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| ~ SILVER- CONTAI NI NG CATALYSTS, THE MANUFACTURE OF
SUCH SI LVER- CONTAI NI NG CATALYSTS, AND THE USE THERECF
5 This invention relates to silver-containing catalyst
conpositions that are particularly suitable for use in
the manufacture of ethylene oxide. Ethylene-oxide is
an i nportant industrial chem cal used as a feedstock
for maki ng such chem cals as ethylene glycol, 10

et Sl \EER- QNTAANINGheRTAL RS RN OIHE MANOSAQTURE cOR r SJ8IH SILVER-
One net hod OONTRTINING tANTALY SESHYAKRD eTHK i EE ITHHERECFhe
catal yzed partial oxidation of ethylene with oxygen.
There are continuing efforts to devel op catal ysts
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cat al yst s,, thus, an object of th
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Bvent EbRY Lo, avide g SBatapgstath s wgal ghamical used

desi pabbedasedait YHdrC makapPer Bhek tWMahi caAG E@k%thﬁzlene glycol,
particularly suitable for_use in the manufacture of
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t aephodi g€ ﬁhndﬁﬁdﬂﬂil%b EEKyDQn@-éiﬂ&E)EH b&h%he catalyzed
exhibits at | east sone of  the aforenenti oned

deerkapl ecxifahin efprspEleneswitds ofgigesnot RBRT8LRER t
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efficient process for manufacturing ethyl ene OX|dp
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several -advantages of the 30 Invention w
nmekéda ppaf kst rmqlglldte gpoghee et douitng gépécagts,wety, and

AgERL AL D cﬁi%gnygf%§pect of the invention, a catalyst

is provi whi ch conprises silver dep03|ted on a
shapedIsuiporthusmaear phi efbveh gl shdinvencdphi hdeprovide a

gSQE§i§é§ EHHH'HQQ'%EEgglﬁ desirable catalytic properties that

make it particularly suitable for use in the manufacture of
ethylene oxide.

It is another object cf this invention to provide a
method of making a catalyst that exhibits at least some of
the aforementioned desirable catalytic properties.

Yet another object of this invention is to provide an
economically efficient'process for manufacturing ethylene
oxide by utilizing a catalyst having certain desirable
catalytic properties.

Other aspects, objects and the several advantages of the
invention will become more apparent in light of the following
disclosure.

According to cne aspect of the invention, a catalyst is
provided which comprises silver deposited on a shaped support

material having a hollow cylinder geometric configuration
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such that the length-to-outside dianeter ratio of said
shaped support material is in the range of fromO0.3
to 2 and the internal dianeter is in the range
upwardly to 30 percent of the outside dianeter of
sai d shaped support material. 5 Suitably, the catal yst
has a high silver concentration and at | east one

peunbt thaCorpodetgthntot petslde ctiametesr sabierof said shaped
capsy gﬁ S aelf %5 a%vtﬁgppaa ee%forfzwup@oga and the

wat er pore vol une. Accord
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s e e
mabepoahd mqﬂ&fk&ahéyghupﬁﬁrw centa (sfuppbet matgémlao]f
V\Be shaped s rt _material, in partlcular exceeds 15
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heat tre rovi de . t he cat S r exa

SR AT IReA et Badinby phe ottt oG Tt ReP ol B e e
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of the ipvention, a acked cat. al bed is provided . h
WRRERTEEL [t Be R ARg| Hae S*&%t auggc’eanlﬁ?*f%ﬂﬁé with a
Skk YREr SEHROY B0 BoRus DER e S PRI ,theWBinﬁhnE a8l yasitver
bed has a silver |oading of at |east 150

shebat/ #B ttha aﬂl}?@@dbéapp%% IR ¥t o ef&ﬁe&ﬁo%ﬁe‘felght

aﬁ@?@én@fofrﬁhé'Né&@htoﬂf £H@ SIHPAE sppektbRflterial, in
catal y a cata %st made % t he above- descri bed

n@@ﬁeacuiﬁr {9 a5qweEThbderroany ¢&t thedweighisRf the

'Ba@ap¥9€633ﬂﬁp%lqgﬁgf§ﬁbﬁééﬁﬁkéﬁIﬁﬂdﬁ@a 8%bH6rbYnaterial is
contacting 30 the catal yst, under suitable epoxidation

pEbenshealoriiadtenk to RFERLde fidw catedyRtt h&PT coffitl kspdln a
eEQ%{Jﬁggt@#@ eeRs £EULIDES 1 d N ﬂc\fen% OO $88m 150

usi ig ethylene oxide for i ng ethylene
gkpcdP0 &h ethyl ene glycol 2

According to yet another aspect of the invention, a
packed catalyst bed is provided which is formed from catalyst
particles comprising silver supported on a shaped support,
which catalyst bed has a silver loading of at least 150 kg
gilver/m® catalyst bed.

According to yet another aspect of the invention, the
above described catalyst, a catalyst made by the above-
deascribed method, or the above described catalyst bed is used
in a procesgs for manufacturing ethylene oxide by contacting
the catalyst, under suitable epoxidation process conditions,
with a feed stream that comprises ethylene and oxygen.

Further, the invention provides a method of using

ethylene oxide for making ethylene glycol, an ethylene glycol
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et her or an 1, 2-al kanol am ne conpri sing converting

ethyl ene oxide into ethylene glycol, the ethylene

gl ycol ether, or the 1, 2-al kanol am ne, wherein the

et hyl ene oxi de has been obtained by the process for
preparing ethylene oxide 5 according to this

invention. FIG 1 depicts certain aspects of a reactor

t bleex en an dclRudd¥apnopanies ¢ammipinNgheanEenping i eidiylene
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caoserdiory itenshdb theenbivsi de perinmeters of (a) the

shape ort material, bein 15 an_i deal i.nder

andp( %fdépgr 513?-15(%& F%ﬁt% - t%@es fpé)g ?u%ﬁ%%gﬂgtu:hﬁ atlh'-’lt
bthepdes evipaicked tabvalpet ilsehlcompriisdey. thdheatalyst of
cg%alyst conposition of the present invention is a

novel oMt natifon of catal ytic conponents and support

mat er iglG. Bhelepipper thebslepeal dw@pc&peﬁbfiﬁs@hyﬁhﬂﬂt

20 properties and |s, preferahly forned into a shape

ST oean art, PRk BB o i bhae VLSS OB RO ow
C&(I)ﬂlﬂ@. Iniagﬁ%ielhihid_c thé Oﬁlﬁ}}f@l{jﬂ idimewsi&gérehm eclzmiﬁah:t&rize
rel ative snma I nterna ianpeter. "Relative
sﬁ%ﬁIﬁhﬁ&é&uﬁ“@?ﬁrFomﬁEeﬁﬁﬁ%&§¥5%d as neani ng sﬁaller

t han qoryvent id‘éﬁﬁbk:y apPliesh i0f Tueh c2bsgababysdiss of the
Al so,. as used herein_ the terns "carrier" and

"SR PerATEtERE egnéahet&}ﬁ eRed AEPBCBePRER! being
het eideall REAHGRABRYECARAY (bYAh IR aBELASRESE e tdHaped
invention ie the recognition that a substanti al .

| FPRAEEIRE AR LB bRE of Ry §at 108 4rp®r agpideal cylinder.
per f orfRNGRLaMke hecbhsdyiisior RE ithiet babsBgE f DEPBNRGR R a
activity and selectivity and also the activity

SRR idaFdnatisel ebt R4 Ay tHcalOrPOPent Br 2B S HRROT thy
Changkng |t heneak{,gpoft &J%ﬂ(ysy Pals QHESE fEc dhipmien to

the nom nal inside dianet
properties and is preferably formed into a shaped agglomerate

of the support material having a hollow cylinder geometric
configuration or structure with a relatively small internal
diameter. “Relatively small” is herein to be understood as
meaning smaller than conventionally applied in such
catalystg. Also, as used herein, the terms "“carrier” and
“gupport” have the same meaning and have been used herein
interchangeably.

An important aspect of this invention is the recognition
that a substantial improvement can be obtained in catalyst
performance, which includes the initial performance in
activity and selectivity and also the activity stability and
selectivity stability, for example, by changing the ratio of

the nominal outside diameter to the nominal inside diameter
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of the hollow cylinder geonmetric configuration. This
is truly unexpected because catal ysts based on hol | ow
cylinder support nmaterials have been enpl oyed in
processes for the manufacture of ethyl ene oxide
already for many years and nuch 5 effort has been
devoted to inproving the perfornmance of such

caf athe tholdeme varl indererpenetniq manfiguEREipar f ofirbhcis
O rul PARFAARNS L3 B BO0LE 41 ik d HAUEOBR! bi¥1 by L PL inder
hol I'o cyl I guration

nder geonetric co 0 not seem
t suppeet medeinied s Aavenbéen. emplolied JOppseresaceriey the

0 I it
hphUEr Y X5, PR bELAE LR PSPy much
peEfernc chad hetehyldereteri tat inwrdweags ther pdutosmamee of such

reactj.on conditions; vide Uch p t_nateri
SR PR SR S SRR VHDBRE oS PESElce, o
cthasey sdatl yeanp byl tiodhfeptpecilad |geoneemryus€dthe hollow

support the catal,ytic .co nents, of the inventiv ,
coREAdet deotardts rrpr ITERLEN S ok By FO' hd¥e received
catpsémisim.an i norganic material, in particular an

oxi de, _whi ch can incl ude, for exanpl lum na, .. .

o | | COM ARRGFE PAFBBASL 7% | TIE CAALYREaCOMRgRLEIop can be
Shhy Ceorfusl| nidfirdadtogll mEBefbghadiar, i eCativédni inert in
alum na-titanic al um na- npgnesi a, alum'na-éirconia}i

¢ FOF | BreRsTiaR. 25 BRI ERS ;0T LI L H8°0 5y | BHRYLF S o

Thea o e rdefituRRar t pPavedéd) SUWEuPEsrael MateRial has the
preferably of a high purity of at |east 90 wei ght

pehxetral 2yopetilfssd IRAICHDr D INEPEINE Fettyys

VEb S s R Ms i Al 19 whs AU lth sbpofdPERE catalytic
material conprises at nost 99.9 weight percent, nore

f FRERRRRNNE &f Fher 1oyestine AMPYsELdoR: aFERERAL LAY

Fbﬁ?%@fﬂ Ot AMA| 3BIBrf 9 §8a0finctigdmikamat Bh8a 8] Ui na
is e nost preferred. 30 A particular aspect of_the

| RYERt SWA T Afalofdde. chpeRi eaiincd utsy £RE stppote, alumina,
MBiBLd&l dRHIREE LUPLEA! | ¥1Bicd) O MRLGR, 2RSGhOELIHN silica-
val ue general |y ‘'exceedi hg 40~. This high wafer

abbepina orsiddioge mapneasaf ovitina{td&aindg oplymina-titania,
alumina-magnesia, alumina-zirconia, thoria, silica-titania-~
zircenia and various clays.

The preferred support material compriges alumina
preferably of a high purity of at least 20 weight percent
alumina and, more preferably, at least 98 weight percent
alumina. Frequently, the support material comprises at most
99.9 weight percent, more frequently at most 99.5 weight
percent alumina. Among the various available forms of
alumina alpha-alumina ie the most preferred.

A particular agpect of the inventive catalyst
composition is for the support material to have typically a

high water absorption value generally exceeding 40%. This

high water absorption value allows for the lecading of a



greater anount of silver onto the support materi al

than can be | oaded onto other inorganic materials

that have a | ower value for water absorption. It has,

t hus, been found that for the inventive catal yst
conposition it is preferred for 5 the water absorption

of the support material to be greater than 42.5&,
rrgnreapesfmtakﬂty ofgrsddtver bhbto e sa.xpj:oxrmmaterlal than can

p ra reater than 46-. Fr uen the wat e
B ShRte S Beiox 1B0=Sen1e SMYRITRAS Fpal nABEES 2ower
7@aludAsios esﬁb.thﬁd‘ EHl:m,orpllI&oher nIt vmtse,r tainmor ptsennfonn@ntshat

t I det by test d ASTM
6 T AT CARBTHPE TR A T 5 b7 dPCREETabERd for
5 abnerpaten aﬁsor;@i@he&&edhes:s@pwtcecm&gealt be b@lghéater

f.the water that bsor bed t h
CRBoBohE I oF, T ERRETooie SRAGH WURR AS*CARRT chost

1§r$f§r@m3lv,y gﬂéme&uaaaﬁtwat ermeelqdmw MeRe Reter
di anet er to % preferably 1 ?. 10 m and
t?BPE‘éPHP% iﬂ)é’r%éﬁ?ég@ f PFeSIEAERT A aFafestr 70%-

0. 03 t 8z Lesdl Merdlin, | east t&L% Dyanu gl.vsorgaleﬁt- ehahme khe
by mercury_intrusion to a pressure of 0 x 106 Pa

10 ugﬁﬁ@eaa%/l@WWCEYAE?%boP@%eZ@SH‘HdSPO(1‘3]@1011 is

cenkg ?é\gé& hdRAGUEY Yekbrén&l f 3R eRBePpPion is,
0.473° and correction for nercury conpression

aﬁi&'PF@%? aphe PPTseEageeats? wHIhSugFoFRenwEBPT dthats can

ngés%ggrﬁé’d tl@'ﬁ:oBtﬁe poggéh&’fj Gah 28yt h?eié’@;g\?e ot]fo the
from0.03 n2/g to 10 "nz/g, preferablyfromo

t Webghb/@f die mgarigreferably 25 fromO0.1 rra/g to 3
ma/ | ga /
15 g @ﬁrf%%ﬂrﬁogﬂ%f §E€%@f@_rﬁ’g@é’¥1 abs! § ﬁéaﬁ lgg diameter

suring surface area

de§cn | beb i1Butet arlefbyaBlynhusy ,10Emmet anddtﬁpid:aa‘rly ra

J. Am Chem Soc. 60 (1938) 309-316, which is
|ﬁ€6‘f‘%‘?%€i‘%d3f W@rsnhwm%f%r@rﬂ!‘@tﬁooﬁnoa%%? B Hpef at

| DL | 6% G A ghtCOaROSE LM el 1Y melBErPUPROFlsion to a

material to belntﬁe form of a shaped Jgé;?omerate
aR¥ePRRre R Shép&d 1899‘?%@1@% ao?’ll%gp%ﬁt@ﬂnd‘t@lqp@ﬁ‘e 9200

20 URoB&Ye(fadoLbArasY | iAa!, GRVMEY GifRN | QW AldPRension of

0.473 N/m, and correction for mercury compression applied) .
The surface area of the support material as measured by

the B.E.T. method can be in the range of from 0.03 w’/g to 10
m?/g, preferably from 0.05 m’/g to 5 m?/g and most preferably

25 from 0.1 m’/g to 3 m®/g. Suitably, the surface area is at
least 0.5 m?’/g. The B.E.T. method cf measuring surface area
has been described in detail by Brunauer, Emmet and Teller in
J. Am. Chem. Soc. 60 (1938) 309-314, which is incorporated
herein by reference.

30 An aspect cof the inventive catalyst composition is for
the support material to be in the form of a shaped

agglomerate, and for the shaped agglomerate of support
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with an inner dianeter (bore dianmeter", hereinafter),

that is relatively small. Reference is now nade to

FIG 1 which depicts a reactor 5 system 10 conpri sing

an elongated reactor tube 12 and a packed catal yst

bed 14 contained within elongated tube 12. El ongated
tube 12 has a tube wall 16 wth an inside tube

s fewiall $cab@viensi Hellowecyliimdsregegnetnie cenfimunation
r [ . [N al pac I t
e A0 L L e B B ey T
tiherdlhthasly embél.| ength 22 and the packed catal yst

b2, M SAANC S Ll S TR M BRSGUECD, B encton

t snpeted? It oot aing aas ephrraad efiedreattpar tukbe eb2 afd @

non-.cat al yti.c nmmat eri for, t.he purpose o for
SRR Lobe ik bR A ot 1 YERIE, Elpmadips cube 12.
amdrivert eklicinbgepar ke a bieubd oralithéépwipbsen ofnsfdy tube

exanpl e eat .exchange_w th,.a reacti.o odugt. The .
PR Y ahe 1SR R e rebe (g r SR b BBt (G Ine Fi%eaction
I fibge WhHitdrdie iEeednBhaivadn mawied sanglebbybedels archd a
oxygen, can be introduced and _an outl.e ub nd 28

GG mos GIRUSEET oA° pr CHGRIESLERAPEIEE i dLafy 1 brribe
oxdterrand seldhyhenpaered heatWhhidr de8. 14heopesiesl within the
catal yst bed 14 contained within the reactjon Zé)rli%pit% 24

Ferg Beg af PedppRteddcat QPyELA30ERE Pe
depd d1ethdateBl Gubd- 1T heay Wiaiied aCatahy¥ste Ied Sobgzadicles

on_25 the support material_ having a generally holl ow

o3 iR - cHESHEE L PcTREAFHYurkRT ShEWPERPEST et Hf A2 Sxample,
ot dSc iRt @hth34, réddbidid dRaybrbah8t b ANBIEH stharate
The_skilled person wi |l appreciate that the expression

ke i fferthed puEPRBE PEc A raNAFPIRanheRRt SXFRADRS Yk &

CYdddden p30ateeTet ¥he SOMdAERELBR €OMPEIS8Sr 3he an inlet
exact cylinder. The expression "cylinder" is neant to

i Herichnd RS dAEPI vhkeh tes ifagdwSTRRBNFARPRIRERY ethylene
Cyrhd Wgen'z?:raneﬁér@ll@ro&&?ecf 2R anS86E1OP Qlibd NEhdPWee Erom
perimeter of the hollow cylinder 6 geonetric

conifgly i acieshipar pepdhclul amprd sing ephyhees esdde jand

ethylene can be withdrawn.

The packed catalyst bed 14 contained within the reaction
zone is composed of a bed of supported catalyst 30 as
depicted in FIG. 2. The supported catalyst 30 is based on
the support material having a generally hollow cylinder
geometric configuration with a length 32, outside diameter
34, and inside or bore diameter 36.

The skilled person will appreciate that the expression
“cylinder” does not necesgarily mean that the hollow cylinder
geometric configuration comprises an exact cylinder. The
expression *“cylinder” is meant to include insignificant
deviations from an exact cylinder. For example, the cross-

section of the outer perimeter of the hollow cylinder
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not necessarily an exact circle 72, as depicted in

FIG 3. Also, the axis of the hollow cylinder

geonetric configuration nay be approxi mately straight
and/ or the outside dianmeter of 5 the holl ow cylinder
geonetric configuration may be approximately constant -
along the axis. Thus, insignificant deviations

| aepmeleriq rondiavsiag i opaBeEPeRdia idte toutpdeylinder axis is
pﬁawﬁé@ésﬁr%gﬁ gﬁg‘%géercff&@enpow aageeltéa 28 FIG. 3.
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bR Sl o L BULE Y U A S0y B ficant
thev:aﬂibnhzmuﬂhude |§orhexamm$&xncqag§smbbgetghg_omtside

such. c ses t di_a )] oyte . -
PR PRI o oot o e (re L ORrarhofn fegtoary
hbhbevsh@peduhpaqged&ﬁﬁned bgcﬁWosﬂmagamemy Ek&t 3coaxial

depi ct in Cr.0 ctj

“SPhEidetd) o SH3RRATIE, A0 Sand, HamebREEY, whereby, tne

73iafetand oft tHehdmaytinate petémedydrind2rofist he hetstoWwos,
Ilnder netri ¢ configuration, .the nary_out er

YR AT o FeSBRLAPRL AR Hhiri Ry pr gy Togsf U6, of

Sthe!| @ldnetdeSkhel eflapehsoyn tdr appiadest eamafthé he

bore of the haollow cylinder geonetri conL?gurat

nRRFLRATY S e L8 BLF | FRORSA UG RN EPRCRREL ?h%f their

ajgi smofedd i HUR FAYsehe Wﬂﬁé’f&be'ﬂ Sthabgbh, cddes the
bore di aneter may be ﬁg rOX|nate .caonstant, and/ or

t RLABSF R AT (e BOREIRRYY HRUESR PIETEET oF HBFTERhgte be the

r 8h8ét Vi@ dre e o#XkiieOhol 6w &Yl gebmethecbore
dlaneter changes over the Iength of 30 the bore, the

bePBL E At i s FdendddeRi ¢ tk A &.rgé§rseai‘-h%%3erv3a&iw'

at:QEél@ ﬁé&%erﬁii%%la&‘hEOV@hQ SPRE P qﬁ@lg@ﬁaispec Pﬁ{dtrs 73
di vi ded over nore than one bore, exagg%

may
3anfér7°eweqrhm ougmidepBrEsTELRr W QF &§§eh9i#é°m )
Ogeéﬂétﬁhéﬂﬁaﬁilgb%aégeﬁ thad ey itbk3 oQEeEhéyllnder 73 and

Cross- SeCtI onal "areas o
the imaginary inner cylinder 74.

Similarly, the skilled person will appreciate that the
bore of the hollow cylinder geometric configuration may not
be necessarily exactly c¢ylindrical, the axis of the bore may
be approximately straight, the bore diameter may be
approximately constant, and/or the axis of the bore may be
displaced, or may angle, relative to the axis of the
cylinder. If the bore diameter changes over the length of
the bore, the bore diameter is deemed to be the largest
diameter at a bore end. Also, the void space provided by the
bore may be divided over moxre than one bore, for example 2,

3, or even 4, or 5 bores, in which case the diameters of the



10

15

20

25

30

the bores is equal to the cross-sectional area of a

single bore having a dianmeter, as specified herein.

In preferred enbodi nents, the hollow cylinder

geonetric 5 configuration is intended to be a

cylinder having a bore at the axis of the cylinder.

The small er, than conventional, bore di aneter hel ps
pronegiaresugh thptotbeetrtah qﬂnethmémgé geceional areas of

sthenH Lol o %T%ﬁag%%éaé sny fhk38hhh NgrLhE, é%%faale

crush strength at 10 res romusing a support
ne@ks ke vingy iangiamgrent eas qmcu@iteyl bereinwat er

absor pt| %pefeﬁr}ghhgﬁ.hggﬂﬁ Idg 9 %Bglo:%”@{,ifﬂdép [gfeometric

di anet'er rOVI es for packing a reat
ammﬁutgmfatsmpast 1n’ae:ede®lto feo at Iq:glsadervbawr.'mg a bore at

acki dens thus, allowi ng for nore silver
e’%flc?;e cxlx§%e same volunme. Wiile it is an

|nport%ha sasidet, othahecomxegrtiicmall, oborbedidmstear helps

di anet f the.shaped a rate to_be relativel

BATES 2 WA RBRRSEnaNT (HTERR BybPalE SR Hchatn of

stttmoazbg]agglram:er bireof Dediavincatt Heedobss dnectiusiensir@mngth that
red,20 to_ have at eglagsé one end of .the

bt o8 5shg, & Dafipcisn e =B Bt PG R
| easiai@yyl (rrme rrmweﬁraﬁﬁzqmmrat haeshed. J’z’emamlt from the
Pr ef r abl bore di aneter i,s at ? .and

ol r&pgﬂamﬁt%lﬁ d%haé:x&ﬁpPEOYlaﬁ? or 1P3§ kimg 35
|§ré’3ﬁfe::b emduheusd sigborthenateird a3Paaeo dehd Nethd Wrdllite,
bore di aneter provides for certain benefits in the

menfuf-a@ATRE BEREHEY i i R LONEREYEPT diRFS tilver to be

cedatled iiaitopEapeshné Svo Mid . e not wanting to be bound
to any _particular theory, is believed, however,
t hat t 1\%#8 iBatR JdPRRth’@& 3GPEGtt AE Bt cinHentdoer for the

Horleh@ilakbay 6¥| t e &inldOWegh Berh BB QY B8k GRIIHEVely
i mpregnati on and catal yst dr The catalytic

GRS tétaégoeia?eﬁnmmﬁrtth OFCngéﬁt igeideitkaiestofj $he shaped
defaRMeratede 8NHadh SEUSISRG L BoRR! 8ifetaidn 8 SBWIQN Breferred

herein. 8 The holl ow cylinder geonetric configuration

&sh hisyre at at least one end of the bore, preferably at both
ends, a bore diameter of at least' 0.1 mm, more preferably at
least 0.§ mm. Preferably the bore diameter is at least

0.5 mm, and preferably up to 2 mm, for example 1 mm oxr

1.5 mm.

It has been found that the void space defined by the
bore diameter provides for certain benefits in the
manufacturing of the inventive catalyst and its catalytic
preperties. While not wanting to be bound to ény particular
theory, it is believed, however, that the void space provided
by the bore diameter of the hollow cylinder allows for
improved carrier impregnation and catalyst drying. The
catalytic benefits associated with the inventive catalyst is

demonstrated and discussed in more detail elsewhere herein.
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defined by an outside dianeter, a bore dianeter, and a
length. It is understood that these di nensions are

nom nal and approxi mate, since, nethods of

manuf acturing the shaped 5 aggl onerates are not
necessarily precise. The hollow cylinder may
typically have a |ength-to-outside diameter ratio in
the rafge hsilloworydindep Feonntafier sonyignpat o qan be

1d§f:?r5@i H}P%%n RLekehaPEYam a%tré?cm Q% Bok@ al%me@é":‘ and a

mpor t ant not critic eature of the |nvent|on
| %emgﬁh + hd thdise undeusbped drhato theseelireneigns puid nominal

& anea{b?r@&%attehesiﬂ&éo %tyho:&g g»_fg"mQHEE& b r?é/“\% d%haped

can rafgé  upwar pre erab
Cagdlomerat2s ame, nubsmecpﬂ@aeﬁelm prefisem 0. Tize hcall@awz

TUPLEAY PG UL Si 5 LATS! Gerglnl s BOLLRW QM pder

pica
framd mntmrangefof ﬁbcamm .8 &onm, pne‘éembﬂe,r from 0.5 to

he_o tSI nmet.er, he h .
gi;;oelon er SEtyBFsgﬁfy Yt omfﬁa?ri&e L ffo?ﬁk’h Jt“g’offant' it
nmet mme::uicyam cabkbyrérofn the o.nir&nltrm:nf be Bomanpie boFemm

s

cal ly, the bore_di ter | ler than 3.5 mm__.
ieen vl 88 PRLEREVEIT Thgd of PPFoRTEt Bk o Sheirtio of
fhnsreemapieelelri n?t betﬁ:g:mg&h@ﬁneftemmanlrﬂmé QupvdrdI te 0.3,
t rom
GrEEar RS’ el PbrEd & e S58ppBPEt eE e SAD hat 1PE 002
fos ned.nto an agglonerate having a specific
geonetrig COEfI gurat| on ncorporated i nta

support/Fi&eer¥al B %‘Etsfléjfstdll&me?iﬁfa‘l’%?I&%Ikﬁllo‘” cylinder

efd eqf ithe aEBLEL off £5drh EIecang, mAPt hehal typid8y @rom 5 to
nore promoters and, optionally, one or

tfé’lrs exafRie 8 (e | iPeAPPYBEE a?rﬁll’%}rm%rp hgegupside

SHRART SUBEOEhe HB1ESw alyl iddeat @EYEﬁ%éMyeflfI?(tth'eV%ange of
amount of silver and, 3(?0 tionally, one or nore

prisifbtiete &ﬁdmop‘tl?%éiwcaéﬁé' §Fomnpriee cdhmBhoifers example

ANGer TRRAEREY, ATt RS ARG Of ahBRel NYENLL VLl HALRMSE | ESmm,
for the sup gort to be typically highly | oaded wth

STRFetYPigathy ednphhaianss oFf G5PRgO elhitgh hAbsifpy example
SUPRUL rBBREEN b2l from 0.1 mm to 2.5 mm, more typically from

0.2 mm to 2 mm, for example 1 mm or 1.5 mm.

In addition to the support material that is formed into
ran agglomefate having a specific geometric configuration,
incorporated into the support material is at least a
catalytically effective amount of silver and, optionally, one
or more promoters and, optionally, one or more copromoters.
Thus, the inventive catalyst comprises a shaped support
material, a catalytically effective amount of gilver and,
opticnally, one or more promoters and, optionally, one or
more copromoters.

Another particular aspect of the inventive catalyst is

for the support to be typically highly loaded with silver.
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havi ng the shaped configuration, in conbination, helps
provide for a high silver |oading. The silver | oading
is generally such that the anobunt of silver in the
catal yst 5 conposition exceeds 15 wei ght percent based
on the total weight of the catal yst or even exceedi ng
16 wei ght percent. Preferably, however, the silver
dﬁm emnbgfnat:hencaf apgEng a é‘%«sglemrswit%i grepgry d@trerial

[ b r 0g,

prefe ab ep ggée& %%npelggﬁggk*yg?cgﬁﬁﬁlnlo fﬂg a%ognt
cﬁrqnﬂdweEomsaahlgbaﬁlIﬂme%qﬂ@inserc@h@ shbrer loading is
t a
SRR Bl Ehaf Sl ARATEEBL LR BRI WtR1 g
tdftanmm:allymt exbeegenlsﬁ akalgme reatahysbaséd tdre tmeeé;@mal
|nve db regnati,n

ek Shgr BRERENTY SN R SrraralfonE TORRE, pgroenc.
(nﬁeﬂurdury” hneeoerntuhe;nmmﬁatecsntenthoﬂs;hé(natalysts

rare,earth netals, nes d

e 1SR et sindinfora: HERFAAEoT e M atent
ercaitsi All, most Cor@Phemuia yt 2er aeﬁghanlder«mtu ondlylpically,

one or nore onot era, suc , for. exanpl e

e FnotR 98 CBMEREE SE i By S He S BTl more
cofpeady hbemnest . 4 ARNGH PerpeflDt & SAFRONLNYS au;habst
can be incorporated into the_shaped | oner at
S‘Ubﬁiﬁ“ltghﬁaP@FF’ﬁPt' PRAR Ak Ae RECAE P ES | @e CRtalyst.
parti ot Fenekh®, htBdefarl KA oFetBESpréu€ik ahvention is
potaSS|un£¥rub|d|un1and cesium are preferred. Most 25

RRERATSE P b BT e HRA i Bfh dhea BlapPd e gt enerat e §o fupport

W iBY wib8 H$eded! HNE, ptiBnd1l Xt UhE PIRIMRLHromoters,
wi th-for exanple ot assi um andJor [ jthium Either the

R @R pEGFDEBR : FAre S8F TR MRBALS anMagnegiutprhenium

pgmlwaléeheeapﬁ e@fmhiqrm algodd ! Fof@gé&wr Q@i um and
may be used w thout a rheni um pronote bei ng

pressiam) oPracPieRNRes pitanscds and. aﬁpm%ﬂl&fmtoae or more
Tcg%fg%fce 3N Bath be, pf@é%aéanwet hgueahAl Yd1 yBetem,

oprondters for use in conbination Wth rheni um
cfamgat@méed shrentum noty FeEpendsuRBeTert - afgong the

Z&q‘?@t‘é@ c%ﬁg?héx\(@é {15ad NGO BR 3hedrpoEL- 4016 RRARRE shaped

onmer at e
agglomerate of eupport material, rhenium and the alkali

metals, in particular, the higher alkali metals, such as
petagsium, rubidium and cesium, are preferred. Most
preferred among the higher alkali metals is cesium, which may
be used alone or in a mixture together with for example
potagsium and/or lithium., Either the rhenium promcter may be
used without an alkali metal promoter being present or an
alkali metal promoter may be used without a rhenium promoter
being present or a rhenium promoter and an alkali metal
promoter can both be present in the catalyst system. The
copromoters for use in combination with r@enium can include

sulfur, molybdenum, tungsten, and chromium.

10
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support material by contacting it with a silver

solution formed by dissolving a silver salt, or

silver compound, or silver conplex in a suitable
solvent.. The contacting or 5 inpregnation is

preferably done in a single inpregnation step whereby
the silver is deposited onto the shaped gl onerate

sSo as &Jdvprovsdénconpormchrwém &he| eh@mecgammrate of

P& nite¥gh1 ?ﬁs&gn 'H:g B‘Et %tﬁ%gﬂlxﬁg tébﬁution

catdl yst. I'n "ano ment, wherein a
stm%thyakihysmgheg alOs:a'lmmtsaéit  sPrvetlver dapwsiundd ©

the 99 nst e t
Z%L 10Vexgﬁztmi‘i@rcenf‘l %L[vgegaaglbase %%ka heﬁq%o?or?éav\%ﬁg oF
oimpmﬂammhyss psefarmb]rm)dohe dapassiwﬂe mmrpxr@natthan step

A SRS BofAtT o SF ST AR oPaEPy e L s PpgTate

Séce sz tbspfbeldee Bor rmﬁm:mmheri;eaau Hsmltght percent
deposi ted on .the h d e|th prlor 0,
Ot NS e EEFRY Ot Fﬁ? a'gc?eta % Flaet% H5Ssi t iFon
Cﬁndﬂhﬁﬁﬂﬂrﬁeérrbﬂtemﬁw&ﬁMHﬁﬂﬂ wheréhﬁ @n&ubﬂtanhmally higher
pronDter dep05| on the sha | oprer a

At S LYoty L8| WRISIHEISPEOuEER FHEPS 1Arsr omezgte.
W_’&H itma@@bal ¥§t1§@§®r2@3&1§iﬂtvgércéﬂemmmd based on the
copraonoter . for rhenlun1 sﬁ be adva tag ous to

depjcsh walrdtc8pr BBt 87 ° a]p)fsitor $VEBF B Ltgd; fn more

t¥¥enrdeRRSiimpb@BgRht S$bh Vttep ,2Fdr RafBDPOSIM ﬁvl‘tf:‘ NidkPee or four
after at least a portion of the silver has  been

FETRISIEE 1 OPh 8T §BY anPERfeeTab Lt ¥Os dFREFERA GO steps.

depositHeOBnddost fBSe Bt &ifdtdirsZ @ani B186 KO RA ted on the
stability of the catalyst in particular in respect of

i BR2RRG Pgelereprbioei ipamitnrs ter apkaridepiiadlyowith, or -

r@dﬁé&q%%n%f £8l kRbi deﬁ%ﬂldiﬁ%fb%hgeﬁi?ﬂéﬁd Rt A pragbedbly,
%g onerate support ‘using a suitable sol uti on.

Athecugh oxl RerE REPEPEeRSiage dgPasphed IV ha Ahaped
S$§§f%méﬁ§€é éB?PEP&eﬁﬁgffyﬂd%'%QhuYEgnéShéfﬁuwaH“@he silver.

hey are generally used ds conpounds of the al
rﬂh%n ¢hed|cg§@ﬂv€d FomRr Higs Aifleesol veeriyprand a copromoter

'f@%&h h Eerﬁ%?eﬁ acil;té%t Bﬁg J?J %H@EoE@omoter
P

i npregnat e 'with a solutlon o
aonippund( OF Béholeaneons i téy thfet éepOSltlon Of Sllverr and

to deposit rhenium after at least a portion of the silver has
been deposited. The advantage is this sequence of deposition
steps materializes in an enhanced stability of the catalyst
in particular in respect of its activity. -
Promoting amounts of alkali metal or mixtures of alkali
metal can be deposited on a shaped agglomerate support using
a suitable solution. Although alkali metals exist in a pure
metallic state, they are not suitable for use in that form.
They are generally used as compounds of the alkali metals
dissolved in a suitable solvent for impregnation purposes.

The shaped agglomerate may be impregnated with a sclution of

11
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I mpregnation of the silver in a suitable form has
taken place. An alkali netal pronoter may even be
deposited on the shaped agglonerate after the silver
conmponent has been 5 reduced to netallic silver. The
pronoti ng anount of alkali netal utilized will depend
on several variables, such as, for exanple, the
sth¢axbkalieaednd pomponnd (Rt Refonmd suriBgecthefienl

p?ﬁﬂ%{# it 6(1:19}( thh%hgag}{]isér uﬁ’?% élﬂ%a%'ltavférﬁonﬁgélttﬁen

yst an e partlcu ar ions and their
apbare s Usedlkalicoafahcp¥orrtsn mayvhevankbei depesited on the

Céﬂéﬁﬁeﬁgﬁh 4ok g{sté{ka{lé JBR RLR BBhEh: f deposidead

upo agg onerate or presen
catdhysd tics n@&ﬁéﬂabl gilverthe range of from 10 parts

3000
DO il S 3RB0RELLE BETaaT EERT WPLEL SLatlohs
nuétendlanubamamalpveféab&ésm shethwesn Zerpaxagppe; the
on and 150gt§arts

er mllion, b

TBist 20 e 309, BOFR cehET oo P P Sk APl i
spappertigy efertakecaanial sosdik, ither egmaéedcmtémeeaf the
rheniumions, salt(s C ound(s), d/ or .
R SRY HiEsb Py oB AR o e EBE R apouneg pged in
}B@nﬁh&ﬂl:ﬂor{mﬁlﬁh phen@llesli inﬁet&d.dﬁﬁtlﬂhl bef ore orOI

ater; or at the sanp tipe that the silver is a

or beiBie OURk oF . ARFEH (FACS) BHOMOREFAPSPORtEe iy che
MBNafed | dydilmeSalE bIPHLEGHRI] Wh TlUbhoAlydbeis gatferally in

presence In different solutions w.l provide suitable

CBESI SRS OdTPR L6nBTRA R GY 1R FRp? QYR PRTts per

cal 8l ¥$d S preFeapl ¢f BEEREbR M Har@ls PRENMYM ion and 2000
calculateé)as the netal, deposited on_or present on

t BRrsh R L ERerEE emBFe %%ﬂr@tlw aR§E¥=eR ot Parts per

M £1 OIBY &hd T8LS) pBfts g}fxé\ﬁ‘rﬁﬂﬂl@rﬁobﬂﬂ GEOgRt e5£ Ple wetal
gram nore preferabl %ﬁ'— rom 0.2 m cronol es per gramto

cred &k Brfo|tes ther wgi aht off ttettdl catalyst,
al ter ngid \é%!a)ﬁ:eﬁt agﬁﬂoméfm Jc%rp%rﬂs% B8 1 mﬁ%fégﬁkécp with

1860 parts l'ion, preferably from37 parts per )
NFRER B tn@n@so sg,’ztpsa} t sc%@oxmd ﬂﬁ)on api/ QEi PP bIX &Qﬁ)al This

Cﬂ&f"ﬂétdon-gh%t the same time that the alkali metal promoter
is added, or before or later; or at the same time that the
gilver is added, or before or later. Rhenium, alkali metal,
and gilver may be in the same impregnation solution. Thelr
presence in different solutions will provide suitable
catalysts, and in some instances even improved catalysts.

The preferred amount of rhenium, calculated as the
metal, deposited on or present on the shaped agglomerate oxr
catalyst ranges from 0.1 micromoles (umole) per gram to 10
micromoles per gram, more preferably from 0.2 micromoles per
gram to 5 micromoles per gram of total catalyst, or,
alternatively stated, from 19 parts per million to 1860 parts

per million, preferably from 37 parts per million to 930

12
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references to the anmount of rhenium present on the
catal yst are expressed as the netal, irrespective of
the formin which the rheniumis actually present. 5
The rheni um conpound used in the preparation of the
i nstant catal yst includes rheni um conpounds that can
be solubilized in an appropriate solvent. Preferably,
tpRrtsFeremiliion hateeldntofi fotglseptakyst \orie

. +hhenso i St t ttalvst
B el P e L B o et
Boaxeresibedupsabhe meteHl urhrEespechdve usbdthe fagm g which
tiﬁ—?e i]{g,l\é%rihilnvgscgé@bgfi %&é‘iﬁ the rheniumsalts such
as ~ rhenium hal I des, the rheni um oxyhal i des, the
r henat®s, rhlkeeiupecohematdsisadhdnokxhgepraparatiomciddhe
of _r.heni um C u 10t
et 5 P P S FLE DT B BlndtS Rl Ay e
asoubilmzedr theant appriopweiadre, scigendl kaPrefetalply, the
pery henates, alkaline eart.h t rrh '
rj?é?# TeHatrés 2 g?ﬁgf'ﬁcé?‘f enates oghgpl}e'hen%?né ﬁéﬁfo%ég\g?' the
casil o ilpe thei balne yaolvéntz athed2@oTHeposkt crtherpgidlver and
cqQpronot er,s-can. be deposited on the shaped
a%g? &ﬁgﬁ%ﬁemﬁ al\nQrgﬁ‘f%ﬁ e manner known to those
SEi Il gﬁcain@llteaeoar huiﬂtﬁlétqmaﬂmmebomgodﬁ@@?sanlifm alkd ng
shaped aggl.onerate_either prjor_to,.coinci ta
i, SRRt EREARYSE o R e S08T FPERIBE RIS U 29
brtherpingf emalbks, 26hé heh@iitud loxhiag 16691 Otlé erlsextdtes, the
deposited on the shaped agglonerate cqincidentally or
FRAEIESEs| 751 SFLERR 19 e SCASBORT GRRTHTHP amdnt
B r &SP IRpbandepesitsdl 0N thiae inpapgtat fey| SRftald is
and can generally be in the ran%e of fromO0.01 to 25,
&hmr%ﬁégrparesﬁﬁmf IO U PEFREDALR), THPWeVET, the

cat i 14S b2 t2AC LB RGN A 04 N IN-AS @Bt ehBYBNhé 04 M nates,
particul arl |gh activity and hl%h selectivity for ,
A En @erairaatpe o oD IPILFIERETAFr BB TRERIAHT dipRFoxide

ety ! ane Wel Bui BRbEF U1 0eMen to ethyl ene oxide. For
instance, the 13 inventive catal yst can_have an
initiéﬂmgépgcppvmpyeOgogﬁomoters can be deposited on the

shaped agglomerate by any suitable manner known to those

' gkilled in the art. The copromoter is deposited on the

shaped agglomerate either prior to, coincidentally with, or
subsequent to the deposition of the silver, but preferably,
the one or more copromoters are deposited on the shaped
agglomerate coincidentally or simultanecusly with the silver.
A copromoting amount of copromoter is deposited on the shaped
agglomerate and can generally be in the range of from 0.01 to
25, or more, pmoles per gram of total catalyst.

The catalysts according to the present invention have a
particularly high activity and high selectivity for ethylene
oxide production in the direct oxidation of ethylene with

molecular oxygen to ethylene oxide. For instance, the

13
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| east 86.5 nole percent, preferably, at |east 87 nole
percent and, noat preferably, at |east 88.5 nole

percent. It is a benefit of this invention that when
packing the inventive 5 catalyst into a catal yst bed

it provides a catalyst bed having a relatively high

silver | oading, wthout causing an increased pressure
dimyerovare chgadyshl gt haxe vennitiadesphectier iy stfesd

f N hyl e ndfo [

 Bhad B BT CBs PO T T P edB ! € iy percen
kﬁuﬂrm&&ﬁr@reﬁepabV&enaﬁéhﬁﬁasmﬁg5thelboperchmmeték»is a

t.h b

PR P Rrtk ROERRLISH ol AR BUCRERS] (e DEMAYR v

rmé]aﬁwr:.atof aet:hyhlay@t lmzad der, mmmdeedavmattalyst bed
redji ctions t el.s

h th t I d
A3t 4 HELArGURCEOR Tk ALTSIE SEBUPG: MABR Ui atBing an
?ﬂ&ﬂéaﬁtﬂg bi.“&l;igureTﬂﬂcﬁls e Elhmaaeaaystt:gbecwwmn fmnd use in
ns cln res .
TR o doprhantrdurin Ehay Re et el REAT paving
afn tireaied yallafity 6 pickimadens3Qykgebat s /483 such

catal st hed, prefer at Ieas 170 kg.silver/nB
gege- ﬂvwgeﬁré%%%%ﬂﬂ%FgaF PeBSFe SRR lg the

%Awd&%fc pirabltite Detop AHEN ihgPARhEE Ul dbelddvd £ 8dvorably in
250 kg silver/nB catal yst bed. Frequently, the silver

|%dam+g=ﬁls TeRCREE: Cbn Repchi N e BARYE AT baxe ti etiuene

f & SaUENtdofhpat-e ADR £ B 0P &l & slorR oRBrRat BhySd cﬂ?cﬁheoretlcal
still nore frequentgﬁpat nost 550 kg silver/n8-
11.

deRdalfst feedexImBle| e Bram Ferresalinn, perei < Reek and

P ircatuen zah 11 eh b NG tMdidnomaRdr t | §NSwiTey RBd sons
process for nanufacturlng et hyl ene oxi de, in

pidi dA7en Penpifat BY RTIGIANG sbRi BYeAent bTvepigiopenit is
VQfl’ﬁJV%Fb@.e @haegtmet thr aqydq\egnset eRE ATUOVRY pe at

ectivity and cata life, 1N al‘tICU ar I'n terns
ofeast 156t ki ﬁylgeabh |cta>taémat sbeféctpmﬁ%raﬁla’bah lgast

ﬁ?d tkga F%—%Q/H“c%l{él stt:hbé feﬁuSP&te@fé’féﬁ%lﬁga‘EC&bﬁbEy

the term "sel écti vi
Ak kao@rlée'nr/(@)caﬁalms@ bedi r and eith\pantd conlisge ak ol et

% ec \% 1?‘3 ok mt r}'eaga%%lt BEat Nk DG RO ethed g : THEr

1oad1ng is at most 800 kg silver/m® catalyst bed, more
frequently at most 600 kg silver/m® catalyst bed, still more
frequently at most 550 kg silver/m® catalyst bed. The high
gilver loading permits the application of relatively mild
conditions in the process for manufacturing ethylene oxide,
in particular temperature, for the achievement of a given
work rate, along with the achievement of an improved
gelectivity and catalyst life, in particular in terms of
activity stability and selectivity stability.

Ag it is used herein with reference to the selectivity
of a catalyst, the term "selectivity", 8y, means the mole

percent (%) of the desgired ethylene oxide formed relative to
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specified at a given work rate, w, for a catalyst with
the work rate being defined as the anount of ethyl ene
oxi de produced per unit volune of catalyst (e.g., kg
per nmB) per 5 hour. As it is used herein with

reference to the activity of a catalyst, the term
"activity", Tw, neans the tenperature needed to reach
atlye viertalordf eshyrlefiheconirittigcons Ther seaeeyivigtoan he
epoxidation. reacti Lt rese f )
R G o R B eR B STy o The
tdamsle wtrecashindedefihed as thee ampuingr ofr ethyhere oxide

appl i es,. for exanpl e 0 [ I t r at o 3
PERiia P AT e o et NPT L P e
nhélivgens car Henudedxheeeirstvenh rafgrenceethapee gretivity of
ot her_saturated hydrogarbons. to.fhe pr ce .of

ndded R 'Yrﬁj" '1%%98%@ t%c%]o\fﬁsfryol’ tT{“fe %§?§$y ic t;\.ec eEpLure

f dedx@ ) &eath?a divéhovasit haates. vi nyl chlori de,

ethyl chloride aqr _chlLorinated polyphenyl c ounds, .
to theT'(iEfeﬁ PR ?recr'ﬁ)]f%r’ﬁg O#eg?/\gl Spgp:g?% 1ghFeaction
Oin o WrkbetiteCegste edtwBfisoncordidgf terieid present
reactors tQ increase the yields of ethylene_oxide,, 2

L Eava) ory RN Yo PP RS S GTHINS GH ST CREREELRRE e the

- SEEESE afrd N TRIHRCABEESes OI f4¥ epainiple, etbykeiealske de.

Pressures in the range of from atmgspheric.to 345

KPRTRATATS {00 PFEREYT SR e TRRINARAN FLERAK ofLluSH) Jipherials
PEESS WL 51 HVMRKST cadhén iox R Wiedm, Thegsh)| efetliaine or
oxygen enpl oyed as reactant can be 25 obtained from

aPhew)i aaiiE cesu Y ET PRRT RSyt e PrERgRCE st ririeraking

SHbiAR & PBHIRFEhahECcsR yIIW R 108l abyeb¥amPlE e 1, 2-
oxygen, or a concent r at ed QX gen stream cogprisin \
otygelrrgethEns: HADWHt i ol des SEMYASIAPEIEe SR porinated

SRR gD, o b oo 00 Broitos
useCcYtle RPeNSSens OFasRPLEINg iSVaSERPlEReCoRYRRESions in
rEREEL A0S IddiE YBY 1 hifiied dre 1R quserobeBPRGId idkide,
conditions anong those that are knéown to be

efhdctd \any IBhear sparpat eeowiiyiangs whichomapnbg, selreted in
fﬁé&&@@éEEtfgy %Ieparing ethylene oxide. Pressures in the
range of from atmospheric to 3450 kPa gauge (500 psig) are
generally employed. Higher pressures, however, are not
excluded. The molecular oxygen employed as reactant can Dbe
obtained from any suitable source including conventional
gources. A suitable oxygen charge can include relatively
pure oxygen, or a concentrated oxygen stream comprising
oxygen in major amount with lesser amounts of one or more
diluenta, such as nitrogen and argon, or any other oxygen-
containing stream, such as air. The use of the present
catalysts in ethylene oxide reactions is in no way limited to
the use of specific conditions among those that are known to

be effective.
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shows the range of conditions that are often used in
current commercial ethylene oxide reactor unite.
Table | *GHSV 1500-10,000 1Inlet Pressure 1034-2758
kPa gauge (150-400 psig) Inlet Feed Ethylene 1-50~,
or 1-40~ Oxygen 3-12~ Carbon di oxi de 0-15% Ethane

0-3~ _Argon and/or nethane and/ or anc ni trogen
Di | uerﬁ"%iﬂ”&?&ﬁ’?&r BEaHag % adism 6&%’4 BFEI %‘g‘r"ﬁi &able
Condwad te Hee IRt bEecdRE1Bilds thalkakyst oEEBRENSéd#h current
180- 325C (Oa conver si on | evel 10-60& Ethyl ene Oxi de

(FPerPdlc Etdwlgne - oxbde | EPAEOEMUnEWEr k- Rat e)
catal yat. hour) (2-20 Ibs. ElHid ffft. .catalyst/hr.) 5
* Cubic neters of gas at standard enperat ure and

p’f@é%‘ﬂre passing over one cubic np18p0ok0 piked

Rl Ay S dioLotT — (cubrteet o o3 flo AT Yange
terrper ature and pressure passi ng pver one cubl C o0t

of packed cat al yst per hour) 10 | A150p4@F aradetd

| I,
afﬂethf‘ e CL II_yI CTIC UAXI1 UC_I b=) IJI uuu.L,cu VVITTT all .
oXygen- co\at ai ni ng gas is contacted|with ethylene in

t he gutedenee of the inventive cata ysss%urmierl-sawi%t abl e

oxi-datoen—+eacti-opn—copditi-ens—sueh—as

\,Pul\l COTTUT € "o

enf&¥&% e in 15 the range of fro?nii%!bc to 330C,

and,céﬂbﬁ‘:ﬁm@bddeZOOC to 16 0-15%
Ethane 0-3%
Argon and/or methane and/or Balance
nitrogen
Diluent chlorchydrocarbon 0.3-20 ppmv total
moderator
Coolant temperature 180-315°
Catalyst temperature 180-325°C
0, conversion level - 10-60%
Ethylene Oxide (EO) Production 32 - 320 kg EO/(m’
{(Wark Rate) catalyat . hour)

(2-20 lbs. EO/cu. ft.
catalyst/hr.)

* Cubic meters of gas at standard temperature and pressure
passing over one cubic meter of packed catalyst per hour
(cubic feet of gas at standard temperature and pressure
passing over cne cubic foot of packed catalyst per hour).

In a preferred application, ethylene oxide is produced
when an oxygen-containing gas is contacted with ethylene in
the presence of the inventive catalysts under suitable

epoxidation reaction conditicns such as at a temperature in

the range of from 180°C to 330°C, and, preferably, 200°C to
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325C, and a pressure in the range of from atnospheric
to 3450 kPa gauge (500 psig) and, preferably, from
1034 kPa to 2758 kPa gauge (150 psig to 400 psig). In
the normal practice of the process for manufacturing
et hyl ene oxide, the 5 feed streamwhich is contacted
with the catal yst, and which conprises ethylene and
BREJEn, and rp remsessuren iaddhei vange | ofv Ixagh eEMePRELBHC OFC

rhon .di oxi , car.hon_di ' i, S LQd
PIthed, BELEE (206 PRGICHOT LKLY P Bk MREATHER o
SiTSSakras gauge syl $0 afsie e KioRgpsig) i s Bulvidet agevasd t o
10 reduce i_n,the feed stream.the_c r at.i f ,
BHASGT G G5 HBS PESGTDd Tayarura i s (Al oxide, the
efdmheerehe eRiahyss cqperdfaedrwteni bhe ecasalofat, and which
activity, segeftivit and catalyst ,life. It AE%. 1
SUPEEES PRAVIENE THAPHEFor CRIPERST: i atition gelow
fertent rat i6RSHE dcaFhen dicomde , phebause decatbammslioide iz a
nol e é?lgi‘z in particular at, npst 1 -~ rel.at

no| e ive to
RPHOGRSE Of obhe BFRLRRMAN PRESARSN 11yPHC carbfie Toed
P awi bl r86uBt of easdyihgnD| et ~isnadeardteponat Ly
at Jeast 0.5 npble-~, relative to the tptakgised Thg, ,
SAEN éPo kP Bl PP RICERP I e SOPEEBLERBPT YmPFb o gloxide
NRAGH i1e% Me¥byl eadyrhisd NG 1TeEhedekneMRahde thie @atalyst

for _exanple by absorbing the ethylene oxjde fromthe
ReFEBIanggt LBt L¥PR AR (AT EINEEY  afiBlBpEivHal 3pd catalyst

recver tRgikhgretdyt&nanxictie Hhantibe SHuRlkHn dioxide in
solution by distillation. The ethyl ene oxi de produced

ithe feedpaRi aat PORt pf Gt ¥/ 2BoRRY PERL REFRE e dOBkt § mole-

o hyhPRe gl ¥aohy &0 MIdYIeRR18LYCOLe1 2ENRE 3R total
al’kanolam ne. The conversion into the ethylene glyco

dreacthe ErRUPERtlY gie cluasitiéy pdyceshpridkoxyds will be at
| v 1l I_. oxid i .V@ le-%,

AR 1) FOELLO0 dO e RAR Ly O i o e

esedlize tor thekiakphriasshi nantly the et hyl ene gl ycol

and | g53 ethylens QLUso!c ity hS BLMW AR ¢eoiiPine

be reacte a ten nmol ar excess of water, in a
| fegpeitd onphrasburedey | weino netdodackneyn ain ddiel art, for

(éﬁéyﬁﬁ%tbyeagsopb§h&j£he ethylene oxide from the reactor
outlet stream in water and optionally recovering the ethylene
oxide from the aqueous solution by distillation.

The ethylene oxide produced in the epoxidation process
may be converted into ethylene glycol, an ethylene glycol
ether or an alkanolamine.

The conversion into the ethylene glycol or the ethylene
glycol ether may comprise, for example, reacting the ethylene
oxide with water, suitably using an acidic or a basic
catalyst. For example, for making predominantly the ethylene
glycol and less ethylene glycol ether, the ethylene oxide may
be reacted with a ten fold molar excess of water, in a ligquid

phase reaction in presence of an acid catalyst, e.g. 0.5-
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1.0 ~w sul furic acid, based on the total reaction

m xture, at 50-70 C at 100 kPa absolute, or in a gas

phase reaction at 130-240 C and 2000- 4000 kPa

absol ute, preferably in the absence of a catalyst. If

the proportion of water is lowered 5 the proportion of

ethyl ene glycol ethers in the reaction mxture

LBy %‘as%wlgfw A chasgh v the Hetelt I‘f&@“i&?ﬁd‘&%’é‘b“re' at
S i h ,

SEEIIGE A 4BRofa g RICE or Tl . ThECPnete Foaction at

A8y - Lo picepated oby - Lo0y atrd ragasfonatet, hykeﬂ@ram;darwam
an alcohol, in 10 particular a primary alcohol, such
absaRER P2 aatétlw&ﬁm Ifythe BIORqLTg OBy Of cHatey 18 lowered

PRE! p?@p&ﬁt ide d’iafe%hy@kén& hg1 P £10 e rEN@nC @AY eféé@lfhon
into the al kanol am ne may conpri se reactlng eth ene
R

ohrEerei 19 mreadsed. sUBR ekhulfithidycsd ehPRYP

s.-oauéé@' rlﬁ%ada RE q1ARRKEE OUSr Ole AIEO WS Lt 2ATBBH 8L 1c§r r@y
e used ydrous anmonia is typlcally used to favor

ﬁhbspm@mtetdwmf AB 6 ANRBHGP aﬁrﬁh&@lenleoslﬁﬁphoaghers may be
%?%gn‘?f aahviel}%ls ”\éﬁésé%ﬁnee N1 0K Qﬁ d&hol, in

am ne, f erence may e to, for
enanpcvelazs aAmAm%almh@h. i such m,somp@hanea pErethpnnd . by

%%%fé@l‘ﬁni %Qte@é%y' ep‘érgk%{ﬁ%f Ak %}a'%lélreg? h¥ €2l cohol.

ers arge variety o ustria
applifh@lmwmyeﬂamonexanplehenalk&npﬂamamesm@y tomplrise

Sét%?&%%‘0%31agsa?£ﬂ0§n aﬁl‘a““%ﬁ ﬂsgbcaﬂggﬁia, an

e resin systens, eter ents
aﬂ.hﬁfmmqsﬂem dleﬂkylamme]ol avmhwsromy olpeagseal)s fagymonia

25 "
e RS | DAL e P RS, Bhed o vor
théupt@@h@:idre ofadwanhageaobémirte piFesenethnde napmiicable

PRV ERE! B SANT €1 S0 T dBecrERRS IS,

pe€paendté mmiofbea maldecko, Stby esxanflec isahi-a45DP6EIL ivinich is

ysed for nat |ous support material s as
&@geF??EﬁFéqi 4%?1POE§O fples. 18 In a 5-liter

st ali ntels;,slaiaee_:}lyka:aakahd4é6hgxm qlfycc@agehers may be used
in a large variety of industrial applications, for example in
the fields of food, beverages, tobacco, cosmetics,
thermoplastic polymers, curable resin systems, detergents,
heat transfer gystems, etc. Alkanclamines may be used, for
example, in the treating (“sweetening”) of natural gas.

The following examples are intended to illustrate the
advantages of the present invention and are not intended to
unduly limit the scope of the invention.

Example I

This Example I describes the preparation of a stock

silver impregnation solution used for impregnating various

support materials as described in the following examples.
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grade sodi um hydroxi de was di ssolved in 2340 m of

dei oni zed water. The tenperature of the solution was
adjusted to 50C. In a 4-liter stainless steel beaker
1699 grans of silver 5 nitrate was di ssolved in 2100
m of deionized water. ,The tenperature of the

| 2.10.20C, L yd
o1 ot S Tl G ARl B S rengens

sgtadé asodiivm lﬁiﬂb:bbcu.dg vl | msmwﬂmw agyvempast deionized
mai ntained at 50C. The resulting slurry was stirred .
fBRL95. niTha dempegatrnee prf dfhe HO LaGiep; UﬁsWaé:Justed to 50°C.

mef, n al ned At S@QMS;LQ deégeoea@e&l % g& F ilver

solution as require i ng proce
whierateotasded ssedwefngn| 2108 duibypft Heignézed ‘&atéxl t érhe

nd f [ dDb h f th
Bl DL SPLaC I LU ETRYEE b

\mymrmcﬂas SolatesH RaveslswPealdiddunbl théhgilver nitrate
uct|V|t of the filtrate dropg@d bel ow 90

PP AL MR AFLEF PR Rt e GRBETEhBYe | YRY TRidtained
C¥€|@°C1599e ni‘eﬁltgﬁiéarﬂlﬁ V\@Egrsl\f\?fr@c?% aRd ninutes.

| oned by the addition of 630 gramns oxal 1'c acl
dl-‘lf!@/crrfhtcu? theogzlubien)wam mamt@rmnﬂsabf ab®e i@y the

| ; I t 40C
(AAAE R0, B VRO IO A LS S8, g e
tWRs atHc mlicw :thlauddacasrtenﬂcia&rgr alis__umﬂ bxathe s cbf a

t t
PRt BTSSP oid el aRRepf B8 O MnlyRa 11quia
fwigrh tare esplivhilent vwd:olmrm qul td@n.omanddaﬂaltéhe sthirer wazhing
d h Q | 0 added, to t
ot yh8 £85% A T, RO PRYaBRER Y oF GsariLerate
Tdtue:»pmmmabwr go mzhsrmhn/amnedAlﬁeéﬁ\AtB@(bcﬁtm]dtg.drhbi the
4 1, B, o M AL TR 148 R en

rﬂnﬂmnwedabyythéladdﬂ%&bﬁ|dfam3ﬂobwam9noﬁ%6kamﬁﬁiaﬁid30~a

Aiyees' - RPN 1t 18ckentre oF THiT Sumprele
| de 183 8Nhaal ALOAPERL Oy %%bmuegoﬁh& PIRPQLL €S aNntne

geonetric configuration of the four carriers
PH of the solution was monitored during the addition of the

last 130 grams of oxalic acid dihydrate to ensure that it did
not drop below 7.8 for an extended period of time. Water was
removed from the soluticn with a filter wand and the slurry
was cooled to less than 30°C. Slowly added to the solution
wasg 732 grams of 92% ethylenediamine (EDA). The temperature
was maintained below 30°C during this addition. A spatula
was used to manually stir the mixture until enough liquid was
present to mechanically stir. The final solution was used as
a stock silver impregnation solution for preparing the

catalysts of Example III.
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(i.e., Carrier A Carrier B, Carrier C, and Carrier D)
used 5 in the preparation of the catal ysts as

described in Exanple 111. Presented in the follow ng
Table Il are certain properties of each of the

carriers. 20AN~~1~ ~~011f) O~[Ot  ~~NO
Ol0O~Inrl O[~IOCOTri O roWO~U~o0 t ~ U
Exgiple II. |n NL~ 01 I~ [~COIONO ~~~d~ri o

t~ "TTﬁE%'thmdié“I%CPrhhgﬁkéniﬂfofﬁétibn~c8hh€9nfh§-ﬂﬁé‘
~HcO1T11 [O~U~w~o0om coma rominr,

properties @nd gegmetricjcanfpguraghion of whe fpyr rarnjers

Tf.éf} ég}gﬁér A, Carrier B, Carrier C, and Carrier D) used

in the preparation of the catalysts as described in Example

~ o~

III. Presented in the following Table II are certain

properties of each of the carriers.
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A, however, with the ,reduction of the bore dianeter
of Carriers Cand Drelative to both Carrier A and
Carrier B, the crush strength and packing density are
i nproved such that these properties have val ues that
exceed such values for Carrier A Carrier Dis an
exanpl e of further inprovenent over Carrier C, wth

i ncr edbael R igsl presepked R Sihe 1absyee Taglankl dpad a

L XBRLER] Td e oFigS il LAWSa Fis1 S ivhiiicRY! YebingPelc

silver Toadings on the Tinished catal yst, &specially
whenf igrratijsive Tiner bgnat dbameteshiftigReshaFarehpr oyeald n
LRELALAIY Slas HLEPRIA A0 o Bt e 1 abBLSr XA B fri exa
I describes the préparation of the conparison

cardl ystamrehliyhd mnvenTheewatem|posnes veddmesr ofi Garpfers B,
t hei L.cal pr : 1] Y. f

S d SN AGPIELELES)y MY, el She water pore
CavhhystofA Cexsriemadle bVhis xéxplalis® dghenvedfickidmein crush

ShEEr A S BB G o bG48 e

ERA I vl ,09744hg the astoat imn net athenpotret éiadnssat v

Pal ol & eh DAL ! 6L 10, B BLE G A v

atheis¢ridle stapewichi angrpytikingfddried ryohuei dmptrovdd 46fch that

g/m. 50 grans of . such doped .sql uti on was Jn xed wt

Ot ftsie G Hohs cScBErF UBt s grhetrimiedringhol ¥&fudt fox

| gRFEpRAtA on (3@irdkroD YaSansexhiiple pfefarehéat aysdveient

30 grams of Carrier. A was evacuated tg 22 go Vrr\)g]wgl—lg folr1 b
1OV R F R he YEFRaF TR IFh RGN YOI HTEI bRY weRe =Sma ore
adiafetdr Gafd Rarfivhi | eThislesl Macl Edr BhgAL £ heamast Hilgher
was. released and the carrjer allowed to contact,_ the

| PHUYRE 3 ngs A BB FHRIShARA ¥gtcafPPeyial Washen

t e GOIY infg18e6 a8t onSO8cKRIAIY aZeMepl 6§ell Oif SR @atalyst
excess |iquid. Subsequently, inpregnated Carrier A

WREERR RSP n a vibrating shaker and dried in flowing
akkab12590G for 5 1/2 mnutes. The final Catalyst A

conpoSition was_13. 2% Ag, 460 ppm Cs/ g catal yst,
This Example III déscribes the preparatidn of the

comparigon catalyst and the inventive catalysts and pertain
of their physical properties.
Catalyst A (for comparison):

The impregnatiohn solution for preparing Catalyst A was
made by mixing 153 grams of gilver stock solution of specific
gravity 1.5673 g/ml with a solution of 0.1235 g of NHReO, in
2 g of 1:1 EDA/H;O, 0.0574 g of ammonium metatungstate
dissolved in 2 g of 1:1 ammonia/ water and 0.3174 g LiNO;
disgolved in water. Additional water was added to adjust the
specific gravity of the sclution to 1.465 g/ml. 50 grams of
such doped sclution was mixed with 0.1016 g of 50% CsOH
solution. This final impregnation solution was uséd to

prepare Catalyst A. 30 grams of Carrier A was evacuated to
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1.5 nole Re/g catalyst, 0.75 nole Wg catal yst, and 15
nmole Li/g catalyst. Catalyst B (for conparison): The

i mpregnation solution for preparing Catal yst B was

made by m xing 153 grans of silver stock solution of
specific gravity 1.589 g/m with a solution of 0.1051

g of NH4Re04 in 2 g of 1:1 EDA/HaO 0.0488 g of

aomomi Hon Heet dt umngstret andi sbhel ikl ninpxpanfatioh sclutlon was

anmoni a/ ter LINO3 dis Ive

ARTR 8RSt Wi Thuart Wi " ek EpbppBuih was

geauhhydoénd hehes @alttriies hml&wé&&@/ddnta% gharmlqﬁld for 2
uch dope solutlon Wi t 0 of . 50%

@%E‘ﬁ‘ 2ol Ut DA "PHRSD FﬁaFaFﬁb?’éani’%ﬁsgf 6’1 &FFBHI ed at

gsedri@ g@f ana:rml@@tsak:»?t:eﬁovsoemm wquﬁar.lfr! smloaeqmsntly,

evacuat e or nute and the fin

P EaRaT S E o By YAEPLAEHb O & CAPERELNg fRRker and

4pdes YE%&}u{éf%'lrt he ﬁ@@*&l@d&a% 178! fasgde@nd F2€ £inal

carrier to contact the liquid for 3 mnutes.

Thoalviph ePgrmmS@&rlpheWaB has2% Hegy it Ppfufedoacatahyst,

S B uttas TR 8 Bl anigha B e Wdetpi ek, R4S

%jngigttpgg%q sand dried in flowing air at 250C for
/2 mnutes he final Catalyst B conposition was

tatabyaly, B 50 eemeergsent al yst, 1.5 nole Rel/g
t al , ls
cat al yigd 1#2#%%%£5ﬁ%&m%glﬁ@1 yfﬁr(é%%%a&ﬁn nggﬁaf%ég ?lwas

cat al yst . according t e i NYent I on
mﬁéeelgﬁatmgimEdISGt BoamE oL psebegd rakcCt abystionwaE spgrific

ey g R8N BRI oLy Lo 00ke oL oo, 1n
g 9fon9ecBm/rﬂzoz Q- @f84L; gloEDmmaum.mma@ngsta{te

Al tat tat di | d
ATMROLI TS 9 WGl athsathYSikid) 268 81T e

an i SSO
Mds@lmthllm/ataaemasAéddeﬂomml adqttﬁt Malseadépéctélmdjust the

s%?%i%% A th SO' u]i:hgns%fui‘}l 55%‘{?} 1058§ /%iags%§$grams of

"

dt I on Was~ m xé&
(349 d@p)édjtsodmtﬂéhl wabi mbked njprdgmatisan gobﬂtscm QeH

ggf&tiéﬁ. Thig final impregnation solution was used to
prepare Catalyst B. 30 grams of Carrier B was evacuated to
20 mm Hg for 1 minute and the final impregnation sclution was
added to Carrier B while under vacuum, then the vacuum was
released and the carrier allowed to contact the liguid for 3
minutes. The impregnated Carrier B was then centrifuged at
500 rpm for 2 minutes to remove excess liquid. Subseguently,
impregnated Carrier B was placed in a vibrating shaker and
dried in flowing air at 250°C for 5 1/2 minutes. The final
Catalyst B composition was 17.5% Ag, 500 ppm Cs/g catalyst,
1.5 pmole Re/g catalyst, 0.75 umole W/g catalyst, and 15

pmole Li/g catalyst.
Catalyst C (according to the invention):

The impregnation sclution for preparing Catalyst C was
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prepare Catalyst C. 30 granms of Carrier C was

evacuated to 20 mmHg for 1 mnute and the fina

i mpregnation solution was added to Carrier C while

under vacuum then the vacuumwas released and the

carrier allowed to contact the liquid for 3 m nutes.

The inpregnated Carrier C was then centrifuged at 500
rm&dé(hy'3uﬁhﬁgtee4t§mimﬁﬁnﬁ3aiﬂ@essstbqhisblutlon of specific

F g -SH 8/ MErBE e AP IO PRoRE . 5110 o Ss0EeRes in

2 g v as1 Eba/figalo. c@at al pEt akineRIPO Ndtatundasat€. 8%
460 m Cs/ g cat al 1.5 nole Re/g catalyst, .
Rasalid Wng2cdt ahybt ] <umeris/ HoFerLirg Cotsi? e LiNos

(@t alaistedDinaea0edl NOAd®: dithdlNwaBkonas mé&ycﬁ:t addjust the
was prepared in two |nprc%ﬁ?t|on st eps: t%f st

SRS 5o BFRNG TV nPF et SO SAPh t8f FvaPe ftﬂhoutSO grams of
dapatdhpeliN8c386 088 Wi £ i kMitAYol PPEEGRalE O3 Wiclon
silver “and the dopants. Approxi mately 120 granms of

EEene wahisf Fngl | mwé@w%ufzmn grafinissd to

‘%ﬁéﬁfé’r&@a‘&hﬂ?gt havi ngg agrmRe el barglayi é)lw@é draRBated to
according to the procedure for catalyst C,

e%&bérm Hoh&PTnd Wopare sankrtdienddaalt dnprrondtign solution was
Sddd ¥ ng'glégsél‘@ﬁ{‘ﬂe didRd: %Eﬁl.l%St tﬂéﬁC&HeSQ;acuum was

contalined approximately 17 w%si | ver. The dried

Grleapad prfr sbar serrignallinved Fpr egnbeet Wit Higuid for 3
*‘rm-]%ssol ﬁ‘hbogmép%%lﬂat‘!@f d’é’?c‘i%e?yg P age&%er&ﬁrf%@@d at
SI olut1 on of specitTiC

ver stoc gravity 1.
gBQﬁ it og gombirioms ofo xeXBV® gxofsMHORBGA | n &ubsgq@ﬁntly,

. u t
o B 3Bty § s MR THE PLUEAGHE, Syisher ana
AN i $&@Wﬁd afir et e150°Adgbt | Painuaiser was aﬁiﬂen
to adjust the ecific gravity of the solution to

sl iRt C SOTBPARELON “LAH -GEpae- AR QTR GHE FRkaaYeE,
W I é@t(o]l.%gﬁeggoéaéélﬁst‘!"t 0. Q! W& Oaclyst fiaal 15
i 'mpr égnation solufioh was used to prepare Catalyst D
AtrﬁdmmqugnbatalﬁgtBO grams of the Catalyst D

Prec rsor S eva pat ed t 1 mnute and
Y DW?‘BFE‘QH DR dzl(%l‘?t 18%@2% ted while under
Catalyst D was prepared in two 1mpregnation steps: the
first step involving impregnation with silver, without
dopants, the second step involving impregnation with silver
and the dopants. Approximately 120 grams of Carrier C was
first impregnated with 204 grams of silver sclution having a
specific gravity of 1.53 g/ml according to the procedure for
catalyst C, except that no dopants were added to the silver
golution. The resulting dried catalyst precursor contained
approximately 17 wt% silver. The dried Catalyst D Precursor
was then impregnated with a second sclution which was made by
mixing 191.0 grams of gilver stock sclution of specific
gravity 1.53 g/ml with a solution of 0.2915 g of NH,ReQ, in 2
g of 1:1 EDA/HO, 0.0678 g of ammonium metatungstate
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vacuum then the vacuum was rel eased and the precursor
allowed to contact the liquid for 3 mnutes. The
i npregnated precursor was then centrifuged at 500 rpm
for 2 mnutes to renove excess |liquid. Subsequently,
Catalyst D was placed in a vibrating shaker and dried
in air f|OMAn% at a rate of 217 N1/ m n (460 SCFH) at

u
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tm@s&m dopdst finad sepveghaitiop sevokbkpngwas used to
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imaﬂalgrsa:mrbmﬁgumarewhql svredisdied fe/ At vmn Hai fewrle minute
e ool Wil vAg-adderide AAH a0l 2802k Wil1e under

ution prepar cOor procedure

EBxarplne, ]:,henartﬂehaacugm avm)e:alfelatsegr andt yhefpﬁemor

/ S, L1 d th t Ner,
Uflanatdd Ronbalornt IPIGINAES Wl EnlbLE SIS inpregnatea
pprmdwmr faas taenl yehtffuded atesobt rpg fot ezl minutes to
Cat al E Precursor, cont.ai ned ro e 16. 6

FoTre emmeBn S Rt PSR, B TR GRY R placed in
mp\rﬂgm:tle@ whikea ardodrlieadlin ade Shoebnyest nadeatesy of
mxul\gl 200 rams of silver stock soluti n of s cifi

/dpige (468r SEFY) 1315250°G) fpr ] tLanGRs ut iT9e fnal
00 dt of SHERBRLILA vad) 21 ¥ A2®oEBLHRQ A Lar ety

g Li NG3"dissolved 1n 1 gram water: i onal
vt erumnvde Redgdcohbahylgiisto tate papdei Wy g gaiaa/].}tgt Ofand he
solution to 1.49 g/m . 50 grans of such doped sol ution
WIEOLR Jdd Swicpkady3816 g of 44.6 wt~ CaCH sol ution.

Tc'flééal)fdtn@ ('a@%%&i‘ﬁé'@@ 3 Uv@RLWes) used to prepare
Cat al yst E. | ask™ cont ai ni ng 30 grams of the

Cat al yC@ttaBYPﬁeEuW%rpvmareél/aéu&tﬂed TR ognRYA ¢y Ftepsr the
g e A LReo1iPaY | VLA IANwith silver and a tungsten

dopant, the seccnd step involving impregnation with silver
and the other dopants. Ammoniuym metatungstate (0.0639 g) was
first dissolved in 1 gram of 33 wt% ethylenediammine/water
mixture. This sclution was added to 200 grams of a silver
solution prepared according to the procedure in Example 1,
and having a specific gravity of 1.523 g/ml. Carrier C was
impregnated with this silver solution, then centrifuged and
dried according to the procedure for catalyst C. The
resulting dried Catalyst E Precursor contained approximately
16.6 wt% gilver. Thig dried Catalyst E Precursor was then
impregnated with a second solution which was made by mixing
200 grams of silver stock solution of specific gravity 1.523

g/ml with a solution of 0.2906 g of NH4ReO, in 1 g of 1:1
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sol ution was added to the Catal yst E Precursor while
under vacuum then the vacuum was rel eased and the
Precursor allowed to contact the liquid for 3
m nutes. The inpregnated Catalyst E Precursor was
t hen centrifuged at 500 rpmfor 2 mnutes to renove
ui,d nd suhbseguent | Ia ed in_ a vibrating
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silver | oadings, of eac of the catalysts. It is noted
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hods. Cataly B includes a

single regnati on me
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G Bl %aeTQH§eHSt$r@ﬁé”ﬁaﬂ&ly%% ﬁuﬁréeuféﬁ%rﬁﬁﬂra'under
wat er absorption of Carrier as conpared to Carrier
AR, o thega FRE y¥RCEIM \ii4 éfeilteaéeﬁt andstlee Rrequreche
SaNRowil gt coH@SE@nEhé'i:@l@%o@ogsmgﬁ%@egﬁ :& regnated

greater total amount of ver 1S eto be oa ed
iRt ly sl BeRreentsor was mttenmctentr@ﬁmm}s@t G5 rpm for 2

QQﬁﬁﬁ%EdEgeg§%§?§Sé ég q%@ﬂgyZ%gﬁEQ#??éékééﬁiy1Placed in a
| oldetiatdsg abhkexra@me omehi Ml Eilpl 6lpwpnegrata ormte of 460

r | er, C., hese ¢ | es repr sent doubl e
Etépd}gﬁrs‘faggg 1t PLEES ¢ Tﬁ‘%ng’rﬁ%r Yhaf nore
'émﬁ;ﬁ%'l%ﬁbﬁ%awoy’vdz% &84l tsggn Bhf Cs?bg?ﬂaﬂétverz 4 pmole
levels. It is also under'stood hat enpl oyl ng a
(03:: (s e:ataﬂtylataso Cao rpmrleDWigulcdtadgat | amd Vit pmodkeLli/g
silv Ievels Table I'l1l. Silver Content of Catalyst

% V%lght ~ Silver Silver Loading in in
Cat al yategeéfitath Packssh Sedi ake/ BRe Cai By oSt1ldhdingb302 each

1
ggsthe catalysts. It is noted that the silver component of

the inventive catalysts B and C was incorporated into the
support material by eingle impregnation methods. Catalyst B
includes a significantly higher amount of sgilver than does
Catalyst A. This is thought to be due to the higher water
absorption of Carrier B as compared to Carrier A. Ag for
Catalyst C, while it containg close to the same weight
percent silver as does Catalyst B, a greater total amount of
silver is able to be loaded into a given reactor wvolume with
Catalyst C as opposed to Catalyst A or Catalyst B due to the
modified geometry. Catalysts D and E illustrate the loadings
achievable with multiple impregnation methods on Carrier C.
These examples represent double impregnation resultsg, and it
is understood that more impregnations would result in yet

higher silver levels. It is alsc understood that employing a
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Catalyst B *) 17.5 146 Catalyst C **) 17.8 173

Catalyst D **) 27.3 300 Catalyst E **) 27.3 300 *)

for conparison **} according to the invention Table

I1l also presents the silver |oadings of packed

cat al yst -beds which can be achi eved when packing the

Ales! Subn Bs EarPialh Rddl A rddnll) LA AHIRRC! Qlaver
which is a typlcaf sl ze use I n conjunctiom wt

ckavilpst s on a support naterlal of this size. It can

be seen that, advantageously, the silver |loading in

Lhe pa‘:k'?%féatﬁzy St 8¢ o é%ﬁltéﬁ]t %f%&gb@' s{;&o%h&r

t he amount's of S|Iver acke ctor v

w-H—be—hi g||C| a St 1t atyst
and t he packi ng avééns?ﬁft % gighg%cda I{{e’r dﬁ‘h ﬁﬁ ﬁ
Exanple 1V Thi g Exairplceatla\lye(ascrl be$9trdme aarcmdaeé for
testing certaijn of the catal ytig propertié?;3 such as
selectivity and activity, of the cataly uHescribed
iqnt3gmpl @ k)1.[ CatalysgszA, B, ¢ D andizewnere

L abil 1tu t o—produce et h\/l_gnn oxi-de

steBd*Lont ai ni ngt7e? hyl ene [and oxygéd#® To do
f@t&‘a,lggtf BxP |g Of Crushgd caralyst was jgaded 1Nt g

6.4 mm (1/4 ilnch) stajnless steel U shaped reactar

tGas@lypkeDt bk was i m@¥std in a|nolten 23%etal bath
kgﬁghyggagunl ndtThe Rty Were gonmected 3y a gas
Low System e weight of catalyst used and the inle
dds fof] Gwnpareswere adjusted to give a gas hourly
c LY /s as cal cul ated for
aﬁgr%sﬁg%a aT' 0%@%3&4}1{ gbhe uncrushed catal ysts
t he catal yst pack| ng densjty and silver |oading
changé‘ablehEIarmlm fesanitshéte cat reaistld=gidcee ofnphbked

s8R bR B LA PohEeuR v tha anoueT R

tda&alysts A B, C, D and E in a 39-mm tubular reactor, which

~—+

o

is a typical size for use in conjunction with catalysts on a
support waterial of this size. It can be seen that,
advantageously, the silver loading in the packed catalyat bed
(and in a commercial reactor the amounts of silver packed per
unit reactor volume) will be higher as the silver content of
the catalyst and the packing density of the catalyst is
higher.
Example IV

This Example IV describes the procedure for testing
certain of the catalytic propertieas, such as, selectivity and
activity, of the catalysts described in Example III.

Catalysts A, B, C, D, and E were tested for their
ability to produce ethylene oxide from a feed containing
ethylene and oxygen. To do this, 4 to 5.3 g of crushed
catalyst was loaded into a 6.2 mm (1/4 inch) stainless steel

U-shaped reactor tube. The tube was immersed in a molten
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uncrushed catal ysts in a comercial reactor. The
catal yst | oadings were as follows: Catal yst A
(conparative) 4.2 grans, Catalyst B (conparative)
4.01 g, Catalyst C (invention) 4.66 g, Catalyst D
(invention) 5.29 g, and Catalyst E (invention) 5. 29

.. T s flo 16,9 T i nl et e
fsel BB ieat HRUER) Vand Chie ST WaeB! offfipeBlEE X8 % gas
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and activity the catalysts is reported in Table

pRerggRed rﬂattiadWStﬁeP-Po? n%nmem@falleae@ctﬁﬁ peFherepfly st
k.@éf&ing?g Wl %@t %mwgs ddtdi MAOL{EoQBEi:QQntr@)e 4.2

Initi t wo- weeks of test |n activit as
gpans | Gt alafbte 8t éCPnEar@mmfﬂat%roé at ®htehysheC

?999‘_55@%)' QN 6@f et Extgfsf 210 A8 VA rithen) €ACLer o O%Acgt

nol e- ~ | ower enperature 1S |nd|cat|v
faghkyst dttiivveption) t he2d bt | ri@xeofgaeaﬁépyswss A6 Q l\D/h

#hd Fidie gﬁafjééé;@e‘s&urérkgaéei ty ‘i‘ﬁiézt cél:%?%l neg«!réfl%d

upon cont i operatlon e resu

BtéLted vﬁwmlnattwgeﬂr@nlmswn fot 2ehd9ui—@r;§rwﬂ d:e> questmg
0.6 kton/nB and 4 kton/nB of catalys % are
TR e gﬁa’*bF“éXFWreT%%ﬁseeq \Fhreysly fopce @‘é‘? tnﬁ’r?é’e

%n&@iﬁiﬁéﬁﬁa&" Spbeativh| Yodfdistelly ofPgbCeBt efy1lRIP 8 3v
Srdemoat 80 ol alOkldd ' 8% 0i8850ea atn L S W B0

Bi7 %v carbon dioxide, og
parts by million by volume (ppmv) ethyl chloride. The
temperature was adjusted such that the ethylene oxide
concentration in the reactor cutlet wag 3.1 mole-%. Ethyl
chloride concentration was adjusted to obtain maximum
gselectivity.

The initial performance, i.e. selectivity and activity,
of the catalysts is reported in Table IV, The initial
performance reflects the performance level of the catalyst as
it lined out during the initial two-weeks of testing, The
activity as specified reflects the temperature at which the
concentration of ethylene oxide in the reactor outlet is 3.1
mole-%. A lower temperature is indicative of a higher
activity.

In the testing of Catalysts A, C, D and E the activity

and selectivity were also measured upon continued coperation.
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at 1.4 kton/m 73.0 300 Catalyst B *), initially 89.1
263 Catalyst C **) 89.4 254 at 0.6 kton/m87.0 270
at 1.4 kton/m79.5 285 Catalyst D **), initially 89.0
246 at 0.6 kton/m88.0 264 at 1.4 kton/m81.0 278
Catalyst E **), initially 87.5 248 at 0.6 kton/m
87.0 254 at 1.4 kton/m 79.5 268_ *) for conparison
“Phe regyltbngbtained afitran@ sHAsaEEYe eradit: ionofift he
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| oadind "achrevable with tihe catalyst having a higher
wat @t abgokpemdm’ The i nmpjoved &ct.iovity ils bel i3@®ed

+ N v ~coaal + from. tha oo of o oo+ o= A 1 P NPT

C 1 o U C I* mmr i [\ ] .\JI A DU!J 1 —!TQ.LC"I!(J.I LI Ily a
hc?ltlag%‘s%y?l nEérlﬁag% jryl clconfi \ugr'tz}tl on Wth a s‘ér?gl I
leitelygtagetey in the manffactume.af the icatal yssa It

t he a%‘p@cisfl“F:"’%bﬁgport geometri es 8daf be exk ended 4’8
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at 1.4 kton/m’ 79.5 268

*) for comparison

**) according to the invention

As can be seen from the catalyst performance data
presented in Table IV, Catalyst C demonstrates a substantial
improvement in initial selectivity relative to Catalyst A and
Catalyst B. Catalyst C also demonstrates a subsgtantially
greater initial activity than both Catalyst A and Catalyst B
by requiring a significantly lower reaction temperature that
gives a significantly greater selectivity. It is believed
that the improved initial performance of Catalyst C over that
of both Catalyst A and Catalyst B is attributable to the

greater amount of silver that can be packed into a reactor
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Catalysts A, B, and C. Also, Catalyst E has a markedly
inproved initial activity over Catalysts A B, and C
Both nultiple inpregnation exanples show particularly
wel |l the performance inprovenent as a result of the
additional silver loading in an equal reactor volune.
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e Gigler ARPraganet @t exagplgst RBOY aPRYEL ipardlvy wedl3phe
R Hnabkbe! DRpPUTSHER & aBksh Of o airh ﬁanfﬁl@:qonal gilver

Support material, on the wunderstanding t
twecdngs ifppe emaml orRACSere vohEme | ntféatrm'llyaiq Frdfldpstsates

IRRRE e Qd@ﬁn{:g&e dir?@%}t%l% éanslb lh%}%etaaw:ﬂﬂ a

cross-sectional “area which |seua e total
W@bﬂ-aoﬁaleq&wyoﬂwhtenetbgr@gpmz: Mdddriginy de gequenced

Hetted LRoCiAbfidnatel gBpsl | ver is

The performance data obtained for the Catalysts A, C, D
and E upon continued operation indicate that Catalyst E
provides a further advantage with respect to stability over
Catalyst D. The improvement in activity stability is evident
from the data in Table IV.

While this invention has been described in terms of the
presently preferred embediment, feaaonable variations and
modifications are possible by those gkilled in the art. Such
variations and modificationg are within the scope of the

described invention and the appended claims.
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present in a quantity in the range exceeding 1S wei ght
percent of the total weight of the catalyst. 3. A
catalyst as clained in claim2, wherein silver is
present in a quantity in the range of exceeding 20

wei ght percent to and at nost 50 wei ght percent, of
the total weight of the catalyst. 4. A catalyst ae

clained in any of clainmg -3, I‘W ein the support
teriglt has. a wat er absorptiomexceeding 40~. 5. A
catal y§t 352144+ ¢ich emabalyfstcicampridest sifieiei n  t he
suigpostitantedf ialshigsga [ i n_the range_of
fry .gaos e/ tsQ go-nﬁ'?%i?‘;%%‘/i‘%%g?aajr% i raegf’i'%ﬂwi n
an% et 13C GRREiguratiive supporhatnather lahghRSte-
watiesidd stipidten racideof om.42. 5% to 80%, |
agﬂ @h%urrface rea in the%ﬁggﬁé?ééf%%%oﬁ%mﬁg?ﬁl?% R
nmal g, 7. KLl I§§‘Pma%‘%lté’| Rednfintheimferahli dtaetsr
wher & nthe hanbangphatorw Wesizde di e Latio js.in
tggarﬁg{%q? of f.rgbrgeo. 51{30 1|3g %%JI tﬁe%rfatt?ls gptside
internal- qafBt&rshaped, suppget dnatimatiend ,i oni thé he range
ORndeXFNBADg! bhdk: Anerd LheAVENDER R, S0n  caL YS!
-t0-0 e

a ' .Ln claim7, wherein the |engt
d%é%e@ggegéfa %% 45 desmerabg oo fther ddmmetertaf & 1 and

t #inglet boref havimy nalcrdsanBh & 410Ut -Si . di aneter is
I¢b e £3PYE &f_ofr_omc(‘):.,og fo 0. 2!%19%&%52‘21?%1%5 Ef §§“ai
gql ai neﬁg N fny ot Er5iBnal eareaferéi hhe threremit si de
-amefieFatalyst taze clanged oin fd1QwA 1t . t he
We%eﬁi:aif}gt§rqda§lt§@a| L er thr;an 3.5 rlrmow%%ré‘% g&?g’?)ﬁ.sf’s
as claimed 1nany of tlafs TARge arereding (ife wedght de
ACEREREr of sthen tokelr wabghiofosf tam Batdd ™ and the

Bare g aPBIR/st Saf he range of fromO.1l to 3 nm 11.
A cat al yst E;1}38 clai ﬁ%%l”f‘en‘{ ARy CORIR| 2 rhereip sibeexiie

present "in & quantity in the range of exceeding 20 weight
percent to and at most 50 weight percent, of the total
weight of the catalyst.

4. A catalyst as claimed in any of claims 1-3, wherein
the support material has & water absorption exceeding
40%.

5. A catalyst as recited in any of claims 1-4, wherein
the support material has a surface area in the range of
from 0.03 m*/g to 10 m/q.

6. A catalyst as recited in any'of claims 1-5, wherein
the support material has a water absorption in the range
of from 42.5% to 80%, and a surface area in the range of
Ixrom 0.5 m’/g to 5 m?/g.

7. A catalyst as claimed in any of claims 1-6, wherein
the length-to-outside diameter ratio is in the range of
from 0.5 to 1.6 and the ratio of internal diameter to
outside diameter is in the range of from 0.01 to 0.25.
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the bore dianeter is in the range of from0.2 mmto 2
mm 12. A catalyst as clained in any of clains 1-il
wherein the catalyst further conprises a pronoter
conmponent conprising a rare earth netal, magnesi um
rhenium or.an alkali netal. 13. A catalyst as
clainmed in any of clains 1-12, wherein the catalyst

fugthern ¢q ' rLonot ey cqnmponent ~ conpri sing
rheni um agggl itgﬁsaﬁgFéPe et &éd™s ¥ orheseim ghe

pot kP~ Pl idleudiamdt eesidtio aBdin i the Q‘iﬁgki 8 £bm

rhes ge gopr ter i sing,sulfur, nolybdenum
tuc[},%st en or %ﬁg%neu%ggﬁé.oéb\ ’%Eﬁﬁsa? UsHstES hig; outside
proviTGrERy is sithfbe sapporef reaber dabz hayviong . a :
geqmenr t&t £0H gur a h_that_the _
l'engt h-t o- out s',;i dg é%%%ﬁ%:&i% raé i%fi‘!slleiwst ha8r aFRpregm

f oM B45S1% Sigmatencls iin shrakatiansst EronsSs i ¥o e my

r andeth®vissrd ViihQe S0 PEJ f_the_outsi de di aneter
o1f1 sai]g shaped ca?al st %ﬁ%%%??;thaéha' ePBsi ting .
sitfver® & &S5 naperf sisdoin. anyi mf Alaendor-BS wHezibigd
| khe| @it ibié, dEemPEd:Siing i ndPROSEI n.the ort, in
aggﬁtéﬁ)en 0. silver, al, 6?0%?2#4 @onﬁgngﬁ?mgb%ilgi Y-
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or_ Si nulctggﬁjé s M tcr]raﬁﬁﬁdd-'b‘bﬂyt Péncbiing |2v@0, whAstein
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13. A catalyst as claimed in any of claime 1-12, wherein
the catalyst further comprises a promoter component
compriging rhenium, an alkali metal selected from
lithium, potaseium, rubidium and cesium, and, in
addition, a rhenium Copromoter comprising sulfur,
molybdenum, tungsten or chromium.

14. A method, comprising:

providing a shaped Support material having a
geometric configuration such that the length-to-outside
diameter ratio is in the range of from 0.3 to 2 and the
internal diameter is in the range upwardly to 30 percent
of the outside diameter of said shaped catalyst support;
and
depositing silver on the shaped support.

15. A method ag claimed in claim 14, comprising
depositing on the support, in addition to silver, a

r .
Promoter component comprising rhenium, and a rhenium
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17. A process as clained in claim16, wherein the feed
stream which is contacted with the catal yst, and which
conpri ses ethyl ene and oxygen, has a concentration of
carbon di oxide of at nost 4 nole-~, in particular at
most 2 nole-'a, nore in particular at nost 1 nole-~,
relative to the total feed. 18. A nethod of using
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16. A process for manufacturing ethylene oxide, which
process comprises:
contacting, under suitable epoxidation process
conditions, a feed stream, comprising ethylene and
oxygen, with the catalyst of any of claims 1-13.
17. A proceas as claimed in claim 16, wherein the feed
stream which is contacted with the catalyst, and which
comprises ethylene and oxygen, has a concentration of
carbon dioxide of at most 4 mole-%, in particular at most
2 mole-%, more in particular at most 1 mole-%, relative
to the total feed.
18. A method of using ethylene oxide for making ethylene
glycol, an ethylene glycol ether or an 1,2-alkanolamine
comprising converting ethylene oxide into ethylene
glycol, the ethylene glycol ether, or the 1,2-
alkanolamine, wherein the ethylene oxide has been
obtained by the process for preparing ethylene oxide as

claimed in claim 16 or 17.
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