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EPOXI DATI ON CATALYST AND PROCESS The invention relates to silver-containing
catal ysts suitable for the epoxidation of olefins having no allyli
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carriers hhave a wide variety of potential applications in the catalytic
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(54) Title: EPOXIDATION CATALYST AND PROCESS//
{57) Abstract
This invention relates to a catalyst suitable for the epoxidation of olefines having no ailylic hydrogen, in particular cthylene, which

contains silver and one or more alkali metal promoters supported on a carrier prepared by a process comprising the use of ceramic particle
components with particle sizes chosen to ensure that a desired degree of porosity is obtained without the use of organic bumout materials.
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where the ceram c base is an alum na such as al pha alum na. A catal yst
support needs to possess, in conbination, at |east a mninmumsurface area
on which the catalytic 5 conponent may be deposited, hi gbrmpdmr2ic
absor ption and¥erY ”strength. The problemis that usually an increase in
one can nean a reduction in another property. Thus, high crush strength may
mean | ow porosity. Oten the balance is achieved by trial and error naking
t.he 10 catal yst carrier art even nore a@npredictable than other

chem cal process art. Carriers need to have a uniform degree of porosity
and this may be achieved in a nunber of ways including the incorporation of
burnout materials that are 15 elimnated when the ceramc is fired to
formthe finished product. THROXZDAFIONOCATAEYIR i2NDs ARGECEG8e char coal ,
petrol eum coke, ground wal nut shells and the |like. The problemis that such
materials usually | eave | eachabl e residues tha& can_signj ficantly.inpair
the performance of 28he inventiey Kelates)srt 8419 ré‘é‘?‘?'ae’r%”}ﬁa(’f@té}?’%gssuch
burnout mat eri al suikableefopr ehe t époxaidatdlonc ofit ohefbhis shabidearhalllylic
material varies ydelyehr 0gnDahebs do HAUCh el BRbpRESELGH AbF |ddnyiche

unsati sfactory. ' fenpt o circumvent thi groble It has ‘heen
proposed to 25 oxidenggdpbPatie drgmrii fﬁéf"ig Bir notrit® YA Rfh
very | ow net al | i prepaaiedblhisingoat entqdPGlpER @duddnd)basedesatalysaich
burnout materi al ilL- may leave traces of residue which may affect the
results. There is therefore a need to desiu%g cat aly imch one

. sts in 30 .
can have confidence WetR1YESHeEPr (the mR¥qdurkiop, BSeFFf’yiﬁﬁ’%n@&d&l’ &©
catal ysts of the gyisaene andemblecubhaw eoxyyerx arlel grnebal dncsupgorsragkh

strength, abrasi it iRy $hR§GseRO 0k AlhIGAHE] UELCPRLERTIRIoridtYa Make
themideal for a w de range ? catalytic aéoepllcatlgris. £ the

with alkali metals. "The u of sma amounts o
alkali metals potassium, rubidium and cesium were noted
as useful promoters in supported silver catalysts in U.S.
Patent No. 3,962,136, issued June 8, 1976, and U.S.
Patent No. 4,010,115, issued March 1, 1977. The use of

15 other co-promoters, such as rhenium, or rhenium along
with sulphur, molybdenum, tungsten and chromium is
disclosed in U.S. Patent No. 4,766,105, issued August 23,
1988, and U.S. Patent No. 4,808,738, issued February 28,
1989. U.S. Patent No. 4,908,343, issued March 13, 1990,

20 discloses a supported silver catalyst containing a
mixture of a cesium salt and one or more alkali metal and
alkaline earth metal salts.

The use of porous ceramic catalyst carriers has been

previously described in a number of patents such as, for

25 example, U.S. Patent No. 5,380,697, issued January 10,
1995, U.S. Patent No. 5,100,859, issued March 31, 1992,
U.S. Patent No. 5,055,442, issued October 8, 1991, U.S.
Patent No. 5,037,794, issued August 6, 1991, and U.S.
Patent No. 4,874,739, issued October 17, 1989. Such

30 catalyst carriers have a wide variety of potential
applications in the catalytic field and are especially
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35 . Mre inmportantly, the anmount of netallic |eachables has WO

97/ 40933 PCT/ EP97/ 02236 - 3- been
significantly reduced wi thout parallel negative effects on the physical
properties of the catalyst. The present invention therefore i.n

cat al ysts whi¥RPH®?3 | nproved selectivity and/or activity s?gg@Héﬂéz“S

This invention therefore relates to a catalyst suitable for the epoxidation
of olefins having no allylic hydrogen, in particular for the vapour phase-
production of ethylene oxide from ethyl ene2and oxygen, conprising a

catal ytical ly etkeghlveneép®uthe dderdnitebagedia BhOADIMIYA Huch as anphat of
al kali nmetal (s) _deposited on a carrier prepared by a process which
conprises: a) nfx énﬁ/i'th a liquid nediumin an anount sufficient to sender
it stupable a m xt uRecabalyat i suproxtemeeds| FooPossgserdnicomkimasaont s
gogliri si ng at | Qﬁslgggtpérﬁﬂﬂim@t’ S\BifGltle @fredl phawAbch the &ia}ﬂfl{iﬁ_%,icf rom ]

: to per cent i ght (measure o] an .al kal i ne eart
nmet al oxijsde, f-rSﬁ{“Bf)éTw?oﬂiﬁ %%r%%?s%f%svﬂe%gﬁp ?%rgé%u%%mg)st]t%eam i ca) of
a silicon oxi decrust Brvengeho tThe Pyablesnispihaki ypealheaniagregsene

di oxi de) of zirganbH® cAntk€ah0s Refudtio?) in ancBXedeprepekdy) aHugtal
anount of from gﬁ(zalrg to 15 gercent 3&/ wele%r)]‘t of ceram't(:: bo Iut?:ri cant
and/ or form ng 288 SBPERLARFRRSTRSHY e P8 POFRF A Xar (Y2 h &€ ur sor: «¢)
dryi ng the carrbelaprecissarhievedwsniad indupdrér omaking ddrer i er nedi um

and d) figing tRatRigskr 8Qkridrf N &redd more uBPEEESELYBIL thafiD ey Of
from1l5 percent to 6 ent. wherein the particle sizes of the ceramc

conponents are € Sg‘éﬁa@ﬁé%°fﬁsa% e packi ng density of the dried precursor

is not greater thanCahziess needito ipvead vadforpedegres \oF PPty present

invention conprizse 2h38 may béahehidvedliny sehbabeirver andydtindliiilneer and a

promoting the incorporation of burnout materials that are

15 eliminated when the ceramic is fired to form the finished
product. Typical burnout materials include charcoal,
petroleum coke, ground walnut shells and the like. The
problem is that such materials usually leave leachable
residues that can significantly impair the performance of

20 catalysts supported on carriers made using such burnout
materials. Furthermore, the actual content of such
leachable material varies widely from batch to batch sco
that predictability is unsatisfactory. In an attempt to
circumvent this problem, it has been proposed to

25 incorporate organic polymeric burnout materials with very
low metallic leachables content (PCT/EP 96/0444).
However, such burnout materials still may leave traces of
residue which may affect the results.

There is therefore a need to design catalysts in

30 which one can have confidence with respect to the final
property balance. The catalysts of the present invention
have an excellent balance of crush strength, abrasion
resistance, porosity and catalytic performance that make
them ideal for a wide range of catalytic applications.

35 More importantly, the amount of metallic leachables has
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anount of al kali netal supported on an al pha al um na-based catal yst carrier
produced by a novel production nethod which does not require the presence
of pore- inducing burnout materi al s. WO 97/ 40933

PCT/EP97/02236 4ﬁgg Carrier The process provides a carri erpciiErer/6ms NO
metal lic OX|de Ieac | es originating fromthe burnout of the pore forners.
Sonme | eachabl es, and particularly sone netallic 5 | eachabl es, are
known to adversely affect the stability of_ Epe sel ectivity and/or the

activity of a catalyst deposited on the carrier in that, using prior art
catal ysts on car Meshs sionhfisankhy | vedncedmtinheust pasralel cnedateml es,
these paraneters efFeldtaeonVehet biPsiddl propedities bliethReDeataDfst eaahabl es

in_organi ¢ bur noyl, JpLer i al3at SoUbERle 4 GAIANYS" 3 oYL BN i he

i npact on the pe ornance rom Kew se vari e
predictability ihayer figprared PgléFﬁh‘f#‘Hﬁaﬁﬂq/;praﬁ&taH%‘EYs%‘F?bJr%t{ ed by
the | eachapl es. 15 rThisleacbabies tHere¥dree relafeseys! &l cHEAT RS but by

el i.m nati ng one ver, n|f|c Pl Sour g Ihe ni.¢_buy nout nater the
variability of pé?*é?%ﬁ%cgor act® °Xlé§F c&k%ﬁgg&ge ﬁﬁﬁl?% W t% ]Qﬁe
carriers of the mQaemnvEnpaﬁhlwbae ﬁ%r ghel vagoyscPhage  Preduetsion | ty
20 over ti mi:f dthylahe ekigdcChréfCitia drfe ghaabkygefiduserpraking 4 he

catal ysts prepare 3]egcaiiyoaggr#ﬁié?egaéaﬁé)d&e%gggggag gcce tabledggvels

for S|gmf|cantlyﬂ erm tal ed
in this 280 FRRIL @ét RraKalicnetral {9 tdapasited Qﬁoénﬁaﬁn%hepl?ﬁmﬂ S

sodi um pot assi uBy @kﬁ*dé@s&ndhabunwhpmé&@swt mikihGewCehra eliq@asured in
parts by weight pedludll an L%ouﬁe sufficient to sender it stupable a

mixture consisting essentially of: i) ceramic components
comprising at least 80 percent by weight of alpha

15 alumina, from 0.01 to 10 percent by weight (measured as
the oxide) of an alkaline earth metal oxide, from 0.01 to
10 percent by weight (measured as the silica) of a
silicon oxide, and from zero to 15 percent by weight
(measured as the dioxide) of zirconium in the form of an

20 oxide; and ii) a total amount of from zexro to 15 percent
by weight of ceramic bond, lubricant and/or forming aids;
b) shaping the mixture to form a carrier precursor; c)
drying the carrier precursor to remove the liquid from
the carrier medium; and 4) firing the precursor to form a

25 carrier with a porosity of from 15 percent to 60 percent,
wherein the particle sizes of the ceramic components are
chosen such that the packing density of the dried
precursor is not greater than that of the fired carrier.

The catalysts of the present invention comprise a

30 catalytically effective amount of silver and a promoting
amount of alkali metal supported on an alpha
alumina-based catalyst carrier produced by a novel
production method which does not require the presence of
pore-inducing burnout materials. '
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be determ ned by boiling a standard anmount of the finished carrier in a
standard vol unme of 10%nitric acid 30 for 30 mnutes. This extracts
the netals in the formof the soluble nitrates which may then be anal yzed
for the residual netallic values. The above process introduce e&grg’%gﬁty in
the form of tNOH4PWPal porosity that results when |arge parlf

are sintered together, nodified by the presence of SUBSTI TUTE SHEET ( RULE
26) WD 97/ 40933 PCT/ EP97/ 02236
simal ler particles that fill up some of the %paces between the |arger
particles unti|l Theaddxriklre desired degree of porosity is ach| eved This is

in contrast to the pie0 rgegsgp? ggggeé)f fcﬁgpl@g P.BFQSF.%X ‘E iJIS.I on of

ed out baence of the

material 5 subsequén é
conventi onal burfivfe ﬁ‘&?éﬁh? Les; AEiginRLing From Ehenburneeh %ﬁn‘ﬂm RPIR
characteri zed i rEdrwarst.he Sooes 1lehchabléd, tmﬂi\pfajntﬁnglhbﬁydééxﬁd xﬁdﬁdl@fé eis

| eos thans about JdigkAGal. a4 Chobd {SSITIIRID AEBURL ol S8LLALL}0

liquid carrier L%n wat er tﬂz|s usua
wei ght), |ubri ca9ﬁ§ &%)?FF&%’FBM andsox Hie rﬁcé'rﬁt"léb'nﬂ?én?l%‘éﬂ)ys%e used to
produce such cardepesiteBeoaushet bafmafeueaﬂﬁittlalshngnprbufr@icﬁ pore

formers present Q%ﬁf%ﬁgcﬁgﬁhérér@% oV AL Snilalo 4B . S

percent of the wel ceram c conponents t in
pore formning w TRl dEpdrerhgeiesm FW%thFst Aectineneyen)timee
dri ed preeursor Silndeheheammoentusfialéycltdsless dor oxghpithparhsutt | east 95

percent of that pfdheild &%Sgﬁﬁjééﬁr€g)céﬁgﬁféyhbl§fb951§9é11t¥§JQH%

al l owance for the presence_ o ricants an sl i ght
reduction of thée oy thel PeFECERRRES fFam Rekeh tapbateh r 1 HEpwEe: resul t
of the sinteringamigat.neThok,t predbetaid il 1o tinc pesfofhanee Wi |

significantly and adversely impacted by the leachables.
15 Leachables may arise from several sources but by
eliminating one very significant source, the organic
burnout material, the variability of performance impact
is reduced. Moreover, while with the carriers of the
present invention there is still a decline in selectivity
20 over time, the rate of such decline is greatly reduced
making the catalysts prepared using such carriers able to
perform at acceptable levels for significantly longer
periods.. '
The term “metalllc leachables", as used in this
25 specification, refers to the total amount of the elements
sodium, potassium, calcium and aluminium present in the
carrier measured in parts by weight per million. It can
be determined by boiling a standard amount of the
finished carrier in a standard volume of 10% nitric acid
30 for 30 minutes. This extracts the metals in the form of
the soluble nitrates which may then be analyzed for the
residual metallic values.
The above process introduces porosity in the form of
the natural porosity that results when large particles
35 are sintered together, modified by the presence of
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however, be no significant increase in porosity such as 25 results
when a burnout material is volatilized fromthe precursor. Another

i ndi cator of the products nade by the process of the invention is that the.
packi ng densi t¥vo£ Jjeasur ed by ASTM 4699-87), is frequent! ypd@Emmbddsd 30
i0 percent greater 1or the green, unfired carrier than for the fired
carrier. Indeed, typically the density of the fired carrier is, if

anyt hi ng, sli ght |y higher than that of the unfired carrier. A typical
carrier made with organic burnout nmaterials Tonventi onal | y conprises 20 to
35 35 per cermmabhleneipgrticlasethan fihkl wp glvmeobft hbecspares betwAen

97/ 40933 the larger particles untll exacd%?“&ﬁ8936922§§ débree of
conponents, of material that

ved_durin I'rin s anount
from50 to 75 perR&fisiy Woﬁcz‘éavﬁ "t h%hb%r’r‘% gf?ﬁFSton% R een
packi ng density iart ygppaldch ofodpgming Igopssioanbyyiealesithaot ik edeingi ty

5 of ghe cor aphter ter f Y |
f ormed car$| ers. él%‘?/:f:g()&r}%rd;gtyf 'btiﬁﬂeﬁ %?gren%% %#egjﬁggnggagglgngg%%ﬁés?tdyfyand

fired density for® é:‘?ﬂ"ma&f PHEOVE\}B?E?W]1 s WPer Profeps ehdthmsual |y
t he green pack densignticn gan elBopbecehdrapteatiored Hanthat the ldws WH ired

density. After ngkidit H&“@&%n&thEh@rf’é@%d@te ?Qr 1638 Sh M bpout

extrusion aids in the unfired matérial, the densit ference IS
i nsigni ficant. M RAGES T $P1CHIFoFBei Pa*Puy ﬁ‘é“%&ﬁl gfebest®rting to
the inventPon in b.qumd)@aMewayusd:.Emr (&bth wateaxatpiseisi tisuslppssdilte 2 0

bi nodal par | bu I.S4q I rge
particles of apf.é%‘f‘*—%%rﬁ;@s%‘ggige%?ﬂﬁt% 2B BePLst B4R dhadD

mcroneter in avdlH FIRvieRtao Yahe Y%‘F%tq‘?/éﬁr)?dé‘ﬁ’ﬁl pugh JGRFEL9ER i cl es

of a second conponentBagiause there are essentially no burnout pore formers-

present (though some small amounts, for example up to

15 5 percent of the weight of the ceramic components, may be
added to assist in pore forming without departing from
the essence of the invention), the dried precursor of the
carrier usually has a porosity that is at least
95 percent of that of the finished (fired) carrier, after

20 making allowance for the presence of lubricants and
extrusion aids. Some slight reduction of the porosity
will be expected to occur upon firing as a result of the
sintering together of the ceramic particles. There will,
however, be no significant increase in porosity such as

25 results when a burnout material is volatilized from the
precursor.

Another indicator of the products made by the process
of the invention is that the packing density, {as
measured by ASTM 4699-87), is frequently less than

30 10 percent greater for the green, unfired carrier than
for the fired carrier. Indeed, typically the density of
the fired carrier is, if anything, slightly higher than
that of the unfired carrier. A typical carrier made with
organic burnout materials conventionally comprises 20 to

35 35 percent by weight, based on the weight of the ceramic
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20 average particle sizes of from1l to 15 mcronmeter. The proportions
I'n which the conponents appear is dictated by the final desired porosity
and the desired average pore size. Wien a binodal particle size

di stribution is chosen, 25 the larger particle size co nen}onggn be
suppl i ed by MRV ¢ particles or alternatively, and sonety ?
preferably, they may be supplied in the formof lightly sintered al pha

al um na aggl onerates. This is often the formof comrercial al pha alumna -
conponents which can 30 relatively ea®ity be commnuted to a uniform
fine particle sigfpdierits0BFeiakteRhl Mhdt Ntk GRMVEOBur1ng EDLeRgity of
the mlling requited wll. depend Igr elg on t,;'ge dex%re% of sinteri t hat
acconpani ed t he®TdnveE stil'ﬁﬁ3 8RR Fg a ?)h':’fse. I?f i abi ﬁﬁOYﬁgegr ess
with 35 - agghenesmad gakexialsonpbrenttheygracme paskbpgcdengitheis WO
97/ 40933 typically from 8 to 15 percent gf@gﬂaggzbggzaﬁe'aensity

aggl onergtes to rghl | i rﬁeﬁ%oer tion_suffticient to energt efexact ly the
correct Amount BF the FIAESFECRAEPE E3Teq BRI HLM IS ercFef8F zes can be
gener ated wi t h esaeentiansd lgefiormgdpoavsieysi n Byheohitprastcatheer. 5

Wth lightly sigiefecemid My 220 pABkGSdedditsyy Hrld ifRGeaPAEALL LY £8P De
supplied by the_nornal ., m xi n%l %g%l ext rud] ng o erations.iLnvol.ved |£

produci ng the cBPFiRFCMERS i diPKRREIQN 4§ MPTY SMeddr ARG WApRLEY

oper ati ng especth¢ | gredremackhdemsitly| 2d wp gtk reneenyr gdgstehathdn
properthgs thattegs euk@ASNaAINEi€9NS| AkedE hdinPA1aRwaacBakeh. thgerefore in

a preferred manner of operating the alugina is provided.in_the form of
unni | | ed aggl on@’r’%?%’bc?)aﬁ{ ﬂﬂ‘\bé:gcﬁﬁgfsnan‘g‘ ﬁ’é‘b‘f‘é“’ﬁ%’b&llg‘ﬁeﬁﬁt §bep5??f‘f?‘g si ze
of from 15 to lm&keniak pref clemisiyyf dbAfSoenee 0z imsdomificast .

preferably from 40 pgh §IHGIRITRECEhe WhbPod N8y RAI el @Shieved

according to the invention in a number of ways. For

15 - example, it is possible to use a bimodal particle size
distribution, consisting of relatively large particles of
a first alumina component such as particles from 15 to
120 micrometer in average particle size and relatively
small alumina particles of a second component with

20 average particle sizes of from 1 to 15 micrometer. The
proportions in which the components appear is dictated by
the final desired porosity and the desired average pore
size. ' _

When a bimodal particle size distribution is chosen,

25 the larger particle size component can be supplied by
monolithic particles or alternatively, and sometimes
preferably, they may be supplied in the form of lightly
sintered alpha alumina agglomerates. This is often the
form of commercial alpha alumina components which can

30 relatively easily be comminuted to a uniform fine
particle size by a conventional milling operation. The
intensity of the milling required will depend largely on
the degree of sintering that accompanied the conversion
to the alpha phase. By initiating the process with

35 agglomerated alumina components and then subjecting the
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formed upon comm nution having nedian particle sizes of from1l to 6, and
preferably from1l.5 to 4 microneter. It is often preferred to use m xtures
of ground al pha al um na aggl onerates with known particle size distribu- 20
tion and unground aloﬁha al um na aggl onerates and to ensure thagrkPsn2236
productiron procke™M¥ udes no operations that could result in unacceptable
reduction in the average particle size of the agglonerate conponents. The
particles can have any desired configuration,but 25 since the
objective is to produce a carrier material with a high but uniform
porosity, this isaggbomefftias & lay midhingeaperatinn |snffdcipREL €l es have a
general Iy bl ocky, générat & dtd theSpBefbt amaitf icfuntdlel Einekn the sane
way, the smaller artic}rﬁes are .al refera ?@\/{baab Q bLogky in
shape. The mat or | BRI ?/miacﬁﬂteﬁlzdoé)%r Pf"g{r:'ulpis 2 €1s gla’g)e_dgﬁ?g om nant | y
on al pha al un na, with hexactlaadtheg@egigegr ew%btny 85 '-'é%e &i8plogapeiesnt or
more of the wei ghirigh iigndipishad ear alamningi dgyTredates,bynabphal aihgi na.
3 0gaa PVCVer MLNOL AIBUNGS, Ye Wb 88" BY EnOXS5IS YRR RS ang!O
zirconia, titaniapxsrhding aomyuatiancalinvoleedt in reneduginadéde Caardesy,
magnesi a an](c:J SLrOaaté}iaﬂaé/n&)a;rpirseq@bfftféheapgf@féméu WERO RS operaxi fg ]
conponent of the carrier.conpositiqn of t |nven%| on thi resent
in an armount t hat eFBﬁFé@%sz ?Ib‘?*ntg?eofnf“&ri%dp%?% %Te%af%vf‘;ip%%tﬁu ?fegggr ed as
the oxi de,10MD,) oprbherties iwhatwsinghireasonaplpf eonmistante faepubatghesent is
frf’m, 0.03 50 5.0 Bagcﬁspeﬁh&%ﬁfoxfé QA & %gtferzeg t@%ﬁ:ﬂ‘&ntofb)bp&&la@hhg Ige
cal ci um and nmagnesi um, conpounds 1 aée Jmay . be_use cqq .t r
carriers for the EEIPQF%PP%fPT%Ve"%r §é‘n%€lﬁen58ﬁ'{'i%% %I%“éllolﬁ‘ﬁe gé??\g%rar%oénds
that are deconposgbkticles having a median agglomerated particle size of

from 15 to 120, more preferably from 30 to 90, and most

15 preferably from 40 to BO micrometer, with the particles

formed upon comminution having median particle sizes of

from 1 to 6, and preferably from 1.5 to 4 micrometer.

It is often preferred to use mixtures of ground alpha
alumina agglomerates with known particle size distribu-

20 tion and unground alpha alumina agglomerates and to
ensure that the production process includes no operations
that could result in unacceptable reduction in the
average particle size of the agglomerate components.

The particles can have any desired configuration but

25 since the objective is to produce a carrier material with
a high but uniform porosity, this is most efficiently
achieved if the larger particles have a generally blocky,
i.e., more nearly spherical, configuration. In the same
way, the smaller particles are also preferably somewhat

30 blocky in shape.

The material from which the carrier is made is based
predominantly on alpha alumina, with at least 80 and
preferably 85 or even 90 percent or more of the weight of
the finished carrier being provided by alpha alumina.

35 However minor amounts of other ceramic oxides such as
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to or which form oxides upon cal cination. Exanpl es include carbonates,
nitrates, and carboxylates. O her suitable conpounds include the oxides

t hensel ves, and 15 m xed oxi des such as the alum nates, silicat es

al um nosi | i CQ&&%”‘&{?I rconates and the like. The preferred cogg,g
calciumsilic i magnesi um si licate. The silicon conpounds use

prepare the carriers for the catalyst of the present invention are OXI des
or 20 conpounds deconposabl e to the oxides upon calcination. Suitable
conpounds include silicon dioxide itself &s-well as the m xed oxi des such
as the al kal i neZéacbﬂniarBttadta&iilai,caﬁﬂ.ipazhndmrumméiirﬁsatwth metal

al um nosi | i cat eéﬁ&&.@ a&&f&at%gn'é\é%%}{éanﬁoﬁé dA)CO 3‘3;0%2%!%% nt .

pol ysi | oxanes 25 d]r . The  anmount _use suchas fo
provide, in the fin ‘f‘é‘}m c?&nﬂﬁgPFist'“ ‘P?‘b‘?ﬁ' cempanents of §Becent by

wei ght, such ascérvieon. @@nnqsn:nﬁ.oﬁm pér tbet ibhyeneighttiais das beC prégahent | y
fromO0.0g to 5. anfﬁcﬁrﬁ@uxjﬂy ﬁﬁ?dtﬂ@ep&@%@ﬁﬂﬁegr §'éi ) losgercent by |N€

zi rconi a conponent e o tlona i's prefera present tnh.an anount that
is fromo0.01 to"gd9ht pb? afeitdr: oxiden ¥R ’?/r‘?ﬁn"@‘% aagriey percent by
wei ght and espewedghy, fbtmn;&éfiazpeﬂq;enhebymuﬂngma@rﬂ: Qsperomni. by wei ght
based on the cagrjesnyed heoZbkCpai 4093
PCT) EPoT/ 0po36 oop “andeidl d‘a}&r}%’g?fﬁ o7R5268 2.6 erpelid B0 WBRRE . o 1 ea 10
give a final proporTPOrFRkTHh 3 FaIBERAHR: %?@0% zqt}a(?omau'rrpeohﬁédnds

whi ch mdyY be ustd prepmepadite tderrdiaxs €éos ahe oa(taih&storoﬁ:mmop&dsen/el ch are

5 decormosmbénépo&ramés&de%r @roébﬁﬁéuﬂagntl‘fﬂ %}{éatde% app

i ncl ude car bonat es tLefTsﬁand [ at es:l Sui tabl'e co S ncI ude
zi rconi um ni trat@, °E|‘fl't’o%? s YPoRefploination, Fé@“@)lle&es such as
Zirconi um include carbonates, nltrates, and carboxylates. Other

suitable compounds include the oxides themselves, and

15 mixed oxides such as the aluminates, silicates,
aluminosilicates, zirconates and the like. The preferred
compounds are calcium silicate and magnesium silicate.

The silicon compounds used to prepare the carriers
for the catalyst of the present invention are oxides or

20 compounds decomposable to the oxides upon calcination.

Suitable compounds include silicon dioxide itself, as

well as the mixed oxides such as the alkaline earth metal

silicates, zirconium silicates, aluminosilicates such as
zeolites, hydrolyzable silicon compounds, polysiloxanes

25 and the like. The amount used should be such as to
provide, in the final carrier composition, from 0.01 to
15.0 percent by weight, such as from 0.03 to 10.0 percent
by weight and most conveniently from 0.05 to 5.0 percent
by weight (measured as silica).

30 The zirconia component, while optional, is preferably
present in an amount that is from 0.01 to 10.0 percent by
weight, such as from 0.3 to 5.0 percent by weight and
especially from 0.05 percent by weight to 2.0 percent by
weight based on the carrier weight. Where the zirconia is
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silicates, zirconiumalumnosilicates, zirconates and the 10 i ke.

The preferred conmpound is zirconium di oxi de. The al pha al um na conponent is
nost preferably conbined with calciumsilicate itself but, as indicated
above, it is al so?ﬁ i}ﬁl ble to use a cal ci um oxi de-gene- rati ng-epPRpia¢ and
silica or a siM 43 erating 15 conpound i n such proportions that on
heating calciumsilicate is produced. These conponents are m xed with
zirconia or a zirconi a-generating conpound, (where present), a ceram c bond
material, lubricants and/or extrusion aids ahd water, forned into shapes
and 20 cal cigmxerakied fior wiltat, i ohef anounthiwded lshovddr ber sebécttdrd to

present catal yst sfvd of Eahaia 5% BcBP SRR cifichdpagapgeats and this

term as used her ers n agent t get her the vari ous
conponents of the car"?l}eerz%gomu“‘ EP!“BP“‘P‘?JS d’&?’rﬁ%&lab’oh Bsedr o aprepare
extrudabl e past e, the ecartilerss areablkedek oot t esmenatdsr @hichdang agent. The

bi ndi ng aggnt al sgefaiddd teegot Be %&&HSf%mmugxnaégwgné ACILY.

Typi cal binding agents 1nc al umna gels, particularl y In Cco nation
with a peptizing leg dipcigrde carhenpfes; ifrates: pRdacrEt °xwr%foes
sui tabl e are the sattabildasegamider iakinde nzixebmigpnc alilkrhoegszancbnium

substi tuted cel | uhpsepoUcll 321TPLEY kel hikosCncidl a6kl UL oser 8t um

car boxyet hyl cel | ul'0S€, stearates such as organi ¢ stearate esters, e.g.
met hyl or ethyl s?b%*%&‘é’-sMM§°%HWBFBWH°S11%@?/'469§S°nates and the

PCT/ EP97/ @3236 - like. 0X¥lieprafeérired kbokpoulril efierziaddning dfofgesat s are

petroleumjelly and pply (}gé%a a )ﬁl"&g %’Q?OM%%T ofg g@,ls%m#gh@éﬁgg nesi um

silicate, whether prepare rect n situ e constraints
5 descri bed %‘b‘&‘%’e“e%%t&bﬁﬁilé’t‘é‘f“ysiébﬁ:%‘&% iqne lfobyts opsaindicated

above, it is also possible to use a calcium oxide-gene-
rating compound and silica or a silica-generating

15 compound in such proportions that on heating calcium
silicate is produced. These components are mixed with
zirconia or a zirconia-generating compound, (where
present), a ceramic bond material, lubricants and/or
extrusion aids and water, formed into shapes and

20 calcined.

The formulation from which the carriers of the
present catalyst is formed can also comprise a "binding
agent” and this term, as used herein, refers to an agent
that holds together the various components of the carrier

25 prior to calcination to form an extrudable paste, i.e.,
the so-called low temperature binding agent. The binding
agent also facilitates the extrusion process by adding
lubricity. Typical binding agents include alumina gels,
particularly in combination with a peptizing agent such

30 as nitric or acetic acid. Also suitable are the carbon
based materials, including celluloses and substituted
celluloses such as methylcellulose, ethylcellulose and
carboxyethylcellulose, stearates such as organic stearate
esters, e.g. methyl or ethyl stearate, waxes, polyolefin
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ceram ¢ bond conponent. Even where it is considered necessary to use a
ceram ¢ bond conponent it is often possible to use ceram c bonds
containing, overall, a |ower anmount of silica then is present in

conventi onal bonds. It also permts the avoi dance s of
silicon di oxi é@’\?\’ﬂ?’gﬁ typically contains deleterious anmounts 0Of Sodium

I ron and/or potassiuminpurities, especially when present in clays,
bentonite and the like. As is known, the avoidance of such netallic
inmpurities is 15 a highly desirabl e-ob} ective. The role of the
zirconi a, whereomsdds asdnehie f1ikey. updersireed bididg YRS ata Stabilize
certain parti al ' | On.: | vsi ' .. Calciumsilicate appears to
stabilize at le gtékgﬁ%?@p%€ﬁ%n*§f.at’oﬁgoglg?%gn?’éléens‘t he 20 nore active
tetragonal form insTRRAURR hLHGHNM PHi magpeaiem siliisiatehewherbdrphase

revelrts when hepregaradtdbtredspnes (fb_rﬁxaHCiiﬁmsﬁi:dxiﬁfﬁ&-tﬁ@%oﬁé&!’rhﬁﬁfté”d_
cat al yst =pr epar r 0 er_ceram c-f orm ng
yst gp E agségﬁf)&fi Y C%Wo%ngﬁfoe?ﬁgpgé%aﬁeegzthﬁnyﬁega?o

conponents 2 hosen Lo contri bu ‘ prdperties,
i ncl udi ng crushCe¥rBAGt PPRAFIMRONENte. E¥enewhedpt cit denmpomsitdsredch as
titania in anbuneseskatyp t® WsdPal etamiy BEhENEompsemf tien ;Eourdf0 confer
particul ar adv |.er. terials. e titania n be added as
a 30 conpgﬁzé%tgfg?gtﬁ%%%?{%é%ﬁcx 8?8?0?"??""’(:%{‘9@ °X&E€§§t ot he porous
cal ci ned carri etO8§¥ | APPWRhAT i lisian§hant isapresentalin doaventdenplr poses
of thisiepecifibahdsn, it FIesypyothite €ReOaPOSakde IdFe @XieeedUr bRY t he
firing operati 0p.qs . . \ ,
PCT/ EP97/ 02236 %%%é?#%ig%’é@%ﬁ@‘rh‘fsh SYPERBLLY, PP 0% ILREGTE8Y Bt her, for
exanpl e by mi || PRAGUNERCH Yt denl apd/ eor pethsdiom dempuplisibs, ext rudi ng
or pressing, inéSpSEEPELy when present in clays, bentonite and the like.

As is known, the avoidance of such metallic impurities is

15 a highly desirable objective.

The role of the zirconia, where used, is not fully
understood but it appears to stabilize certain partial
oxidation catalyst recipes. Calcium silicate appears to
stabilize at least a proportion of the zirconia in the

20 more active tetragonal form instead of the monoclinic
form to which the mixed phase reverts when heated in the
absence of calcium silicate.

The carrier and catalyst prepared therefrom may
comprise a number of other ceramic-forming components

25 chosen to contribute to the desired physical properties,
including crush strength and the like. For example,
components such as titania in amounts of up to S5 percent
by weight, are often found to confer particular advantage
on such carrier materials. The titania can be added as a

30 component of the initial mixture or it can be added to
the porous calcined carrier by impregnation using a
titanium salt that, for purposes of this specification,
is presumed to decompose to the oxide during the firing
operation.
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pellets, for exanple, cylinders, rings, trilobes, 5 tetral obes and the
|ike. The fornmed material is dried to renove water that would convert to
steam during cal cination and destroy the physical integrity of the shapes.
The drying and qﬁlﬁinﬁéion can be conbined in one step by sui peéRkm702236

pT ogr ami ng of W2 and 10 tenperature. Calcining is carried out
under conditions sufficient to volatilize [ubricants, extrusion aids and _
bi nding agents and to fuse the al pha aluning,particles into a porous, hard

mass. Calcination is typically carried out in an oxidizing 15 _

at nosphere, such as &éﬁéﬂtﬁ‘&scwpﬂ%?%ti)r%ﬁ‘ &hEOICRTER BT aRBE 1% Fraxi mum

t enperature over tk3fdkHear,r fCraesampié cvylmil Irizgi apef mﬁmtd&ﬁ&f éﬁ%a’]] Gdo 00
1500 [err] C. Ti meg, h ' rr%qg[ I a ro .5 1o

m nutes. The cal ci nig&de ‘%’a?r%?erg?é g‘ﬁg@c%)?a _sﬁﬂﬁiﬁgr gﬁggggsg’ l@%rsg?arpoenqz
typically have pdet AT RXpBPIer a?kg{’ﬁ'ﬁiqrﬁomre?lgst otBikobesg, and nore
pref erabl ysfrom Gcextaidbes mindgthaniiker f At Heaedr aagehgal rendkily tt@ 3. 0

n2/ g, d f 2 e iodica . above, it may
be %écggsaf;etgrZlaéc]yoa‘_%%}?t%étsgg}:a%&é{%oén%]‘;ﬁ%tte%?afegéﬁt %‘gg}ngiture to give
added strength t F3¥eimatior agd festrey thsmhyigdicadeinbrarbondefeths i al s

can be used in anshapes.of Theodr@idgt and qelcienit iby whghé,?mﬂ%cpmﬁ ht(:ah
wei ght of the ceram .S_{ht ifign..and.after firing ese
typically 30 ﬁgo%p%%%%ﬂagﬁgg?é&e?% xprgzlg_e&%agh?hgmd?(l% , such as
silica, alf®nina, YHWRATHSUNS-caf@iciBinglinecarsied Rutanndar deenditiians
met al oxi des and sufibicilentceocanolat$lbie i Iubridsnde , a8t us don WADXiZR W th

the first two beighdify dYEhRaNhn§OPROARNY She almaQZi&lgggg particles
PCT/-EF97/ 02236 - 12 -
into a porous, hard wmass.

Calcination is typically carried out in an oxidizing
15 - atmosphere, such as oxygen gas or more preferably air and
at a maximum temperature over 1300 °C and preferably
ranging from 1350 °C to 1500 °C. Times at these maximum
temperatures can range from 0.5 to 200 minutes.
The calcined carriers and catalysts prepared
20 therefrom typically have pore volumes (water) ranging
from 0.2 to 0.6 ml/g, and more preferably from 0.3 to
0.5 ml/g, and surface areas ranging from 0.15 to
3.0 m?/g, and preferably from 0.3 to 2.0 m2/g.
As indicated above, it may be necessary to add a
25 ceramic bond material to the mixture to give added
strength to the fired carrier. Conventional ceramic bond
materials can be used in amounts of from 0.2 to 5 percent
by weight, based on the weight of the ceramic components
in the composition, and after firing these typically
30 comprise components, (expressed as the oxides), such as
silica, alumina, aluminosilicates, alkaline earth metal
oxides, alkali metal oxides and minor trace amounts of
iron oxide and titanium oxide, with the first two being
the dominant components.
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The preferred porous al pha alum na based carriers for use in the catal yst
of the instant invention have a netallic |eachables content bel ow 2000 ppm
and nore preferably bel ow 1000 ppm By conparison with carriers 5
having.einilqgog%% jties and packing densities nmade using LpeEpsiBager am ¢
conponents an conventional burnout materials, these carriers display
a significantly greater selectivity stability in the oxi dati on of ethylene
to ethyl ene oxide. 10 The carriers descri bed above are
particularly suited for preparing ethyl end%xi de catal ysts which have

i proved sel ecti vi t Thanekeffeaedd worpust abpha t yluniire Eaiseldy saxthersatakyst s

of the present jpyep)ife CO{EUIvR ¥flPhe insfRh@l ¥l %@g ok elf ctj ve anount
' r ' Eall netagé e05|te onacarrler

of silver and ag O{r%tl a t of
as described abBvE2itthet®dft ee“r§°1“ﬁeBFo%}‘P‘ﬁ ARl Me&eopt i onal | y
present on the patftyabky seectowaslotdr ppaar t Bg, canmmmmwnﬂhe&awm‘ualﬁd
r heni um o- pro - r bedenum
G Bﬁé@iﬁ mllarié?fagf%Qeg Q?ﬁ #éé*&ﬂq dﬂHé¥P'%@ mgﬁe catal yst s

tungst en, phosphorus; boron and m xtures gltenera
of the present RALVRA TR SATS FRRAINE] CRFPPREREY ARG i thSonyentipnadlt h
silver ions or borpoutndisericin ehese) candiers stidflsy ¢i s9gni€dcantdy25

sui t abl e sol ven C. t ort: of from1l to
40, preferably %?%%%ft%ﬂ%c%%ﬁ%%%agﬂ% hanbaé';l%&’t%agﬂ%gﬁ go‘Flft of the

total catalyst,ebRYieRg o ethyliens Qg‘ﬁéieed support is then separated from
t he sol ai on and thEheieqmieeﬂs sidswetibednabovel are rpedttdedh13@ly suited

tall | t
metal lic si VerWIth %Qgﬂg&'é 1! BG éHpeQQEélfééé‘% 1@%%5%0

coi nci dent al | upsequent to t ede 0S| ono e silver will be
suitabl e ions, SFPEBYRR %t%d?YoP“QAPF(Ef brity ieabiddtN- di ssolved in a
sui tabl e sol venI‘he.éd:ataMm ted on the carrier 35 coincidentally with
the deposition of tﬁ@éséééﬁiyéﬁyﬂay'the present invention comprise a

15 catalytically effective amount of silver and a promoting

amount of alkali metal(s) deposited on a carrier as
described above. Other promoters in promoting amounts may
be optionally present on the catalysts such as rare
earths, magnesium, rhenium and rhenium co-promoters

20 selected from sulphur, chromium, molybdenum, tungsten,
phosphorus, boron and mixtures thereof.

In general, the catalysts of the present invention

are prepared by impregnating the carrier with silver ions
or compound(s), complex(es) and/or salt (s) dissolved in a

25 suitable solvent sufficient to cause deposition on the
support of from 1 to 40, preferably from 1 to 30 percent
by weight, basis the weight of the total catalyst, of
silver. The impregnated support is then separated from
the solution and the deposited silver compound is reduced

30 to metallic silver. Also deposited on the support either
prior to, coincidentally with, or subsequent to the
deposition of the silver will be suitable ions, or
compound (s) and/or salt(s) of alkali metal dissolved in a
suitable solvent. Also deposited on the carrier

35 coincidentally with the deposition of the silver and/or
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WO 97/ 40933 PCT/ EP97/ 02236 - 13 -
alkali nmetal will be suitable optional pronpter conpound(s), conplex(es)
and/or salt(s) dissolved in an appropriate solvent. The catalysts of the
present |nvent‘5v8r; %pr epared 5 by a technique in whi cpchiporanies! i
met al pronoter as we as any additional pronoters in the formof soluble
salts and/or conpounds are deposited on the catal yst and/or support prior
to, sinultaneously with, or subsequent to the deposition of the silver,
alkali metal, and any other 10 pr onot érs.” The preferred method is to
deposit silver, alkali metal waid dey sofibebleropoiaisl pramorareously on the

support, that isg ?aoanatébg' CdniPile %t'éét)'QHd?&Ppsa#eEQOL&]Qéotlvleﬁ pg! Lgved

that the indivi du or concurrent deposition of t metal prior to
and/ or subsequen®PBEOPTiate FQ¥EMeposition of the silver woul d aI so
produce suitabl e catzhegstatalirsamoiofnghenpuesentofimbd ionmatral pﬁépﬁ.’fe{tﬂur es

of alkali gretal ggeadeposigih ofh YHACHOACSHPROTE WA dHolibaPhE el

solution. Althou metal exist in a puré netallic sta
they are not sui gﬁbf“@yf% POt §Fth “Th%@e I Qg Sgéubéﬁsselts _
conpounds of al kahd/msteémpcdnaiaolat@ddjepoalsadtablterléaiatmwsfcoanaptafegnat i on

pur poses. The CaEHJ?& ts%%;@lr qgatAh, 3’{_5? %géﬂl%it%i‘f Yr @Jg@ 'unREaLgf ter

pronoter ions, conpoun aring or
i npregnation of tRE §?P9%+t’r°€5hs°forth§afst‘-@¥?r' c%%’ﬁ?lek("é%‘aa -aR@SoRn¥ orpBERd( S)
has takenol ace. ppomatéssi IMialprefervedr metodvis e digeeditt edloar he

carrier after reslmamnmé@af%trﬁi la'ngr &h&@r ? oéé&ergl%ﬁ%%ne‘épglgmﬂm'”g

anount of al kali tal uti on severa riabl es
such as, for exaﬁgge,su?ﬂ%r%urtf ‘:?r'eérnaﬁdsb’&ﬁﬂe s’c‘?‘tﬁ%%’ﬁd%ﬁ?f ace
chem cal propert agéshotgh hiet cias rhedrieveddthahetie | iredivichiaAnibrotohbarrent

deposition of the alkali metal prior to and/or subsequent
1S to the deposition of the silver would also produce
suitable catalysts.
Promoting amounts of alkali metal or mixtures of
alkali metal are deposited on a porous support using a
suitable solution. Although alkali metals exist in a

20 pure metallic state, they are not suitable for use in
that form. They are used as ions or compounds of alkali
metals dissolved in a suitable solvent for impregnation
purposes. The carrier is impregnated with a solution of
alkali metal promoter ions, salt(s) and/or compound(s)

25 before, during or after impregnation of the silver ions
or salt(s), complex(es), and/or compound(s) has taken
place. An alkali metal promoter may even be deposited on
the carrier after reduction to metallic silver has taken
place. The promoting amount of alkali metal utilized

30 will depend on several variables, such as, for example,
the surface area and pore structure and surface chemical
properties of the carrier used, the silver content of the
catalyst and the particular ions used in conjunction with
the alkali metal cation, optional co-promoters. The

35 amount of alkali metal promoter deposited upon the
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catal yst and the particular ions used in conjunction with the al kali netal

cation, optional co-pronoters. The 35 anmount of al kali netal pronoter
deposi ted upon the WO 97/ 40933
PCT/ EP97/ 02236 -14 - support or present on the catal yst generally lies

bet ween 10 ancyv‘éﬁw933preferably between 15 and 2000, nore prBFEERR(03236
bet ween 20 and 1500 and nost preferably between 50 and 1000 parts per
mllion by weight of the 5 total catalyst. The alkali mnetal pronoters.
are present on the catalysts in the form-oft4cations (ions) or conpounds of

ot el y act v aams T prdsear 5‘*réﬁf%ﬂm‘fﬁx%ﬁ‘éﬂ;@%n%ﬂé‘%u’?%oi% in
extrenely active free net.al s aQr

this specificat ?]bgn 3 Y, raRGSEFARREY tkﬁ%}“’%’% r é4%o BRTe ) Kkal |

metal " or "al kalPrefexablyr.obetwesn évemdmaﬂdey\oatepnefepabbpnt on the
catal yst as et %éw‘eeﬂ{ P Bl 1%thH$-té rgéxnqulfoa bymlgﬂe SEQPg Of the
| nventlon b&:eli evetﬁl %E ijk%n’o tr‘?g'n npounds are oxidic
corrpounds 15 & °pref8fr 2 folsif tpr°§‘PtF§§s?r% PEgeANt on
proportion (gredths a3dtalysy®n vn. rhef foie of lcatiiomst disnal eos etamp@chdg om
the group consi Scsfrts;b 1X@eASEi H&féé@'éﬁrﬁ%urf&”ssb%uﬂgc@ EbiS ereréé‘er%f

As used herein, ter aI ka metal " and co s thereo s to 20

the al kali met aI% Bne*t %(ﬂ‘f'stl i gesf atkehi u‘ﬁ?t%Jcﬁil um
pot assi um rubi oﬂlﬁhouséslfmn arndvaniemespummsasf inAshiisespéei £ieptidie term

"m xturegoof al kild JMiiMsStney SQQ”@&P@rﬁId tﬂ?ﬁ%% t-s&izg%i%sééﬁooé he use of

two or nore of t al kal i tals _as ap rovi de a
promoting ef f ect henﬁ}ﬁ M B© @?'éﬁﬁ ‘Téﬁ'b %ﬁﬁ’é‘g@eé‘f‘ﬁ}ﬁ ﬁFﬁsn?‘btﬁ"Eﬁ&tﬁﬁt
cesi um pl us pot &sithg Q?@@lmpaasmsmm alegiemtspl Wsthothi imyerdixigim pl us

rubi di um plus sadi URmitesineMsRbpe HOARS HPIHtYSnSOdtUTL believed that
the alkali metal compounds are oxidic compounds.

15 In a preferred embodiment, at least a major
‘proportion (greater than 50% wt.) of the alkali metals
are selected from the group consisting of potassium,
rubidium, cesium, and mixtures thereof. As used herein,
the term "alkali metal" and cognates thereof refers to

20 - the alkali metals selected from the group consisting of
lithium, sodium, potassium, rubidium, cesium and mixtures
thereof. As used herein, the term "mixtures of alkali
metals" or cognates of these terms refers to the use of
two or more of the alkali metals, as appropriate, to

25 provide a promoting effect. Non-limiting examples
include cesium plus rubidium, cesium plus potassium,
cesium plus sodium, cesium plus lithium, cesium plus
rubidium plus sodium, cesium plus potassium plus sodium,
cesium plus lithium plus sodium, cesium plus rubidium

30 plus potassium plus sodium, cesium plus rubidium plus
potassium plus lithium, cesium plus potassium plus
lithium and the like. A preférred alkali metal promoter
is cesium. A particularly preferred alkali metal
promoter is cesium plus at least one additional alkali

35 metal. The additional alkali metal is preferably
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cesiumplus lithiumplus sodium cesium plus rubidium 30 pl us

pot assi um pl us sodi um cesium plus rubidium plus potassiumplus |ithium
cesium plus potassiumplus lithiumand the like. A preferred alkali netal
pronoter is cesium A particularly preferred alkali netal progeigperios23s
cesium pl us at WRIUOB e additional alkali 35 nmetal. The additional

al kali metal is preferably PCT/ EP97/ 02236 WD 97/40933 - 15 - sel ected

fromsodium lithiumand m xtures thereof, with |ithium being preferred.
Non-limti ng exanpl es of other pronoters indPude rhenium sul phate,

nol ybgate UngStQéBe@i’éii droanebdifgel bthium dhdBmiRatuert hberdofH6yilidp,

I ssued August 23,4 ]§§ sphat e and borate; sul phate ani on,

fluoride anion, oxyanlons \%gﬂre§§rgggto 6b (see U. S. Patentphb

5,102, 848, i ssued Apr|117°nf‘111'9§2}‘9 examples RIS PYOHCLRER: 1861ud® ed from
Slc)ugs 3 th{j ough fﬁeﬁﬁdn(lsﬁlpﬂdltfe, moaybahténeaumtﬁtaalnﬁs chibhaeai (sse of
alides, a oxyapni gn el ec r b h,7b see
U S. Pat en'?’ no. %9%8,3%%3%% tsrg)ue 3&%&8% %%b‘to erezgr e&ggggg ?J (

met hods to add t heell|a®rohafPhatendper borate hes fﬁ'@r agiogypférpride

One net hod of preaaidnmg d-heariidnec b £C Grbapai By ttated yadeec@n sherheant in U S

Pat ent 3, 702, 259 1 h t h h
si |l ver-contai ni ng cat al ys%\bé/ﬁ:bqﬁSLEd gégﬁ(??l ;qo%ét% noﬁ‘% fogﬁ,aﬁﬁgﬂgré,ﬁgagl ©
pronoters can be ebdewment rselesteghifapm Sgoups 3 sthygngly |a§§‘uééll March 1,

1977, andid S. Pahgril{H{Edp, n@a’lt&l isadtedwdeh odeiods, oﬂ&&alduss aRat ent

_ ig??z @?hohzsrg?o%ugﬁlons g é’%%% tf’rgtn 89‘51?8& fla Q:"@%’az%nd %ﬁugﬁryﬁ&ﬁhﬂ}&

(see U.S. Patent no. 4,908,343, issued March 13, 1990).
There are several known methods to add the silver and
promoters to the carrier or support.

15 One method of preparing the silver containing
catalyst can be found in U.S. Patent 3,702,259, issued
November 7, 1972. Other methods for preparing the
silver-containing catalysts which in addition contain
higher alkali metal promoters can be found in U.S. Patent

20 4,010,115, issued March 1, 1977; and U.S. Patent
4,356,312, issued October 26, 1982; U.S. Patent
3,962,136, issued June 8, 1976 and U.S. Patent 4,012,425,
issued March 15, 1977. Methods for preparing
silver-containing catalysts containing higher alkali

25 metal and rhenium promoters can be found in U.S. Patent
No. 4,761,394, issued August 2, 1988 and methods for
silver-containing catalysts containing higher alkali
metal and rhenium promoters and a rhenium co-promoters
can be found in U.S. Patent No. 4,766,105, issued

30 August 2, 1988. Methods for preparing silver-containing
catalysts with a variety of different promoters are found
in U.S. patents 4,908,343, issued March 13, 1990 and
5,057,481, issued October 15, 1991.

A particularly preferred process of impregnating the

35 carrier consists of impregnating the carrier with an
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silver-containing catal ysts containing higher alkali 25 metal and
rheni um pronoters can be found in U S. Patent No. 4,761,394, issued August
2, 1988 and nethods for silver-containing catal ysts containing higher

al kali metal and rhenium pronmoters and a rheni um co- pr onot erw %4 ound
in U S “Pat en™NG4#3 766, 105, issued 30 August 2, 1988 ho
preparing silver-containing catalysts with a variety of different prom)ters
are found in U S. patents 4,908, 343, issued March 13, 1990 and 5, 057, 481,

i ssued October 15, 1991. A particularly prefefred process of inpregnating

the 35 car pigueogsnspiutioh comraigrialg ag stileecasalerofvd rbmoxyme
97/ 40933 acid, an organlc amlne and a saltpg¥/ggg¥682£§ égit of
aqueous sol ution cg a_car ic acld “an organic

tarnn alt. of
anine and a sal % oﬁggég ﬁgﬁnﬂf’éajs’alqlﬁﬁOIé(ﬁdaé}HFFFbﬂal 21 kepy aradadieved
therein. Silver isxal prefezradpsaiterred salt. The i npregnat ed

Fort] @ S oreter abl edﬁi‘f@mﬁmﬁﬁg%“@éd’?%@aﬂ%%ear%bﬁﬁéﬁtég 453 reitatuedt 000
evaporate the I?’&éwﬁegnﬁ PBdgge“ ?f&ﬂeeﬂq"i“& &00yEfF: Pre Ja{ hetmeen t he

i npregnati on prabess Gﬁnpf.‘l gnd dffout 4040 r?pregnatrapgrhhe Shp T du i tahgone or

nore sol utions eQERGEE ggmétgyﬂc @H@%f met al and optional other
pronoters. The concentration of the silver (expressed as the netal) in the

si | ver-cont ai ni ng sOPuSFBRTA | FerlfrgFher dPTegPRt iR (REQFRSS (loumTiisep | i i t
when a slithgl e 13mpregnatjnggnbe i suppaxrtumilktihzede ofhmoreneshiviadrnson of the

al kali netal (eéaﬁ@&sgﬁngssiweﬁﬁtﬂﬂalvﬂ Hetagngﬁdféﬁfqé\%é(l QA1 up to 12

g/l and preferab roml x 10[err abou en a single

i npr egnat i on st?ﬁgfng ﬁffrlrgléﬁ ?;)‘Fﬁfﬁ']rﬁart&tc’f“o% EBecBiLYETy t9iRrassedapsye

not ed ranges the metal) in the silver-containing solution will range
from 1 g/l up to the solubility limit when a single

15 impregnation is utilized. The concentration of the
alkali metal (expressed as the metal) will range from
1 x 10-3 up to 12 g/l and preferably, from 10 x 10-3 to
about 12 g/l when a single impregnation step is utilized.
Concentrations selected within the above noted ranges

20 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 be readily determined by routine
experimentation. .

25 It is observed that independent of the form in which
the silver is present in the solution before
precipitation on the carrier, the term "reduction to
metallic silver" is used, while in the meantime often
decomposition by heating occurs. We prefer to use the

30 term "reduction", since Ag* ion is converted into a
metallic Ag atom. Reduction times may generally vary
from 0.5 to 8 hours, depending on the circumstances.

The Procegs
In commercial operation, ethylene and oxygen are
35 converted to ethylene oxide in an ethylene oxide reactor
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20 wi || depend upon the pore volune of the catal yst, the final anount
desired in the final catalyst and whether the inpregnation is single or
mul ti pl e. Appropri at e concentrations can be readily determ ned by routine
experinmentation. It is observed that independent gdrgfgodase min
whi ch t He' 5|Iv§W)?@mﬁ?esent in the solution before precipitation on the
carrier, the term"reduction to netallic silver" is used, while in the
nmeantime often deconposition by heating occurs. W prefer to use the 30
term"reduction”, since Ag[err] ionis coﬁvé?ted into a netallic Ag atom
Reduction tines rmylgerw:@ﬂlyse\salaylérgm Pixed cubehdieas, edehpangeng on t he
ci rcunst ances. I .4 n are
o ag,[%%%e éév%%‘ge‘cﬁb&lsaz?&‘%%‘ﬁ:fésohl%gyl&{?ﬁ 88¢a P!

35 converte ne oxi ene oxl de reactor
97/ 40933 A coolant is used on the shel gice Efgf.pezgggcto{f:o whi ch
conprises a | argerémows ghdbaedmaioferehangen. cTudiantngempeeanbirédcarsand

tubes Tillgd withecalaludly w10l bf MrettAldd o pakhighde of the

reactor to"renove reaction nperatures are 5
frequently utlllzégthSl%yv|Wkﬁhﬂﬂﬁ9§nCSPlé%Faﬁ%@ﬂeﬁﬂﬁﬂ“ﬁst§°rﬁFFH°F§§F9 to
cool ant tepperﬁtFleﬁefOwi&émyyuhauglwathener catal yst activities. In the
reacti on of ethyl ene | { L.de, . L he
ethylene is typicall Pﬁ[;r%gee\r%ea%dﬁ&g%@ Eghﬁ%géja%ugegydg %gﬁtt on a
nol ar basi s) conpnr@@u9$t¢FQﬂéﬁﬁﬁ1°xBéﬁ t hlae apiehnkenst %&I?VPéﬁéléHﬁPﬁﬁ%ﬁpqs
general | yaguch hi gheae ﬂéwss:cmwwlenamauhhe(@icuencamwmalsem| yompared at ed

oot ond 0 or YELE BEIGEL M TnO XIS \A@fcalgﬁ rge%n\giggéunfg in the

reaction to form¥5 e an enat e roduct s.
The generally much hlgher. The convers1on is there ore

conveniently calculated according to the mole percentage
of oxygen which has been consumed in the reaction to form

15 ethylene oxide and any oxygenated by-products. The
oxygen conversion is dependent on the reaction
temperature, and the reaction temperature at which a
given conversion is reached is a measure of the activity
of the catalyst employed. The value T4q indicates the

20 temperature, expressed in °C, at 40 percent oxygen
conversion in the reactor. The selectivity (to ethylene
oxide) indicates the molar amount of ethylene oxide in
the reaction product compared with the total molar amount
of ethylene converted. In this specification, the

25 selectivity is indicated as S40, which means the
selectivity at 40 percent oxygen conversion.

The conditions for carrying out such an oxidation
reaction in the presence of the silver catalysts
according to the present invention broadly comprise those

30 already described in the prior art. This applies, for
example, to suitable temperatures, pressures, residence
times, diluent materials such as nitrogen, carbon
dioxide, steam, argon, methane or other saturated
hydrocarbons, to the presence of moderating agents to

35 control the catalytic action, for example, 1-2-dichloro-
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oxygen conversion is dependent on the reaction tenperature, and the
reaction tenperature at which a given conversion is reached is a neasure of
the activity of the catal yst enployed. The val ue T40 indicates the 20

t enper at ur e, din[err]C at 40 percent oxygen conversion.in the
o e EEREPE o

reactor. The e ity (to ethylene oxide) indicates the

et hyl ene oxide in the reaction product conpared wth the total nolar anpunt
of ethylene converted. In this specification, the 25 selectivity is
indicated as S[err], which neans the select8vity at 40 percent oxygen

conver si on. The ethadetl, i oAyl othTridd NGthyl SHEBrdde O A1 -GG I ON in
the presence of (RS REhYEr s .accordi.ng.to the present invention
broadly conpris& t%gse g% cg@%’ﬁ%’a&% g:glgcfife%éaaphfﬁﬁg ?thi%}Ple’rYtl.ng Thi s
applies, for exdfF¥Elet BPetREPN® Q% ARPLYLDOeSUCpeeS Ve amnveasiidarcdant | NeS,
di | uent materi akddffeeknasreattageto Gadiease ek ipie RiSHR AigARnMet hane

or other gatura yd o) e _presence of noderating agents to 35
control the cat gﬁi'g?é é@?%ﬁ rétcei%(eéhnp e TE: 2981‘@?1?’0‘?QF- ‘ﬁ"l%“@?/ kgo33

PCT/ EP97/ 02236 Se18ctedt HarRrosRasas disoprdparenayétinrlans daide .chl or i nat ed
pol yphenyl conpensgsurés imerkestdrajy loft ¥reh SERLOMM J &Y GlsooRpLat i ons

or applying suc S} rSi in dif.ferent reactors to i ncrease the
yi el ds of ethyl %ﬁ% ?gﬁeg&fgi%‘\e"%iﬁﬁﬂt ol“éﬁ e}t REPS e ol NWSYET Y i 888 whi ch

may be sel ect ed?Ph Bxetededs fNplgsudsar orygenhghpheyeaskiste reliceasur eani n t he
range ofiof r om absoepbained t fraid HdbrRatrdbaalcsshatdy. eMld\Rd rahgher

bon 10 " b SeraeRiihatie WY Wikes o pESENFLallY B e Taedtniy Buggon
charge may consP¥¥YI8RschtFAITSNIGALES gxygehyspream comprising oxygen in
major amount with lesser amounts of one or more diluents,
such as nitrogen and argon, or another oxygen-containing
15 stream, such as air. It is therefore evident that the
use of the present silver catalysts in ethylene oxide
reactions is in no way limited to the use of specific
conditions among those which are known to be effective.
For purposes of illustration only, the following table
20 shows the range of conditions that are often used in
current commercial ethylene oxide reactor units and which
are also suitable for the instant process.
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oxygen, a concentrated oxygen stream conprising oxygen in major anmount with
| esser anmpunts of one or nore diluents, such as nitrogen and argon, or
anot her oxygen-contai ni ng 15 stream such as air. It is therefore

evident that th f the present silver catalysts in ethyl gRgppmiesas
Fa s

reactions’is i limted to the use of specific conditions anong

t hose which are known to be effective. For purposes of illustration only,
the follow ng table 20 shows the range of conditions that are often
used in current comercial ethylene oxide-ré8ctor units and which are al so
suitable for the instant process. WO ARG 33

PCT/ EP97/ 02236 - 19 - TABLE | *GHSV

1500- 10, 000 I nl et—Presst+e 1034-2756—-kPatnlet FEeced
Et hyl ene *GHSV 1-40% [ err] 1500-10,000

3-12% Et hane Inlet Pressure 0- 3% Chl or ohydrpxaarihegg gpgder at or

0. 3-50 ppnv totahpgﬁggﬂﬁggp/or nmet hane and/ or Bal ance nitrogen dil uent
Cool ant tenper at 180-315 [err] C Catal yst tenperature
180-325 [err] C O err] BEWiens on | evel 1-40%10- 60% EO Producti on
(Wrk Rate) &@p- 325 kg/ | of catalyst/hr. *nizss of vol une of gas

at standard tenperaILwéiﬁaql pressure passi ng over Qn%%unit of vol une of
packed catal yst per hour. 1Th a preferred application~of the silver
catal ysts accordi ng t Fhlrrahydapcashon apederatoroxi de 3-S5 0pppuwcbdtal

Argon and/or methane and/or Balance
nitrogen diluent

Coolant temperature 180-315 °C

Catalyst temperature : 180-325 °C

Oz conversion level 10-60%

EO Production (Work Rate) 26-325 kg/1 of
catalyst/hr.

*Units of volume of gas at standard temperature and
pressure passing over one unit of volume of packed
catalyst per hour.

In a preferred application of the silver catalysts
according to the invention, ethylene oxide is produced
when an oxygen-containing gas.is contacted with ethylene
in the presence of the present catalysts at a temperature

5 in the range of from 180 °C to 330 °C, and preferably a
temperature in the range of from 200 °C to 325 °C.

While the catalysts of the present invention are
preferably used to convert ethylene and oxygen to
ethylene oxide, other olefins having no allylic hydrogens

10 can be oxidized using the silver catalysts of the present
invention to produce a high selectivity of epoxide
derivatives thereof by contacting the olefin feed with an
oxygen-containing gas in the presence of an organic
halide and the silver catalyst described above under

15 defined oxidation conditions.
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when an oxygen-containing gas is contacted with ethylene in the presence of
the present catalysts at a tenperature 5 In the range of from 180 -
[err]Cto 330 [err]C, and preferably a tenperature in the range of from 200
[err]C to 325 err C Whil e the catal ysts of the present invention are
preferably us ®Bnvert ethyl ene and oxygen to ethyl ene oG TR

ol efi ns havi ng no allylic hydrogens 10 can be oxidi zed using the
silver catalysts of the present invention to produce a high selectivity of.
epoxi de derivatives thereof by contacting Be-olefin feed with an

oxygen- cont ai ni ng game @rbbeseresen@se Oéepéttqrx&a@b%xhagtﬂsnaaﬂ éi@fﬁié ver
cat al yst descri t}led .above u ned axi dati on cond

97/ 40933 S HPHS 4298018 nydrogdiid °°‘“Pr|36?FEE§"7F6§Eé%9 tig) feelﬁhev\D
process for the d&fdati prefgarbdit annclefin didvigichati Agasb 4l ¢ythan

hydrogens conprifesnsconiiast anguEbeciese @lfitity erfaar B3R\ ¥eADcOhEL 4 A Apvi NG
at |least 4 carban At OITE, \eﬁo utfigcient quantit ﬁ Pg gkg gen-cont ai ni ng

5 gass SO asg 2 st & nta? ﬁgéﬁﬁ?a\:h? a9 rof"’aé"llé’flo gEn YISt

range of 0.01 upn d‘-h@O ranget p§ Pretevpct®f2Gin ioy gdvei preabnde aficara sil ver

catal yst at a resgdie Haggaer ananatsfawm@atcmylsﬁl be AOQQchéféna”d a
tenperature in the Jange .Of g‘F[ﬁaE%ﬁ to 325 er:?] for a reaction

tinme sufficient BG5S i A7 erQ)nts° petoo 3 ﬁniihé range of 0.1
up to 75 nole petr%ﬁratmenéhaﬁyeoréﬁgﬂsomam‘hglm@oaBBﬁl P€ fgdragen incl ude

but adi engg tert lﬁabtatarylt&tnaybaahcyeﬂwlté Lumlm%tmfhnvwﬁbek@i&&e per
N-vi nyl pyrrolldo the_ like, he .process |s carrled out

in the presence o‘—"fsﬁ.‘)lf1 5168895aPF ép]erul?“nﬁ‘? |765nm(°&§ PEFERBtof total feed)
of organic halide. IFP@F@rllaéd glefingikavigig ergadilylhel hydrégen useiudd he

practice of the pitesBkine, NeertiaPyf Bhtylethylene, vinyl furan, methyl
- vinyl ketone, N-vinyl pyrrolidone, and the like. |
15 The process is carried out in the presence of 0.1 to
1000 parts per million (by volume of total feed) of
organic halide. Preferred quantities of organic halide
for use in the practice of the present invention fall
within the range of 1 up to 100 parts per million, by
20 volume of total feed.

Prior to use for oxidizing olefins having no allylic
hydrogens, the silver catalysts (either before or after
further treatment with promoter), are optionally calcined
in an oxygen-containing atmosphere (air or oxygen-supple-

25 mented helium) at about 350C for about 4 hours.
Following calcination, the silver catalysts are typically
subjected to an activation treatment at a temperature in
the range of 300°-350 °C in an atmosphere initially
containing 2-5% hydrogen in an inert carrier such as

30 helium or nitrogen. The hydrogen content of the
activating atmosphere is gradually increased up to a
final hydrogen concentration of 20-25% at a controlled
rate so that the activation temperature does not exceed
350 °C. After the temperature is maintained for about
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within the range of 1 up to 100 parts per mllion, by 20 vol une of
total feed. Prior to use for oxidizing olefins having no allylic hydrogens,
the silver catalysts (either before or after further treatment with _
pronoter), ar e (op q¥ﬁglly cal cined in an oxygen-containing at ShRaé ai 1
of oxygen- supple- nmented helium at about 350C for about hour s.
Foll ow ng cal cination, the silver catalysts are typically subjected to an
activation treatnent at a tenperature in the range of 300[err]-350 [err]C
in an atnosphere initially containing 2- 5@6ﬁ}drogen in an inert carrier

such as 30 Helqwn @t Ai bydgegen dércdntdrasgen ¢ontbetraigd hef acti vating
at mosphere is graghialgyy, lcaeaw&ed;ﬁprééa}a ﬁ;dzn%![sehyd[ ogen C?ncenégggl ﬁgt of
20- 25% at acontroll rat.e. so.t ctivation tenperature

exceed 350 [err]C. PEF PRER %%ﬁ% %%ﬁ?ﬁ%? %?Wﬁa?ﬁtEpﬁegP$YﬁreﬁﬁiﬁlYStﬂmD

97/ 40933 and their use in oxidizing oleflnBCIéEPﬂglﬂa%ﬁylﬁl 1

h t dro t [ fen 2 5% dy
for uge. Nore dgﬁ‘;‘gﬁ@%@ﬁ@ Gt Dubd LIS antaedheNolo 90 U steiefll

| ons _ of
i n oxidizing ol ef Wﬁﬁ’v??{ hgg& PO 2 %*’1 095»h96FB§€n€afa%rbr Ghfnd 19920, S.
Pat ent Nos. 4,897, 498hei ssueutilanuaxl,d&& ilaestaaded, BB 1t O ol Iid
January 14, 1992Eigm§1bavent|on will be illustrated by the foll ow ng
Exanpl es. 10 Carrier Preparation Carriers A, C and E were prepared

according to the 5% ®4€8on, i.e., without organic burnout material.

Carriers B? D andaEImexEEpengaaEﬂgmn a manner simlar to Carrier A except
that an organic burn@ﬂ&rﬂ@kgrAa!CWﬁﬁiﬁﬁvmre pgéﬁgreé ébcéiﬁﬁhdmio the

rlers rrier
conparative car tggn. .e., without organic burnout material.

Carriers B, D and F were prepared in a manner similar to
Carrier A, except that an organic burnout material was
15 used, i.e. they were comparative carriers.
Carrier A:
Carrier A was made as follows:
An alpha alumina powder sold in the form of lightly
- sintered agglomerates was used. These highly agglo-

20 merated particles, having a volume average particle size
of about 60 micrometer (as measures using a laser light
scattering device), were subjected to a milling operation
which reduced the agglomerates to the primary particles
which héd a median particle size of 3.0-3.4 micrometer,

25 an average crystallite size of 1.8-2.2 micrometer and a
soda content of 0.02-0.06% by weight. These milled
particles were then used with agglomerated particles
which had not been subjected to any previous milling
operation in a 50/50 weight ratio.

30 The alumina component was used to prepare a
formulation df the following ceramic components: 98.8%
by weight alpha alumina; 1.0% by weight of zirconia; and
0.2% by weight of magnesium silicate. To this mixture
were added 0.1 percent by weight of boric acid, and the

35 components were thereafter mixed for 45 seconds. Water
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Carrier A was nmade as follows: An al pha alum na powder sold in the form of
|t ghtly sintered aggl onerates was used. These highly aggl o- 20 nmer at ed
particles, having a volunme average particle size of about 60 mcroneter (as
nmeasur es usi \g a laser light scattering device), were subj ect ed to ?1

m | 1ing oper aV¥PSH4MW ch reduced the aggl onerates to the pri Mar Bcl es
whi ch had a nedian particle size of 3.0-3.4 mcroneter, 25 an aver age
crystallite size of 1.8-2.2 mcronmeter and a soda content of 0.02-0.06% by
wei ght. These milled particles were themr @ed wth aggl onerated particles
whi ch had not b@@@ o eiRd G0 anyaRbENE Q‘x@cé@ééx‘ynﬂooﬂﬁc@t ERD it 2O/ 50

wei ght rati o. na_conponent us repare a

fornul ati on of ?’ﬁ%r‘f%wl(ﬁm ng%(?ef“ég}:ﬁrﬁo% V%t? g%%lﬁ V\Egght al pha

al um na; 1.0% by weufles @ndzitheonby; bnn\ﬂenglzt%cw Vigsied hne oWva soaddsd Lo

silicate. To thisrmiad @:&fuaramedﬂlmtaré peﬂf@%:&hf@ewét tﬂéxébﬁﬂ{/%aci d,
s

dth 5 th d f n ter
3\?) 97/ 20 33 foPrgDOPurr}.th rw%r (ram.nu esabegorgﬁ(eelng o g;:8122§}6e f%n Was

then added i n avf dnpliew myddadery andndkied Heo rﬂ:estsnthaaxtz%udﬁbbzﬁmﬂ'éw '
mxture was m xggkd0r Gl'l-feléret %&e‘ltﬁéﬁuiﬁe@“ﬁa Ul PY 5 Qi‘{h o; Vasel i ne

was added to form an extrudable m xture. he m xture was t ed 5

for a further JGFHHRSIREGAEEE R QQ?YEud’e%P%'r}We FoFﬂi—’o‘F ‘Wb‘FI ow
cylinders and d4 ilohrs | e chari2® uacdedcnidebdvdnertermbese iese then fired

in a tuppel kilghywiidhia gragereiekeinergbid & of about 1385-1390 [err]C for

about 4 hours. Jhe carrier is described in terns of its 10 physi cal
properties in Tabfet S Barrier B: Carrier B was prepared in a nmanner
simlar to Carrler B was prepared in a manner similar to

Carrier A except that 25% ground walnut shells, i.e.,
traditional burnout material, was added to the carrier

15 formulation, and only agglomerated particles subjected to
a milling operation were used. The carrier is described
in terms of its physical properties in Table 1.

Carriexr C:
Carrier C was made in a manner similar to Carrier A,

20 except that the milled particles had an average
crystallite size of 1.6-2.2 pm, and calcium silicate was
used in the place of magnesium silicate. The carrier is
described in terms of its physical properties in Table 1.
Carrier D:

25 Carrier D was prepared in a manner similar to
Carrier B (containing 25% ground walnut shells), except
that the milled particles had an average crystallite size
of 1.6-2.2 um, and calcium silicate was used in the place
of magnesium silicate (as in carrier C). The carrier is

30 described in terms of its physical properties in Table 1.
Carrier E:

Carrier E was made in a manner similar to Carrier A,
except that the highly agglomerated particles having a
volume average particle size of about 62 um, the milled

35 particles had an average crystallite size of 1.0-1.4 um,
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Carrier A except that 25% ground wal nut shells, i.e., traditional burnout
nmaterial, was added to the carrier 15 formul ati on, and only

aggl onerated particles subjected to a mlIling operation were used. The
carrier is des%ép,ﬁ%9 40 terns of its physical properties in Tagkfrorn2236
Garrier C Carrl vvas made in a manner simlar to Carrier A 20

except that the mlled particles had an average crystallite size of 1.6-2.2
[err]m and calciumsilicate was used in the place of magnesiumsilicate.-
The carrier is described in terns of its ph cal properties in Table 1.
Carrier D 25 the al@aina eronpomEntprepanédedndd. sEnrgr weiighkanlpha
Carrier B (contaigifg;<z%H Q&'%%a’i‘é&uﬁh%hh%at@&?ﬁ“us‘e’&ahnt 'E§ g}g{LLGQ

particles had an ayerage cr staJ jte size of 6-2.2 Jerrm,_an crum
silicate was used®Fn 3% iqakSnesitim QPFFE%’Ee’- Aesaripgd, ipr teyms The
carrier is 30 ofdéssrphmhaanl trerapertafiest Snphglslea . properties in Table
1. Carrier & Carpheri&-Wwas made in a manner simlar to Carrier A except
that the hi ghI y aggl onerated particles having a volunme average particle

size of about 62 [errf?RFrife hiaePrSRALEE &8 AdRMIPLEMdd@ cEPstal lite
size orl.0-1.4 [eCa}fnier BPWWWRB%V\@L‘@M&O%M zhellishe akugpta

conponent Conta'nEﬁagstﬁéqﬁfW1é&“ﬂﬂytf@lggahﬁhu Caléggﬁﬁzé%?ék%ihghgnklze

silicate was used i.n_the_ place of nesi um si arrier
described in ternBfot-Pid- HHR c"eh PR 69‘“Pﬂn%‘lol“é’r¥al§ed 98.%&rbYer F:
Carrier Fas prepeaighti alpharealerirs rindan .86 €alciwi Hl([icateawasngsad%

ground wal nut shel}S}ne ¥fEM of magnesium silicate (similar to carrier
E). The carrier is described in terms of its physical
properties in Table 1.
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that the mlled particles had an average crystallite size of 1.0-1.4

wei ght al pha
alumna and 0.3%calciumsilicate was used in the place of magnesi um
silicate (simlar to carrier
physi cal- prop¥O%™8¥33 n Table 1.
PCT/ EP97/ 02236 [err]

25 -

[err]m

PCT/ EP97/ 02236 -

using nitrogen or krypton as the adsorbate. 2

24

E).

The carrier

WO 97/ 40933
WO 97/ 40933
1 "Surface Area". iy t.he BET surface area neasured

the al um na conponent contained 98. 7% by 10

is described i ri,
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20 catal ysts. Part A Preparation of stock silver
oxal at e/ et hyl ene-di am ne solution for use in catal yst preparation:
1) Di ssol ve 415 grans (g) of reagent-grade sodi um 25 hydr oxi de in 2340

millilitres ( l.oni zed water. Adjust the tenperature to $236 2)
" PR ke b

Di ssol ve 1699 gh purity) silver nitrate in 2100 m deioni zed water.
Adj ust the tenperature to 50 [err]C. 30 3) Add sodi um hydr oxi de
solution slowy to silver nitrate solution with stirring while maintaining -
a_tenperature of 50 [J_err]C. Stir for 15 ninttes after addition is conpl et e,
and then | ower the ténpéfurbacetdre®" [igr the BET HerPi¢e|(033 measured

PCT/ EP97/ 02236 - \2fing itRegeh 6k eRpydidd &= Waadsaabsbytd hdraw as nuch
wat er as possi ble fram t“ge gr.em%t are crea gld in si_?ef? é/a?%?I n order to
remove sodi um and nitrat 62FoREY RERRYTE tffe EOSNEGELTST ¢ 1%e wat er
renoved and add Slensitybaskmessuuned By &SITMIB-4aP2e87 wathadi fisedvdsy téwoved by
the filtersgwands.ugsal ides £9likded WHERSarlint] deCBi ket BERSAL9 1%y RERLESS |
until the conductl\ilrﬁtry gl] %Ihg vvgter renoved i § Ii:ss than 90 [err] mho/cm
Then add back 1500 Y724 8fi 28d WAl ero™ A equivalens) aqq 630 g of

hi gh-purity oxalic aci d"#rhgdr Abeorpriappt o mameasut®of) il rierariase Keep

the tenperature g 4Ril®tr b€ 8AE 84iFid:O JHpex! BRLAYIthierfdldl DG dras!
portion of oxalic [?v(jeg%h%édrate slowy and nonitor pHto ensure that pH

does not drop bel 6) Renmove as much water fromthe
m xt ure ab0possi bl e usi f§robbafitféengtth” wendeasnredden 4 CCdmptara hi ghl y
concentrated sil vihreGaRt aeBLRg, ShéldéyY sdRl. the silver

' > "Leachables" were measured using the nitric

acid solution technique.

Catalyst Preparation

15 The following illustrative embodiment describes
preparative techniques for making the catalysts of the
instant invention (Catalysts A, C and E) and the
éomparative catalysts (Comparative Catalysts B, D and F)
and the technique for measuring the properties of these

20 catalysts.

Part A:Preparation of stock silver
oxalate/ethylene-diamine solution for use in catalyst
preparation:

1) Dissolve 415 grams (g) of reagent-grade sodium

25 hydroxide in 2340 millilitres (ml) deionized water.
Adjust the temperature to 50 °C.

2)Dissolve 1699 g of (high purity) silver nitrate in
2100 ml deionized water. Adjust the temperature to
50 °cC.

30 3)Add sodium hydroxide solution slowly to silver
nitrate solution with stirring while maintaining a
temperature of S0 °C., Stir for 15 minutes after addition
is complete, and then lower the temperature to 40 °C.
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oxal ate slurry to 30 [err]C 7)Add 699 g of 92 percent weight (%)

et hyl enedi am ne 20 (8% dei oni zed water). Do not allow the tenperature
to exceed 30 [err]C during addition. The above procedure yields a solution

contai ni ng approxi mately 27-33%wv silver which provides the pslpsdosa}ution”

used in- the PYRPA®Yi on of Catalysts A C and E 25 and Conparative
Catal ysts B, D and F below. Part B: Preparation of inpregnation solutions
For Catalyst A For preparing inpregnated catalyst A into a 10 mllilitre
(m) beaker is added 0.188 grans of NHARe @8 30 di ssolved in

i!ol[o(ra?ﬂ gg g'r ?'] a n 4 gnd%%z@ c%aﬁl Eﬂ@teﬂlﬁdﬁd@ alﬂﬁi),wn.ghQQngaﬁniﬁuch

I SSO n e Li err
di ssolved in 2 AR PeFe \hg"rig aﬁﬁ'@d ko ﬁ%%;%rltraa%%scoFQFE%g% ove- pL\Igpar e!j
silver sol uti orst{egpe@) iim grdeirt folreuove aﬁ'ﬁfiﬂ‘a“‘ apddndfEalg ions. resylting
sol ution was digdffidaritHe Eondugtavbepf ofatles .water\\Dehdtr4893Rd add

PCT/ EP97/ 02236 7

cont ai ni ﬁg 46. ﬁf‘éﬁ a@‘ntm“gz‘ %ﬁﬁ]s%anéegéla %&?Kw@%ﬁl ng %gr %hgsea%v%té}%l
oxal at e/ dopant £blusy ovands .pr drefoneld n‘p*@gﬁff%ﬁ |aé'-n 4§oI°Gt i oRepgat thigor
Conpar ati ve Cat Jedad uran %@p@bhaqctﬂw rwﬁaﬂxe:m%&atemevéatﬂé yst B,

into a 10 mM bea .S a gr tI

2 m of 50:50 le‘h?/sf erhan g’aﬂﬁnﬁ‘g}ﬁﬂ‘o %’79 gram; iﬁché???fﬁch'rrg =Y
di ssolved in 1 wazex.10 wat er, and 0. 339 grams L| NQerr] di ssolved in 2
grams waher were adsheghd B368% ?:fgmgh phribe ekavic @ atydirhver isol ution

(spect f¢ gravi Ly Lot GAT/IH) 5 30-bhEat 85U {400 il Lokl 4eard Aot o

40 °C and stir to mix thoroughly. Add the last portion
of oxalic acid dihydrate slowly and monitor pH to ensure
that pH does not drop below 7.8.

i5 6) Remove as much water from the mixture as possible
using clean filter wands in order to form a highly
concentrated silver-containing slurry. Cool the silver
oxalate slurry to 30 °C.

7)Add 699 g of 92 percent weight (%w) ethylenediamine

20 (8% deionized water). Do not allow the temperature to
exceed 30 °C during addition.

The above procedure yields a solution containing
approximately 27-33%w silver which provides the "stock
solution" used in the preparation of Catalysts A, C and E

25 and Comparative Catalysts B, D and F below.

Part B: Preparation of impregnation solutions
For Catalyst A:

For preparing impregnated catalyst A, into a
10 millilitre (ml) beaker is added 0.188 grams of NHyReO4

30 dissolved in approximately 2 ml of 50:50 ethylene-
diamine:H;0, 0.092 grams LipSO4H20 dissolved in 1 gram
water, and 0.329 grams LiNO3 dissolved in 2 grams water
were added to 180.3 grams of the above-prepared silver
solution (specific gravity 1.54 gram/ml), and the

35 resulting solution was diluted with 16.2 grams of water.
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0. 1387 grans of stock cesium hydroxi de solution 15 cont ai ni ng 45. 5%
wei ght cesium was added to 50 grans of the silver oxal ate/dopant sol ution
to prepare the inpregnation solution. For Catalyst C, For preparing

i npregnated cat@lodlsedss | Nto a 10 nl 20 beaker is added C*C]'@f’%ﬁ
NHAReO4 di ssolved i n approximately 2 ml of 50:50 ethyl enedi am ne: errf%
0.073 grans LiSOerr].H20 dissolved in 1 gramwater, and 0. 313 grans

LiNO err] dissolved in 2 grans water were _adzdpd_to 168. 8 grans of the
ahove-prepared silver _solution 25 (specific gravity 1.55 grans/nl),
and the resul ti ng%sdPdei BramRCi Funckd crpiumaydrepide sflutdicey . 0. 1424
Grams of stock cesbumabyiingxd€le2® deiightnceehitimi Was gadded %3Vei i Rirag@SbEm was
added to 50 grans : | él)%?}fl o] tion to prepare the 30

| npregnati on sol ufﬁ%ngbg‘é%o%%p]ér at.id\?/%’%égt gg@éﬁ%‘ orprﬁrpe?}a)ﬁ%

i npr egnat ed conpatfBPresnahien y&lutiomto a 10 nl beaker is added 0.166
grams of NS4ReO4 #ossabmparatiwvp@apdlysteby 2 ml of 50: 50 ethyl ene- 35

di am ne: H20, 0.079 gr ' . : ] | ssqlved in ram

SUBSTI TUTE SHEET (RUL%gg éﬁ{%ﬁ%ﬁ%&%‘@é& AN daltal e,

PCT/ EP97/ 02236 - 2BFouat:f mhheaker isgpddsd| PNCFerggams d8Re®d i n 2 grans
wat er were added tas&8lvdd gimrsppioxifataleve- Rl epprsl: s latehy19pkut i On

(specific gravity [ /d) e . tesyl ti ol utii on, was _dil uted
with 16.9 grams ofll\%gtzrelgfﬁ%@' rﬂ'o”(?.al%%?bgé'é?réaﬂ)fﬁg?o‘i’tgs@éﬁ Ry dr SXPBe

sol ution t ai ni Wtas: 239l RO Gxamgni-iNG3 adieepIve by agrant wheesi | ver
oxal at e/ dopant soWsiéOadded ERFX 7t BeanBP6 LIRS | b rlgidiited silver

solution (specific gravity 1.55 grams/ml)}, and the

resulting solution was diluted with 13.3 grams of water.
0.1387 grams of stock cesium hydroxide solution

15 containing 45.5% weight cesium was added to 50 grams of
the silver oxalate/dopant solution to prepare the
impregnation solution.
For Catalyst C:

For preparing impregnated catalyst C, into a 10 ml

20 beaker is added 0.149 grams NH4ReO4 dissolved in
approximately 2 ml of 50:50 ethylenediamine:H30 0.073
grams LiSO4.H20 dissolved in 1 gram water, and 0.313
grams LiNO3 dissolved in 2 grams water were added to
168.8 grams of the above-prepared silver solution

25 (specific gravity 1.55 grams/ml), and the resulting
solution was diluted with 27.7 grams of water.
0.1424 Grams of stock cesium hydroxide solution
containing 46.5% weight cesium was added to 50 grams of
the silver oxalate/dopant solution to prepare the

30 impregnation solution.
For Comparative Catalyst D:

For preparing impregnated comparative catalyst D,
into a 10 ml beaker is added 0.166 grams of NH4ReOQ4
dissolved in approximately 2 ml of 50:50 ethylene-

35 diamine:H0, 0.079 grams LizSO,.H50 dissolved in 1 gram
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For Catalyst E 10 For preparing inpregnated catalyst E, into a 10
m beaker is added 0.201 granms NH4ReO4 di ssolved in approximately 2 m of
50: 50 et hyl enedi am ne: H20, 0.096 grans Li[err]SOerr].Herr]0 dissolved in

1 gram wat er, 03 grams LiNJ err] dissolved in 2 grangqabes re
added 15 w?gbg’fg’?LS grans of the above-prepared silver ;nci)'l utIOI!loZ%

(specific gravity 1.56 grans/m ), and the resulting solution was dil uted
with 13.7 grams of water. 0.1779 Grans of stock cesium hydroxi de sol ution
cant ai ni ng 45. 8% wei ght cesi um was added t2® 50 grans of 20 the silver

cééal at e/ plopagi wad el | aihd cowmoay’rﬁnishgiiwpr@gwmid\@a s@l vt gehms F@&tT_r -
nparati ve Cat t_ F; reparing i egnat conparative catal yst F,
into a 10 m bevg%(yeef ?{degg&g%%%gﬁggﬁsngh&? r‘-‘]%:ﬁ)eV ?Dref’afgg Sl?v%l’fssol ved
i n_approxi mat el oEAON (SRRGE it [gypeaty Ui ahigrane®llo. 886 ghans
é! [erlr] s errlzﬂﬂxﬂﬁgﬂis‘csmﬁaeﬂa gxasédmagré%mﬁfh 16@1? Q;ﬁ%%bafan&&!\'q grr]
i ssolved in I 845, e.added to [ ans, 0 .above- prepare
silver sgl uti oncg'( spepY%ag&Sg\rl%\r/isttf?% §§S§?'§§%¥‘gﬁ‘3’fl‘%§ng#ﬁglgﬁ resul ting
sol ution was di¢tentRiingng 499 3x Medgbt wastwn vWas BRle@ &os 50f gsanskofesi um

hydroxi de sol utiid £ORke a0 AV IR s6BSE16R WS prdgadet enal grans of
the silver oxal ate/ dc}?awo S.Oéolfhitﬁ%nt 0 prepare the inpregnation solution. 35

Part C. Catal y%'?pﬁ'erﬁ)regna i"on "and curi ng WO 97/ 40933
PCT/ 97/ 02236 - Baor -CatalusistE:A: Approximately 30 g of carrier A (described

above ipgTable 1) i@@l%ﬁa@ri r3gnkfad Vet iipSto e, 3 1k BUL €S0 &k F oom -
tenperature. A@é&(érnnfselgdée% t00. 2“‘3 %rg}cnsdﬁﬂfgeo4 dissolved in
approximately 2 ml of 50:50 ethylenediamine:H50,
0.096 grams Li»SO4.Hp0 dissolved in 1 gram water, and
0.103 grams LiNOj3 dissolved in 2 grams water were added
15 to 182.3 grams of the above-prepared silver solution
(specific gravity 1.56 grams/ml), and the resulting
scolution was diluted with 13.7 grams of water.
0.177% Grams of stock cesium hydroxide solution
containing 45.8% weight cesium was added to 50 grams of
20 the silver oxalate/dopant solution to prépare the
- impregnation solution.
For Comparative Catalyst P:
For preparing impregnated comparative catalyst F,
into a 10 ml beaker is added 0.179 grams NHzReO4
25 dissolved in approximately 2 ml of 50:50 ethylene-
diamine:Hzo, 0.086 grams Lip;S04.H30 dissolved in 1 gram
water, and 0.092 grams LiNO3 dissolved in 2 grams water
were added to 166 grams of the above-prepared silver
solution (specific gravity 1.56 grams/ml), and the
30 resulting solution was diluted with 32 grams of water.
0.1195 Grams of stock cesium hydroxide solution
containing 49% weight cesium was added to 50 grams of the
silver oxalate/dopant solution to prepare the
impregnation solution.
35 Part C: Catalyst impregnation and curing

SUBSTITUTE SHEET (RULE 26)



3

5 I mpregnating solution (as described in Patt B above under "For

Gatal yst A") is then introduced to subnerge the carrier, and the vacuumis
mai ntai ned at 3.33 kPa for an additional 3 mnutes. At the end of this
time, the vacuumis eased and excess inpregnating sol uti orpdyEpdfo223e
renoved Tron1th8“%? by centrlfugatlon for 2 mnutes at 500 rpm The

| npregnated carrier is then cured by being continuously shaken in a 8500

| /hr. air stream flow ng across a cross-sectjonal area of approximtely
19.4-32.3 cnmferr] at 240-270 [err]C for 3-% nutes. The cured 15

catalyst I s then casdyyborAtesting. The properties of Catalyst A are shown

in Table 2 bel ow. CO”RB{:?BkY:ﬁa@i Iyostg B Gamfﬂéetw@dgeé@iaed dBOVRS in

prepared in the sane_man er A,_ except that Cafalyst carr|er B
was 20 used iTAPpEad %?%?%Jn‘ie&? |§r3 gganaaFWém #ﬁ‘ﬁ at
sol uti on used was roaat téaperabeﬂel n BRyproxBmaltely Gadeo 6oy cﬁbrqnpml ive
Catalyst B's The g %E_;Ha@in&f &ﬁi@f&@tea@ deal2hivel BnapSrsOWMhdve 12Rks 2

bel ow. Cat a? yst C was prepared I n the sane manner
as Catalyst A exc&pr Chsplrat C:?gtl%af’rl'ﬁ‘ermér\ﬂ%‘cﬁéeﬂc’l gubperge dihecat al yst
carrier A and the dammegnahndgtheltaa:mm usechadatatihaetl deszribddra fd2amn B

above under " For %‘ﬂ%ﬁﬁ 3 & eéeperz;e &hellenfab! Mﬁ]{ Qﬂﬁ@ Sl in 30

Tabl e 2 bel ow. Conparative arative vvas pr epar ed

in the sane mannerVagdug,ig) §§%e$\¥e‘ex SC&E“BF’?QPE‘E ?l%‘? Iy i ifsed
I n place ofoCat al wimovedr £eomALhadeditel exnbyegreatridudbtion feol2tniomuesed

was that described, Ra B a@gé_(e- t dV\Q Q.ZJ-%QQ@ th d b
PCT/ EP97/ 02236 - %oe 00 rbm 15 na edearrt en cured by
being continuously shaken in a 8500 1l/hr. air stream

flowing across a cross-sectional area of approximately
19.4-32.3 cm3 at 240-270 °C for 3-6 minutes. The cured

15 catalyst is then ready for testing. The properties of
Catalyst A are shown in Table 2 below.

Comparative Catalyst B:

Comparative Catalyst B was prepared in the same
manner as Catalyst A, except that Catalyst carrier B was

20 used in place of Catalyst carrier A and the impregnating
solution used was that described in Part B above under
"For Comparative Catalyst B". The properties of
Comparative Catalyst B are shown in Table 2 below.
Catalyst c:

25 Catalyst C was prepared in the same manner as
Catalyst A, except that Catalyst carrier C was used in
place of Catalyst carrier A and the impregnating solution
used was that described in Part B above under "For
Catalyst C". The properties of Catalyst C are shown in

30 Table 2 below.

Comparative Catalyst D:

Comparative Catalyst D was prepared in the same
manner as Catalyst A, except that Catalyst carrier D was
used in place of Catalyst carrier A and the impregnating

35 solution used was that described in Part B above under
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"For Conparative Catalyst D'. The properties of Conparative Catalyst D are
shown in Table 2 below Catalyst E: Catalyst E was prepared in the sane
manner as 5 Catalyst A, except that Catalyst carrier E was used in

pl ace of Catalyst carrier A and the inpregnating solution u at
described in ¥ ér’?"“ﬁ’%\bove under "For Catalyst E'. The prope??ggum?yg

Catal yst E are shown in Table 2 bel ow. 10 Conparative Catal yst F:
Conparative Catalyst F was prepared in the same manner as Catalyst A
except that Catalyst carrier F was used -i A0ptace of Catalyst carrier A and
the inpregnati ngrssl congirdtisd Wasalhat pescritkegropePaiésBoabove under 15

"F Co ti E. f t talyst F
shown 1 Tabl e BB Mo TANPAPRBRRRR iy Tn TREAE 8 bifoud SVt T 2
LiNg err] ReC3 @ byst l¥=pprr) ([err]nol/qg) (rml/g) ([err]mol /g) Catalyst
A 13.2 738 Ca]ta‘ityst E wab2plepared.fth G samet maBnei:3a3 645

18 com® cat. FAlYs” A fhge Sdedlyeg, Ghrier Pyag paeg

14.5 828 ]Qlace of Catalyst cargier@®mnd ddie mprggngt1ng5gglut1Qn
4.0 2.0 Pogbed waétﬁrwlﬁrdééwﬁbeaeaﬁtmrw alnove he8kr "For

condi ti ons/ Procgdur Ai: talysts é g o z%rlatsltv Cat al ysts B:

3to 5 Gans of %?%gﬁ%d ca't al'y$t p%fpﬁf (o %4 d iﬁenﬁéﬁ na?"é Ioaded

into a 5.3 i nchTapdee? &relawi nl ess st eel U—shaped tube. The U tube is

i Mer sedoi N @ NBbharati WD CAHAQRE3F:

PCT/ EPO7/ 02.236 ) 3:I'Comparat::.ve Catalyst F was prepared in the same
manner as Catalyst A, except that Catalyst carrier F was.
used in place of Catalyst carrier A and the impregnating
solution used was that described in Part B above under

15 "For Comparative Catalyst F". The properties of

Comparative Catalyst F are shown in Table 2 below.

TABLE 2
CATALYST PROPERTIES

Ag Cs LipS04 LiNO; Re

(wt%) (ppm) | (umol/g) | (mol/g) | (pmol/g}
Catalyst A 13.2 738 1.8 12.0 1.
Comp. Cat. B |[13.2 645 1.5 12.0 1.5
Catalyst C 13.2 727 1.5 12.0 1.5
Comp. Cat. D |13.2 444 1.5 12.0 1.5
Catalyst E 14.5 828 2 4.0 2.0
Comp. Cat. F 14.5 599 2 4.0 2.0

Part D: Standard Microreactor Catalyst Test
Conditions/Procedure
A. For Catalysts A and Comparative Catalysts B:

20 3 to 5 Grams of ecrushed catalyst (1.41-0.84 mm, i.e.
14-20 mesh) are loaded into a 5.3 inch diameter stainless
steel U-shaped tube. The U tube is immersed in a molten
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met ai bath (heat nmediun) and the ends are connected to a gas flow system
The wei ght of the catal yst used and the inlet gas flow rate are adjusted to
achieve a gas hourly space velocity of 3300. The outlet gas pressure is 5

1448 kPa. The giﬁs M&ure passed thorough the catalyst bed (i pcpipentddsough
operation) duri 89 entire test run (including start-up) consists of 30%

et hyl ene, 8.5% oxygen, 5% carbon di oxide, 54.5%nitrogen, and 0.5 to 10
6 ppmv ethyl chloride with the bal ance bei_n% nitrogen/ argon. The start-up
r

procedure invol ved ranping the tenperature Yo 225 [err]Cto 245 [err]C in

the foll owi ng fasheenl Batpurtheat megtipm) r ped theywpdsyare3sopeeete td 1
hoEr 15 at 24%s|[ £16¥ Gysduh t hemelt haivlynﬁpeff 210,V 4 Q:amh y%d{j uaéada&'@ @§e| to
achi eve a const an r.si.on vel,.0 0). e_noder at vel is
varied and run fo}r'nil)é%g&%%ﬁ%s%{'gtzsaet%cﬁr§e§8Fu§%é%gttc}erarﬁLﬂ‘eevrem§i ﬁ‘ﬁ?noﬁouﬁy

sel ectivity. Due $PaceiYRiodity @fe3389.i nTheecouykat aasmpesessune §as fl ow
rates, ands20 1448expa) i bration of anal ytical instrunments used to

determ ne the feed a r t. C osi;tjons, the.nmeasured selectjvity
and activity of a gi \?g}ﬁgc%dsgl%i/ls# %%y%\%rsﬁds+:l?%ﬂ?‘f%}‘f mcgggﬁi'ﬁgteﬁ?%n&’trb t he
next. To al |l ow negh¢agtirorghmRaresion) dusipgrths motdaeotess run

Cfilt al ysts testﬁg aindlhd Bt drymp,) @bhlssatal aﬁltﬁoﬂ%s;wh ked, i a.sﬂi S
illustrative enbodj e.fested.si t apeo .Wth a standa

ref erence catal ysgxgﬁ&chvﬁas@ﬁﬁ' :%E}%.x&méfangg‘l% I}:/lt-Q':é’(?e[nér Pf‘a 8Crét Bysts A
and Conpardtive CatePystethyk cpiarddgbwith3phe balaparee bedoged using t he
above procedure, AepsdgeTRMdgon\ere taken continuously and are reported in

Tabl e 3 bel ow at 150 S 0.da nd. 250, days t rovide,_an indication
of the selectivity st'ggélllslttayg/&o?u% ﬁ%o%g?grf/sf‘%vovve%clptr%’f?.mgl Fﬁ§¢| ectivity
val ues are exprestempPeratyehEram 225t i°F £9 945 utS i £hexfrddowings [err] C.

fashion: 1 hour at 225 °C, 1 hour at 235 °C, and 1 hour
15 at 245 °C, and then the température was adjusted so as to
achieve a constant oxygen conversion level of (T4q0). The
moderator level is varied and run for 4-24 hours at each
level to determine maximum selectivity. Due to slight
differences in feed gas composition, gas flow rates, and
20 the calibration of analytical instruments used to
determine the feed and product gas compositions, the
measured selectivity and activity of a given catalyst may
vary slightly from one test run to the next.
To allow meaningful comparison of the performance of
25 catalysts tested at different times, all catalysts
described in this illustrative embodiment were tested
simultaneously with a standard reference catalyst which
was Sy = 81.0% and T4g9 = 230 °C.
Catalysts A and Comparative Catalyst B prepared above
30 were tested using the above procedure, measurements were
taken continuously and are reported in Table 3 below at
150 days, 200 days and 250 days to provide an indication
of the selectivity stability of the catalysts over time.
All selectivity values are expressed as % and all
35 ' activity values are expressed as °C.
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TABLE 3 CATALYST PERFORMANCE OVER TIME S[err]. % Tlerr], [Jerr]C
150 200 250 150 200 250 Days Days Days Days Days Days
Catalyst A 84.8 83.8 83.0 269 277 279 Conpar at i vel@%,E 022382 ©
81.5 277  MQ9MMMUEY Catalyst B B. For Catalyst C and Conparative

Catal yst D. Catal yst C and Conparative Catalyst D were tested in a nmanner
simlar to Catalyst A and Conparative Catal yst B above, except that an
accel erated aging test as set forth 5 - 32hereinafter was utilized. After
the initial performance values for selectivity and activity at 40% oxygen
conversi on were obtained as above, the W.y ts were brought to 85% oxygen
conversion or to a maxi numtenperature [err]Cto a ten day period to
accel erate 10 t he agi ngCRIAMYE PERIOCRMANCE ApYBR THME ten day aging
period, the oxygen conversion is reduced to 40% and the performance is
re-optimzed ' ' condi ti ons.
This cycle is fthen repeatefd so 113404 1¥ seleckivity48nd Sctiviky decline of
15 the cdtalyst is nepssoed yreder {heostprsiar 4 200% p2pgen] conver si on

conditions aftjer each ten eri qg;,@t 9 oxrygfg el S| r a maxi num
t enper at ur e off-286—e+-& dﬁx e ﬁg{% eF %%C gfbgg b oxygen

fall'a¥al »3 Fal
TOAMDT O \Jllul\‘MJ CITC A2 N ma v

conversi on agi rFéPﬁaiLfYﬁt%Jé\ nufbed of] 83aPs| BAdP cpR el 427504 8X¥ageh 20

conversi on or fecdmpd rativesPel @t urlefs P82 .Eefs1E. | 2810 28440P33
PCT/ EP97/ 02236
Catalyst B

B. For Catalyst C and Comparative Catalyst D:
Catalyst C and Comparative Catalyst D were tested in
a manner similar to Catalyst A and Comparative Catalyst B
above, except that an accelerated aging test as set forth
5 hereinafter was utilized. After the initial performance
values for selectivity and activity at 40% oxygen
conversion were obtained as above, the catalysts were
brought to 85% oxygen conversion or to a maximum
temperature of 285 °C to a ten day period to accelerate
10 the aging of the catalyst. After this ten day aging
period, the oxygen conversion is reduced to 40% and the
performance is re-optimized using the ethyl chloride
moderator under standard conditions. This cycle is then
repeated so that the selectivity and activity decline of
15 the catalyst is measured under the standard 40% oxygen
conversion conditions after each ten day period at 85%
oxygen conversion or a maximum temperature of 285 °C.
Table 4 shows the performance at 40% oxygen conversion
aging for the number of days indicated at 85% oxygen
20 conversion or a maximum temperature of 285 °C.
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- 33 - TABLE 4 CATALYST PERFORMANCE OVER TIME S[err], %

Tferr], [err]C Days Days 20 40 60 80 20
40 60 80 Catalyst C 86.7 85.9 83.7 83 260 268 275 280
Conparative 83. &aﬁé’ 80.5 77.8 259 265 267 275 Cat al yet/ePyre2236 For
Catal yst E and rative Catal yst F: Catalyst E and Conparative Catal yst
F were tested in a manner simlar to Catalyst A and Conparative Catalyst B
above, except that a higher severity accel erated aging 5 test as set
forth hereinafter was utilized. 0.7-0.8 G afg &f crushed cat al yst
(0.420-0.177 mm i.e. 40-80 nmesh) were | dmaBLEigto a 3.8 mllinetre (inside
di aneter) stainless steel U shapggddwerrFoamaRtanbvet +1ge cat al yst used
and the inlet gas flowrate are 10 adjusted to achieve a gas hourly
space velocity 16.500 _The qutlet gas pressure js 1448 kPa Prior to
bei ng contacted pwith the reagctant gassg O,ttle cataIyQts ver @ toreated with
nitrogen gas at P25 {errt{CTpr twenty-{our—ours: g gas m xture passed
t horough the catjplyst _bhed 15 (ln B thr ugh dperat| aittd ng the
entire test run |(including sfga®t-ug@on$bsts OOOBW%ZthIene 805% X ydgen,
7% car bon di oxi degEyik B 1] 9GS, |HN oM 6B 4 PpiV qpd §Bke’ | 9952954 |

ppmv Vi nyl chlor ge—as—roderptor-s—Hhe—statrt progetutretthvetved u“ HNg
the 20 FompATATven 9358 [ dr83-d { 80285] [6rF ||@5% {R&EST bRFBW PG>

fashion: 1 hour ta2bygtery | [C, 1 hqur at |[235 [err]C| and 1 houf at P45
[err]C, and then THME TENperature was aoj usted S0 as 1o acnreve a constarnt

oxygen conversion |level of (T40). The selectivity and activity | oss
relative to the i®itiEgr Catalyst E and Comparative Catalyst F:

Catalyst E and Comparative Catalyst F were tested in
a manner similar to Catalyst A and Comparative Catalyst B
above, except that a higher severity accelerated aging
S test as set forth hereinafter was utilized.

0.7-0.8 Grams of crushed catalyst (0.420-0.177 mm, i.e.
40-80 mesh) were loaded into a 3.8 millimetre (inside
diameter) stainless steel U-shaped tube. The weight of
the catalyst used and the inlet gas flow rate are

10 adjusted to achieve a gas hourly space velocity of
16,500. The outlet gas pressure is 1448 kPa. Prior to
being contacted with the reactant gases, the catalysts
were treated with nitrogen gas at 225 °C for twenty-four
hours.The gas mixture passed thorough the catalyst bed

15 (in once-through operation) during the entire test run
(including start-up) consists of 30% ethylene, 8.5%
oxygen, 7% carbon dioxide, 54.5% nitrogen, and with
4 ppmv ethyl chloride and 4 ppmv vinyl chloride as
moderators. The start-up procedure involved ramping the

20 temperature from 225 °C to 245 °C in the following
fashion: 1 hour at 225 °C, 1 hour at 235 °C, and 1 hour
at 245 °C, and then the temperature was adjusted so as to
achieve a constant oxygen conversion level of (T4q). The
selectivity and activity loss relative to the initial
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PCT/ EP97/ 02236 WD 97/40933 - 34 - performance as a function of days on
streamare given in Table 5 below. TABLE 5 CATALYST SELECTIVITY AND
ACTIVITY LOSS OVER TIME S[err], % T40, [err] C Days

Days 10 20 30 40 10 20 30 40 Catalyst E 2.2 PC%@%”@ 5.2
18 21 - 31 WO3¥4%Bhparative 1.8 3.5 85 9.0 15 25

Catal yst F As can be seen in the above exanples and specifically in Tables
3, 4, and 5, the catalysts which were prepared 5 wi t hout organic
burnout materials, i.e., Catalysts A C and®E have inproved selectivity
stabilities ovepecdbxipate abiahfwerteigin efada¢gsushngtoegRtre Risreautn
materials, i.e. pg9@parghijyg. Catalysts B, D and F. SUBSTI TUTE SHEET (RULE
26) WD 97/ 40933 PCT/ EP97/ 02236 C L
Al MS 1l A catalyst suitable for the epoxidation of olefins having no
allylic hydrogen, in particular for the IaEI@GUs phase production of ethylene

oxi de from et hyl ene &0gh Q40 Uk FEMTRTITE! g@DZ ﬁﬁ’f‘ﬁw {LBQEIS}SVEH '?'fﬁ- ve anount

of 5: silver and a pronoting anount ne eposited on a
carrier prepar [ ss._which rises: a) mxing wth a liquid
medi umin an a%unt sufficignt to sgpdersit stupable ar{&'xtotge congi sting
essential ly of J—m—ceranrc—gonporments \;UII}JT:FDE mg—at—teast—16 0

percent by wei ¢ht of alpha glunin Pa¥in 0 01 14 10 per PB¥E by wei hht
(measured as the oxide) of gnroal kqRonej3c |40 |10 |20 |30 |40

Catalyst E 2.2 2.2 13.515.2 |18 21 31 34
Comparative (1.8 3.5 8.5 |9.01}15 25 38 41
Catalyst F

As can be seen in the above examples and specifically
in Tables 3, 4, and 5, the catalysts which were prepared
5 without organic burnout materials, i.e., Catalysts A, C
and E, have improved selectivity stabilities over
catalysts which were prepared using organic burnout
materials, i.e., Comparative Catalysts B, D and F.
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earth netal oxide, fromO0.01 to 10 percent by weight (neasured as the
silica) of a silicon oxide, and fromzero to 15 percent by weight (neasured
as the dioxide) of 15 zirconiumin the formof an oxide; and ii) a
total anount of fr {9 ero to 15 percent by weight of ceram c Begpgromoz2is

| ubri cant and/ Jo¥° ?'8 Hf’ng aids; b) shaping the m xture to forma carrier
precursor; c) drying the carrier precursor to renmove the liquid fromthe
carrier medium and d 20 . firing the precursor to forma carrier with
a porosity of fr nam 60 percent 3swherein the particle sizes of
the ceramc corrpﬂmwumﬂ" u such that the packing density of the
dried precursor i§ nbt gréatér than that of the fired carrier. 25 2.
The catalyst of claim1l wherein, in the carrier, the ceram c conponents of
the m xture conprise at |east 85 percen.c_mam_wm of al pha alunmina, from
0.01 to 6.0 percent by weight of an alkaline earth nmetal silicate selected
fromthe group consisting of calciumand 30 magnesi um si |l i cates and
from0.01 to 10 percéntCarplystgRbibpble £k tthe quNBdQFPQGQSQ olefins

PCT/ EP97/ 02236 - Raﬁvxng’s nol kA 1yatial hgtirofen) aimnﬁawi&iLHJaﬁr fop the eapdwer,

t he al pha alumn a2 O@lggg?ieggr # f%E%PeQTg%EhQuéﬁgn with a

first nopde havin anaerae particle size of m cronmeter and
a second node 5 °xY9?¥éV|9?§‘P§|+S&\’/‘€r ag‘éaE%}Y‘F’cq’%n@f AFEeREiVEsapeust tPfn

one-hal f tbat of $ievér ranid D@ecanding aebduweoil a?-ilmial’h.Smﬁtaﬂ.QEPt er. 4. The

catal yst of clai nyd wh r Jc?éa nponent

sel ected conpri ses‘;‘f etrﬁ% QT cta?gélgﬁtére 5%;‘2%3? %Qes Wt ﬁﬁlgﬁedl an

particle size of ??‘Eﬁ'ﬁlﬁsc'o ao@iFipgomitR 2 1iquid medium in an amount
sufficient to sender it stupable a mixture consisting

essentially of: i) ceramic components comprising at least

10 80 percent by weight of alpha alumina, from 0.01 to 10
percent by weight (measured as the oxide) of an alkaline
earth metal oxide, from 0.01 to 10 percent by weight
(measured as the silica) of a silicon oxide, and from
zero to 15 percent by weight (measured as the dioxide) of

1s zirconium in the form of an oxide; and ii) a total amount
of from zerc to 15 percent by weight of ceramic bond,
lubricant and/or forming aids; b) shaping the mixture to
form a carrier precursor; c¢) drying the carrier precursor
to remove the liquid from the carrier medium; and d)

20 firing the precursor to form a carrier with a porosity of
from 15 percent to 60 percent, wherein the particle sizes
of the ceramic components are chosén such that the
packing density of the dried precursor is not greater
than that of the fired carrier.

25 2. The catalyst of claim 1 wherein, in the carrier, the
ceramic components of the mixture comprise at least
85 percent by weight of alpha alumina, from 0.01 to 6.0
percent by weight of an alkaline earth metal silicate
selected from the group consisting of calcium and

30 magnesium silicates and from 0.01 to 10 percent by weight

of zirconia.
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5. 'I&he catal yst of claim4 wherein, in the carrier, the al pha alum na
conponent sel ected conprises lightly sintered agglonerates with a nedi an

particle size of from 15 ter. 6. The catalyst of claim
1 wherein, in the carrier, tlllumlemmr“ﬁ“uumgnts further COARE o3 2236
conpound t haf ?6?’1?%3%|tan|a wherf the #arfier is fired in an % @
sufficient to provide the equivalent of fromO0.01 to 5 percent by 20

wei ght of titania. 7. The catalyst of claim1 wherein the silver ranges.
from1l to 40 percent by weight of the tot¥ —catal yst and the al kali netal
ranges from 103t0 3RO0cHedivetDest M1laimOn, wREPEESSEth athd RArFRERl, , thy wei ght
of the total cat al yst f,cl altg %ﬁ\/\herel n said

at a e
al kali et al p?&%?e?fwgl%el%%'?peo(f?’r@ llﬁatshe g%'B?J a]Ccﬁ"lasﬁ 6) i pot assi um
rubi di um cesi d¥stribatien awbch ktfiinss fﬂﬁéﬁeBQiVllw an avegrageTnerGap&Byst of
claim1 wherei githeogafabysis atslitdnalchvme e8Pl 45€Sa dd®icag anount of
r heni umg and og}tlvonal‘,l=1 a éhéanel um ¢ cicriromln_tzgrt eée{:step frq__ t he group
consi st i ng of & bﬁgr Yy’f)o% m ungsten, rontun p orgﬁﬁ'orus bor on
and mixtures theeebalf thap @f//mm:%trst mode and is beuyREEPY7ABB236 - 37 -
10. A process far mtiagoﬁgeéfdat I on of ol efi ns having no allylic hydrogens
wherein an ol efiin Vi n I hydr. n s _contacted in.the our
phase with an 3Xyg£ %f%f’ﬁ%} é’}g céaﬁ" Fﬁal?brjrﬁn ec&?&irﬁeﬁnsggg ab5
t enperature i naipbar aihg@lm ¢omperEnt @erl]eetﬁé gomprigeq Qightiliye presence of -

an organ ¢ hal kdgrarddaag§gioheBite GANM A0mkaish apartdiclll. SAeprom&amf or

t he producti onlgf tgt tf%eﬂfc{%(l'nee

5. The catalyst of claim 4 wherein, in the carrier, the
alpha alumina component selected comprises lightly
sintered agglomerates with a median particle size of from

15 30 to 90 micrometer.

6. The catalyst of claim 1 wherein, in the carrier, the
ceramic components further comprise a compound that forms
titania when the carrier is fired in an amount sufficient
to provide the equivalent of from 0.01 to 5 percent by

20 weight of titania.

7. The catalyst of claim 1 wherein the silver ranges
from 1 to 40 percent by weight of the total catalyst and
the alkali metal ranges from 10 to 3000 parts per
million, expressed as the metal, by weight of the total

25 catalyst.

8. The catalyst of claim 7 wherein said alkali metal
promoter is selected from the group consisting of
potassium, rubidium, cesium, lithium and mixtures
thereof. '

30 9. The catalyst of claim 1 wherein the catalyst
additionally comprises a promoting amount of rhenium, and
optionally a rhenium co-promoter selected from the group
consisting of sulphur, molybdenum, tungsten, chromium,

phosphorus, boron and mixtures thereof.
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wherei n et hyl ene is contacted in the vapour phase with an 10
oxygen-cont ai ni ng gas at etthyl ene oxide formng conditions at a tenperature

R i IO ™ 7

- 37 -

10. A process for the epoxidation of olefins having no

allylic hydrogens wherein an olefin having no allylic

hydrogen is contacted in the vapour phase with an

oxygen-containing gas at epoxide forming conditions at a
5 temperature in the range of from 75 °C to 325 °C in the

presence of an organic halide and a catalyst according to

claim 1.

11. A process for the production of ethylene oxide

wherein ethylene is contacted in the vapour phase with an
10 oxygen-containing gas at ethylene oxide forming

conditions at a temperature in the range of from 180 °C

to 330 °C in the presence of a catalyst according to
claim 1.
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