRNRE Mhe Mbant SRRtV arRiQiainty) the
one coul d us¢srmingegyLimpregnaling tiite gupp@twith aneud Imohei $cluiend compising BIVGO MirtAdr Thédd and/or
| mpr egnat isg rwoiim? pgisimijar py cogratet teryninplogy eneansdhat tip @dgpord fs imjpregriated incendingle or muitiple
i nventi on i s inmegnatiohewithiana isolntiop rcentainitg elivert fudher aedel, yeat alkali metal sed thehinm:zin fraultiple
that is extr &eRregsptions withatwaliof mere soiiane gentdiningesilvon | firtheranetal Ao rhedium [pLdiffedngoamoits;
this specifi €ain BHligk) pprogpatens withyiwve or aa@emomuhw [egar spjution: castaing tat deastiere
chosen as t h@%ﬁ%?fﬂéﬁ'ﬂ’teg(ﬂ“@ts!"@h furiherspetal andrheniym withther previse fhet gl ©f the panrogengsfsilver,
r herivm orf %\‘f‘h?f me "l'“ W' “P“"ﬁ‘éa"% PR fopind; i, aijeast e jof ‘F‘%ﬁP"IﬁPPSt 'HP °a'i'q9“tfaﬁ%&°f the

ot her concen mlor*l" ?p tlgpesolu:ri:uz
A E A e

Ut| | |ZEd tO ﬁ% ec I(me I) r U
p
art can utilizg, % @%&S@ » from> 10 &2 qujta&l to 'ﬁ g v"vafwen ?ttmge mpregnation |s 8d. The

ot her al ka!ls of the rhenium (measured as the metal) will range from about § x 103 g/l to about 20 g/l
preferably from about 50 x 1072 g/ to about 20 g/l when a single impregnation step is utilized.
Concentrations selected within the above-noted ranges will depend upon the pore volume of the catalyst,
the final amount desired in the final catalyst and whether the impregnation is single or multiple. Appropriate
concentrations can readily be determined by routine experimentatlon

50 It is observed that independent of the form In Wthh the silver is present in the solution before
precipitation on the carier, the term "reduction to metallic siiver”. is used, while in the meantime often
decomposiﬁon by heating occurs. It is preferred to use the term "reduction™, since the positively charged
Ag ion is converted into metallic Ag atom. Reduction tmas may generally vary from about 0.5 mintite to
about 8 hours, depending on the circumstances.

55 The silver catalysts according to the present mvention have been shown to have a particularly high
initial selectivity for ethylene oxide in the direct oxidation of ethylene with molecular oxygen to ethylene -
oxide. The conditions for carrying out such an oxidation reaction in the p resence of the silver catalysts
according to the present invention broadly comprise those already described in the prior art. This applies,
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met al hydroxi des, ammoni um hydroxi de, organic: bases, etc., suitably _
"dissolved in an appropriate solvent to 25 extract rhen| um and by conpari ng
it with the 20 millinolar aqueous sdR Quﬁﬁﬁt?‘tﬁr@‘kl de solution used herein can
determi ne whether rhenium extractabili ty Wi t h ot her. base sol ut | ons will be

eCIUIr\(;)a(tl egtS 0 the rhen mulﬂt eext ract abi | 2014:@1%5{*(38‘a L "t%eﬂ? i
?hgm umdl s ﬁrﬂf" '°x'd LE“, f‘E'ém ﬁfgé i{‘h’gﬁ(&ﬁm &Eﬁ s T el t’ngt %E:(yg

a conpound, § gﬂb R
e R i e
sol ution’ di sRIGee :retr&s':tauﬁbhs%h A8%8r, 8 h mstd:%nﬁaefgmmuwes et ol

fresh catal ¥albe obtaifled froth SoRveR dﬁﬁltsodr&atThQ@ﬁtaQQ BRygbR1EHANE rr'lna@ll:ckns sehfdy ORBIRRLI
prepar at i VepdrEsdygentlal 6dncshitblod Sxyfdhtiant SontpRsii Xg@M in Majer bRl WiteREsePamMdifRts of one
react or, 16rorOfiord dilGentd, Sthadsyritiogen a®l argor; @k ahgtiser. dicfidhcoMiRing) SReam, 36k 4sOdir. tthie
product i on wérefeishgridemansn tiedies anthe tpheent sl stsr it Gihyire dxiiaih Gsactidns isin no way
tywal t esimifed o ¢eWwse ofisekiic ephdiiens aimongn thdde @hithoard Rnayna i leflectife. Foromirposes of

r eact or - t esihetiaton aly, iaitle 2 shawstthearatgechf woridiiors(that areb@itemusddii curentciommiersiaP@hylene
m Il inolar aqiem’@rwsh um hydr oxi de sol ution at. -100°C for 10 minutes. The
anount ofts rheniumin an aliquot of the cooled extact is det er m ned

spect Fophotonetrical ly foll owing the prsseglure of. V. W Mel oche et al.

Anal ytical Chemstry, 29, 527 (1957). In this procedure, a col oured rheni um
conpl ex with alpha-furildioxime is fornmed by reduction of the rhenium
species with tin (11) ch¥d®S¥e in a dilute hgtﬂ@Q)e-hl@mO@ acid solution 40

containi AY a large ex Al Ui OXeHE. ly, the carrier is
contacted with a sil vgﬁiggﬁing&%ﬂ er Conposngh - gﬁ@% %I ver conpl ex which
has been dissolved in awﬂﬁﬁ solution, so that the carrier is
inpregnated with said aqeggenéol ution, thereaf1 er gddre. i npregnated carrier
is separgfed fromthe aqﬁeous solution, e.g., atrlfugatlon or
filtration and then dried2 The thus obta| ned- m%reg %ted carrier |s heated
to reduce the silver to allic silver. It .I1s 25 4@®nveniently heated to a
teqperature in the rangeffp@ [err] to [err] . ,odurj,pg a period sufficient
to cause reduction of the silver salt, conplex-ar. conpound to netallic . .
silver asgl to form ATERPENPT Hathage andiereaisrasserdilnth i s bound to the
surface of the carrigflorbgjdrotiiboRXhdielr@Eor@0U3 P0G Spiivf 86€a1 Air, or other

oxygen contai ni ng ga ucin an inert S, Byl xtures t her eof may
be conducted over th °°&§PF|“§F“’%EP%PH§ this hea}&ﬁ 3%% There are

several known met hodGatadyswddemperasute/er to t hBBQ:ar sta'lc or support The
carrier 8y be i rrpretgn@g&;leegiég aQefdueous soltg I on &ﬁnt ai ning silver
nitrate dissolved thetein end i ed, wdy yi ng step the
silver nitrate is re%@éﬂd%tﬂhnﬁyerbg?@hebr hy ta'hz-l nes lﬁhe BOfewi @~ may al so
be inpregnated with an amoni acal - sol ution of 'sil vekpggéﬁ tﬁ{r'ﬁl | ver
car bonate, and then dried, after which drying. step the silver®oxal ate or
si Pveér cdbonate PFsiEeTaCRRiEes HepLtndards W@F“‘B‘W’h@?ﬁ PReSSUEeg.  to about
[err]. Specific 55 paudingimnrs tie shé dtes Al pasitddncanllybt lgezi ng and -
reduci ng agents may, Qe enpl oyed as well, e.g., conbinations of the vicinal
al kanol am nes, al kyl enedl ani nes and armoni a.. One such exanple of a solution
of silvergsalts conprises an inpregnating solution conprising: A a silver
salt of a crrdemithbd agisibdiion of the siiver catalysts according to the present invention, ethylene oxide is
produced when an oxygen-containing gas Is contacted with - ethylene in the presence of the present
catalysts at a temperature in the range of from 180 to 330 .G and preferably 200 to 325" C.
In a further preferred embodiment the catalysts, in addltlon to first {rhienium) and second (further metal)
50 promoter, comprise sulphur as a further promoting (copromoting) additwe.

The exact form of the co-promoter on the catalyst is not known The co-promoter itis believed, is not
present on the catalyst in the elemental form since theé co—promoter is apphed to the catalyst in the form of
fons, salts, compounds and/or complexes and the reducing condmons generally used to reduce the silver to
metallic sliver are not usually sufficient to reduce the suiphur o the elemental form. It is believed that the

55 co-promoter deposited on the support or present on the camlyst |s in.the compound form, most probably in
. the form of an oxygen-containing compound. In a preserttly preferred embodiment, the co-promoter is
applied to the catalyst in the oxyanionic form, i.e., in the form of an apion, or negative ion which contains
oxygen. Examples of anions of sulphur that can be suitably appiied include sulfate, sulfite, bisulfits,




EP 0266 015 Bl B. an organi ¢ am ne al kal i ne sol ub| |'i zi ng/ reduci ng agent,. -C. . ‘-' :

an aqueous solvent. Suitable carboxylic acid silver salts include silver
carbonate and the silver salts of meroe2e8wis®i ybasic carboxylic and

hydr oxycarboxylic acids of up to about 16 carbom:atonms. Silver carbonate
and silver oxalate 5 are particularly useful silver salts, with silver

oxal at e bei Hgifateculignptesnersuitatp, thhﬁ“'féﬁeg%th‘%at%ﬁﬁ’\iﬂéﬁ% GHRS?WM@PQ“M phgeriiefbare
i s present PRAMETHEN suiEP apthie el el siifalss. Compoyngs pbmelybyanim, tagRteReand chrojum can
sol ubi | i zi n#F% BRIUReAf§ STHEROE" % 84t oy qrelpeiore, ﬁR"g?P’ér?@aﬁ’%H‘?sr%%m&W%HW'yP‘??tes
car bon at onB bz OtheF isy: ?“5v9§'i°’°‘a‘1°‘¥ H'ES

wi th aloﬁlvels" "R ﬁ' ’V?i?ﬁ 'oﬁtc'fat“ HTOmig,

i R em“%*"*ﬁf%f;ﬁ %%%%“5@
f ggnmtgoarlet f" Jn .ccemﬁ i&g & s )
al kyl ened E’:Pb e%et;‘ e}fak'gﬁn? gporials “slott be” _ e, all fdiddes, sulfides,

al kanol am nce 1% ég% mprhndied I Hanidh Q.mammaﬁr fo%a sx (5' Mpﬂtﬁ'}d{;m%ﬁmﬁﬁf
of from2 t gndmap 8 Bameltno that the offloXScipBribnt areVdddd 6 betBre 'lid/&NIG6H Pty
of\drom 2 t guighuf; %Q%ﬂ@ﬁ Quiystan16 ARITIIN &b-préthéler Rneriin andiErfRetf) fand/ §1GérRd in the same

al kanol am n@spréghatihg @Biution, Aiough GiRis RRITved MET theln GressB® I Mifferdrit @6itions will still provide

sol ubi | i z5 ngdimecatlysg. agents are generally added in the anbunt of fromO.1
to 1Q nol es péie ipmlstred bmsint viesulgbtroepndmotdPabinpatind prebept P of duposited on the support or
sol ubi li zi N gdtatyst] taoges dromPeintb St 0 amneles fteferably\frore 1012y th 6meilinales, measuidd as the element, per
et hyl enedi akilogmmi of taigindatalystt Peferred cirpretblemcimpaiinde areChe ektemibaic eethponadseot itre co-
conbi nat i onprimptar elemantsi, arefecehlil tH: anaméniumoingndlal metal oweriidnalas, isugh asi animoniumroyifale,
Et hyl enedp andtessivinssulfale tcogivre fchiomate), mEﬂlWlMamm@l% melybeaten ithipm rsulfte. sodium
etthgnol ami néngstaie Shium ghromge anskibelPe results, but it is beI i eved t hat

i mpuriti es t hdtpregess ﬁS’r @'Q‘l'éﬁ'f‘g PW'?)Er%"‘S? ﬁV Expyiienllyjreacing sthy P? ﬁlﬁ'l ‘&VQ?E‘ imYFBPYs Phase

pr epar atmn%‘g%‘% r’f?’% ﬂ‘ét ";n'?]w °f(‘i°"3 %g%'gm%
th |
the ani ﬁ%s.eﬂw g?}@ o g nsg‘wmsgéh S ﬁﬁ%‘?f%ﬁ"s’%?e

of silver. sm Qﬁ mne to e gr Cg%elgs t he
salubilizin / g l\Jr l’of,l:i 7"1% @"?%‘F ;‘:;
moies of et S ﬁ\ég% \SEL ' 9 ;JER:' S anc
et hanol arg, ng, &L arQ&’&fE‘su 3& thé iGh tﬁﬁ} BEruer ?d?&ﬁd’i‘é?‘ éiﬁo aify of
used wi th agpnl fo-prbh @f%ﬁfeﬁ&r&s Lla?%tﬁtlﬁ refn |QviRin ukﬁ&ﬁl? rérce
of ammni a REfive® fcatﬁi( SRt a%%le\(@?éﬂoﬁr%ttaﬁmﬂh& Je@mﬁﬂdatfargﬂsﬂ tcoevaﬁssan eval
about 10 nokRA iDbbtMEIRAdER tRCIamBRéRtidAl cofdilone Within I8 safi® YbthbifionSdt Bier RAd sdppbr) ©
or et hanol ambrizor &P loDie Gronfdrs sefecBdl ifrbid FheniuDankir irileOmdtall & nbtd) cofpoRd. [ERén #bre €
of silvers QrRmreEinhE gdup e pailysBOthdthute ablé e perfoMn kiba Righsy seladticityyita gived dxggen- -
found in UScémvarsisi@yel ifan isnabtained uadse the Byme miaion oorgitibrerveth the saink @ombimdtibroctssiven)
prepari ng t lseppsit inddurtherometal promelyr mdhathygins. can be found In US-A .
The reaction conditions for testing the selectivity performance are preferably those set out in Example

1.
— w0
’ EXAMPLE 1

The following illustrative embodiment describes typical pieparatwe fechniques for making the catalysts
of the instant invention (and Qomparahve catalysts) and the typical technique for measuring the properties of
45 these catalysts. _

5a_r_t_ J_A_ Preparation gf_ stock siiver oxalatel'ethylenediamina solution f_o: use in catalyst preparation:

1) Dissolve 415g reagent-grade NaOH in 2340 mi{ deionized water. Adjust temperature to 50°C.
50 2)Dissolve 1699 g "spectropure™ (high-purity) AgNOs in 21 00 ‘'mi deionized water. Adjust temiperature to
50°C.
3) Add NaOH solution slowly to AgNOs solution with stirring, maintaining temperature at 50° C. Stir for
15 minutes after addition is complete, then lower temperature t 40° C.
4) Insert ciean filter wands and withdraw as much water as possible from the precipitate created in step
55 (3) in order to remove sodium and nitrate ions. Measure the conductivity of the water removed and add
back as much fresh deionized water as was removed by the filter wands. Stir for 15 minutes at 40" C.
Repeat this process until the conductivity of the water removed is less than 90 nohm/cm. Then add back
1500 mi delonized water. -

12



4,010, 115; 4, 356,312; 3,982,136 and US-A 4,012,425, all incorporated by
reference herein. The preferred anount of alkall or further netal pronoter -
deposited on or present on the surfaBROPEOREBAO carrier or catal yst
generally |ies between 10 and 3000, preferably betmeen 15 and 2000 and nDre

preferably be ht of .net al d
he toral cat § SAE Ao Rl %ﬁ@ﬁ‘*‘m i f’ ”@3@@
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4 of cesium for the catalysts described in this and the following llustrative Embodiments would be
approximately 11.2% lowsr than those reported.

m C: Catalyst impregnation aﬁ_d curing

50 Approximately 30g of carrier B are placed under 25 mm vacuum for 3 minutes at room temperature.
Approximately 50g of doped impregnating solution is then introduced to submerge the carrier, and the
vacuum is maintained at 256 mm for an additional 3 minutes. At the end of this time, the vacuum is released, .
and excess impregnating solution is removed from the camier by centrifugation for.2 minutes at 500 rpm. I

- the impregnating solution is prepared without monoethanolmme then the impregnated carrier is then cured

66 by being continuously shaken in a 8.5m3%hr (300 cu. ft.lhr) air stream flowing across a cross-sectional area
of approximately (3-5 square inches) at 250°C for 5 mmutes 1'1.93-3.22 x 10° m? significant mon-
oethanolamine is present in the impregnating solution, then the impregnated carrier is cured by being
continuously shaken in a 300 cu. ft/hr. air stream at 250 C for 2}5 minutes, followed by a 2.83méhr (100
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.The anmount of the alkali netal and/or rheniumpronoters on the porous
carrier or catalyst may also be regulated within-certain limts by washing
out the surplus of pronoter material EPOR6ERIEBBIropriate sol vent, 15 for
exanpl e, methanol or ethanol. A particularly pref erred process of

|rrpregnat|ngthe rier cnsr ts of inpregnating-the. carrler wth
aqueous sol u \" g@ﬁ amiah 70 Y é?'""g?(‘f" %sE a@%@?? 'F- 93 Of Apprqyimalgty 10‘13@%1?9 >
am ne, a. sal yola a
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conpound and ammoni um perrhepate. W |G, BR!U’I’U B?rPB'F“"t h§@ﬂ’ﬁ he to the silver
oxi de befoge adding the oxal|camgstd | s psssi Bl e, -pt t{s net preferred since
it can give rise to solutiong whicB pred4pmst gbl es?'a-r'.evenoex bl osive in
nature. Qher diamnes and ofher agi hessmuch). asiset hgnolaam pe, may be added .
as well. A cesiumcontaining-sttver —oxarate st ULrun rru] aI so be _
l'@lltsﬁed

d b 6y
e Peerint igru%aﬁ%“rgw%g;z e %%@r Rkt e
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{% @
oxal ate in ofy WY pM Sdrdrﬁ‘ﬂyd? oW tion of the
cesi um cont e'? enium rﬁ)ﬁfeadxf?ﬁg.'as rrﬂ%@%b&mﬁﬁ%ﬁﬂ%vglgof 5n ﬂé( tﬁis?cdnsbet
sol ubi | i zed \WytdmpRyingRl s?ocﬁ'&dénd?ﬁ hdfox81 saftidn!) whiB Ris B5uaA! 1BEBE Wit B &S RBlofe of
i's added. Rulbékint] catdhf@i 3rESdration. ;The Bkudbonteht o Helbatalyaiten Hei b!B@smibed BY Kidbsuring
met al - cont™di mien@disalivty PR dlysth AR, @ biER doftert Qf tHABRIYWEAR be BeRmined by
| rrp\&e’g nat ed GaaEhingEths cadlydt witeboiling asiariket Walr. IroB Skiiclith Grdeeds\vesiuin, (28 fwel adbr alkali
[err], prefemsdsy ishedasure byl extractionsiroch the catdlyst by iliag 00 grtvas bitveholb icatatysll inc@0dilliliters of
produce a netwater foc 5 mirlutes,rrepeatingditsnabowel two eoreeimet,vembinipg g alive exragtioncang Sletermining
conpri ses Jnreegnaitt of glkalh metalippent bycdnpadsce o stantlardesoltidn tof efegenc® Al watalg using
silver, furt mnimwoamcﬁwmﬁngNsriaué'e@tmmmodvéwﬂﬂsttmwa@pec| fication and

clai-nms, the term nology "inpregnating the support with one or nore
soluri ons corfiattBs Siarglasd Migraeactar &EEEE[TGME!FOEéﬂEE_!B rheni unt and sinilar

or cognate ternj noI y nmeans that the support is m‘_g nated inasingle or,
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g/liter up t dhel@ligrationtof analytica firsirartwnis dsed e ddlemmidecthe jood)/ahd podubR ggy tompheitions the
si ngl e | npr e gmeasureshsefestivily iand acivity of lacgived catelyst geaytvaat slightly Gbm tohe teshminitaifie next. To
(measured gs aliove meeningfy conparisona pfgibe fpedormarnses of Satsiystactestpd @t [differentafisesst alD Qatalysts
g/l, prefer ab1° cribedoi thip Gort t“Sd°'B?W' @ illp | embgdimprie) weip(Jesigd simpiienpouslys vithyh standard
i npr egnat i on # hedng fhe F‘?“l@ﬂ‘“’“ ﬁitﬂ)‘ﬂ aPE |‘”8‘h§ diffrpat optalyst yhich hap *Ieﬁ% standardized with

above- not ed Q@gw ?'Vsﬂé' Q a fied i Yys And therfolipwiag Hustr °d!"P3@ts 3;9
Singl e or ”J;fucta m rg XL ety ity ef‘mif o
routine expery t?'{‘pﬁ "BESsEEVEd t hat |ndependent of the form
I n which theg es&i’gt,/ z:ﬁp lSées_o t on before -

55 Example 2

Using the general preparative technique of Example 1 'a'sene's of catalysts were prepared utilizing
carrier B described in Table 1. The catalysts were prepared without using monoethanolamme One series of
catalysts contained 2 mmol (millimoles) of rhenium per. kilogram of catalyst, the second series contained 1
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precipitation on the carrier, the term"reduction to netallic silver" is .
used, while in the neantinme often dﬁ; ltLon by heating occurs. It is
preferred to use the term"reductio BEggﬁtézé?he positively charged [err]
ion is converted into netallic Ag atom Reduction times may generally vary

f rom about ofhoPorieRdinGinki § it b suldhd? BB iegrah® DERRIAGN@ e tHRB sbries 6HiERIAES GESmaded
The silver yCab ahehiidaP 1R8O bRtbHt thdt Ghdy Eontain® A6 LrhdnllME B hP Qulmy Gn R beeS BENED tHoO
have a par téresHuadonlor Basifh inthd indlidREbahsts\Wak Warled! THR! daiklyeie %Mem hd\ddsttBed in~
direct oxi gdmiph 8fd 185 RYIERR shbirinMEbIS 8 TR ot B8k feBorfdli kY TRES Worb dBtainelingy
condi t i 081S HeQédidiracer ¥alygls Bdhnidull @bscAted IXEEMbIb 8) Bkl 4 @Redntiatioh 6F 50.719%646 C33Rm f6H
t'he sil ver tpahadidiabsibd aguoay chislig hiydrotidecsolrichsBed inl catlytipraparativhobuthgt, 1o PEdtlis Siom

t hose al r estdye wes @ thd e iohthb inttialseleotivityivdrsus Theiutn eqapantrativn atb(plotted IFFigbre? 660 (kS
1 for exampigare ohe cawses diel enéficiapafieait of beniunpwhicisare indicatedbby the higblighfedama between
di | uent natherivekbgyesdeithi right of thelr oxgesagvercrpinb divad ibe eeeddrorsKigrani that themse ofghdniume
or ot hertos atovidest not] ohly dn dicreesson he ghecluie vaee offtherinifielrsalettivlly clfainadsat optinuom eesivin

t he cat al yW’@e'&eﬂmth apo @ sigrifieaptieimpovert Inffial [splentivity 1o theccatalygt %Wgh @Pﬁ‘lm paneentsp-

chl ori nat e#® g!‘ cagiim B RYEr. inflgwre P lepiam njtplsplegiivity:yapsu n Is N
operat i onsp eda dT'"g‘/f °§L@Bé§b%@%@ﬂ#@?§?fféﬁ§ of TRering plus W“‘S‘”h‘ e‘"&%'ﬂ‘

| ncrease t @ ’l?ﬂ‘hgrth%" F?i’ls" §°e"
whi ch ndf %‘“ E'g'@ép'f"‘b?“' P’e°é ’E"Yn

in the ran m \% '"1“5‘ ?Si“ § F@pE’ ver g
pressur es enium e a ditich of%i 4l hur CO-pr r 839’ itl
pactant © e e&%if e Tl @l 00T C | a“b"f

char ge Conar St assant 18 re vel y . pure oxygen a concentrat ed

oxygen st r rising oxygen in major ampbunt with |esser amounts of one
10n0or mre%s, such ‘as nitrogen and argon, or- another -
oxygencont ai N SiesiicB@ifits wot6 'ﬂreﬁ&ediinra fashion bﬁanl&rh@ﬂﬁﬁ&hﬁqtﬁ\ﬂe&ﬁiﬁéd ih 'Eémd’ld"ﬁudﬁ@e
of the pr eambronthitists having tivky proeries descisl aTFabRX il @i spékificAtRn. The Batalists were Madle
way | i ms editodt idiRetidsianie. SThe Gatilysts v 1dited S TRsAIBRITY Ednaset Wil thdrosuite alesRoWR
to be ef f eoblow in. Tabler4. Prlsss@tresvisainoiel, dll satsipds isfodamTable 4 Mive eesiis loastsswtidheyive aege
of condi t i optsnurhhighest)dniitel Selevtiviig etitained onder thade coditiops & al caﬁhrb!ythaﬂeeandha iddicated
‘T §act or unicérder with tHb AislicEe@ levelChiSiver and rhenium.- The ‘cesium levels repBit0l in Tdle ©Qerg Obtainadet
pr €Ssur e, k§y fheradotracer analysis tqcmiqu]a descnmg u{ !aqamp!e It mswsr}g@@ngqnmghpe ofc50.7 %w cesium
1 - 40%325 for the radiolabeled, aqueous cesiu drp)dde solufion used in catalyst preparation. Catalgst 4-61vgesgot - -
Terr] made using the identical support of catalysti438,butirgthes aised a comparable support from a different lgf _
3% Argon amhich pad-agurfans @reg of 0-64 m¥g. tar"@@é Pere| Vqlymagf 0.42 mi/g, a water-leachable sodium content
- approximately 50% highsr and an acid-leachable sodium content approximately 100% higher. (This support
is referred to hereinafter as C’) :

EXAMPLE 4

A series of catalysts were prepared in a fashion similar o ihat described in Example 1 wutilizing the

support described in Example 2, but utilizing different rhenium and sulphur concentrations. The catalysts

\/ 40 were tested as described in Example 1 and the results are shown in Table § below. Uniess otherwise noted,
. all catalysts listed in Table 5 have cesium levels which give the optimum (highest) initial selectivity obtained
under these test conditions for a catalyst made on this support with the indicated levels of silver, rhenium

and sulphur. The cesium levels reported in Table 5 were obtained by the radiotracer analysis technique

described in Example 1, assuming a ¢oncentration of 50.7 %w cesium for the radiolabeled, aqueous cesium

46 hydroxide solution used In catalyst preparation.

EXAMPLE §

A series of catalysts were prepared in a fashion similar to that described in Example 1 using the
50 support described in' Example 2. The catalysts were made without monoethanolamine. In this series
different alkali mstals were utilized as alkali metal hydroxides. The catalysts were tested as described in
Example 1 and the results are shown in Table 6 below. Unless otherwise noted, all catalysts listed in Table
6 have alkall levels which give the optimum (highest) initial selectivity obtained under these fest conditions
for a catalyst made with the indicated alkali metal hydroxide on-this support with the indicated levels of

55 silver, rhenium and suiphur. The alkali levels presented represent target levels.
For runs 6-19 and 8-20, the target cesium content was fixed at 180 ppm and the rubidium ooncentration
was optimized to provide the highest initial selectivity under these test conditions at the indicated levels of
silver and rhenium. Also, for these two examples, the support, which was otherwise comparable to support
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~chl orohydrocarbon noder at or 0.3 - 20 ppnmv tdt.al Co_ol. ant tenperature
180 - [err] Catalyst tenperature . 180.- [err] [err] ceonversion

1 evel 10 - 60% EO PEB@L%GDMB@W)rk Rat e) : 32 .

- 256 Kkg. EO[err] [err] catalyst [err] 40 - .. * Liters of gas at
standard te erature andérngssure passi ng over -one liter of packed

catal yst pe ioptaad ot 042 15 F’i‘,da‘iqc’ﬁr?oﬂF%t'W@' loveis,qf jeaghable pagiyms (this
accor di ng t&uﬂpﬂa'ﬁm r? PoRitARRR B SHPPOR Py | ene oxi de is produced when an

oxygen- cont gas I s contacted vvrth et hylene in the presence of the
present c t% t a tenperature in the range of from 180 to [err] and

pref er abl y 200y, 0
L R R
compri se. Sulggh e i ﬁﬁ% oin %&é&&r
formof the 1‘59 cQtEI orﬁ"fi’ﬁ olénﬁn ert) !
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CO- pronot er #eSncdANbisRCbf lsivef, RiRnamt Al Yl bhé?iu Ie'\ﬁ-‘?s(pre u°sing support B)
cQnpounds  aneich Gorklish 8.2 @y RS}, dovRerivaltigy gpgh R@ﬂﬂéthdv&%d@@@%@dd%duﬁﬁﬁ\al o of
redlce the givbwedndeointeittl bi 2515¢ badedatalystioxangle W ilidhycoRtkihddl 12i588W silvey, 188pfmcoy
t he sul phur wvieight di ehesitra fergbtaibvel), dsmppdtk(h@eﬁledel)&umtdphﬂ%&da@tﬁﬁel) RO aP BIBE, £ bf
deposi t edrsod14earsiupp ipitisl T qbr228 et Foo morbaeativsa purpossd, a eatdlyst hdst&oﬂtahﬁ@uliudium or
form- nost prolybddnlm butpiteivdsefheving thd sane compagition, bord $ib nirrsganaarp'mmam cn a
presently preferred embodi ment, the co- pronoter is applied to the catal yst

in the oxyaf*OMP¥ET or m i.e.,' in the formof an anion, or negative ion
vvhr ch contains oxy en npl es of anions. of ' sul phur that can be suitably

pI i ed i#cl udt e é"’“’ §[?P?’P‘! {p a faghien sipflar do ¢ ﬁ;‘c;:ﬁ@g-ﬁ g’;%‘,’;‘?;@g %ﬁ;fgﬁ:& Blzaglg;
f t ) !
Pr ef er ?eg c% Bﬂ’ it % "3@" 'E%Jtﬁ?tr"’%'{fma'?se“%ﬁ?ﬁ?ﬂﬂ' l?l % Both catalygts wore mpde yfithout using)

sul fates de u st en m_u sed
L FhiaRed. 5l et
as co-pr
di nol ybda%g%%ﬁféyug%ﬂé h°i&f :%‘rﬁg‘l r"o pt%;\p Vﬁrﬁat?set% ?
tungstate, par atungstate rret atungstate other 5 1iso- and

hat or o- pol yt ungstates, etc.; and chromate, di.chrornate, chronite,

hal ochromate, etc. Pr ef erred are sge#f atpsk rrqiey-bdat es, tungstates and _
chromat esp The ani Yhaf it ed w th varr_ Qus$ - CO ons. Preferred
are ammoni um al kal1 T e T 2 can be
prepared by the reactive d| ssol ution of varr ous.non--ani on| C rraterr al s such.
as the oxides suchwys.1 [erid.s [edy3l. efgc., AS. vvellgil ﬁ Cmalterrals
such as hal i des, oxyhali des, hydroxyhalrdes hydroxr es, I des,

etc., of she netals. ' g

VII-2 13.5 424 92 2" ss 9% 253°C

* by radiotracer, sssmming a'_cme"at_:;rit_im_ of 50.7 8w
cesium for the radislabeled, aqdeou's’césiﬁm hydroxide
solution used in catalyst pre@ar.ation |

** target levels '

it can be seen from the above results that the cafa!yst contatnirig the mixture of cesium and sodium as

alkali metal promoters Is more selective and more active than the: catalyst which contains only cesium as
the alkali metal promoter.

80 EXAMPLE 8

Three catalysts were prepared in a fashion similar to that descnbed in Exampie 1 (no mon-
osthanolamine) using support Example B of Table 1. The mta!ys!s contalned cosium levels which had been
optimized fo provide the highest initial selectivities under the test .conditions described in Example 1. -

65 Catalyst VIll-1 was prepared using one umole/g of NHiReO: and two umoles/g of (NHs)2504. Catalyst Vill-
2 was prepared using one kmole/g of NH;ReOs and two imoles/g of Liz80.. Catalyst VIll-3 was prepared
using one umole/g of NHReOs and two umoles/g of Na280;. The catalysts were tested as described in

- Exampie 1 and the resuits are listed below:
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~The carrier is inpregnated with rhenium co-pronbter ions,; salt(s), _
conpound(s) and/or conpl ex(es). Thi ne at-the sane time that the .
ot her conponents are added or beforgp%cbpﬁﬁgter ‘Pref erably sul phur,
nol ybdenum tungsten or chronium co-pronoter, rhenium. alkali netal and
silver are in the sanme inpregnating solution, .although it is believed that
their presence in different solutiGs wWLi¥ sKa¥l prkeide 15 suitable
catal ysts. The pref@ivatds@Mynig O I [0} r,_ cofrpound present on-:
or deposited on the—wp[wm's %n&g f‘%gfl{‘ﬁ/f téc};pmogml es,
preferablsy from02 to 5 mllinples, neasured as . the el-ement, per kllogram
of total catalyst. @’I grreg Cé p ter conmpounds are the oxyani onic '
‘conpounds of the co- S #&e ®ref8rabl ylt he 8nR¥iGnd al kal i
nmet al oxyani onat es, such as ammoni um suI fate, 20 - potassiumsulfate, cesium
- chromat e, rubidium t at rm?,ﬁ | ybdat e, | th| sulfate, sodium
tungstate |ithi umﬁﬁragfrmt efan% t he |Ikg§) groces for %‘1 dﬁ'&?r?g ethylene ..
oXi de by catalytically reacting ethyl ene and oxygen i N vapour phase in the
pr nce of a catalwst-sonpegid i ogyconprg si 54 si lver, %@@nggg.,
pro ting amount of rheni um conpound thereof and-a pronpting armunt of at
| east one further netal or conpound thereof is-also 25 included within the
scope of ™ he inventd bp. rddiothicerpraxdassng RecdiRhers89nCat 3oy s 6, are those -
conprid sing a support . r [§2 of less. t err]/g. In a
further aspect this |gven ?%% ‘:I%g %%aﬁgé%\eadw%qﬁe%s @fﬁg‘f%g‘gkﬁ 8 cat al yst
conprising a porous Sepiden ysednin casabstyprepsicasidnver, from 0.01 to 15
mol / kg gat of rherisupagad {41510 to 3000 ppm of further metal or netal
corrpgund. In the latter catalysts, preferred supports, preferred pore
VO and 30 surface area of support, preferred proportions of rhenium

pronmoter, of fidsd edeeiRdnitihe RESVERSsElfs tha® Bhthipsd Flil2yeoRthiniRg/h RB&tire 6Fesilind PR$ Mhium BS!
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sanme_react i akall pomott wrerss he sdlactivity isedisipisiedc onbi nat i on of silver, and
sumyort none or one of the promoters sel ected. fromrhenium and further
metal or meB@MPEBApound. Even nore 35 preferred In this group are catal ysts
that are3able to performat a higher selectivity-at. a given oxygen

conver si on | edeseriasnefrpatalysis wersi prereradrin dy fashio similap tor et depesied: innEfample s usig; ‘He
the same coWwppPatAsegihedin Brmple 2. 'ns?%ﬁems differert eambinationsat alkali promatanel ’@U‘t‘"‘
rheni um ThHAeqYEY ﬁ'qm‘g}]“ﬂ?’? F‘H‘ﬁ%“ cafalysts |‘"ﬁ'§ t?ﬁ‘?é’ ?@P@E‘Pﬁd\)ﬁ‘ é"r* ﬂ}dﬁ%@
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A Prepar at| Gapirasl Bl e/sfsoom %éﬁﬁﬁ? b A@% u ﬁ‘sswh dthao S

catal yst 45”@39@"&;&&9& preparatidh STHa 18(8is &@otﬁ&@ﬂﬁ‘gtgwﬂ{ A tddrdsbht fedfbPieVbls. Catalyst
dei orii zed WAzl Siipbort MR dofParkifle ROBampIS B but whithHES 8 sitfacd @89 000.45 m2lg
"spect r opur iRstesklat Qe FRY dnidihd BRGY 10-16% lwawﬁmwmemnmat er. Adj ust
terrperatureto 50 C o - o
EXAMPLE 10

45
A catalyst was prepared by impregnating a carrier s1milar fo carrier B in Table 1 with a solution
comprising silver ions, cesium ions, rhenium-containing ions and sulphur-containing ions similar to the
method described in Example 1, Part C. The catalyst contained approxamately 13.5% silver, 500 ppm
cesium, (measuréd by radiotracer analysis), 260 ppm rhenium and 35 ppm 8. This catalyst was tested over

50 a period of about 2 months in a U-tube reactor under operating conditions similar to that described in Part D
of Example 1. The results (maximum selectivities and correspondmg ‘activities measured as coolant

~ temperature, both measured at an oxygen conversion of 40%) as shown in Table 8.

65
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3) Add NaOH solution slowy to [err] solution with.stirring, maintai ni ng -
tenperature at [err]. Stir-for 15 m nutes after addition is conplete, then
| oner tenperature to [err]. 4) |nseEP &288M5B1 ter wands and withdraw as
much water as possible fromthe precipitate created in step 55 (3) in
order to renove sodiumand nitrate |ons. MRgsure the conductivity of the
wat er renoved and add back as nuch fresh 3e| oni zed water as was renoved by
the filter wands. Stir for~lomnutes at lerr]. Repeat.tfhis process until . -~
the conductivity of the Jime Bl ¢ dSelestivites t hanCe®enf er r | ohm cm  Then add
back 150Q ni dei oni zed watfr . EP{0 266 015 |BTemgeratere 3pg of hi gh-purity
oxalic acid dihydrate in proxy mat ¢ly 39¢g 1rcrenesfgs. Kegp the
tenperature at [err] and sgtir t® m X thegeughlly. Adsket he | st portion of
oxalic acid dihydrate slowy. agg nofitogspH tq ensugsd t hat|{pH does not drop
below 7.8. Aimfor a pH endpoisd of |8. 0s844. Add higge-purity silver oxide
if necessary to achieve thfs esglpoi it 5882 6) jRenovgssas nugh water fromthe
m xture as possible using cleaar filtger W&Ads ijn ordes4 to forma highly
concentrated silver-contaihingsslurgy. @odl the sil|®® oxalate slurry to
[Er/r] 7) Add 699g of 92%w ernyrenedr am ne (8% deoni zed water). Do not
allow the tenperature to exceed 30 C during addi.ti.on. The above procedure
yi el ds a’SobghepR 1§0Nt ai ni ng approxi mately 27- 33 %w Ag. 10 Part B: Catal yst
| npregnat i om—Procedur es' Cat al yst support Exanple B described in Table 1 is

a preferred SEaRE b wal'imbrBfhaiod ith barinh wRkd RNprafdd 2 SaritiedAlg ioh bhrdA éroihb Qu#iBg
exanpl es anslibbdqueHly it impRgRIEa B RdsSdrisd laf Saidieb @F WbouE 80Dl BB holfs. This barium-
Pr epar at i Ontreafed wadieDes Jsed focsepale 4 gatal@t by aGRbttiod sivlad 1©thad @Bscribbldan Skaaple AThe
oxal at e/ 8t hysaiysectinminibd ebair I 48% Ag; ®mnids/kg Ba;i ismoibley @, D mefoleikg kS, wndvb4ohppm Cs
d&iBni zed Weddtracenanalysis)e A rvampariednycatulyst was pripbred esing\Cérher iowithoutesni haruimatraatment.
or a m xt ur Bisoéataiyst contained abeut d4.5%"b; rfonodekea Rel timnioiedg tSHamiciT0epem Gs fagliotracer
concent r at i anlyss). Heser wlelysia weleyosisd f@whylpnaide lsynthedin by apwcess simiarde thitdassribadiime
or onoethafrs Ry Bxample d:sWhila thernop-bariyintoonteining rstalystdiedt & Slghey iritigh pelegtiviseati4esh cwygem
provi de cat iop te gfplaneeide they the\brsiumsenighiingcentalyst, aikS dave abf0%qrugpn copgersion,
However , i tthp Seryarcoatginion patlyst ebibiiesh hseferfyity phabed Opearesier e hateadehayROMERNG e

n cause | $#W¥si stent results In the catalysts nade w th nmonoet hanol ani ne.
Hence, water is preferred and was used for all of the exanpl es provided
herein. Byeparation of doped inpregnation solution'is as follows: For
catalyst A (Cs only): Add 46.4 ng of aqueous CsCH solution (50.7% w Cs)
directly to 50g of 25 undoped inpregnating solution. For catalyst B (Cs -
Re): Dissolve 55.0 ng of [err] in a mninum vol ume of -50/50 (w w)
et hyl enedi am ne/ del oni zed water and add to 50g.of undoped i'nmpr egnati ng
sol uti on$s Then add 84.7 ng of aqueous CsOH sol ution (50 7 %N Cs) to the
same inpregnating ‘sol ution. . _

50
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For catal yst C(Cs-Re-9S):

a mni nrum 30 vol une of

to 50g of undoped inpregnating solu

solution (50.7 % Cs)

cesi um hydr oxi de sol ut|

followng illustrgtiye
cesium[err] so tgat t
readily determ ne’d b% |
cesi um 85 and ot hEr edl

determ ned by thegwg} ef

of cesiumin
~deter- m nedw
Sci ence Cent
reactor an €
Tr acor Nor t h&

hrsuaque

n
concentratrog
sol uti ofi. Hop gge
subsequently;;

usi ng a SCl

45 %,

i npregnat i on®a
under 25 nm 5§
doped i #preged
the vacuumi g
of this tinmeg
r ved frong
i mpregnat i nggh
i npregn®t ed g
8.5[err]/hr &

01.93-3.22
| mpregngt i Ng .
conti nuousl y u
m nut es, fol -u by a
air stream afi270 Cdo
approximately 1.93 & |
catal ysi i s then redly
this carrier contairgn
approxi mate dopant liev
the given silver 5 &n

tb initial selectiviMy
45

50

56

nd curing 50

D ssolve 27.4 ny: of [err] pI us 13 5 ny of [err]
50/ 50 (W/W) t m ne/ dei oni zed water and add -
?J]#Bedl:l%%‘aadd 82.7 ng of aqueous CsCH

to the same inpregnating solution. The aqueous
on used for catalyst preparation in this and the
enbodi nents was doped with a:radi oactive isotope of
ne cesiumlevels on the finished catal ysts could be
ad.r Qi racey «anal y§|§ c(AJ,ter gatlval W the |levels of
aRi Prdndt & sRod: R s edc & 4% y8t - @ can be

| eachi ng net hod described bel ow.) The concentration
ug, & adi @l abeled, cgsiug h,xdl;.pxcg dg spl ution was
\y%.bygneutpfoa aCthval idn-apdl¥ses -at t he Nucl ear -
el Ohi VefsiTy? &lTele Bt¥t % eXas, usigg a TRIGA
tpurity Gernmani um Model BA- GEM 25185 det ect'g) , and a
1000 mul tichannel analyzer. Al target and.qactual
fed for catalysts in this and the fol | owi ngg
[ seare Ragede UPOR % al 8f b0y 7% for the
minghe S Gck abel-edacesr om hydr oxr:;ie
h this sanme cesium hydroxide solution was 8
by i nductively coupl ed plasnma jet-nmass spedronetry
| @ster uaeRt © tdieccesi emeoacents abi gn was fgound to be
val ue for the cesium-concentration I'n thisd$olution
val ue, then the absolute | evels 45 of cegd umfor.
bl inthis and the following Illustrative Erfbodi nents
11. 2% ower than those reported. Part C C'pt al yst
Approxi mately 30g of carrier B are pl aced

3 minutes at room-tenperature. Approximateg y 50g of .

ution is then |ntroduced to subnerge the caﬂrrer and -
edeate 26 pm<f og cadgi tef omals v nngd es. Att-«the end

mis rel eased"’ &hCF’eX’CGSS""I fiprregnati ng solgjtr onis

ier by centrifugation for 2 minutes at 500 r¢m If the -

s prepared w thout nonoet hanol ani ne, then & he
then cured 55 by bei ng conti nuously shakerg@in a -
.Jhr.) air streamflow ng across a cross-sgc§ional
(3-5 Sauare i |nches) at [err] for 5 mnutes-l?

i oz Qefhdpolanf ng s Pres in &ed
Eerr't#eﬂ n%rggnat'ed-'cg rger‘ I gurg-ped by Wgging

a 300 cu. ft./hr. air streamat 250 C for £.% - N
2.83[err]/hr (100 13- EP 0 266 015 Bl cdy &t./hr.)

7.5 nminutes (all over a cross- sectro\ aea of

brr] 3.22 x [err] 3-5 square |nches)) 2Tige Eured _
fgpéestrn This procedure will |9 Gatgl Fsts on

3 0% RELE| ¥ L?S‘de\g:vmdh—.the_'o I(i/\/lugg .

o & amdewini ol @r e appmw,rrp,t y;,op,t iLruen Pn iwesi um for

]l rheni um and sul phur 1evels and suppo?'t"\rvr’t her egar d
under the test conditions" * I i
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ppmw S. ppm 10

_descri bed bel ow. Cs, ppmw Re,
‘catalyst A 230 0 0B - 420 372 0 C
410 186 32 15 BRD 206:Q8(BYsi | ver content of the

catal yst can be determ ned by
procedures. The actual |evel

of

any of a nunmber of standard, published
rheni um on the catal ysts prepared by the

above process can be determ ned by extraction wth 20 nM aqueous sodi um

hydr oxi de,

t he extract,
can be detserm ned by enpl oyin
been | abeled with a radi i

The cesium content of thegd cata
the radioactivity of the ‘&atcal
catal yst can be deterninéd tb’ﬁ/
water. | n«d his extygacti omg pgod
is measured by ext§acti om‘f 1.0l
catalyst in 20 mildiliters

nmore times, conbirgng the,a 0\
alkali netal presefit by cd
al kali netal s usi ri|g} at b<
Model~ 1200 or equigial er?f),ﬁ

Condi ti ons/ Procedugle 3& d85
into a [err] inch Hi amret &

i mrersed |n a nol tgn neta,
a gas f1 off systemUThe we:’ng
are adjusted to ad&i eve augas

at

the entirg test r
oxygen, 7% carbon Wi oxide, 54.
chloride. The ini t=r'al react or
hour at this initi& terrpﬂr
1 hour, followed hyl [err] s
(2 hours)ge [err] (] hour

adj usted so as to ®chi eve.,a,c

catal yst has been ®nst ream f or
as "initial perforfpnce data"

B

differenc#®s in feelll gas conpos

anal ytical i nstrunE ts usedso

as descri bed aboye.

38

(1 ncl udi ng

t Y

£

Per f or mance dat a aE thi s odvd

fol | oned by spectr@photonetric determ nation of the rheniumin _
of cesiumon the catal yst

The actual |evel
a stock cesium hydroxi de sol ution, which has
ye i sotope of cesium in catalyst preparation.:
dl yst can then be deternined by measuring 20 ,
ysd .-«N~tefnathvel ~the cesiumcontent of the
| §achi #g A R SaFaldyst with boiling deioni zed
ess cesium as well as other alkali netals,
htmencatai y&t eby~ boi I ing 10 grans of whole
wed e Bory Smmingd @3, repeating the above two
e extractl ons and determ ning the &mwount of
rlison to standard solutions of refeence
orption spectroscopy (using Varianwglechtron .
nt D. Standard Mﬁ?r of eact or Cat al ysi Test
qQf SrBsB@ cFt & Bt (14- 20 nmesh) ar & | oaded
i T eSs st®ef & Shafed tube. The U &libe is
h (heat nedi-un) and the ends are c&hnected to
of catalyst used and the inlet gas "flow rate
hdBir By #sfacd vel%oﬁty of 3300 cc ofg gas per
nlet gas pressure is 210 psig. The®as
al yst bed (in once-through operati @)

startup) consists of 30% et hyl enem
5% nitrogen, and 4.4 to 5.6 ppnv V|§1yl

(heat medium) tenperature is [err].®©After 1
re, the tenperature is increased t&[err] for
our) ., Lerr] (Lh ur) [err] (1 hour 227 C
d §ear § Eow s's‘ﬂThe tenperature s then
nst ant oxygen conversion | evel of )% '
rsion | evel are usually obtai ned when the

during
5% '

a total of 164 hours and are ref$grred to-
in the exanples given below. Due tdgesLight = =
ition;  gas flowrates, and the call %tlon of. .

detormne thes freed "and product gas= 2

conpositions, the geasured gel

vary slightly frorﬁ’ne test ru

of \t he perfor manceg
described® n this d the foll
si mul t aneousl y W|t§
Aor with a differ

to-catal yst A Al

t catal

&8

of catalysks tested at different tines,
a stand&d
perfornmarge d

illustratjge enbodi nents ar&c
initial performance of cat algls

ec:r_‘.l m t:y gann a::ti‘.vnty of a given ca.j alyst rray
n to the next. To all ow neani ngf ul 'z:omparl son
al | tgl ysts
wing illustrative enbodi nent s.oveé € t gst ed
cat al yst having the conposi tla‘nbf cdt al yst

V\g i gas Been st dard| zed tlrg r fgrence

pgriged_.lg 1is and thelf & | »wWEng
oJf .ec:te'd & St atel rel atlve te bhe'ga erage
('[e'?rT' g’gb B [err] [eﬂl‘}')“ s
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. Typical initial performances at 40% [err] conversion for -the above recipes
are as follows: catalyst A selectiv
B selectivity = 81. 9% tenperature =
tenperature = [err] Exanple 2 Using the general

Exanple 1, a series of catal
described In Table 1. Iﬁegc

nonoet hanol am ne. One sgrres
- rheni um per idl ogram of @dcag

266 015 81 mmol of rhenTum &
and the third series of #caf a
t hat they contaiged no ﬁhenr
concentrati on officesi ungi ngt

catal ysts were tgisted a% &es
in Tabl d°3. The @esi um | evel
radl otracer analfgsis teghﬁiq

0.7 %W'é%s
usedsi B C
f or mrofe t

plotted In
of rheniu

ves tg tihe
that §1

solutﬁ mm

centr&tidHn
cat altyst

n figure 2

lotted. In

concentration of*
hydr oxi de sol uti
t hese tgsts int
concentrati on ar
beneficial effec®
beteen the two c§
seen from Fi gur ex
i ncreasgpin the'g
og+/nun1cesrun1c8
ectivity of t
cesi.um and over .
concentration | sg
ef fects2of rheni®
bet ween the two
can be seen 15

ptovi des not onl¥

- selectivity obte
signifi&antly i
concentrations
contai ning no'rhg@
provi des a high
used. 2Q. EXAMPL
to the techni que

t hose propertresm
were nade 25 wi ¥

descrrbed in Exar
ot herwi ge not ed, 4

om &h& g
an gngrefsk
ed 2t goft |
oved Thiti
., 300 ppm
ium Thej a
initial e
A seri

escri be

escribedi
out nonoet
le 1 anest
|1 cat al®/s}

gi-ve t he 2
E
2
45 £
g
M
&
&
50

55

%'t enrper at ur e [err] catal yst.
élyst .C selectivity = 82.9%
préparative techni que of

sts were prepared utilizing carrier .
alysts, were pL egared mnthout usi ng
of Rl 8D Log R BAR Iy
yst the second series contained 1 14
of sulphur per
yst g, was,, ngge |g Lpe | en
UNMBOLy ND §UEPhHr
he®i A% gudl e(Eat"al

‘b f 38 8e B

(mllinroles) of
d 1 mol krlogranrof cat al yst
fashi on except -
rge series the
ses=mes Yaried. The
Cribed in Exanple 1 and the results are shown
in Table 3 were obtained by 5
ed ig Bxappbel sagsuning a
um fbr tRe rdﬂrolébeied’ aq@eous cesi um
at al yst preparation,
he initial
Figure 1.

5 reporte
llegde&scg i

the results from
selectrvrty versus cesi um
In this Figure one can see the
m whi ch are indicated by the highlighted area
right of their . cross-over point.
rhgnrunrlo provi des not - only an
1e®ofn tPed M tRaP Rl €ctd VPt obtai ned at
but al so' a sTgni T cantty i Mproved Initial
ht “hi gh cesium concentra- tions e.g.,
selectivity versus cesium
this Figure 2.one can. see the beneficial .
nur which are indicated by the highlighted area
Cto the right of their crogsover point.
ire that the use .of
Bn3ng HpRIGLE.
um CesTurh Cbrtefit r

it can be

300 ppm
| i kewise initial

- heni.um-gl us sul phur

L ge DintBe initial
tToff, *Buf® al so a
selectivity:of .the catalyst at highe
cesi um and over’ when caonpared to catalysts
ddi ti on of the sul'phur co-promoter alsp
eat /i dymOverot be mage swher & No co- prﬁ)rmt er is-
_pf catalysts were prepared In a f ashi oh simlar
usrng different carriers Raving
The cgal ysts
(St megp tested

Tabl e 4.8 Unl ess
s-'l |"St'ed"'l rr T'abHe *"!1 ﬂa\re 'cesﬁ um | eveIS whi ch

h Exanpl e |
n Table 1 in the: specrfrcatron
nanolanlne

aJ‘ESOV@

4-1
4-2
4-3
4-4
4-5
- 4-6
.. ."’...7.
C4s
4-10
4-11
4312

Wkk may not be fully opt

*.0.5 umoles/g
%% 1.0 pmoles/g



. optimum (highest) initi

al

sel ectivity obtai ned under these conditions for a

catal yst nade on the indicated carrier with the.indicated | evels of silver

and rhenium The cesiurn |levels repoEPétﬂwma’ml e 4 were obtained by the =

radi otracer anal ysis technique described in Exanpl e. 1, assuning a
concentration of 50.7 % cesium 30
hydr oxi de sol ution used in catal yst preparation. Catalyst 4-6 was not nade ..

using the identical su

support froma differen

water porg volume of O.

approxi mately 50% hi gheg
100% hi gher. (This suppdyrt
e prepareq
e su%oﬁf
| phur concgd

A series of catalysts
In Exanple 1 utilizing g

di f f er entser heni um and sg
as described in Exanplejl and 4hg 1

Unless ot herw se not ed
whi ch give the optinum

test conditions for a ¢

| evel s of®sil ver, rheni
5 wer®e obt ai ned by t he

1, assunlng a concentrag

cesi um 46 hydr oxi de sol

series of pcat al ysts wer@&

- Ex Ie|u5|ngthe50
made wi t hout nopnoet han
utiIized as al kali net

in Exanple 1 and the red

noted, al)y catalysts Ii

optlnun1(h|ghest) initi
for-a catal yst made wit
support with the indica
al kali levels presente
the target cesium cont
concentration was opti
under these test condit
Al so, for these two ex
to support- 15 "EP 0O

of 0.42 [*rr]/g and abog

support is referred to

50

&6

TABLE 5 EFFECT OF DIFFERENT RELA

2hi
®
5

Bkt i

&

Yo 3

and an ci

al yst™ nfde

di otrac&rj

theind

ed t Og PAOV

rei nafter

for the radiol abel ed, aqueous cesium

rt of catalyst 4-5 but rather used a conparabl e
| ot which had a surface area of 0.44 [err]/g, a

m /g, a water-I|eachabl e sodi um cont ent

|sze er

catmal yst
ghesﬁ) -4

and sulpH

f 5
org'?use

séjeﬁt i

was fixec
tgtfe

01b BLEB,
10 JéfV‘I q

3vAg

Experiment Neo.

cdt ed al Ral $eba

d | evel 5“ af 55 silver, rhenium and sul phur. The
epresent t

d- | eachabl-e sodi um content approxi mat eI y
regd $oher el ngf Leg, as 6 EXAMPLE 4
IS & ﬁa%lz‘bgsﬁmﬂ & )‘t Ifat descri bed
described in Exanple 2, but utilizing
ntrations. The catal ysts 40 were tested
esults are shown in Table 5 bel ow
sdigtgds n, Table D dayecesium | evel s
i td ab selbediyi gyepquai,ne;d ,_pnder t hese
oh ThPs®suppdr ® t*h Ph& i*hdi cat ed
ur. The cesi.um | evels reported in Table
anal yS| s techni que described in Exanple
;F um g oL Lhes r,ad)hol.-abel ed, aqueous
lin cata yst prepara_;l_@n LE 5 A '
ijn a fashion sim| & ;EoNt ty described in
cribed in Exanpl e ™2." THe®cdt al ysts were

his series different alkali netals were . ..

The catal ysts were tested as described

I tg’ba,reﬂ'skevgl fngTaple ss ot herw se
ed § n2 T&blle afl ol ev\gsﬂ

6 daye «alek ch give the
ty oBt@i aed:uﬁdgr t R@sE Eest conditions
hyd® o%i & *on this

ar get Ievels For runs 6-19 and 6-20,
at 160 ppm and the rubidi um

ide the highest initial selectivity

i ngdi caged: Ievels of silver and rhenium

i esﬂ,- gh,e & up:pcg;tw B e vgs otPepwBs & conpar abl e

had a surface of 0.45 [err]/g instead.
wer | evels _of I'eachabl e sodi um (this
as support B'). EXAMPLE 6 5

M B NN e O N~ e ® ®
4 Mg 3

-t &N
- N o N S
'] 1 ] 4 1 . | 4 ] 1) H 1 . 1
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. Two sets of catalysts were prepared in a fashi-on sim|l ar to that described

-in Exanple 1 using support Exanple
anmoni um nol ybdate ([err] [err]) wa

Yok

1 with the exception that
the I npregnation solution in

ErGanb i B

sufficient quantity to provide about 96 ppmby weight of Mo in the final °

~catal yst.
cont ai ned potassium (target)
initial selectivity under th
noted | evel s ofewgil ver, rhen
(prepared usi ngEsuppor tBY).
ppm K (target | gyel) and 96 ;
initial [err] oé [err] ‘A&ndgc
silver, 186 ppngpy wei drit of
| evel ) and 96 pfiin Mo (t&r get
initial feerr] o [er@ B Far
contai ni ng rhengum o nel B4
has a [err] of i emd"a&[e
were prepared igfa fashgonR s
- support Exanpl eZB of Tadl & 1
whi ch had been gptini zed to
the test condit

bns destri be
Wi t hout usi ng oet hanol am

[err]nol es/g eagy of [e‘ﬁr]%.ﬂa

2 [err]npl es/g a@pch of ernf]
descyibed in Exgiple 1 wmnegt
SS\’J H al yst g%g.
[err] VII-1 12.8 5
VIT-2 13 424

radi ot raser, asEhing a conce

radi ol abel ed, a

preparation. **_“targ evel
t catal yst copf ai nisngat
pronoters is noP®¢ sekective

cont ai ns*®only cBsiumas the.
catal ysts were tliepared in a
(no non- oet hang@ am ge)gy,usin

- cont ai ned cesi ufg| evg S§WE c
initial selectiftiesi ufded
Cat al yst35VI Il -1onas pﬁe‘f)ar‘éd
[err]mol es/ g of 'jerr]. Catal

of [err] and twe|[err] nol es/
2]

N 3

TABL

Experiment No.

50

fieous cesi um

The catal ysts were nade w t hout' nonoet hanol am ne.

1

al

-

\hi ch cont ai ned 132, %w si l.ver,
bpm Mo had aninitial [err] of 77.0% and an

At & W8t @l VR 28W8 c§ @ntained 14.5 %v

[ The catal ysts

| evel s 10 which provide the optinum (highest)
test conditions described in Exanple | at the

um and nol ybdenum Catal yst exanple VI-1

no rhenium 180..

r Rerffufl (Yafhet FeVEI Y U660 ppm K (tar get
level) had an initial [err] of 15 81.1% and an
canpar al iveopuURpPAsSes, «a gat-al yst not o
ENWMPuE aghes wiisex havidiget ke same conposi ti on,
] of [erT] EXARWPLE 7 20 Two catal ysts
mlar to that described in Exanple 1 using
e cdf by sabd hecpt @i Red cesium | evel s

or ovi de™ he hi gRest 1 niftial selectivities under
l in Exanple 1. Both catal ysts were nmade

he. Catal yst- VI1-1 was prepared using 2

nd [errk Catalyst VII-2 was 25 prepared using

an:dﬁerar]o fegcat addys‘g'_scv\@ge tested as

e resuFts are Wi sted Bel owmCs*  Na**  Re**
Ag ppmw  ppmw [err]noles/g. [err]

1 3 2. .. 81L.7% [err] 36

1 92 2 - '83.9% [err] * by

htration of 50.7 %w cesiumfor the

hydr oxi de sol ution used in catal yst

5 45 ét can l%e seen fr‘qﬂm :tahe above results th
i Xt uT e ofcesi mﬁinﬁ odpurg@as al kal i net al
hnd nore active. than the catal yst which '

hl kal i nmetal pronoter. 50 EXAMPLE 8 Three
fashion simlar to that described in Exanple 1

) support Exanple B of Table 1. The catal ysts
1 HadEbengopi i ai_gd»atqa_pr-ovi de the highest
Pors ®e

at

he t8st2 cBndl t SrMeéd In Exanple 1. 55
using one [err]nole/g of [err] and two
st VIII- 2 was prepared using one [err]nole/g
j of [err]. Catalyst VIII-3 was prepared
eMen NN S e n e n
msosgasgss
a0
SRS
Nwn B 9
@ O =
™~ = O
2
| o LEC
V- SRV SR SRRY - G- SR RY SR N
' * :E

23



“using one [err]mole/g of [err] and two [err]noles/g of [err]. The catall'ys.t's”
were tested as described in Exanple 1 and the results are |listed bel ow

EP 0 266 015 Bl Cs* Li* - Na* E
[err]noles/g [err] [err] 5MVII-1
82.0% [err] VIII-2 13.9 398
[err] 10 VIII-3 14.8 411

* by radiotracer, assun{thg a concent
radi ol abel ed, aqueous cdsi um hydr oxi
preparation. 20 2 ** target
results that Catalyst VITI-2 colitdin
the alkali pronoters is re selech

Pre268Q15(Bist  %v Ag ppnmw ppnw pprw -
13..8 1505 0 0 '
28 0~ 1 83. 1%
0 92 1 80.9% [err] .15

ation of 50.7 %v cesiumfor the

le solution used in catalyst

level s It can be seen fromthe above
ng a mxture of cesiumplus lithium as
/e-Ngd RDra attivertdansthe catal yst )

+Pr pret eR. St St 1N s &ed & rhenium (hal f

with only cesiumas thejl kali &5edT

of that of Exanple 7), gdtalystaVi]I
as al kal g promoters sho [ oged, a
cont ai ni ng only-cesium al Kdlg p

di m ni shed. EXAMPLE 9 3QJA s} i®s %f
siwrlar to that describ&l in Exanple
Exanple 2. In this seri di ffeferd
rheni um #nd rheni um co- Bfonot er §s)& w
as described in Exanpl egl and tde re
Unl ess ot herw se not ed, £ |. cat al yst
other alkali) levels whigh givefgt

obt ai_ ned under these te$§ll condi 4 ohs
with the® ndicated levelg of sifvef,
and/(if added) other al Bli(s). oTHE
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A catal yst was prepared by inpregnating a carrier sinmilar to carrier
Table 1 with a solution conprising s
r heni um cont ai ni ng i ons and sul phur -

Bin
cesi um.i ons,
ons.simlar to the nmethod

a5 T iR

described in Exanple 1, Part C. The catal yst contai nhed approxi mately 13. 5%

silver,

500 ppm cesium (nmeasured by radiotracer analysis),

260 ppm rhenium

and 35 ppm S.- This catal yst was tested over 50 a.period of about 2 nonths
in a Utube reactor under opgratifng conditions sinmilar to that described in

Part D of Exanple 1. The resBits (naxungn.gegeq.t,lwges &g cQr kes\pondl ng

activitied neasured as cool allt &

conversion of 40% as shown finsTqol e 8. 55 17
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6 Claims

1. A catalyst composition, suitable for the catalytic manufacture of ethylens oxide from ethylene and
oxygen, containing silver and a support, characterized in that the catalyst composition comprises a

27



2. Acatalyst as clained in claim1, In which the further netal is selected

fromalkali nmetals, alkaline earth 5 netal s, nol ybdenum tungster—
chromium titanium hafnium zwcom%ﬁﬂzﬁﬁﬁaﬂﬁﬁm thallium thorium

tantalum niobium galliumand germanium 3. A cataly ﬂ nﬁ ll L
claim2, in which the further netal is an al kaline earta“mu “1‘ “‘l “l
catalyst as claimed in clajm3, in which the further netal §s‘ma{ nesi um
bariumor calcium 5.4A«cafalyst as clainmed in claim2, in which the
further netal is an aﬂkéll net gl . 6nA°cataIy§t as clained in claim5, in
‘which the further’ rretgl gs poteggsg;um Bulgy di ufp or cesium 7. A catalyst as
clainmed in clakm6, i Wm ch the further netal® is cesium 8. A cat al yst
‘as clained Inﬁnyone of clpine 1 to 7, in whi Gh t he support has a surface
area of fromOg0l to EO"[e r]/gn 80. .-aAeacataIayst as claimed in claim8, in
whi ch the supp®rt hasia guifacegag eﬁ] @ 05 to 5 [err]/g. 10. A
cat al yst7eas clegi med I,E Bam9, In i ch the gupport has a surface area of
fromO.1 to 3 &lerr]/g. 25 11. A catal yst as glal med In any one of clains 1
to 10, in whi whe s-gpm@r. I's al pha;alunina. ¢12. A catalyst as clainmed in
any one of cl gmg 15t 3;;1, whi & eorquss’s 1 o 30% wt of silver. ;13 A
catal yst as cl ||§ec5| al m 1% ghightcahpri®es 5 to 20% wt  of %Iver 30
14. A cafal yst Sla& & S n ary 8ndk oh H ai m? 1 tg 13, which cog)rlses
0.01.to 15 henl g| cat abygt « 16. «A catsal ys§ as clained i & claim 14,
whi ch corrprlsd 0 2 t'U 5 mllinmol rheniumkg ®atal gst. 35 16. A eatalyst as
clainmed in an)fg"one of cRAips 1'to 15, which ¢ rrprlges 10 to 3000'3)pm
further getal QOr net aE (§)rfpound°~s g‘éleuated a rret on wei ght ofg catal yst.
17. (A, catal ystSlas ¢ agmed |-n clej &, B, Ay, np ses 50 to 100( ppm
further netal @Ir n®t af ¢bnpoundy 29 % % €3 cuggt ed'Eas metal on weg,ght of
catal yst. 18. & cat alugsé ap cI@nﬁdE rEa@ ond of alains 1 to 17,5 which in
addi tion conprglses suPphur|or a sul phur conpognd 35 19. A catalf yst as
clai med sn cl &m 18, In whjch the sul phur "confient §s fromO0.2 tog
m | 1inol/kg ca-balyst 2@ A catalyst as claimgd In any one of clqjgg
alqmed

19, which co s€¥ si | wer rhe-nlu.m,aﬂel cesium 213 A catal yst as
in claim 20, i ch @o-gprg SES sf; VEI 3 Eem um ace3| and sul phur.a 53 %2 A
catal yst .as cl@i nreg@ 1§ &y onez)fvclmlzms;:L t o 20 ich conprisegps] Tl ver,

rheni um3and r @i di un=2F A cat & ySt S cBai rred, in Blaim22, whiclg cﬁrrprl ses
silver, rheni wh r §bi di &n fnd suI phur 55 25 A gatal yst as cl @ ngdgin
claim?22 or 2 which in ade t'!’pl? eynzgrlnses c®siung 25. A cakg aly &Sa.
claimed in anyglone ofg claipshl & o224 *ne affgrding a hi ghero sel gtgvgty to
et hyl ene_oxi de> at a deven pxigéh orvdsifon I.avel Shan is olﬁal n _g,lnger

35
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s5 Claims

1. A catalyst composition.' suitable for th_e’ catalytic manufaciure of ethylene oxide from ethylene and
oxygen, containing silver and a support, characterized in that the catalyst composition comprises a
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) ) . //
conbi nation of silver, support and none or one of the pronotors sel emﬁg

fromon the one hand rhen| um or conpound thereof and o “num“:l u
further metal or conpound thereof. ZSPORGQ&EI%B?st as. clr‘a\‘

.and affording a higher sel ect|V|ty to et hyl ene oxi de at a di vén oxygen 5
conversion |evel t an is Zf he sane. r. actlon

t he sane conbi i}o%f' élrﬁia@fre o orb%chLd &'erﬁzcgaﬁ%n 34 %gﬁga@@%ggﬁ?’ meEali]or | |

further netal or corrpound ereo ng r at al yst as

clained in ¢ aA%&gﬁ% ciafipa RN 1.5 s Kt AP Qi W AT B SR Ui
and af f or gl NG s TAGHodSRE Girlpbtod, nrbiRuf! § AGH) b St ViAaih, RANGE o,

conversion | ev ta,&h.aﬁom,gn %Qﬁ;@“}ﬁq;e% . the sanme reaction conditions
with the same conbination of silver, support and ceS| um 28. A process for

t he product igonahtaipst By HIAMEY R¢iakER, leﬁdh&ﬁetfhrﬂﬂnﬁ&téﬂgﬁ%amfebwen in vapour
phase in the presence of a catal yst conposition conprising silver, a
support, ® plromatalmaamlmadm@fainmemnwmﬂmrmmnmwmnaghesimbarmcbramwmmt|ng _
amount of at, | east one further nmetal or compound thereof. 29. A process for
preparing a &ahzbipigdt ag deipedintclam2, aswmdhalnen‘mﬂretmewﬂwancdiah métalcl ains 1 to 27
which conprises adding the appropriate anounts . of -silver, rhenium further
met al and o i 8atklysp asclaipbdin clatnosmmmfmhemetalmmapsmmmewm med in
claim 29,7%in which the addition is by inpregnati-on. 31. A process as :
cl ai red in dt afentgigst a5 plaigpd Bislaimh® inwﬁﬂhéﬁﬁfafhebmemlss ®@eimci dental . 32. A
process as claimed in claim30, in which the inpregnation is effected in:

successive &e ng‘ré:ata g@ ag glaimad M?S‘é%'gé’f claimg 1 49 Frylnywhich e SHPRArBas a;syriagp, prep, of from 0.01

f| rst. st addition of silver. 34. A process as clainmed in claim
th t tal .additi d
ubther et 2+ AR % i B BB R i 1) fieuPre %”a?%%%%mﬁ@%&%@’?ciﬂd
d
St ep. RevendPs ARk =g fafes (UM ST AR ddlcbiiiarFhitecs sfeslfiif ol y i [
product i o CAl Alkhiyiue ol hdfy Shetdt BithD 7% 1, R¥hch fhe duribrlitlaifita &me oxygbne

contenant de | Pargént et un support, caractersee en ce que conposi tion
catal yti que RORREGIHH ab'&ﬂmgalﬁl%ﬁrf& oRkiin¥ 205 A, Sifch BRBHsES QBosk wide §REPOS6 du
rhdpi um une quantitd activante d' au nolns un autre netal ou conpos de

nmetal et queis! & cekPRAS tlaited MRAFMI, m&-&aﬂase&swwofsmde nmoi ns de 20
n2l g. 2. 4n catalyseur selon |a revendication 1, dans. |equel Pautre ntal

set choi sl pur wicatalyst ssediamied il anglohs st clémeﬂtﬁ'tfa,umdal empiises 00ens edimmol deniumkg o

‘nol ybdbne, | e tatgstbne, le chronme, le itane, le -hafnium le zirconium le
vanadium le thallium le thorium le tantale, le-nioblum le galliumet le
ger mani um 4%. 3 catajyst@s clainpd inchains &4, which @mpémﬁauﬁz:@mﬂlml mem@ukoscaialyquel -

| *autre m¥tal est un nmetal alcalino-terreux. -
16. A catalyst as claimed in any one of claims 1 to 15, whlch comprisas 10 to 3000 ppm further metal or

metal compound, calculated as metal on weight of catalyst

17. A catalyst as clalmed in claim 16, which comprises 50 to 1000 ppm further metal or metal compound,
N 40 calculated as metal on weight of catalyst. _ .

18. A catalyst as claimed In any one of claims 1 to 17, whlch in addition comprises sulphur or a sulphur
' compound.

45 19. A catalyst as claimed in claim 18, in which the sulphur contentis from 0.2 fo 5 millimol/kg catalyst.
20. A catalyst as claimed in any one of claims 1 to 19, _ivhii_:h comprisé's siiver, rh_enium and cesium.
éi. A catalyst as claimsd in claim 20, which comprises silver, rhenium, ces!um and su!phur

¥ 22. A catalyst as claimed in any one of claims 1 {o 20, which comprises silver, rhenium and rubidium.
23. A catalyst as claimed in claim 22, whlch compnses sllver, rhenium, rubldium and sulphur

55 24. A catalyst as claimed in claim 22 or 23, Wthh in addition compnses wslum

25. A catalyst as claimed in any one of claims 1 to 24 and affordmg a higher selsctivity to ethylene oxide
at a given oxygen convarsion Ievel than is obtamed under the same reactuon conditions with the same



. 4. Un catal yseur selon |l a revendlcation 3, dans quuel tre notai est du
magnesi um du baryum ou du cal ci um t-al'yse 'Eﬂ "ﬂ”’m ”",
revendi cati on 2, dans | equel IPautrﬁr?%?%ﬁ&%ﬁéun rmt ’
_catal yseur selon la revendication 5, dans | oquel ™ autre rret al est dd ..

potassi um du chiblhdiibr! 8t Sibrerd urfpeh |aHdnoneor fone d e &hdf&? Whlechd i oA the one hand
revendi cat i on roniufaR SorhgdiitEtherbof 8k dnhd Bier hand HirthéHindid & dofpoudd tefsocat al yseur
sel on | une quel conque des rovendicatlons 1 & 7, dans tequel |s support a
~une surface2RR catalysts Glafmed e claimIs) dnd @ffdsdig chigheOsbicetvitd 0 oliibte oxitle atigiven oxygen
cat al yseur selconversian lleesiethah is @biained Gnderlha Sarhe eiaetion lcendRitapwith the st Somibinaton of
spdci fi que corsiivet, suppeririden flofider@bleded tmJurther riélal oUcbmpammlﬂ;mﬂexcmdihg)merilmn

revendi cation 9, dans |lequel |e support a une surface specifique conprise .

entre 0,1 e27. 3 dalalygt asblhimedrin daitn26 e 20, conprsingsillexisupporLrbéniuonand cesiers and affording a
revendi cat i ondigherzele@ivityia ethylerscuxigh &l giwn opugen cavvarsighdevethinih ghtaif@l under the same
al unmi ne. 1012, mmwd}t@mnhgm Wme combination ié Biyernepieortred cestpendi cations 1 a
11, qui conprend de 1 A 30 % en p0| ds d' argent 15 -13. Un cat al yseur sol on

Y el e i
cat al yseur sol a 1 e
0.01 & 1‘5 mm|°g'§0°a@5?&wggﬂau%a w%@s@%m'ea%%év Compangie

cat al yselft oI on | a revend| cati o wﬁ
do. ¢ i e %d@ Shiugf SRS, 8?% 9,40 vien
qﬁelrcozqﬂcran de ﬂ P'f:es% "gt | oaﬁgrga fgfﬁfls e rhemg %'yff%ﬁ?a%% "aljﬁ Dipfir. to 2
|"autre nmbtal "G corrpose de nmetal . 25 17 "Un cat aI yseur selon |a

revend! o) | @ alfocofits ARRIIFOSNYS, i fhith ORRNBNT bl rckoghlfor,© Metal ou conposd

do_petal, an cal culant en netal par rapport -au pmldsaﬁu catal yssur. 18. Un
cat al yseur @l@'ACB?oobssUdQQlaﬁBb@hrC@Mlaﬁ .mﬁﬁcmﬁé/ﬁiaébﬁaaéd.ee&mﬂaml7 qui conprend
en outre du soufre ou 30 un conpose du soufre. 19." Un catal yseur sol on
| a revendi cad |»°Cmoc$&,asd>mmd|hoﬂalm|3o||ﬂwﬁlaﬂ6¢lih1p&§naﬁﬂuﬁ bffscRd in edtRsiveIRpENtre 0,2
et 5 milbkd nol es par kil ograme de catal yseur. -3s 20. Un catalyseur selon
"une quel cmmmocdmsrommmﬂarhlaansw&ci&héﬁstmbommaadomkcsilﬁargent du
I’@I um

34. A process as claimed in claim 33, in which the second step comprtses comcidentat addltlon of rhemum

and further metal. '

50 _ : : .

35. A process as claimed in claim 33, in whlch the second shep ccmpnses addmcn of rhenium and further
metal is added in a third step. . .

- Revendlcatlons

1. Une composition catalytique, utilisable pour la production catalyﬁque d'oxyde d'éthyidne 2 partir
d'éthyldne et d'oxygéne, contenant de I'argent ot un support, caractérisée en ce que la composition
catalytique comprend une quantité activante de rhénium ou_ d'un composé du rhénium, une quantit
activante d'au moins un aufre métal ou composé de métal et que le support a une surface spécnf'que

N 40 de moins de 20 m?/g. )

2. Un catalyseur selon Ia revendication 1, dans lequel Mautré métal est choisi parmi les métaux alcalins,
les métaux alcalino-terreux, le molybddne, le tungstine, fe chrome, le fitane, le hafnium, le zirconium, -
le vanadium, le thallium, le thorium, le tantale, le niobium, le galhum et le germanium.

3. Un catalyseur selon la revendication 2, dans quuel !'autre métal est un métal alcalino-terreux.

4. Un catalyseur selon la revendication 3, dans lequel l‘autre meta! est du magnésmm. du baryum ou du
calcium.
50 _ n )
8. Un catalyseur selon la revendication 2, dans lequsl I'autre métal ést un métal alcalin.

6. Un catalyseur selon la revendication 5, dans lequel l'autre métal est du potassvum. du rubidium ou du
césium.

§5 . L, '

7. Un catalyseur selon la revendication 6, dans lequel I'autre métal est du césium.

8. Un catalyseur selon I'une queiconque des revendicatio_ns 1.2 ?;;_dans lsquel le support a une surface
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et du cesium 21. Un catal yseur solon la revendi'ca-tlﬁg_ﬁ,,qy_i,mmw—eﬂd do
1"argent, du rh"nium du c6siumet du soufre. -40 22 h cat al yseur sol on

| urne quel conque des revendicat | ons BP @289015@1 conpr “t“‘m
rheniumet du rubidium 23 Un catalyseur solon |la rev am“““ﬁﬂ
conprend de largent, du rhdnlu du rubidiumet du soUrres 45 24. SUn" .
cat al yseur soISB tqae?mm@apﬁﬁt@?@u 23, qU| conpr end en outre du-

c~si um sel on, | con es. reve t ons | 4,
ot Fournt ssdntY ﬁ’i’[‘jﬁ el rreutiplen d Ohne o) & svons 2qme "ﬁﬁ("?ﬁ'%z{ﬁ
donne do conver5| ﬁ ' oxygi ne quo cel | o obtenue dans so Ies nBnes

condi t i onls g& uf&%hhtém sQUPH rdvandibBibh scﬁéﬁp'leﬂédl Eosﬂ rt%r §Q_Jrfagee p?%ﬁ Edragribe entre

d' aucun ou {%des pronotours chorsr's part I'nrum ou
~un conposd du eniumou d autre part autre rret al ou un conpose de ce
metal . 26. p &ﬁéa?a\y)é&ﬁ%lmﬁﬁlné’ Hud!@ndu@ﬁ@éﬁ#éﬁ@&dﬂ% 1910, @&nsflé&Uéer SpBoR est A alphdS
haut e s6l,gcti Vdiunfide, OXyde d' dt hyl bne a un ni veau donne- de conversion
de | oxygbne quo cell e obtenue dans Ios nmBmes condi tions de r~action avec

| a_prme conip.ng Geiysélic 3618 e debiddhkiup Gbd refindiCiltbis 10X O11QliRdproAddeST & BAREN poitis
autre mrtal ouwtagentonpose de ce netal h I excluslon du rhdnium 30 EP O

266016B1 gg \ 11l 1 i HII 'l 1! -27. Un catal yseur solon

| a r evends cas.i Wrcaliysaun sd@ la cuendicationn2, qdcoinprandyperi 3 204 es pgigod'srgentiu r heni um
et dd cesiumet fournissant une plus haute selectivit4 on oxyde d' othyl bne
a un ni veau 18 o¥meatalisour Galon funp greledpaue’ dex teyendicatigoast & dB.| ayl esyipeand de §4h8 16 anmoles
memes condi t i oeThéniry pes kilopremma ¢e gatalyselire e conbi nai son d' argent, de support
et de c6sium s 28 Un procede pour |a production de d' et hyl bne

react i on 2" iy YhAEsspuc: spon e, FRmEloRin Jhasd cpapeet derp%rée§ anilimoigs g dhénium per
coﬁﬁosmlon c AiegrmmedRca@yiienant de | argent . un support ~une quantite

activante de_rheniumou d' un conpose du rh n|um ant nte,.
d' au noi ns Sﬁ ﬁtaB! tsglfmt; 2 daRreppigttions q“‘ ‘Léﬁﬁw PPy de

preparation d une "6%tarrp Tp°3?1 ~lytlque tolie quo revendl qu6e dans I'une

| |
2‘5&88??323"555;{%;}‘;’3915% dﬁ%""‘*g“ i ‘ﬁ*’&’ A E‘gj‘?ﬂgbeﬁ?ﬂe PR il bss

solfre a un support S n proce e sa on r vendlcatlon 29, dans

l'equel 1" addit {iPsat ur%tutﬁmnu%ﬁeeu&aaueldm&apwo% 232, qulBbriphend @deut.%cuu%ufte%u B

revendi cq.bl on Wompesd dulsade! [ rrprdgnat | on est sinmu cl tanee. 32. Un procede

solon |l a revendlcation 30, dans |equel |'inpregnat | on est effectuee on

et apes succas.siyw Cefalyseur selon la revendication 18, dans quuel la teneur en soufre est comprise sntre 0,2 ets
‘millimoles par kilogramme de catalyseur.

35 20. Un catalyseur selon 'une quelconque des revendtcahons 1 é 19, qu: comprend de t'argent du rhénium
ot du césium. .

21. Un catalyseur selon la revendication 20, qui ccmp're'nd def' l'a‘tgéﬂt, du rhénium, du césium et du soutfre.

- 40 22, Un catalyseur selon l'une queloonque des revendlcaﬁcns 13 20 qu; comprend de I"argent, du rhénium
et du rubidium. .

23. Un catalyseur selon la revendication 22, qui comprand de l'argent du rhénium, du rubidium et du
soufre.

24, Un catalyseur selon la revendication 22 ou 23, qui comprend en outre du césitzm.

25. Un catalyseur selon l'une quelconque des reVend!éation_s_ 1.3 24, et fournissant une plus haute
sélectivité en oxyde d'éthyidne & un niveau donné de conversion de I'oxygéne que celle obtenue dans
50 les mémes conditions de réaction avec la m&me. combinaison d'argent. de support et d'aucun ou d'un
seul des promoteurs choisis parmi d'un part le rhénium ou un composé du rhénium ou d'autre part

I'autre métal ou un composé de ce métal. .

26. Un catalyseur selon la revendication 25, ot fournissant urie pius haute sélectivité en oxyde d'éthyléne &
55 un niveau donné de conversion de ["oxygéne que celle obtenue dans les mémes conditions de réaction
avec la méme combinaison d'argent, de support st d'um promoteur choist parmi un autre métal ou un -
composs de ce métal 3 I'exclusion du rhénium. _

<



20 33. Un proc~de selon |l a revendication 32, ‘dans quuel re ape :
conprend |'addltion d'argent -34. Un lon lar ﬁ dans

| bquel |a deuxl ene tepe conprend |’ 5@8 %'55325 gIrml tanee

autre netal. 25 35. Un procede solon |la revendl catlon 33, ans quuol Ia

~deux| me 6t apeys o 8ikelon RO dnitRion Ss jc'gff; 36“5 bR, 88 rBhiGH &Eau
dans une trol %sﬂ%t MREant hRldRR hahs Bl HSH S)&Ié M&da§9 @ de conversion
s

Herstel | ung v@nrdedané QRO¥NE oBidfuetdahy los hskias Qb dctiHORied REhSime combinaison
Kat al ysat or zugargent, 9836¢pbr o cBiidm.€i nem Gehal t an 'Sil ber und an el nem

Tr~ger, ¢adurch gekennzel chnet, daB die Katal ysatorzusarrrrensetzung ei ne

“Pr onot or merzgeum prot3ué o @dﬂactxah G'ﬁkyﬂénd!iﬂ'bbmwﬁ Qéackivn StHHsAE Avect IDKyIBIOE thas

weni gst ens ei vepsorweigrdssren das abhposidar catiytique cémplenant de garbént unnsuppditalids, qu.utlmtb

daB der 36  actifantgrrhélumeu@uschinguet du hdniumening @uantl scivBnterd’ag meiné weautrd méeL

Kat al ysat or nactemposdplessel. 1, worin das weitere Metail unter Al kallnotallen, =

Er dal kal ionet al | en, Mol ybddn Wol.-fram Chrom Titan, Hafnium Zirkon, '

Vanad| um PAalin ipresdST ey ila wrSparation o une Nomipositon | delelytinug dﬂiewemmmm%ummm t
, . Kat wegpe@vaﬁewamﬁdlm i B, i cRmPeRd tpdditiopesies gyastitimenproprides q'argent, de

Es\dal kal i met afhfnignyd'un autrepdty] MW@&WW%WW worin das weltere

Met al | I\/agne05| arium odor Calcium!st. 4s . 5. . Katal %/asrat or nach

Anspr uch'®2 3%H7 P’ﬂ°éd§§°'%é? fexsndicgiiop 9. dans; ipqusyi Rdé'fﬂi"?rﬁstt gffsclupe, gneregaation. at or
nach Anspr i.di m.odor Casium i st.
. Kat al ysa!itSi o R’ﬁ%@g 3\%%? il @aﬁeo\g‘P %@elmpfééﬁgeﬁmf\ﬁ? %iumist. 60 8.
Katal ysat Orqgnn . PN
Qoer &l chg Vs%nﬁrgﬂa%dggéﬂnqgfeﬁﬁﬁ H?{\?ve stl&iu 'Z'lg Egs?gﬁw%géc%% rf% ruc?"ls8i§es-' _
worin der E&a%groééh@%:@ﬂe@énﬁﬁhﬁn 45 @a,Q léh'éelbel Mé @dﬁﬁ%b%ddmﬁ#d'l«gem. o
Katr ysat or nach Anspruch 9, worin Tr~ger eine Oberflache von 1 bis
3 n2/ g auf vl 84 prodskis skiad ﬁ'd@ﬁéi&ﬁom Ba:ﬁ'léb@&ﬂlﬂ&éwdé‘rﬂ& Blap& Etnplentd irSadiion s:HquEahéb
der Trlger al gwasndrisldiundiemrhelall st. 31 EP 0 2668 011. 15131 Bill
111111 Hisl | 111 11 1 11i 12. Katalysator nach el nem der Ansprflche 1 b| S
11, der 1 86SURBProtaen/.seldh Birévendication 33| dans loqusl lddebkigtseadtape complond \eaiitionCde rﬂéhium

'der 5 bis 20 &@datre¥0étl bdd ejoutél ana Bbe trdfsiting.étdat al ysat or nach el nem der
Awrt iche 1 bis 13, der 0,G bis 15 -mwl - Rheni um kg Kat al ysator urnfaft
Patentansprﬂche o ' _ :
30 _
1. Zur katalytischen Herstellung von Ethylenoxid aus Ethylen und Sauerstoff geeignete Katalysatorzusam-
mensetzung mit eiiem Gehalt an Silber und an einem- Tréger, dadurch gekennzeichnet, da8 die
Katalysatorzusammensetzung eine Promotormenge an Rhenium oder Rheniumverbindung, eine Promo-

tormenge an wenigstens einem weiteren Metall oder einer Verbindung h|evon umfagt, und das der S

36 Triger eine OberfiEiche von weniger als 20 m?/g aufwelst.
2. Katalysator nach Anspruch 1, worin das weitere Metall unter Alkalimetallen, Erdalkalimetalien, Molybdén
Wolfram, Chrom, Titan, Hafnium, Zirkon, Vanadium, Thallium, Thonum, Tantal, Niob, Gallium und
Germanium ausgewzhit ist.

" Katalysator nach Anspruch 2, worin das weitere Méta_ll ein Erdalkalimetall ist.

Katalysator nach Anspruch 3, worin das weitere Me_téll Magnesiur’ﬁ, Barium oder Calcium ist.

m > W

Katalysator nach Anspruch 2, worin das weitere Metall ein Alkalimetall ist.

o

Katalysator nach Anspruch 5 worin das weitere Metall Kalium, ‘Rubidium oder Cisium ist.
7. Katalysator nach Anspruch 8, worln das weitere Metall Casium ist.

8. Katalysator nach einem der Ansprllche 1 bis 7, worin der Trégar oine Oberfléiche von 0,01 bis 10 m2lg
aufweist. .

9. Katalysator nach Anspruch 8, worin der Triger eine Oberflsiche von 0,05 bis 5 m?/g aufweist.
10. Katalysator nach Anspruch 9, worin der Triger eine Oberfiiche von.0,1 bis 3 m2/g aufwelst.

11. Katalysator nach einem der Ansprliche 1 bis 10, worin der Tréger a!ﬁha—Aluminiumoxid ist.

K}



15. Kat al ysator nach Anspruch 14, der 0,2 bls .5 M| I| _
- Katal ysator unfaQt. 18. Katal ysator nach el nem der Ans ﬁm Hl,der
10 bis 3000 ppm an weiterem Metal | oERP 266015 B1 Metalive

berechnet als Metall und bezogen aud das Gew cht . des Kat al ysators.

Vet al | ver bi Al =B e e der Avgrsean ?%'%hég%gz@%@@“e@ﬁf% B ont °822 |
e PR R R 727 1 © 5
VI ot 16 %a‘f%r@%z'?%%“c%%” o MRl LSS A8l Ry .

AnsprUche 14 [ '%ﬂ,dmk;‘f &%B Kat al ysator '
nach Anspr uc dto |§Ema{1ﬁh§?3n%wgc&ggﬂﬁlﬁ& chwef e at 3
Kat al ysat or 16‘6\%%&&9%&'%&%“&39 "Adsiigend 10Bi® 180der 48 bis>Bo08 Spm Bh%&ebum maﬁu oder
Rubi di um gnt al jretaibatbirdting imtadt devethitt aib MGl tHaLREI6H auf das GhRicntet REthlysafgiReNi UM
Rubi di um und Schwef el um‘a ~t. 24. Katal ysator nach Anspruch 22 oder 23, der
slitzli ch1fArdunsutordaciAnspiion 16)der S6etiit 006 pri weitbres Metdll AN Mitliveftidiiid, ©brechiot
bis” 24, der siaeméaihen dedogbredul dasi Gewlchiadsé Kithlyeslosnouwtagil bei ei nem gegebenen
Sauerstoffurrwandl ungsgrad erbringt, als sle unter den gleichen
Reakt i onsibed8-nkpiahgator nach einken deylAespolvhe 1 bisrtﬁ|daeﬂtusdjzbcia$nbws’allobqre;neﬁcia¥g(alvemmmnl
kei nem odor eiwefaftder Pronotoren, ausgewahit unter einerseits Rheni um oder
ei ner Ver bi ndung hi evon und andersel ts weiteremnetal R oder einer Verbin-
dung hi evon19-ckaialyspter napt Anspmgh 1%@'@"?@%&“&“'@%"%‘%@ B Miflirpel/scpiataiys ptorchelidgt.

hwWhere Sel ekfivitit auf Ethylenoxid bes el ne gaghebenen
‘Sauer st of?uﬁ%a'ﬁ%‘ﬁﬁ@'s’@?‘hﬂ“@?ﬁ'r“ﬂﬁ’f“ch% Gis 19, der ifbezy Rgaivm @I‘I‘%‘ﬁ?ﬂ%‘r&"“fa‘” '

e Sl i o M PRl T 0
Me ' 40
R %Avshtﬁ"*%ns%éfé%ﬁ%é*ﬁ 3601 D SR S AT 20
und Casi UM 4Kl dAlohE 5 c?&gﬁéﬁr,'ﬁﬁb&drﬁ ai.,ﬁwéc@w&é' e’ el nem

StO en

gei ebenen Sauer umrvandl ungsgra bringt a s ale unter gl ei chen

Reakt i onsbegis Nguiheanr fikd ﬁ:clgézeddﬁmndéﬁ%ﬁbﬂfda&&h ar@atSi | ber, Triger und
CsSiumerhalten wird. 46 23. Verfahren zur Herstellung von Et hyl enoxi d g
dur ch Unegt 28NKatéN3athi dah GiReriTtidr ARSIHRNS 1 Bl 24, dar 8l notaars BBk St ERYIBANA b einem
ei ner Kat al yeageastoransaiemiriaig@ungedrsl Sbrinbsls sib umMemded igie@Rsh, Reaktidfsbedingungen mit
Pr onot or menge @ gisiokshi Kembinalidh ags SB6r, THgdd umDieihgm ke \omem (MBICPrahdteen, ausgewshit unter
Pronot or nenge  éierssits Riyspiuenadee binar Nevisiridingy’ momcaéddemasmamrmmwrobar rebheinerbin-
~ hi evon unf af t . duag hid@n)aziétakirden zur Herstel tung ei ner

Kat al ysatar zusannenset zung nach. el nem der ‘Ansprl~che -1 bis 27, welches ein
Zuset zen der2Beffatalyseiot hash cAngprivtn2fie ey aine Sbherre Beloki¥idh auj rﬁthymﬁdeb% reinkAnt gepbenand
gegebe- nenf al Paversiofiymyangiunpegred prévingt raisglis unlerfden gleicken Repktiogebedinguraan mibder olei-

Anspruch 29,  wflen Komplaation qu Silaay,rieiger wisk ditor Bromptore Msa?ﬁmt unter einem weiteren Metall
- oder Metallverbindung, jedoch unter Ausschiuf von Rhenium, erhalteny wird.
\/ 40

v 27. Katalysator nach Anspruch 25 oder 26, umfassend Sﬂber, _Tréger, Hhemum und Clsium, und der eine
hhere Selektivitéit auf Ethylenoxid bei einem gegebenen Sauerstoffumwandlungsgrad erbringt als sie
unter den gleichen Reaktionsbedingungen mit der glelchen Komblnation aus Silber, Triger und Césium

- : erhalten wird.

' 45 _ . '

28. Verfahren zur Herstellung von Ethylenoxid durch Umsetzen von Ethylen mit Sauerstoff in der Gasphase
in Gegenwart einer Katalysatorzusammensetzung, die Silber, einen Triiger, eine Promoformenge an
Rhenium oder einer Verbindung hisvon und eine Promotormenge an wenigstens einem weiteren Metall
oder einer Verbindung hisvon umfaft. :

29. Verfahren zur Herstellung einer Kataiysatorzusammensetzung nach einem der Anspruche 1 bis 27,
welches ein Zusetzen der entsprechenden Mengen von Siiber, Rhenium, weiterem Metall und gegebe-
nenfalls Schwefel zu einem Triger umfagt. :

-85 30. Verfahren nach Anspruch 29, worin die Zugabs durch lmprﬁgmaren erfolgt

81. Verfahren nach Anspruch 30, worin die lmprﬁgnierung g!eichzamg erfolgt

g



erfolgt 32 EP O 2 6B

* e C L M S * 32. Veﬁ%%ﬁ?eewsr%%h Anépru

Irrpr agni erung i n auf ei nander f ol genden. St uf en ausgef Uhrt wi rd 33 Verfahren '

nach Anspr i€ Wedshren WadH WridbrchSIoShdiin %Qmﬂhﬁ‘meﬂ\g @p&feme@léehﬁgn S PabgeRihe Wt

Ver fahren nach Anspruch 33, worin die zwele Stuf'e die glelichzelti e Zugabe

von Rheni ugs. weakhvealnae Aeprddntaa] wort feditie SR8 die Yagdha lsnaiidtamiednspr uch 33,
worin die zweite Stufe die Zugabe von Rheniumunrfat und welteres Metall in

el ner drsi t 34 Veffthtthenazhi gasmicht 33niwoth dibOzwbite Sﬁkfezae Q;&Ic’a&mg& z&ljab'éomaaahemum und
weiterem Metall umfaBt.

'31. Verfahren nach Anspruch 30, worin die Irrprlgnl er un lmjm ’II

35. Verfahren nach Anspruch 33, worin die zweite Stufe die Zugabe von Rhenium umfaBt-und welteres
Metall in einer dritten Stufe zugesstzt wird.
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