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&i |l ver-cont-ai ni ng catal ysts suitable for the epoxidation of |

no allylic hydrogen, in particular ethylene and to the use of ?%ﬂg§75ts
for the preparation of ethylene oxide. The catal ysts are prepared usin

uni que al pha al um na based carrier. Catakygts for the production of

et hyl ene oxide from'ethyl ene and-nol ecul ar oxygen are generalli su&Portg
‘silver catalysts. Such catalysts:are typically pronoted with | s.

The use of small anmounts of the alkali netals potassium- rubidi um and
cesium were noted as useful [ t | atalysts in U S,
Patent No. 3,962,136, i SSUM’S{,&&W dﬁ@;%@{%gm 4,010, 115,

i ssued March 1, 1977. The use of other co-pronoters, such as rhenium or
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salts. US PatefRtapysksgforsthe prepagatannars SﬁhY}QQG O¥ig€-0sdd® he use

of silver-basesata@l¥ets seéaprepapeiedsingpaotheégueahabnat aluminae based
epoxi dation of olefins having no allylic hydrogens. The use of

al uni na- based T&t51§5t carriers has been previously described in a number
of patents such aspataﬂystmnﬁaa tHeS preahurttidxo.o B ety 1358 oxbdedEmch

31, 1992, US. fﬁ%f§% 5?92?c§g§£,5§2g8ﬂ QEEOB@ﬁe§g1599§upgo§te%atent

No. 5,037,794,
silver catalysts. Such catalysts are typically promoted

with alkali metals. The use of small amounts of the
alkali metals potassium, rubidium and cesium were noted
as useful promoters in Sﬂpported silver cataiysts 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
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,
discloses a supported silver catalyst containing a
mixture of a cesium salt and one or more alkali metal and
alkéline earth metal salts.

US Patent No. 4,897,498, issued January 30, 1990,
discloses the use of silver-based, alkali metal-promoted,
supported catalysts in the epoxidation of olefins having
no allylic hydrogens.

The use of alumina-based catalyst carriers has been
previously described in a number of patents such as, for
example, 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
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-2- U.S. Patent No. 4,874,739, issued COctober 17, 1989. These al um-na
scarriers have a wide variety of potential applications in the catalytic
field and are especially useful where the alum na base is al pha al um na and
the application is one in which abrasion resistance is a desirable feature. -

This i nvention relates to a catalyst suitd@ble for the epoxidation of

ol efins havin o] I|c dr,0 partlcu oxygen in
t he vapour phgsg W% Pﬁgy %‘?gr'rﬂp 4ed S, a"“ceﬁ{ ﬁ%qtbc% I%&e'eflf é(é]'I ve anount
of silver andThepeoaﬂUmngaamaumueaB dlakval ia neids vaqﬂah¥enf<pot&ntﬂ¢ba

al um na based | f

settl ed packlnéﬁ?ﬂ:’al%g;c ﬁ% q%t%P'ag%Eeikgﬂggﬁﬂ%id rné%seéﬂg?rst and
second al pha usgﬁuﬁawb@mom glwmmaabras%tmaacJMaamlmmmacmm in the

formof parti Sbgh&ﬁ‘th&& asrr%%aancmw |a'btr%s?.'oﬂ3 &fsﬂ‘swﬁ& 444 [err]m
providing from 95% o of the total weight of alpha alumna in the :

carrier and a@ §§&5ﬁHg§I§ﬁ§ @i na conponent generated in situ by a sol - gel

process and provi ditigs tm&e&ma:@htée @dapilac@tamy@a smthﬁleafbrer 't
has been foungpthat catal sts gaV|n ue aI 3} er_ have,

i nproved sel e FvF?Pgédg éP Ca18/st¥e %ﬁi Wihret? onal
al um na carripastichéae e&hqﬂynbs aith baw@emnpmotmﬁ:ydpnun\phase

catal yst prepaiagh, Bekatiet Sobrides® IV Ut idtung M0
in detail bel of. sthwecapnden pm@meau@@ygmoumtwoﬁfaLkadﬁenpﬁéﬂent i nvention
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(as neasured on a_Conpton Jensi Test er

crush strength of at least 2.3 kg and a settled packing

density of at least 0.48 kg/litre which comprises first

and second alpha alumina components with a first'alpha

alumina component in the form of particles having a

median crystallite size of from 0.4 to 4 um providing

from 95% to 40% of the total weight of alpha alumina in

the carrier and a second alpha alumina component

generated in situ by a sol-gel process and providing the

balance of the alpha alumina in the carrier.

It has been found that catalysts having this unique
alumina carrier have improved selectivities and/or
activities over catalysts having conventional alumina
carriers. These catalysts also have improved select1v1ty
stabilities and/or activity stabilities.

Descriptions of the carrier, the catalyst prepared
with the carrier and the use of the catalyst are provided
in detail below.

The Carrier

The catalyst carrier in the present invention is a
novel alpha alumina based catalyst carrier having a crush
strength, (as measured on a Compton Tensile Tester, model
50-0P), of at least 2.3 kg and a settled packing density,
(as measured by ASTM D-4699-87, modified by the use of a



50-0P), of at least 2.3 kg and a settled packing density, (as neasured by
JASTM D-4699-87, nodified by the use of a -3- cylinder with an inside

“di ameter of 9.52 cmand a |l ength of 45.7 cm), of at least 0.48 kg/litre,
preferably at |least 0.56 kg/litre, and nore preferably at |east 0.61
kg/litre, which conprises first and secend &l pha al um na conponents mnth a

first al pha al CO nent 1n the ftormof pa S _havi a,nedi
crystallite s‘f@;nnbc? e Olb AR R o %?né} g?’ﬁg frf %n‘lligS@}mt 8n 0% lﬁflgit rabI y
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and a second I | +9 process
and providi ngla% ge@b%élaér‘lnc]gél ffﬁg {ﬁ% f%?#ﬁ%fé?a?%g Pylgaée Rs%h

herein, the tkgfiitrs, gérigh o@@mrmes efirsb an@rseeesdvxhlphacaﬂrpmaes
heating an alduidinenls ARER s Ol rdt - 108y 08 Phfitna! Fafnﬁaﬁehﬁ gnt gmerature

whi ch converts at | east portion o e alumna so to an
al umi na havi FPEMEOE Parirles \RAviNg Rk BediRp fEYstatblity ﬁé%&g@ﬁal

cl ose- packed frdmad WM efo qu%ﬁéﬁ%ﬁﬁn ff?énlﬂ ggsttéo@be;rbﬁefe&am bl'y
cbove L100Lerfl ch SUF 5150 e b ol kPSR SLH) CobR La00hen) b 272
process mh!cﬁthnnunrfﬁﬁr &ﬁd,fmm®1mgsacmmdtulphaoabnm$nagcomponehtleast one
and i) ' har a4 o8 Y o RoPUL hEoS8E Shg bEBVERIRAlERE L O
provi de fromlﬁ%a;xyce\mgmhe cahohe bgzlmigantmfthenecwraervxeu ght of al pha
alumina in the capgl ysbaCRELeSh, PERUEkrm "sol-gel process" refers to
a process which comprises heating an alumina sol and/or
gel (i.e, hydrated alumina) to a temperature which
converts at least a portion of the alumina sol and/or gel
to an alumina having the corundum crystalline structure
(i.e., a hexagonal close—packéd structure). Temperatures
of at least 400°C, preferably above
| 1100°C, and more preferably from 1100°C to 1500°C, are
- generally used for the conversion.
The catalyst carrier is prepared by a process which
comprises: '
a) forming a mixture comprising:
i) at least one alpha alumina component with a median
particle size of from 3 to 8 pm and; |
ii) a hydrated precursor of alpha alumina in an amount
‘sufficient to provide from 5% by weight to 60% by
weight of the total Weight of alpha alumina in the
catalyst carrier product.
iii) from 5% to 40%, based on the weight of the alpha
alumina, of a burnout material; and
iv) water in sufficient quantity to extrude the above
nixture;
b) extruding the mixture into the desired shapes; and
c)- firing to convert the precursor of alpha alumina to
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iii)from5%to 40% based on the weight of the al pha alunmina, of a burnout
~Jraterial; and iv) water in sufficient quantity to extrude the above _
m xture; b) extruding the m xture into the desired shapes; and c) firing
to convert the precursor of alpha alumna to -4- al pha alumna so as to -
produce a catal yst carrier in which al phal-um na particl es with a nedian

particle size_of.fro 3t08pmare dispersed in r|x of. al pha al um na
eBhpr &0 PR

derived from EhBr BLUPIER R8; &5 &P UCqH & fftta(,]é'rsrq W%elrbonpom ted
wi th a nunber whiichl pighal alhmanaomammmﬂmss wiols en nted icon tpa il & csim

desired physi gal parti.e n di
strength and ?%\ef??&es %)pt énuz&in %(% |d%% 8‘%% L“I)ﬁ aogt[afe%ﬂgex{?aa}l%a al um nas
is preferred, alming derdvedofom dduet mnux@qramemh-u cles mixed with a

second constituentpfiavi I i e bo9hted At g110: 90
to 90:10. The first congs%tuent@étrﬁ:l?éca ﬂqyfco?rprlﬁs{%s r%m 10§/oﬁto 93‘3}99

preferably fr6h 2dphao adymingy cpsisfiitusntshchasen tq [5??&'1 trhment ,
and the SeCOﬂdeQQBéHI pugetlctﬂp Ipley tAQIE" 1iTRA Udivg ‘V dlf@ferabl y

f 20% to 60% f th t pha .al

obj ective of PRAURPe £ %wesfth”s e den °”p°”$pﬁv%m%md
carrier of froih @wé tidf&em%lng; aAphias @l undnaisn is g:rre‘ﬁmt-rai,eavmls alsed to
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adsor bed gas. sGPIace “area SOomne afess
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conprise, for, gxagel 8¢ F%mt 1REB00ko2l0RNa Al UFHRA Mt st itiferdt I St

having a surface area o
typically comprises from 10% to 90%, preferably from 40%
to 80%, by weight of the first alpha alumina component,
and the second constituent typically comprises from 10%
to 90%, preferably from 20% to 60%, by weight of the
first alpha alumina component. The objective of this is
to end up with a surface area in the final calcined
carrier of from 0.4 to 5 m2/g. As used herein, "surface
area" is used to refer to the BET surface area measured
using nitrogen or krypton as the adsorbed gas. The
surface area in the fihished carrier is somewhat less
than for the free alumina particles. Thus, a convenient
mixture may comprise, for example, two types of alpha
alumina particles, the first having a surface area of 0.9
to 1.4 and preferably 1 m2/g, a median particle size of
from 2 to 4 and preferably 3 to 3.4 pm and a median
crystallite size of from 1.6 to 2.2 pm; and the second
having a surface area of 3 to 5 m2/g, a median particle
size of from 4 pym to 8 ym, and a median crystallite size
of from 0.4 to 0.8 pum.

The hydrated precursor of alpha alumina is
preferably based on a monohydrate such as boehmite, but
good results are also obtained if the precursor comprises
a mixture of boehmite with an aluminium trihydrate such
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to 1.4 and preferably 1 nferr]/g, a nedian particle size of from2 to 4 and
preferably 3 to 3.4 [err]mand a nedian crystallite size of from1.6 to 2.2
pm and the second having a surface area of 3 to 5 n2/g, a nmedian particle
~size of from4 [err]mto 8 pm and a nedian crystallite size of fromO0.4 to
0.8 pm The hydrated precursor of al pha-alsimna is preferably based on a

Ty o e B g0, B e £ B0 bt LE
-5- as gi bbsi tis ofteayprieferrdtd useh @ weightr ecdtioisefl theis often
PrThydrate of PPRSHvEEAEY, o Boshubreys” FE MMV Sre (GE A D10 B0y
the precursor 10‘30 all’lpihaloéﬂeumrr%f_emahlaﬁ rfgrom _Lirﬁiajetq ri Hdr Aken i the ypi Cﬁ.| |y
Cotal weight Bf ColeRet Crmenan dniicll WBdihiffq Wbl SPARfasken
tri hydrates ca% b¥pPicalilyegontzdng fromh k4% a3t hibdeighiguehtl y
utilized is gahbmihe RFihYdratEdibasapdd At YA Owdight of CaBphdm In a
The seed usedSCiiite f Lo GALH athrar AR WIS A BRBRR e nuc et | on
sites in the prédydsatesocan be ntdldedd)e thearsluninm torleydiate méswhi ch
ool e o, $rhB AR VR A L R By R0 s B SRR L
and | attice dsdgesodnEromatéd do 26 wpii.ffer by too much fromthose of al pha
ghgﬁhnma-si Sega[);?’t }{feﬁegﬁg&i Ebodfifént S Bhe RyaLHELE3pLEEGEoRE
_ alpha alumina is seeded. The seed used can be any
material that is effective to produce nucleation sites in .'
the precursor so as to reduce the transition temperature
at which a transition alumina converts to alpha alumina.
Seeds that accomplish this goal generally have the same
crystal lattice type as alpha alumina itself and lattice
dimensions that do not differ by too much from those of
alpha alumina. Clearly'the most convenient seed is alpha
alumina itself and sub-pm sized particles of alpha
alumina are the preferred seed. In a preferred
embodiment, the alpha alumina seed has a median particle
size of less than 0.1 micro-meter, and comprises from
0.2% to 5% by weight based on the total weight of
alumina, measured as alpha alumina, in the catalyst
carrier. It is however possible to use other seeds such
as alpha ferric oxide and chromium oxide and certain
complex oxides of titanium. .
The alpha alumina formed from the seeded precursor
when the extruded mixture is fired generally has a much
finer crystal size than the alpha alumina particles with
which the seeded precursor is mixed unless, during
firing, it is maintained at a high temperature for a
prolonged period. As produced, the seeded sol-gel



alum na are the preferred seed. In a preferred enbodi nent, the al pha

alum na seed has a nedian particle size of less than 0.1 mcro-neter, and
conprises fromO0.2%to 5% by wei ght based on the total weight of alun na,
measured as al pha alumina, in the catalyst carrier. It is however possible
to use other seeds such as al pha ferric -oxg de and chrom um oxi de and
certain conpl ex oxides of titanium The alpha alum na formed fromthe

. m
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mixture to be extruded in an amount that represents from

0.05% to 1%, preferably from 0.05% to 0.5%, more

preferably from 0.08% to 0.40%, and most preferably, from

0.08% to 0.25%, of the weight of the fired carrier.

Certain forms of alumina and bond material may also

contain titania as impurities or components. The

contribution of such forms of titania are not included in

the amounts specified above. The titania can be added as

the dioxide, as a titahate or as a precursor of titania.

In the following description, all of the above options

are understood to be included under the term "titania"”.

It is believed that the titania may function as a form of

crystal growth inhibitor in the alpha alumina formed as a

result of the convérsion of the seeded precursor. It may

be anticipated therefore that other such materials such

as, for example; zirconia or magnesia, which can act in

this capacity might have utility as replacements for

titania. It is believed that complex solid state

reactions between alumina/bond, impurities and titania

‘added to the carrier occur and result in increased

strength and density of the carrier.

The titania is preferably in the form of a powder
with a relatively high surface area, i.e., at least 8 and -



H

contain titania as inpurities or conponents. The contribution of such forns
of titania are not included in the anounts specified above. The titania
can be added as the dioxide, as a titanate or as a precursor of titania. In
the follow ng description, all of the above options are understood to be

I ncluded under the term"titania". It is lyeld eved that the titania my

function as a formof .crystal gro I nli bitor_ in the .al pha.al um na forned
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The burnout agent is a material that is added to the
mixture such that upon calcination, it is completely
removed from the carrier, leaving a controlled porosity
in the carrier. These materials are carbonaceous:
materials such as coke, carbon powders, graphite,
powdered plastics such as polyethylene, polystyrene and
polycarbonate, rosin, cellulose and cellulose based
materials, sawdust and other plant materials such as
ground nut shells, e.g. pecan, cashew, walnut and filbert
shells. Carbon-based burnout agents can also serve as
binding agents. The burnout agents are provided_in an
amount and size distribution to provide a final carrier
having a water pore volume (water absorption) ranging
from 0.2 to 0.6 ml/g, preferably 0.3 to 0.5 ml/g. The
burnout agents typically comprise from 5% to 40% by
weight, based on the weight of alpha alumina in the
carrier. Preferred burnout agents are cellulose-derived
materials, such as ground nut shells.

The term "binding agent" as used herein refers to an
agent that holds together that various components of the
carrier after they have been shaped into the final form,
say by extrusion or pelleting._These binding agents allow
the shaped materials to be dried and calcined without
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m xture such that upon calcination, it is conpletely renoved fromthe
carrier, leaving a controlled porosity in the carrier. These materials are
carbonaceous materials such as coke, carbon powders, graphite, powdered

pl astics such as pol yet hyl ene, pol ystyrene and pol ycarbonate, rosin, _ _
cellul ose and cel |l ul ose based material s, -sgwdust and other plant materials
such as ground_nut fhells cash w, walnut and filbert shells.
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allow th
- 8- crunbllngﬁxgﬂi %ﬁ?ﬁﬁgabﬁﬁtgeﬁFe°EsEEFI91p§P|El?mlﬁﬁggﬁr@lﬁéﬁ§rlals
such as pol yvitygetheohois bs ustallpsprefereedats. aBdndlﬁﬁraﬁﬁatﬁoﬁBy al so.

tizi d y sedin
reu of b ndi 1 Ggsts couthe TALREF GBS obER  #fiued, AErERaRE sPurtfa 1 or med
fromthe seede%-liﬂtbc@amelact sThe ceramiensendsmaterialxibi bgpichdlgi ng the
rest of the alpiaahum N Rathoeheol OBELRCTs £5 38 H3UabLyne BLELHTYn O

add a ceramc
the total weight of the alumina components, expressed as

alpha alumina. Conventional ceramic bond materials can
be used and after firing these typically comprise
components, (expressed as the oxides), such as silica,
alumina, alkali metal oxides, alkaline earth metal
oxides, iron oxide and titanium oxide, with the first two
being the dominant components. 1In a preferred _
embodiment, the ceramic bond comprises the following
components, expressed as the oxides, in the following
approximate proportions: 60% wt. silica, 29% wt.
alumina, 3% wt. calcium oxide, 2% magnesia, 4% wt. alkali
metal oxides and less than 1% wt. each of ferric oxide
and titania.

After the components of the carrier are mixed
together, say by mulling, the mixed material is extruded
into shaped pellets, for example, cylinders, rings,
trilobes, tetralobes and the like. "Extrusion aids" such
as Vaseline Petroleum Jelly and other organic lubricating
materials may be used to facilitate extrusion. The
extruded material is dried to remove water that could
convert to steam during calcination and destroy the
extrudate shapes. After drying to a low water content,
i.e., less than 2%, the extruded material is calcined
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material to the mxture to give added strength to the fired carrier. The
ceram c bond material is typically present in an anount of from 1%to 3% by
wei ght based on the total weight of the alunina components, expressed as
al pha alum na. Conventional ceram c bond materials can be used and after
firing these typically conprise conponenLSQ cexpressed as the oxides), such
as silica, alumnpa, alk l net al al kaline earth netal oxides, iron
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In a preferredéxubmﬁiﬁnnéldsheaﬁdrBﬂhdlhgndgéﬁﬁﬁraﬁdstbhfuée|bw@ Adpha

t the fol n ro
oroportons: - conipas FRrthE18E, EFe o/ mhrfusy ShEH Ba3RE) LheThination
magnesi a, 4% wts twp$¢alhgtearnxedesuanﬂnlansoxmdmzimgwatmesphemb f eay C

Oxi de and {11 koot s SPeLLOPRRIBIYSa0t LS S8 LI Bhednbn TARA LORRRET

say by mulling, nto s ape
exanpl e, cylirgkeateritan 1300%hand meﬁem mqmglfm lEﬁﬁ?Gjﬁa)n

al ds ' such as 166¢id ne FdPI A Bhtd i NmOE Rt Fed UNDEERLTG

materials may be used to facilitate extrusion. e extru
dried to renoViePRER et TRa? - EokP al Qohﬂﬁ?feFﬁbéYeﬁﬁPﬂuPrﬁgt@aﬁchﬁﬁﬁﬁon and

destroy the extrudahe ghapidedAthetridry Rad Q:a&:dl%ﬁﬁatnﬁdéq‘!ﬁéf%fﬁdme
CO 1 U1

I han 2%
Sur i ciont 0 TEbVEBIROL BEEREOLS, FOLERER. AALeThnHanRiBingtRBe e and
to fuse the altghedd Surprefecably| £somnd o3 atpolobismlligr dndasarfEakcaratison

s typ'cally‘¥%ﬂéfﬁ§(¥§oﬁrbaf5 d32| gef£9289995§om56y3°€¥9§”mg?a or
preferably air max! hmum tenp

The carrier formulatlon preferably has a low soda
content which is less than 0.06% by weight. In practice
it is very difficult to obtain a sodium-free formulation
and soda contents from 0.02 to 0.06% by weight are
usually found acceptable. _ .

The carriers described above are particularly suited
for preparing ethylene oxide catalysts which have high
initial selectivities.

The Catalyst

The catalysts of the present invention comprise a
-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 such as rare earths,; magnesium,
rhenium and rhenium co-promoters selected from sulphur,
chromium, molybdenum, tungsten and mixtures thereof.

In general, the catalysts of the present invention
are prepared by impregnating porous refractory supports
comprising alpha alumina with silver ions or compound(s),
complex (es) and/or salt(s) dissolved in a 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




greater than 1300[err]C and preferably ranging from 1350[err]C to
1500[err] C. Times at . these maxi mumtenperatures typically range fromO0.1 to
10, preferably from0:5 to 5 hours. The calcined carriers and catal ysts
made therefromw || typically have pore volunes (water) ranging fromO0.2 to
0.6, preferably from0.3 to 0.5 nl/g and-sypface areas ranging fromO0.15 to
3, preferably from0.3 to 2 n2/g. The carrier formul ation preferably has a
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as any additional promoters in the form of soluble salts
and/or compounds are deposited on the catalyst and/or
support prior to, simuitaneously with, or subsequent to
the deposition of the silver and each other. The
preferred method is to deposit silver and alkali metal
simultaneously on the support, that is, in a single
impregnation step, although it is believed that the
individual or concurrent deposition of the alkali metal
prior to and/or subsequent 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
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)
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



and the deposited silver conpound is reduced to netallic silver. Al so
deposited on the support either prior to, coincidentally with, or
Subsequent to the deposition of the silver will be suitable ions, or
conmpound(s) and/or salt(s) of alkali netal dissolved in a suitable solvent.
Al so deposited on the carrier coincidentaljlty-Mth the deposition of the
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1s expressed as the metal. Without intending to limit
the scope of the invention, it 1$ believed that the
alkali metal compounds are oxidic compounds. More
particularly, it is believed that the alkali metal
compounds are probably in the form of mixed surface
oxides or double surface oxides or complex surface oxides
with the aluminium of the support and/or the silver of
the catalyst, possibly in combination with species
contained in or formed from the reaction mixture, such
as, for example, chlorides or carbonates or residual
species from the 1mpregnat1ng solution(s).

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. '

A preferred alkali metal promoter is cesium. A
particularly preferred alkali metal promoter is cesium.
plus at least one additional alkali metal. The
additional alkali metal is preferably selected from
sodium, lithium and mixtures thereof, with lithium being
preferred.



wi || depend on several variables, such as the surface area and pore
structure and surface chenical properties of the carrier used, the silver
¢ontent of the catalyst and the particular ions used in conjunction with
the alkali netal cation, optional co-pronoters. The anount of al kali netal
pronot er deposited upon the support or pregent on the catal yst generally
lies between 10 and 3000, preferably between 15 and 2000 and npore
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addi tional al kthe adtkalii meprdf promoyegeliotised shdd® and/or compounds
used to promote the catalyst may be the carrier. That
is, the carrier may contain extractable amounts of alkali
metal that can be extractéd with a suitable solvent, such
as water or lower alkanol, thus preparing an impregnatihg
solution from which the alkali metal ions, salts and/or
compounds are deposited or redeposited on the support.
The catalyst may also contain moderating amounts of
chloride for purposes of enhancing the start-up procedure
for the catalysts. When chloride is added to the
catalyst, the carrier can be impregnated with a solution
of chloride moderator ions, salt(s) and/or compound(s)
before, during or after impregnation of the silver ions
or salt(s), complex(es), and/or compound(s) has taken
place and before, during or after impregnation of the
promoter ions or salt(s), complex(es), and/or_compound(s)
has taken place. The chloride moderator may even be
deposited on the carrier after reduction to metallic
silver has taken place. ‘Suitable chloride-containing
salts used to prepare the impregnating solutions include
promoter chlorides such as lithium chloride, sodium
chloride, potassium chloride, rubidium chloride and
cesium chloride as well as ammonium chloride. Ammonium
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- It should be understood that the anpunts of alkali netal pronoters on the
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anion, oxyanlons of Groups 3b to 6b (see U.S. Patent No.,
5,102,848); (i) oxyanions of an element selected from
Groups 3 through 7b and (ii) alkali(ne) metal salts with
anions of halides, and oxyanions selected from Groups 3a
to 7a and 3b through 7b (seé U.S. Patent No. 4,908,343).

The thus obtained impregnated carrier is heated to
reduce the silver to metallic silver. It is conveniently
heated to a temperature in the range of from 50°C to 600°
C, during a period sufficient to cause reduction of the
silver salt, compound or complex to metallic silver and
to form a layer of finely divided silver, which is bound
to the surface of the carrier, both the exterior and pore
surface. Air, or other oxidizing gas, reducing gas; an
inert gas or mixtures thereof may be conducted over the
carrier during this heating step.

" One method of preparing the silver containing
catalyst can be found in U.S. Patent 3,702,259. Other
methods for preparing the silver-containing catalysts
which in addition contain higher alkali metal promoters
can be found in U.S. Patent 4,010,115, U.S. Patent
4,356,312, U.S. Patent 3,962,136, and U.S. Patent
4,012,425. Methods for preparing silver-containing
catalysts containing higher alkali metal and rhenium



"deposited on the carri‘er after reductionto netallic silver has taken

pl ace. Suitable chloride-containing salts used to prepare the inpregnating
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'~ when a single impregnation step is utilized.

Concentrations selected within the above noted ranges

will depend upon the pore_volume of the catalyst, the

final amount desired in the final catalyst and whether

the impregnation is single or multiple.

) It is observed that independent of the form in which

the silver is preSeht in the solution before

précipitation 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

term "reduction", since Agt ion is converted into a

metallic Ag atom. Reduction times may generally Vary

from about 0.5 minute to about 8 hours, depending on the

circumstances.

The Process

In commercial'bpération, ethylene and oxygen are
converted to ethylene oxide in an ethylene oxide reactor
which comprises a large fixed tube heat exchanger
containing several thousand tubes filled with catalysts.
A coolant is used on the shell side of the reactor to
remove the heat of reaction. Coolant temperatures are
frequently utilized as an indication of catalyst



inert gas or mxtures thereof may be conducted over the carrier during this
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the activity of the catalyst employed. The value T49
indicates the temperature at 40 percent oxygen conversion
in the reactor and the value T is expressed in °C. This

U

temperature for any given catalyst is higher when the
conversion of oxygen is higher. Moreover, this '
temperature is strongly dependent on the employed
catalyst and the reaction conditions. The selectivity
(to ethylene oxide) indicates the molar amount of
ethylene oxide in the reaction product compared with the
total molar amount of ethylene converted. 1In this
specification, the selectivity is indicated as S4q, 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
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
control the catalytic action, for example, 1-2-
dichloroethane, vinyl chloride, ethyl chloride or
chlorinated polyphenyl compounds, to the desirability of
\
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another oxygen-containing 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 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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Coolant temperature

180-315 °C

Catalyst temperature.

180-325 °C

0, conversion level

10-60%

EO Production (Work Rate)

32-400 Kg EO/m3

| catalyst/hr.

*Volume units of gas at standard temperatufe and pressure
passing over one volume unit 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

in the range of from 180°C to 330°C, and preferably from

200°C to 325°C.

While the catalysts of the present invéntion are
preferably used to convert ethylene to ethylene oxide,
they can be also used to epoxidise other olefins having
- no allylic hydrogens, such as are broadly defined in U.S.

Patent No. 4,897,498. Exemplary

such olefins are

butadiene, tertiary butyl ethylene, vinyl furan, methyl
vinyl ketone, N-vinyl pyrrolidone, and the like. A



therefore evident that the use of the present silver catalysts in ethylene
oxide reactions is in no way limted to the use of specific conditions
anong those which are known to be effective. For purposes of illustration
only, the follow ng table shows the-range of conditions that are often used
in current conmercial ethyl ene oxide reacti@ -units and which are al so

suitable for the instant process. 17 - TABLE,|l * GHSV
1500- 10, 000 | ERSHHeLy preferred olefin for usgosbzbhe RPACEice: oF‘-eed
§t2¥|énﬁ this process is butadléﬂ@QCBGé&h?e of its regdy dor at

t hane or rocar,bon noder at or
5 350 pomy « A1 Labb e 5oLkl Re ko oSt randobaR HifBoRange of

Bal ance Cool argodsitpbe aise® for the epox1dé8ﬁe3¢51bnrptﬁdﬁatalyss.

10,800k EO pr ok RESEh N b a1 eq06" Lasudltoinnael By | 38027 Aseprpses
*\Vol ume uni t s afsiwertbasetdaa abxrpee’a@bmramqtpdessuppo;sagdl esgtetastone
vol ume unit ofyprakeds cadfbved ﬁcgrtﬁ‘@ué o&ﬂdétfﬁﬁf8frsdtaa@bheaby0n of the

silver catalysts accordlng to t I hven |on E ene oxlde I.s produced
when an oxygewF%R#ﬁ%ﬁgn%EFg%%ol%aE%%Y%EteﬂfQFFhl ghiPRREeINAtiAR pitleAce of

the present cadilwst Scoh @ﬂ&mmtﬁehyaré@enréﬁﬁ@aﬂﬁlﬁgogaéS%ear] Cto
330ferr] G, ancl:eon{ eefxea{t%:tljllré/ nét(:) %%88&8{,&&%&8 °’5(.25[1‘31{ same can be done
' with the catalysts accordlng to the present invention.
The invention will be illustrated by the follow1ng
embodiments.
Illustrative Embodiments
Carrier Preparation
Carrier A:

The ceramic components are mixed with a burn-out
material (walnut shell flour) and boric acid for about a
minute. Water and the seed component are then added, the
water being added in an amount that is necessary to make
the mixture extrudable. Generally this is about 30% by
weight of the total solids present. The mixture is mixed
for two to four minutes and then 5% by weight of
petroleum gelly (Vaseline (Vaseline is a trademark))
based on the weight of the ceramic components, is added
as an extrusion aid. The mixture is then mixed for a
further 2 to 4 minutes before being extruded in the form
of hollow cylinders and dried to less than 2% uncombined
water. These were then fired in a tunnel kiln with a
maximum temperature of about 1500 °C for about 4 hours.
The carrier is ‘described in terms of its formulation in
Table I and in terms of its physical properties in Table
II. '

Carrier B:
Carrier B was preparéd in a manner similar to Carrier



Wiile the catal ysts of the present invention are preferably used to convert
et hyl ene to ethyl ene oxide, they can be al so used to epoxidi se ot her

ol efins having no allylic hydrogens, such as are broadly defined in U.S.
Patent No. 4,897,498. Exenplary such olefins are butadiene, tertiary butyl
et hyl ene, vinyl furan, nmethyl vinyl keteneg N-vinyl pyrrolidone, and the
like. A - 18 - prese tlg referred olefin for use in the practice of
this process ifs ??ERE)%RJ‘F e&%‘? bethbREa Jfastaddedgboatiae| GBFFiey, relative | ow
cost, and the Soxulatigen Of Tioe StdteieBeds f @esehEbeQoxhdeerRaChiFORLRr oduct .
U S. Patent No 096, . i e .14, 1992 _discloses,a

) . 1S January
si'Iver-based,fcﬂ]ﬁ'ﬁ?fa QR Dy %df'%@%pﬁ?t%ﬁr%ﬁtgfyéésmﬂ ¥firaladapted to
t he epoxi dati @rapettiesli bmeTdtylérERfing the pro-catalyst, after its
inpregnation\ﬁégkfbéi ver conpound, with a hydrogen containing gas at a
t enper ature not ‘exceedihg 350 [err] C. The -sane can be done with the
cat al ysts accor di fipanieh« pas onepanedtinn Mamnenveimibarwtd| Cherier

i|lustrated by the-dd MO RENON PEOE Scohtd P55 MRS é{g%fgmbtaghgﬁgss Carrier

Preparation Carrier "A:. The ceram c conponents_are m X ur n- out
mat erial (wal RATRANENTL (IRRTaERA D% ra cSkTde} Proeess  aandnipesepdt er and

the seed conpansmorsitr ! here AddEIbh4 M1 WAL RS 8] NGadds@delintgntABOUNt that -
i S necessary to nmake the %%L”e ext udable._GbneraIIgg%P$s is about 30% by

m
wei ght of the PSS AT AN . RREifE 18 9 8¢ thoteE™Four
m nut es and t loefh i3% fommilaitiaod jretTabdbenI gehd yin Veeehs nef(Yeseline is a

trademark))  physical properties in Table II.

Carrier D: _ _
Carrier D was prepared.in a manner similar to Carrier

A except that the carrier contains no alpha alumina
component generated by a sol-gel process, and no seed
component, i.e., Alpha Alumina #5, was added to the
carrier formulation. The carrier is described in terms
of its formulation in Table I and in terms of its
physical properties in Table II.



based on the weight of the ceram c conponents, is added as an extrusion
aid. The mixture is then mxed for a further 2 to 4 mnutes before being
éxtruded in the formof hollow cylinders and dried to | ess than 2%
unconbi ned water. These were then fired in a turnel kiln with a maxi num

t enperature of about 1500 [err]C for about2gt hours. The carrier is
described in terns of its fornmulation in Table | and in terns of its

physi cal properties in Table II. Carri BEE Dl rjer B was prepared in a
manner simlar to Carrier - 19 - A.except that titania was added to the

carrier formulation. The carrier J d@%rcr ﬁ_@{rﬁ its formul ati on
in Table I and in terns, of itsﬁ#é? n Table Il. Carrier C

Carrier C was prepared in a manner simlar to Carrier A exceot that t he
carrier dontains no al pha al 0 nt_.aen D CEss,
and no sded conponent, i.e., %Hﬁg&ﬁ&%ﬁg&%& % §55& o kf@ E&Flrl @r' |
formul atijon. _The carrier isld®esdribed |® s of |%twtforrml i et i n Tabpl e
| and in [tey Oﬁlﬁnﬁfné’h SI(%] 6.y opertias i6n Tabl ¢ h Carri bsD Carrigr D
. was prepgr a manner - si ar to Cafri€r A excep Fhat thacarrler

cont ai ns ¢ nponent geherated by & sol -gel ptocess, and]no
seed cOMHONRAa Aldnindl pNa[Agip na #5] payp added| Ngrghe car | kghe
formul atifo he carrier isldescribed fn terns of Jits formul ftion in Taple
| and in f?prm: of its physi¢al propertjes in Table 11,

Alpha Alumina # None . | None 74 -

31,4

Alpha Alumina # None None . 25 -

41,5 '

Alpha Alumina # 5

(Seed) 1,6 0.9 0.9 | None None

Tio,l None 0.2 None None -

2ropl None None None 1

Gibbsitels7 18.7 18.7 None None

Boehmite 1,8 | 4.5 4,5 None None

Ceramic 1.3 1.3 1.0 0.2

Organic Burnoutl0]11.0 11.0 30 28

VaselinelO 5.0 5.0 5 5

Boric AcidlO 0.15 0.15 0.1 0.1

Water (to make _

extrudable) 13 ~30 ~30 ~30 ~30

1

Indicates "ceramic components" and percentages given
are based on 100% of the ceramic components. |
"Alpha Alumina #1" is an alpha alumina that had a
median particle size of 3 to 3.4 pm, a BET surface
area of 0.9 to 1.4 m2/g, a crystallite size of 1.6 to
2.2 pym and a soda content of 0.02% to 0.06%. |



- 20 - TABLE Il CARRIER COVMPOSI TIONS Carrier A, Carrier B, Carrier C,

Carrier D, %w % wt % w % wt Al pha Alum na # 46. 6

6.6 None 98.8 11,2 Al pha Alum na # 28.0 28.0

None None 21,3 Al pha Alum na # None None - 74

31,4 Alpha Alum na # None None - 21 - 25 " _ 41,5 ﬁLphaT 1
ne ne Ti

Qgﬁg1na 7o (Seed)l'gl Rgnélumlna ﬁaneeréﬁlalpha alumina pgith a medigghe

None 1 Gl bbsphst;.&le s:.ze 68 4.0 to 8. D8ui1, a surfaee area JdYORE 0

Boehmte 1,8 4 8. 2/ a crvst 2 ?oo ge ?

1.3 1.3 -9 ®°/9, @ cpys g&ﬁafsr Fize of £3°8 Jad EBG-Fodtmo

11.0 11.0 and a SOda ‘conteng8o¥as6l.leker 0] 3%. 5.0

5 5 Béricug ina #3913 an a1ph8 43umina th; { had a O:1
Water (to nmake extru ~3 § ~30 1
| ndi cat es "ceran1dmééhﬁﬁnEﬂFglc&ﬁdSpéecQﬁtégéstglﬂeﬁ ume PaBES emriae¥ of

the ceranic conpongpés. of 0 g§ALghe . §l 4 ga glcr¥§t QEQh§1%|UGFn% at, had
a nedian particle si err su ace area o to 1.4

f
ne/g, a crystagllt%ms?Qa st?86 FBnEeEtpﬂﬁaHd 08%s0da content of 0.02%to
0. 06% "Alpha Alumina #4" is an alpha alumina that had a

median particle size of 2.5 to 3.5 pm, a BET surface
area of 3 to 4 m2/g, a crystallite size of 3 to 4 um
and a soda content of 0.1%.

"Alpha Alumina #5" is an alpha alumina that was used
as the seed for the gibbsite and boehmite precursors
of alpha alumina. Its median particle size was less
than 0.1 pm.

The gibbsite had a median particle size of from 4.0
to 20 um.

The boehmite was dispersible as a sol.

The ceramic bond for carriers A and B contained
components, expressed as the oxides, in the following
approximate proportions: 60% wt. silica, 29% wt.
alumina, 3% wt. calcium ox1de, 2% magnesia, 4% wt.
alkali metal oxides and less than 1% wt. each of
ferric oxide and titania.

10 Percentages are based on the total weight of the

' ceramic components. |

The ceramic bond for Carrier C contained components,

expressed as oxides, in the following approximate

11

proportions: 67% wt. silica, 30% wt. alumina, about
1% wt. each of ferric oxide and titania, and a trace

of alkali metal and alkaline earth oxides.

12 ‘The ceramic bond used for Carrier D was calcium

silicate.

13 Percentages are based on total weight of solids.



- 21 - "Alpha Alumna #2" is an alpha alumna with a nedian particle size
of 4.0.to 8.0 pm a surface area of 3.0 to 5.0 n2/g, a crystallite size of
rom0.4 to 0.8 [err]mand a soda content of 0.1%to 0.3% "Al pha Al un na
#3" is an al pha alum na that had a nedian particle size of 3.6-t0 4.2 pm a
BET surface area of 0.8 to 1.0 n2/g, a G¢y53a4llte size of 3to 4 pmand a

soda content of 0.05% 5 "Al pha Alunmina #4' is an al pha alum na that had
a median particle size of 2.5 to 3.5 p RBLERE¥Isyrface area of 3 to 4 n2/ g,
a crystallite size of 3 to 4 pm aARRIBERPROPERIIEDf 0.1% 6 " Al pha

Alum na #5" is an alpha alun1na that was used as the seed for the gibbsite
and boehmte pg . paLilcleslze vas less

_ Pptatrosrd|Caraidt gm
8 The boehnife was di spersi bl e as, : ( c.bond folf carrierqd A

S the-fol IDn\mi no
~J

n[sma,43% wi .41cd ci umh

appr oxi mate pr

oxi de, 2% nagng oxi ¢gles and l'ess than 1% wt. each of

ferric oxide afd +-ages—ar p—based—eA—t-he—t-ot-at—wei-ghi—(f
the ceramic co oC81S er coR0ai n¢d. 774
conponent;,.eX)reS@QQSQ%YOX|des in the fol kow ng appjr oxi mate proporti ofs:
67% wt . silical 30%wt. al’umina, dbout 1% w. each of| ferric ofi de and
titania, and ajtrakg/litre '
Crush Strength, 6.350 6.758 7.711 9.979
kg3 _ '
Surface Area, 0.97 1.01 0.51 0.50
m2/g4
Acid Leachables, _ :
ppm 217 350 42 50.5
' Na _ 80 76 30 41
K 189 149 n.a. 850
Ca . 520 579 n.a. 534
Al |
TiOo, % None 0.2 . None None
Firing ' 1480 . 1450 1420 1390
Temperature, °C '

1 "Hater Absorption"” is a measure of the increase in
weight of the carrier after belng immersed in water
and weighed.

-2 Packlng Den51ty" is the settled packing density as
measured by ASTM D-4699-87, modified by the use of
cylinder with an inside diameter of 88 mm and a
length of 45.7 cm, or an equivalent.

3 "Crush Strength" is measured on a Compton Tensile

Tester, model 50-0OP. _

"Surface Area" is the BET surface area measured using



of alkali metal and alkaline earth oxides. 12 The ceramic bond used for
Carrier D was calciumsilicate. 13 Percentages are based on total weight of

Sol i ds. - 22 - TABLE Il CARRIER PROPERTIES Carrier Carrier Carrier
Carrier A B C D Wat er Absorption, 44.5 38.3
46. 4 41.5 Packi ng 0.737 -@3815 0. 720 0.774 Density,
kg/litre Crush Stren th 6, 350 7 9.979 kgl[err]
Surface Area, gr%q en or Erggton as Qgi adSOrBaéﬁ'Acid Leachabl es, ppm
217 350 : 50.5 Na 80 76

30 149 n. a. 850 Ca

520 579 é(atalys" .PreparaﬁééﬁAl Tigerr], % None 0.2
None None F|rng following illugBpative gmsgdlmentldgscrlbeslsgo

Tenper at ur e, 3 r NEokS S c
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"Packi ng Densigstant h%vgﬁF%PBd?SQEﬂiﬁﬁtﬁeﬁ5|Py &s Pea§9ﬂe%)b?nﬂstﬂe
D-4699- 87, nodiémesrdyiveeccatglostsYCotlparstibeatataygesdra@gmgez)ofan?d nm

and a the technique for measuring the properties of these
catalysts.
Part A: Preparation of stock silver oxalate/ethylene-
diamine solution for use in catalyst preparation:

l) Dissolve 415 g of reagent-grade sodium hydroxide
in 2340 ml1 deionized water. Adjust the
temperature to 50°C. | o

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

3) Add sodium hydrdxide solution slowly to silver
nitrate solution with stirring while maintaining
a temperature of 50°C. Stir for 15 minutes after
addition is complete, and then lower the
temperature to 40°C.

4) Insert clean filter wands and withdraw as much
water as possible from the precipitate created in
step (3) in order to remove sodium and nitrate
ions. Measure the conductivity of_the_water
removed and add back as much fresh deionized.

‘water as was removed by the filter wands. Stir
for 15 minutes at 40°C. Repeat this process
until the conductivity of the water removed is
less than 90 umho/cm. Then add back 1500 ml
deionized water. : _

5) Add 630 g of high-purity oxalic acid dihydrate in
approximately 100 g increments. Keep the
temperature at 40 °C and stir to mix thoroughly.



| ength of 45.7 cm or an equivalent. 3 "Crush Strength" is neasured on a
Conmpton Tensile Tester, nodel 50-0OP. 4 "Surface Area" is the BET surface
area neasured using - 23 - nitrogen or krypton as the adsorbate.
Cat al yst Preparation The following illustrative enbodi ment descri bes
preparative techniques for nmaking the cat d4sts of the instant invention

(Catalysts A B, C D, d F nd the conpargtive_ catal ysts. rative
Catal ysts E and Q andN$ et¥%cﬂ%§ﬁd@°¥5+gﬁea u?¥ﬁbth§c¥ao§é£§ng%Sf_these
catal ysts. Part A Pregbowlyocandfimshbedr spEves emshréethabypHndoesi aositne

solution for use in c ration: 1) Dissolve 415 g of
Nty

reagent - grade sodi um 'n 23240 m deionized water. Adjust the
tenperature to 50[@)r | Rem@ye Chs ok Waber gfoém(bhghmputire) asi peesibiler at e

in 2100 m deionized wad £y é%&éﬁtfif€ I SJRRAS! ¥hCokQerOLE! EbEm 3) Add
~sodi um hydr oxi de sol ution %Io y to 5|?ver.n|trate SO?UtIOﬂ W th stirring
whi | e mai ntaining a tdMehby geneentoated) gilverrcopkaiBingnglosrafter
addition is conplete, @il tfed sPVPertbRalsPRCERLUYEG £6 40f@IT] C. 4) Insert
clean filter wands_and t hdraw a ch water as,possible fromthe :
‘precipitate creatéb)iﬂmiéeﬁgé39 ?ﬁ gyd%?r?%nFeﬂﬁ% hgoégﬂh1and.nitrate i ons.
Measure the conductiviéthplehddismine (8podeionddedddabeek.asDouabtfresh
dei oni zed water as vas,{FIOVELe el DErithEE" t8P803eed" 3b°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, B, C, D
and F and Comparative Catalysts E and G below.
Part B: Preparation of impregnation solutions
For Catalyst A:
161.3 Grams of silver stock solution with a specific
gravity of 1.543 was diluted with 4.2 grams of water and
13.5 grams of monoethanolamine. 0.0350 Grams of NHyF
were dissolved in 2 ml of water and added to the silver
solution. CsOH (50% solution in water) in an amount of
0.1367 grams was added to 60 grams of the above diluted
silver solution and the resulting mixture was used for
the carrier impregnation.
For Catalyst B: _
175.4 Grams of silver stock solution with a specific
gravity of 1.53 was diluted with 3.6 grams of water.
0.0387 Grams of NHyF were dissolved in 2 cc of water and
- added to the silver solution. CsOH (50% solution in
water) in an amount of 0.1536 grams was added to 60 grams
of the above diluted silver solution and the resulting
mixture was used for the carrier impregnatioh.
For Catalyst C: |

165.3 Grams of silver stock solution with a specific



for 15 mnutes at 40[err]C Repeat this process until the conductivity of
the water renoved is less than 90 [err]nmho/cm Then add back 1500 ni

dei oni zed water. 5) Add 630 g of high-purity oxalic acid dihydrate in
approxi mately 100 g i ncrenents. Keep the tenperature at 40 [err]C and stir
to m x thoroughly. - 24 - Add the | ast pgrtion of oxalic acid dihydrate
slowy and nonitor pH tao ensure that pH does not drop below 7.8. 6) Renbve

as nuch water PFEMLENe Ok Lt WaS gddatiods Widihd 3% &F3m8 *F wands in
order to form fohbethineqaadmie.at ed D426 Greary IMINK B lwdrey .dXssslvde

silver oxalate_,sl yr to_30 r]c 7 d 9, q of .92 r.cent L aht_ (%)
et hyl enedi am nén( %E'%QF&HHSZ%’? \w]a?t%&r) ?ang edaﬁooﬁq%ég%tﬁévrﬁfersd% ?rb‘
exc?eq 30[err]CsOﬁrKﬁ@%aédgmtggn'Ihﬁwahmuﬁ_ﬁnnemdqmpqﬁtﬂafip%kﬁﬂfﬂzﬁaTsOh"
cont ai ni ng appLQxi YV +- A7 OVis : solu
used in t%e Brggér g?lhgﬁ g% @t é?ﬁlf%{ss\é% tgg_gﬁogea\#&qﬁ&aén&c]esdb%péa}?at I ve

Cat al ysts E ang§otufsdppwandaithepresudfdng mixtorrg masegaad Fesdithe i ons For

Catal yst A 16La3r$e2MEnhrednlat@onst ock solution with a specific gravity of
h 4.2

1.543 was diluted wt rans of water and 13.5 grans of

monoet hanol ami BET CaadysE &tams of NHAF were dissolved in 2 m of water
and added to the shbyep gehhsi oF s€IVEr( B@VckOlsslivtiion witiela spedifBfount

o AT O AT 300 R e P Y S 4 Wi oo
0.0868 Grams of (NHyg)ReO4 were dissolved in 2 cc of
water/EDA mixture (50/50 by weight) and added to the
silver solution. CsOH (50% solution in water) in an
amount of 0.1743 grams was added to 60 grams of the above
diluted silver solution and the resulting mixture was
used for the carrier impregnation.

For Comparative Catalyst E:

129.7 Grams of silver stock solution containing 29.7%

"Ag was diluted with 14 grams of water and 6.3 grams of .

- monoethanolamine. 0.0285 Grams of NHyF were dissolved
in 2 m1 of water and added to the silver solution. CsOH
(50% solution in water) in an amount'of 0.0582 gfams was
added to 50 grams of the above diluted silver solution
and the resulting mixture was used for the carrier
impregnation. '

For Catalyst F: _

168.1 Grams of silver stock solution with a sﬁecific
gravity of 1.546 was diluted with 10.9 grams of water.
0.1442 Grams of (NH4)ReO4, 0.0704 grams of LipSO4.H20,
0.303 grams of LiNO3 were dissolved in approximately 2.0
ml of ethylenediamine/H20 (50/50 by weight) and added to
the silver solution. CsOH (50% solution in water) in an
amount of 0.1985 grams was added to 50 grams of the above
diluted silver solution and the resulting mixture was
used for the carrier impregnation. |



the carrier inpregnation. For Catalyst B: 175.4 G ans of silver stock
solution with a specific gravity of 1.53 was diluted with 3.6 grans of
fvater .- 0.0387 Granms of NHAF were dissolved in 2 cc of water and added to
the silver solution. CsOH (50% solution in water) in an anount of 0.1536
grans was added to 60 granms of the above @d wed silver solution and the
resulting mxture was used, for_the carrier inpregnation. For Catalyst C

165.3 G ans ofFQf |GREParHAvVe 3k bydhi€h a specific - 25 --gravity of
1.55 was diluted vigih dﬁan%gdﬁrslmefrosw&mawimm witR. 848pe€igie of

NHAF wer e di ssol : f t d .added,to_th I | uti
Co i (50% sol TR G b o8 e, Adbefe oL eR 15860 oF s A WRkeR”1 o oo
grams of the aha/k66liGrdmsl of | (NH4EReQY/ 00\. @384 t geamesoft LhgSOyxHpOe was

ed for the Iy 4 t F 1
gfock sol uti o?vﬁlﬁé adfs%%%%;? i' s?ér%?éﬁé%@%v@d ﬁs é?gégﬁ?ﬁgigl BVS; ans
of water. i n
f wat 0. 08BN 0 eﬁhxm%emmeﬂéz@ §30/ Hedbynweighthf andt addedA

m xture (50/ 5%&&1&’@'%%@%?19@%% 0 é£@HStw@rsépﬁﬁibﬁnmcﬁ%ﬁo%
solution in water) 1n an anmpunt_ of 1743 grans was ﬁg ed g grans of
xgﬁwswa

t he above di l &%@%9‘%%@%0@1&4%9%#\%5@%@?@%3 B&d for

the carrier irggeghadinited i Goepasslutyboaind ybhe Ereddtingr niRtakesi | ver
st ock sol ution contalﬂoﬂgrEn 7% Ag was diluted Mﬂth 14 granms of water and

6.3 grams of (e Carr iR IpLIednatiflnr were di ssol ved

Part C: Catalyst impregnation and curing
Catalyst A:

Approximately 30 g of carrier A (described above in
Tables II and III) is placed under 25 mm vacuum for 3
minutes at room temperature. Approximately 50 to 60 g of
doped impregnating solution (as described in Part B above
under "For Catalyst A") is then introduced to submerge
the carrier, and the vacuum is maintained at 25 mm for an
additional 3 minutes. At the end of this time, the
vacuum is released, and excess impregnating solution is

- removed from the carrier by centrifugation for 2 minutes
at 500 rpm. If the impregnating solution is prepared
without monoethanolamine, then the impregnated carrier is
then cured by being continuously shaken in a 850
litre/hr. air stream flowing across a cross-sectional
area of approximately 19.4-32.3 cm? at 240-270°C for 3-

6 minutes. If significant monoethanclamine is present in
the impregnating solution, then the impregnated carrier
is cured by being continuously shaken in a 850 litre/hr.
air stream at 250°C to 270°C for 4-8 minutes. The cured
catalyst is then ready for testing. '

The properties of Catalyst A are shown in Table Iv

below.
Catalyst B:
Catalyst B was prepared in the same manner as



in 2 mM of water and added to the silver solution. CsOH (50% sol ution in
water) in an anount of 0.0582 grams was added to 50 grans of the above
diluted silver solution and the resulting nmixture was used for the carrier
i npregnation. For Catalyst F. 168.1 Gans of silver stock solutionwith a
specific gravity of 1.546 mas di luted w~2716- 9 grans of mate¥ Lohég42

G anms of (NH4 04 ans aof SOA. H20, 303 ans | wer e
di ssol ved(l n %%Xﬁ%%’l ﬁazﬁ é W%X%E.%ﬁ%?ﬁ ‘(’Bﬁlgﬁegylﬁel ght)
and added to mmacaIoﬁwC&tﬂl&stwtafkilt(EOQﬁdothéIﬂmpregngtﬁnt salan%a?nunt
of 0.1985 gra a8 o) o] sklLyver solution
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specific gravifighid fv b1 aps diluted with 12.9 grans of water. 0.0766
Gans of (NH4)ReO4, 0.03/4 grams of Li2SO4. H20, 0.1616 grams of Li NGB were
di ssol ved in &Afabdsat@ y 2.0 grans of ethylenedlan1ne/H2C)(50/50 by

wei ght) and addedd&télﬁﬁsﬁld \was @ﬁb(é%@ié‘ﬁﬂﬁré?n%i@ﬁ) in

an anmount of Q.1 [ ans of the_ above ut si L ver
solution and t &1 n?’?‘nﬁ% &%&P%@gﬂaﬁq c%’ﬂ"? anﬁ?EﬁﬁﬁFl Bn.
Part C Cat al wets i imprgredtexh wainch 240 ng @tgcllyﬁér Astalwlorﬁélﬂgiehywi}ﬁhg of
carrier A (desgcr V. I nd )sd under
vacuum for 3 ?nané#géé%lbé) ogro ‘P"ttgp ‘f:& $5§ ##%xﬁ"ﬁ%’f%?§a 8+ 6289 §* o' doped
i npregnati ng ﬁﬂhﬁd/modmdid&rd&mﬂmas@asil&amn&ts to metallic
silver. Water pore volume was determined after the first
impregnation and was used to calculate the dopant

concentrations. The second impregnation was carried out
with the 1mpregnat1ng solution described in the Part B
above under "For Catalyst C". The catalyst was cured in
a manner similar to that described above. The propertiés
of Catalyst C are shown in Table IV below.

Catalyst D: '

Approximately 30 g.of carrier A (described above in
Tables II and III) is placed under 25 mm vacuum for 3
minutes at room temperature. Approximately 50 to 60 g of
doped impregnating solution (as described In Part B above
under "For Catalyst D") is then introduced to submerge
the carrier, and the vacuum is maintained at 25 mm for an
additional 3 minutes. At the end of this time, the
vacuum is released, and excess impregnating solution is
removed from the carrier by centrifugation for 2 minutes
at 500 rpm. If the impregnating solution is prepared
without monoethanolamine, then the impregnated carrier is
then cured by being continuously shaken in a 850
litre/hr. air stream flowing across a cross-sectional
area of approximately 19.4-32.3 cm? square inches at 240-
270°C for 3-6 minutes. If significant monoethanolamine
is present in the impregnating solution, then the



under "For Catalyst A") is then introduced to subnerge the carrier, and the
vacuumis maintained at 25 mmfor an additional 3 mnutes. At the end of
this time, the vacuumis rel eased, and excess inpregnating solution is _
renoved fromthe carrier by centrifugation for 2 mnutes at 500 rpm |If the
| mpregnating solution is prepared w t hout 280r0et hanol am ne, then the

. npregnated carrier is then cured by being continuously shaken. in 50
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litre/hr. air ThHe quopsriiedy of |Catal Y[ rate shwowr-Bn nTalblesIVThelow: ed
catalyst is then.r . for.testing.-.JThe properties of Catal yst A are shown
in Table IV b omae@lﬁﬁsqa%&&aﬁyst B was prepared in the sane manner
as - 27 - Cat alGosipaxatuhwee latakystCR Hastprepared I vkReusamein pl ace
of Catal yst carri ' eQ%ag' té € wepribatcdggsri bed
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Catalyst F: '
Catalyst F was prepared in the same manner as
~ Catalyst D, except that Catalyst carrier B was used in
place of Catalyst carrier A and the impregnating solution
used was that described in Part B above under "For
Catalyst F". The properties of Catalyst F are showh in
Table IV below.
Comparative Catalyst G:

Comparative Catalyst G was prepared in the same
manner as Catalyst D, except that Catalyst carrier D was
used in place of- Catalyst carrier A and the impregnating
solution used was that described in Part B above under
"For Comparative Catalyst G". The properties of

Comparative Catalyst G are shown in Table IV below.
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The actual silver content of the catalyst can be
determined by any of a number of standard, published
procedures. The actual level of cesium on the catalyst
can be determined by employing a stock cesium hydroxide
solution, which has been labelled with a radioactive
isotope of cesium, in catalyst preparation. The cesium
content of the catalyst can then be determined by
measuring the radiocactivity of the catalyst. _
Alternatively, the cesium content of the catalyst can be
determined by leachinq'the catalyst with boiling
deionized water. In this extraction process cesium,
well as other alkali metals, is measured by extraction
from the catalyst by boiling 10 grams of whole catalyst
in 20 millilitres of water for 5-minutes,'repeating the
above two more times, combining the above extractions and
determining the amount of alkali metal present by
comparisoh to standard solutions of reference alkali
metals using atomic absorptiOn spectroscopy (using Varian
Techtron Model 1200 or equivalent).

Part D: Standard Microreactor Catalyst Test
Conditions/Procedure

as



solution used was that described in Part B above under "For Conparative

Catal yst E'. The properties of Conparative Catalyst E are shown in Table IV

bel ow. Catal yst F: Catalyst F was prepared in the sane manner as Catal yst

D, except that Catalyst carrier B was used in place of Catalyst carrier A

and the inpregnating solution used was t+h@0 described in Part B above under
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The gas mixture passed thorough the catalyst bed (in
once-through operation) during the entire test run
(including start-up) consists of 25%'ethy1ene, 7% oxygen,
5% carbon dioxide, 1.25 to 5 ppmv ethyl chloride with the
balance being nltrogen/argon.

'The start-up procedure involved ramping the
temperature from 180°C to 230°C in the following fashion:
1 hour at 180°C, 1 hour at 190°C, 1 hour at 200°C, 1 hour
at 210°C, 1 hour at 220°C, 2 hours at 220°C, 2 hours at
225°C, 2 hours at 230°C, and then the temperature was
adjusted to provide 1.5% ethylene oxide at the reactor
outlet. Catalyst selectivity (S31,5) and catalyst
activity (Tj_5) were measured at those conditions.

To allow meaningful comparison of the performance of
catalysts tested at different times, the Catalysts A, B,
C and Comparative Catalyst E were tested simultaneously
with a standard reference catalyst which was S; 5 = 81.7%
and T1, 5 = 235°C. |

Catalysts A, B, C and Comparative Catalyst E
prepared above were tested using the above procedure and
the results are given in Table V below.

B. For Catalyst D:

Catalyst D was tested in a manner similar to that
described for Catalysts A, B, C and Comparative Catalyst
E above, except that start-up procedure is as follows.
The initial reactor (heat medium) temperature is 225°C.



procedures. The actual |evel of cesiumon the catalyst can be determn ned
by enpl oyi ng a stock cesi um hydroxi de sol ution, which has been | abell ed

W th a radioactive isotope of cesium in catalyst preparation. The cesium
content of the catalyst can then be determ ned by neasuring the

radi oactivity of the catalyst. Alternativedly,~ the cesium content of the
catal yst can be determ ned by | eachjng the catalyst with_boiling deionized
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Condi tions / Procedure - 30 - A For Catalysts A B, C and Conparative
Catalyst EE 1 to 3 Gans of crushed catgégﬁg ¢f 0.841-0.595 nm (20-30 nesh)
are loaded into a 6.4 nmdi aneter stai eel U-shaped tube. The U tube
is immersed in a molten netal baCATAREST FERFORMAKE t he ends are connected
to a gas flow system The weight of the catal yst used and the inlet gas

flowrate arg aofusted t0 actieve a pas nourty-ypace verocriy of 6800. The
outlet gas pressure is 1550 kPa The %hSSrr%xtur :Tgiaésad Eha ough the

cat al yst bed (@ tAr ough operatj gp)oduringjtohg entire fest run
(i ncl udi ng sta-r-r%nm_ géngl ene, Uéolg,xygen,

Cafalyst B

Catalyst C 82.0 220
Catalyst D 84.0 233
Comparative Catalyst E| 81.2 230

As can be seen from Table V, the initial
selectivities of Catalysts A, B, C and D are improved
over the initial selectivity of Comparative Catalyst E.
It can also be seen that the initial activities of
Catalysts A, B and C are improved over that of
Comparative Catalyst E.

C. For Catalyst F and Comparative Catalyst G:

3 to 5 Grams of crushed catalyst (14-20 mesh) are
loaded into a % inch diameter stainless steel U-shaped
tube. The U tube is immersed in a molten metal bath
(heat medium) and the ends are connected to a gas flow
system. The weight of the catalyst used and the inlet
gas flow rate are adjusted to achieve a gas hourly space
velocity of 3300. The outlet gas pressure is 210 psig.

The gas mixture passed through the catalyst bed (in
once-through operation) during the entire test run
(including start-up) consists of 30% ethylene, 8.5%
oxygen, 5% carbon dioxide, 1.5 to 5 ppmv ethyl chloride
with the balance being nitrogen/argon.
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5% carbon dioxide, 1.25 to 5 ppnmv ethyl chloride with the bal ance bei ng

ni trogen/argon. The start-up procedure involved ranping the tenperature
from 180[err]C to 230[err]Cin the follow ng fashion: 1 hour at 180[err]C,
1 hour at 190[err]C, 1 hour at 200[err]C, 1 hour at 210[err]C, 1 hour at
220[err]C, 2 hours at 220[err]C, 2 hours-ag2225[err]C, 2 hours at
230[err]C, and then the tenperature was adjusted to provide 1. 5%ethy| ene
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usually obtained when the catalyst has been onstream for
a total of about 24 hours and are provided in Table V
below. Due to slight differences in feed gas |
composition, gas flow rates, and the calibration of
analytical instruments used to determine the feed and
product gas compdsitions, the measured selectivity and
activity of a given catalyst may vary slightly from one

test run to the next. _ _

To allow meaningful ¢omparison of the performance of
catalysts tested at different times, all catalysts
described in this illustrative embodiment were tested
simultaneously with a standard reference catalyst which
was Sy0 = 81.0% and T400 = 230°C.

Catalysts F and Comparative Catalyst G prepared above
were tested using the above procedure and the results are
given in Table VI below. '

TABLE VI
CATALYST PERFORMANCE

Sag, % Taq, °C
Catalyst F 87.2 249
Comparative 86.5 262
Catalyst G '
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Catalyst A 82.0 226 Catalyst B 82.9

217 Catalyst C - 82.0 220 Catalyst D - 84.0

233 Conparative Catalyst E 81.2 230 As can be seen from Table V,
the initial selectivities of Catalysts A- B, C and D are inproved over the
initial selectivity of Conparative CataLygB E It can also be seen that the
initial activities of Catalysts A, B and C are inproved over that of
Conparative.Catalyst E. C. For Catalyst F and Conparative Catalyst G 3 to
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i ameter stainless stee ed, ty s,inpersed i,n a nolten
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The wei ght of ﬁHEBIﬁﬂﬁdaBtSQSQGtﬂmﬂtyhandnthé tastiabvacbieisyeoddj usted to
achi eve a gas our ace y.of 3300. The outlet gas pressure is 210
psig. The gaséjﬂ jga%s% E?%?%%g% the catal yst bed (in once-through
operation) during the entire test run (including start-up) consists of 30%
et hyl ene, 8.5% oxygen, 5% carbon dioxide, 1.5 to 5 ppnv ethyl chloride with
t he bal ance bei ng nitrogen/argon. - 32 - Prior to being contacted with -
the reactant gases, the catalysts are typically pretreated with nitrogen
gas at 225[err]C for 3 hours for all fresh catalysts and for 24 hours or

| onger for aged, but untested catalysts. The initial reactor (heat nedium
tenperature is 225[err] C. After 1 hour at this initial tenperature, the
tenperature is increased to 235[err]C, followed by 245[err]C for



1 hour. The tenperature is then adjusted so as to achi eve a constant oxygen
conversion of 40% (T40). The noderator level is varied for 4-24 hours at
‘each | evel—to deternminethe opti num noderator |evel and at T40 and S40 are
usual |y | catal yst has been onstreamfor a total of about
24 'hour.smﬂ HEFI“EWI%EB in Table V belowg Due to slight differences.in
feed gas 'S flowrates, and the calibration of analétical
instrunents used to determine the feed and product gas conposli2688 SINe
measured selectivity and activity of a given catalyst may vary slightly

fromone test run to the next. To aIIOM/neaningful conparison of the
performance of catal ysts tested at di res, all catal ysts descri bed

in this illustrative enbodi ment were tested sinultaneously with a standard
reference catalys ' S z.81. 09 T40l err] .= 230l err] C.. .
Catal ysts F a%d n\ggkt?tié)\% &ﬁtdigzla;;’s}t% é%p?r %g%é’ géﬁ“oﬁ&?}}/ﬁésree I.’e%’fllec%iifsc?xhg t he
above procedupé giefims hening nar @ldivldre ihydrxigen,ViirhgantiquBRiiE VI
CATALYST PERF S4 Qs - T4Q,1 48y T, Y, ‘

_ G@g&ggggﬁp%uﬁﬁ’ggygen,‘%hﬂéﬂ'&53%§¥%¥ éﬁmﬂi15esi%2 Catalyst G

?7'3:2), - As cancg§a§§§ﬁ0ﬁm I\e\éﬁﬁeémirv,e Emeund; faisidafextand 13 Rremehing
initial activempuat SF allwaliF et dlMepedd t&Clord e ddbdidt mabagdiyity and
the initial a%%héhtét%LnS%%P%Ea%EYie%%E?BFﬁ ﬁ% and a settled packing
density of at least 0.48 kg/litre which comprises first
and second alpha alumina components with a first alpha

alumina component in the form of particles having a
median crystallite size of from 0.4 to 4 pm providing
from 95% to 40% of the total weight of alpha alumina in
the carrier and a second alpha alumina component
generated in situ by a sol-gel process and providing the
balance of the alpha alumina in the carrier.

2. The catalyst of claim 1 wherein, in the carrier, the
first alpha alumina component comprises a first
constituent and a second constituent in which the first
constituent provides from 10% to 20% by weight of the _
first component in the form of particles with a median
particle size of from 2.5 to 4 ym and an average
crystallite size of from 1.5 to 2.5 pm, and the second
_constituent.provides from 90% to 10% by weight of the
first component in the form of particles with a median
particle size of from 4 to 10 ym and an average
crystallite size of from 0.4 to 0.8 pum.

3. The catalyst of claim 1 wherein, in the carrier, the
second alpha alumina component is generated by a seeded
sol-gel process.

4. The catalyst of claim 3 wherein, in the carrier, the
sol-gel alumina is seeded with an effective amount of
sub-pm sized particles of alpha alumina seed.
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' | M é 1. A catalyst suitable for the vapour phase
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weight of the total catalyst.

9. The catalyst of claim 8 wherein said alkali metal

promoter is selected from the group comsisting of

potassium, rubidium, cesium, lithium and mixtures

thereof.

10. The catalyst of claim 1 wherein the catalyst

additionally comprises a promoting amount of rhenium.

11. The catalyst of claim 10 wherein the catalyst

additionally comprises a rhenium co-promoter selected

from the group consisting of sulphur, molybdenum,

tungsten, chromium and mixtures thereof.

12. A process for the preparation of the catalyst carrier

of claim 11 which comprises the steps of:

a) forming a mixture comprising:

i) at least one alpha alumina component with a median

particle size of from 3 to 8 um,
ii) a hydrated precursor of alpha alumina in an amount
sufficient to provide from 5% to 60% by weight of the
~ total weight of alpha alumina in the catalyst

carrier, :

iii) from 5% to 40%, based on the weight of the alpha
alumina, of a burnout material, and

iv) water in sufficient quantity to extrude the above
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ceram c bond materjal in an anount that is from1%to 3% by wei ght of the
al uni na conponent®1XE¥ERéssed as al pha al unina. 8. The catalyst of claim1

}Nher ell 8 the?)gi)'OVeéxit:ﬁﬂdﬁﬁgftﬁﬁl hikBufdl Dﬁtégﬁhea?ﬁsibédabhagbsr}'eta@lhhtrapgteﬁ
rom o paris._pe ressed _as wei ght o e
t ot al catalyé% ?1§ﬁ%8 g?a??EYeBF gﬁg HFchﬁﬁpélﬂ%sgiBgél %Plﬁétép
pronoter is sel ecabpharahunimagsoupscbospsbdugeocd patalgstimcatrutiied um

cesium 11Ul um apdygh ditgs LIGReRl: pdfci Ligeoat ehy sl nghi ket vier el 1

t he catal yst addi T1oRal conprises a prono anmount The
cat al yst of claln$l@ewh§r§rﬂmt3et@a8auysaraddlspenaedy1aonpma§QQXa0¢hen|um

co- promoter sel ec&%&wmﬁbsagaeyﬂvsanﬂéﬁ' EHe%réEhEQPE ma%ﬂ%qnum

t ungst en, rq£1un1and m xt ures t her eof Focess. for the preparation
of the cataly% 6%9?|E$°€#S§Iﬂfn?lilmmigthéﬁﬁFPseéntﬁbesFé5§16¢J &he

formng a m @m@uﬁwﬁrofl?wpha)ammmas::oﬁpelabaha Bbemna%ecormonent W|tﬂ
2 Unina i - sl &noie BEAFets o ELaBRobPcuheFeRns) o they PRy CHeTantlst t he
' precursor of alpha alumina further comprises alumina
trihydrate.
15. The process of claim 12 whereln the precursor of
alpha alumina is seeded with sub~pm sized particles of
alpha alumina in an amount that is from 0.2% 5% by weight
based on the total alumina weight, measured as alpha
alumina, in the catalyst carrier.
16. The process of claim 12 wherein from 0.05% to 1% by
weight based on the total weight of alumina in the
formulation expressed as alpha alumiha, of titania is
added to the mixture to be extruded. _ -
17. The process of claim 12 wherein a ceramic bond
material is added to the extrudable mixture in an amount
that is from 1% to 3% of the weight of the alumina
components, expressed as alpha alumina, in the mixture.
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total weight of alpha alumna in the catalyst carrier, iii)from5%to 40% -
based on the wei ght of the al pha: al’'unina, of a burnout material, and iv)
water in sufficient quantity to extrude the above - 36 - nlxture; b)
extruding the mxture into the desired shapes; and c) firing to convert the
precursor of al pha alumina to al pha alum na so as to produce a catal yst
carrier in which alpha alumna particles with a nedian particle_size of
from3 to 8 pmare dispersed in a matri x of al pha alum na der he
precursor material. 13. The process of claim12 wherein, in the carrier,

the precursor of al pha alum na COHBE i i Eigogqglke 14. The process of
claim12 wherein, in the carrier, t al pha al um na further
conprises alumna trihydrate. ‘15. The process of claim 12 wherein the
precursor of al pha aIuninaE%éxigﬁgﬁﬁthﬁgA§§ggyayﬂ|pﬁa particles of
al pha alum na in an anount at 1's TromU. 2% 5% by wei g ased on the
total alum na weight, nmeasured as al pha alumna, in the catalyst carrier

16, e process Ol sl SldLdeain & Wt e I6hy Ii a6l cpesedsen he

total weight of alumna int at1on expressed as um ha, of
titania i s add@dqto GANEFHADG (Fll¥er tﬁ?‘@ﬁ’i%o%’él mare ahkahi o'&%§§ of claim 12

wherein a cer dindiﬁﬂ% rma?rdﬂied Samow%fﬁélhq;ﬁiﬁ@dabéﬁughxguféngﬁhan

anount t hat is m. 1% to t he, wei f t he nlna co onent
o Nesed ns Al deast -1 g iaia, fRke fed HeobiaddenSEP B he

least about 0.48 kg/litres whlch comprises first and
second alpha alumina components with a first alpha
alumina component in the form of particles having a
median crystallite size of from 0.4 to 4 pm providing
from 95% to 40% of the total weight of alpha alumina in
the carrier and a second alpha alumina component
generated in situ by a sol-gel process and providing the
balance of the alpha alumina-in the carrier. Titania is
optionally added to the carrier.
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activity, with high coolant temperatures corresponding to
lower catalyst activities.

In the reaction of ethylene~ex*de with oxygen to
produce ethylene oxide, the ethylene is typically present
in at least a double amount (on a molar basis) compared
with oxygen, but the amount of ethylene employed is
generally much higher. The conversion is therefore
conveniently calculated according to the mole percentage
of oxygen which has been consumed in the reaction to form
ethylene oxide and any oxygenated by-products. The
oxygen conversion is dependent on the reaction
temperature, and the reaction temperature is a measure of
the activity of the catalyst employed. The value Tyq
indicates the temperature at 40 percent oxygen conversion
in the reactor and the value T is expressed in °C. This
temperature for any given catalyst is higher when the
conversion of oxygen is higher. Moreover, this
temperature is strongly dependent on the employed
catalyst and the reaction conditions. The selectivity
(to ethylene oxide) indicates the molar amount of
ethylene oxide in the reaction product compared with the
total molar amount of ethylene converted. 1In this
specification, the selectivity is indicated as Sy4p, 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
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 moderatlng agents to
control the catalytic actlon,-fqr example, 1- 2-
dichloroethane, vinyl chloride, ethYl chloride or
chlorinated polyphenyl compounds, to the desirability of
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