TH- 0026 SI'N EP®XI DATI ON CATALYST The invention relates to sil vefts%sms ni ng
catalysts suitable for the preparation of ethylene oxide and to a process
for preparing these catalysts. Catalysts for the production of ethylene

agxi de. from et hyl ene and nol ecul ar oxygen are generally supported silver
catal ysts. Such catalysts are typically prqmated with alkali netals. The
use of small_anounts of the alkali metals potassium rubidiumand cesium
were noted as useful pronoters in supported silver catalysrg'pgzﬁ §INpyt ent
No. 3,962, 136,. issued June 8, 1976, and U.S. Patent No. 4,010, 115, issued
March 1, 1977. U.S. -Patent No. 4, ' uary 8, 1977, broadly
di scl oses silver catalysts for aﬂ%%%g*éé%%#gzﬂgaggﬁgﬁion containing silver
together with a pronoting anmount of at | east one pronoter selected from

| fthium potassi Umrnaodhylhtiuh! deydteEerolE) 16000Ent G0hingTBARES LUEL
zinc, cadmum strontium calcium niobium tantalunm no yggenunl urigst en,
chronium vana@hdfebadsd fBEr the PreRPatatien efhethydepeonsidesanduth as
rhenium or rhppouassl @6¢ p&bba&ﬂhghHhesavabdﬁpsﬁb.tUngsten and chrom um
is disclosed in U S. Pitegt %b. 4 66,1%5, Lssueg Aug;it 23, 1988, and U. S.
Patent No. 4,808, 73821 ¥ShEdfRELFAgr Productsey of, &

eRAt OKbde4f588 343
i ssued March l&th¥3efie dnscholesudasupregendase! yeneeal dyystuppoptadni ng a

Tl salts. UpeREneeks1iedar, Fhet Fardait 5 0kr) uBleadsy PhPterBtes
the use of silVéfhbadkdliameikilsnet Zhepnesvofdsmelippembedtsaddl ghes in the
epoxi dation of a0kalinfehaykngorasshlu i cubydigfenia TBgibAvABEEOROEELA! o5
to a catalyst suitable_for the
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. U.S. Patent
No. 4,007,135, issued February 8, 1977, broadly discloses
silver catalysts for alleene oxide production containing
silver together with a promoting amount of at least one
promoter selected from lithium, potassium, sodium,
rubidium, cesium, copper, gold, magnesium, zinc, cadmium,
strontium, calcium, niobium, tantalum, molybdenum,
tuﬁgsten, chromium, vanadium, and barium. The use of
other co-promoters, such as rhenium, or rhenium along
with sulphur, molybdenum, tuﬁgsten 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 Febrﬁary 28,
1989. U.S. Patent No. 4,908,343, issued March 13, 1990,
discloses a supported silver catalet containing a
mixture of a cesium salt and one or more alkali metal and
alkaline 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 invention relates to a catalyst suitable for the



:2- epoxi dati 6n of ol efins having no allylic hydrogen, in particular

ethyl ene, with oxygen in the vapour phase, which catal yst conprises a
catalytically effective anount of silver, a pronoting anount of alkali
fretal, a pronoting anount of magnesium a pronoting anount of rhenium and
optionally, a rhenium co-pronoter selectec f+om sul phur, nol ybdenum

tungsten, chrom um and m xtures f.hereof .support n a.caJrier conprising
at |east 85 p@lp(?é‘rhda Shei tO%ﬁftlQSpﬁ?vd'm?dr}?a ajﬂ'(ﬁ%rﬁyéwnc'o per cent
by wei ght (expaatsienhlay tdtthydlergntwitdf oxagyeesiiomthe ttepdur phafsegn oxi de.
It has been f t hat Y. faini QO of Si um
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i ndi cat es t he drerghe diarme of an @idleti on | evel of 1.5 percent ethyl ene
oxide in the reactid i llerStfRAHY aMht R&MAIME ST dont@iRgRped in [err]C

This tenperature for, any given catalyst is higher when the production |evel
of ethyl ene oRFRMQEINY AQUNG e RAFRe I FURRATERLQR 1% MATRFRIWR-
dependent on tdenteiiokecdarrier have higher selectivity stabilities

than those obtained with catalysts supported on a
magnesium-containing carrier which have no additional
magnesium impregnated onto the support. _

Generally, in the vapour phase reaction of ethylene
with oxygen to produce ethylene oxide, the ethylene is
present in at least a double amount (on a molar basis)
compared with oxygen, but is often much higher.
Therefore, the conversion is 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 T 5 indicates the temperature at a production
level of 1.5 percent ethylene oxide in the reactor outlet
stream and the value T is expressed in °C. This
temperature for any given catalyst is higher when the
production level of ethylene oxide 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



catalyst and the reaction conditions. The selectivity (to ethyl ene oxide)
indicates the nolar anount of -3- ethylene oxide in the reaction product
conpared with the total nolar amount of ethylene converted. In this
specification, the selectivity is indicated as S1.5, which neans the
selectivity at 1.5 percent ethyl ene oxi de production |evel. The selectivity

of silver-based, ethyl ene .oxi de catal ysts .can and wi || decrease .Qyer .a
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refer to the selecgt,ivity of ethylene oxide catalysts when negsured at an
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salt(s) dissolandiyee il padve SRINERootidliiceiay 2l dlenps) W on on
t he support of from about to about 25 percent by wei ght, basis the

high initial selectivity. Thus, the rate at which a

catalyst loses selectivity is a predominant factor

influencing the efficiency of any particular catalyst,

and lowering this decline rate can lead to significant

savings in terms of minimizing waste of the ethylene

starting material. As used herein, "selectivity" is used

to refer to the selectivity of ethylene oxide catalysts

when measured at an ethylene oxide production level of

1.5% at a gas hourly space velocity of approximately 6800

and when measured after the catalyst has been placed on

stream for at least several days.

In general, the catalysts of the present invention

are prepared by impregnating porous refractory magnesium-

containing supports 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 about 1 to about 25 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 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



wei ght of the total catalyst, of silver. The inpregnated support ts then
separated fromthe solution and the deposited silver conpound is reduced to
nmetallic silver. Al so deposited on the support either prior to,
coincidentally with, or subsequent to the deposition of the silver will be

suitabl e ions, or conpound(s) and/ or —~4 salt(s) of alkali netal
di ssolved in a 0 depo d.on the Lier
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The al pha al Ugfigotd@llshN ol uIBHUIEST nBN GBRGALIND taﬁa%%@h'xnh?ara purity

greater than about ,98% and_| ess t han™ about 06% soda

i npurities. TREromium dissolved 1n an approprlate solven will be
deposited on the carrier either prior to, coincidentally
with, or subsequent to the deposition of the silver
and/or alkali metal and/or magnesium and/or rhenium.

The carrier or support employed in these catalysts
may, in general terms, be prepared from high purity alpha
alumina powder, a magnesium oxide-providing compound, an
optional silicon oxide-providing compound, an optional
zirconium oxide-providing compound and conventional
binders and/or burnout agents.

The alpha alumina used in the carrier preparation
generally has a purity greater than about 98%, and less
than about 0.06% by weight of soda impurities. The
alumina has the form of a fine powder, preferably one
having an average particle size of from 0.5 to 5 um and
preferably, from 1 to-4 ym. The average particle size
may be determined by measuring the maximum dimension of a
number of particles and taking the ‘average thereof. The
average crystallite size is determined by measuring the
maximum dimension of a number of crystallites and taking
the average thereof. The alpha alumina will be present
in the calcined carrier in an amount greater than about
85% and preferably about 90% by weight of the total



‘alum na has the formof a fine powder, preferably one having an average
particle size of from0.5 to 5 [err]mand preferably, from1 to 4 [err]m
The average particle size may be determ ned by measuring the nmaxi num

di mensi.on of a nunber of particles and taking the average thereof. The
average crystallite size is-determ ned by measuring the maxi nrum di nensi on
of a nunmber of crystallites and taking the average thereof. The al pha
alunina will b&3ré§&nt in the calcined carrier in an anount greater than
about 85% and pref&hebhygahsdth&%@bpuwebghha@fmbbebbﬁhabd tp—ﬁrep&&@lera
The magnesi um a S t r re e,carriers are oxides
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sured by total acjd digestion followed by at
ea y s%ou d %e % amount which pro%ides, in the final carrier

composition, from 10.ta 20,000, preferably from 100 to
1000 parts per million by weight of the total carrier,
measured and expressed as the element. Stated another
way, the magnesium is present in the carrier in an amount
in the range of "from 0.001 to 2.0, and preferably from
0.01 to 0.1 percent by weight, basis the total weight of
the carrier. The amount of magnesium in the carrier is
measured by total acid digestion followed by atomic
absorption spectroscopy.

As used herein, the terms "magnesium-containing
carrier" and "magnesium in tﬁe carrier" refer to
magnesium which is insoluble or éubstantially insoluble
in the impregnating solution. The magnesium may-be added
to the carrier in any manner and at any time prior to
contacting -the carrier with the hereinafter described
impregnation solution or solutions.

.The silicon component, if present, is typically used
in an amount which provides, in the final carrier
composition, from 0.01 to 5, preferably 0.03 to 4 percent
by weight, measured as silica. The silicon compounds
which may be used to prepare the carriers are oxides or
compounds which are decomposable to or which form oxides



absorption spectroscopy. As used herein, the terns "magnesi.um contai ni ng
carrier" and "magnesiumin the carrier" refer to magnesi umwhich is

i nsol ubl e or substantially insoluble in the inpregnating solution. The
magnesi um may be added to the carrier in any manner and at any time prior
to contacting-the carrier with the herei-nater described inpregnation

sol ution or solutjons. srlrc onent resent, . is typically used
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zirconi um the carriers are oxides or compounds which are
decomposable to or which form oxides upon calcination.
Examples include carbonates, nitrates and carboxylates.
Suitable compounds include zirconium nitrate, zirconium
dioxide, as well as the mixed oxides such as zirconium
silicates, zirconium aluminosilicates, zirconates and the
like. In a preferred embodiment, the zirconium compound
is zirconium dioxide.

In a preferred embodiment, the carrier comprises at
least 85 percent by weight of alpha alumina, from 0.001
to 2 percent by weight (expressed as the element) of
magnesium in the form of an oxide, from 0.01 to 5 percent-
by weight (measured as the dioxide) of silicon in the
form of an oxide and from 0.1 to 10 percent by weight
(measured as the dioxide) of zirconium in the form of an
oxide. .

Preferred carrier compositions comprise the
magnesium- and the silicon-containing compounds in the
form of a single compound, a magnesium silicate, which
may be added as an original component or generated in-
situ by the reaction of silica or silica-generating
compounds with compounds that decompose to magnesium
oxide upon heating, with the amount of the oxide formed



silicates, zirconiumalum nosilicates, zirconates and the like. In a
‘preferred enbodi nent, the zirconium conpound is zirconiumdioxide. In a
preferred enbodi nent, the carrier conprises at |east 85 percent by weight
of al pha al um na, fron10 001 to 2 percent by weight (expressed as the

el ement) of magnesiumin the form of an .ox;yde, from0.01 to 5 percent by
wei ght (measured as .t he di,oxide) of, silicon_.in the formof an oxkgg nd
from0.1 to 18%&% R SHP 1@’&5 rﬂ'é:a@tﬁ“éd'a&@I‘tthé:Od|OJX|l@e)ex§fesﬁ i in

t he form of ammmun&eoﬂﬁgﬂhmumad carrier conp05|t|ons conprise the
magnesi um and th% n th % or m.of. _a 5|ngle
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a
produced. These components are mixed with zirconia or a

zirconia-generating compound, if present, a
burnout/binding agent and water, and thereafter formed
into shapes and calcined.

The calcined carriers and catalysts made therefrom
will typically have water pore volumes as measured by
conventional water absorption techniques ranging from 0.1
to 0.6 ml/g by volume, preferably from 0.3 to 0.5 ml/gqg,
and surface areas as measured by the B.E.T. method
ranging from 0.1 mz/g to 3 m2/qg, preferably from 0.1
m2/g to 2 m2/g. The B.E.T. method for determining
specific surface area is described in detail in Brunauer,
S., Emmet, P. Y. and Teller, E., J. Am. Chem. Soc., 60,
.309-16 (1938).

The carrier is preferably shaped into particles,
chunks, pieces, pellets, rings, spheres, ‘wagon wheels,
and the like of a size suitable for use in fixed bed
reactors.- Conventional commercial fixed bed reactors are
typically in the form of a plurality of parallel
elongated tubes (in a suitable shell) approximately 18 to
68 mm O.D. and 8 to 63 mm I.D. and 45-14 m long filled
with catalyst. In such reactors, it is desirable to use
a support formed into a rounded shape, such as, for




zi rconi a-generating conpound, if present, a burnout/binding agent and
Wwater, and thereafter forned into shapes and cal ci ned. The cal ci ned
carriers and catal ysts nade therefromw | typically have water pore
vol unes as neasured by conventional water absorption techniques ranging
from0.1to 0.6 mM/g by volune, preferablygfrom0.3 to 0.5 ni/g, and

surface areas as asured by the B..E.T. nethod ranging fro .1 /g to 3
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present, in the form of soluble salts and/or compounds

are deposited on the.catalyst and/or support prior to,

simultaneously with, or subsequent to the deposition of

the silver and each other. The alkali metals may be

deposited at one step of the process and the magnesium,

rhenium and/or the rhenium co-promoter, if present, at a

different step or steps. The preferred method is to

deposit -silver, alkali metal, magnesium, rhenium and

rhenium co-promoter 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, magnesium,'rhenium and rhenium co-

promoter, if present, prior to and/or Subsequent to the

deposition of the silver would also produce suitable

catalysts. .

For convenience, the amounts of all metals present in

the catalyst are expressed as the metal, irrespective of

the form in which they are present, which generally is

believed to be as oxidic compounds.

Promoting amounts of alkali metal or mixtures of

alkali metal are deposited on the support using a

suitable solution. Although alkali metals exist in a

pure metallic state, they are not suitable for use in



The catal ysts of the present invention are prepared by a technique in which
the alkali netal pronoters, the magnesium the rhenium and the rhenium
co-promoter, if present, 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 silvergand each other. The al kal

metal s may be ,deposited at_.one step of. the process and the, magnesi.umn.
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i mpregnation of the silver ions ) , , . . .
catalyst and the particular ions used in conjunction with
the alkali metél cation, magnesium or rhenium or rhenium
co-promoter, if present, and the amounts of magnesium,
rhenium and rhenium co-promoter, if any, present. The
amount of alkali metal promoter deposited upon the
support or presént on the catalyst generally lies between
10 and 3000, preferably between 15 and 2000 and more
preferably, between 20 and 1500 parts per million by -
weight of total catalyst. Most preferably, the amount
ranges between 50 and 1000 parts per million by weight of
the total catalyst. 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.

It should be understood that the amounts of alkali
metal promoters on-the catalysts are not_necessarily the
total amounts of these metals present in the catalyst.
Rather, they are the amounts of alkali metal promoters
which have been added to the catalyst by impregnation
with a suitable solution of ions, salts and/or compounds
and/or complexes of alkali metals. These amounts do not



or salt(s), conplex(es), and/or conpound(s) has taken place. An al kal
metal pronoter nay even be deposited on the carrier after reduction to
netallic silver has taken place. The pronoting anount of al kali netal
utilized wll depend on several variables, such as, for exanple, the
surface area and pore structure and surfaqe chem cal properties of the

carrier used, the sjlver content aof the catal yst and the particul ar ions
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into Promoting amounts of magnesium compounds or mixtures
of magnesium compounds are alsoc deposited on the carrier.
Although magnesium does exist in a pure metallic state,
it is not suitable for use in that form. The magnesium
is used as an ion or compound of magnesium dissolved in a
suitable solvent for impregnation purposes. The carrier
is impregnated with a solution.of magnesium 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. A magnesium promoter
-may even be deposited on the carrier after reduction to
metallic silver has taken place. The promoting amount of
magnesium utilized 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,
magnesium-or rhenium or rhenium co-promoter, if present,
and amounts of magnesium, rhenium and rhenium co-
promoter, if any, present. The amount of magnesium
promoter deposited upon the support generally lies
between 10 and 1000, and preferabiy between 15 and 200
parts per million by weight of the total catalyst. Most



t he support, for exanple, by calcining, or are not extractable in a

sui tabl e sol vent such as water or |ower al kanol or am ne or m xtures
thereof and do not provide a pronoting effect. It is also understood that a
source of the alkali metal promoter ions, salts and/or conpounds used to
pronote the catal yst may be the carrier. _Tﬁpt_ls the carrier may contain

extractabl e amounts of _alkali metal that can, be extr ted m% a suitable
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1860, preferably from 37 to 930 parts per million by

weight of total catalyst.

The rhenium compounds used in the preparation of the
instant catalysts are rhenium compounds that can be
solubilized in an appropriate solvent. Preferably, the
solvent is a water-containing solvent. More preferably,
the solvent is the same solvent used to deposit the
silver and the alkali metal promoter. Examples of
suitable rhenium compounds include the rhenium salts such
as rhenium halides, the rhenium othalides, the rhenates,
the perrhenates, the oxides and the acids of rhenium. A
preferred compound for use in the impregnation solution
is the perrhenate, preferably ammonium perrhenate.
However, the alkali metal perrhenates, alkaline earth
metal perrhenates, silver perrhenates, other perrhenates
and rhenium heptoxide can also be suitably utilized.
Rhenium heptoxide, Res07, when dissolved in water,
hydrolyzes to perrhenic acid, HReQO4, or hydrogen
perrhenate. Thus, for purposes of this specification,
rhenium heptoxide can be considered to be a perrhenate,



preferably, the anmpbunt ranges between 25 and 75 parts per mllion by weight
of the total catalyst. In a preferred enbodi nent, the magnesi um conpound is
selected fromthe group consisting of nagnesiumnitrate, magnesi um acetate
or other carboxylic acid salts, the nagnesium halides, the magnesi um
oxyhal i des,. nmagnesi um car bonat e, nagnesLuqqsulphate and m xtures thereof.
Particularly preferred magnesi um co oun are nesiumnitrate and
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suitably utilized. Rheni um heptoxi de, di ssolved in
wat er hydroly%%%stob$ev$h%%|§na%PEF°PF&ﬁﬁﬁ BRaGyHYSgeplvent, one could

use rhenium metal to prepare a solubilized rhenium-
containing impregnating solution. 1In a preferred
embodiment of the instant invention, the rhenium present
on the catalyst is present in a form that is extractable
in a dilute aqueous base solution.

It was found in U.S. Patent No. 4,766,105, that if a
rhenium co-promoter is added to an alkali metal/rhenium-
doped supported silver catalyst, an improvement in
initial selectivity is obtained. While suitable
catalysts can be prepared in the absence of a rhenium co-
promoter, it is preferable that the catalyst in the
present invention contain a rhenium co-promoter. When a
co-promoter is utilized, the co-promoter is a selected
from the group consisting of sulphur, molybdenum,
tungsten, chromium and mixtures thereof, preferably
compounds of these elements, and mixtures thereof. The
exact form of the co-promoter on the catalyst is not
known. The co-promoter, it is believed, is not present
on the catalyst in the elemental form since the co-
promoter is applied to catalyst in the form of ions,
salts, compounds and/or complexes and the reducing
conditions generally used to reduce the silver to



perrhenate. Thus, for purposes of this specification, rheni um heptoxide can
‘be considered to be a perrhenate, - 12 - i.e., ReJerr]. It is also
understood that there are many rheni um conpounds that are not sol uble per
se in water. However, these conpounds can be solubilized by utilizing
‘various acids, bases, peroxides, alcohotsi3and the like. After
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sulphates. Examples of anions of molybdenum, tungsten
and chromium that can be suitably applied include
molybdate, dimolybdate, paramolybdate, other iso- and
hetero-polymolybdates, etc.; tungstate, paratungstate,
metatungstate, other iso- and hetero-polytungstates,
etc.; and chromate, dichromate, chromite, halochromate,
etc. Preferred are sulphates, molybdates, tungstates and
chromates. The anions can be supplied with various
counter-ions. Preferred are ammonium, alkali metal and
hydrogen (i.e. acid form). The anions can be prepared by
the reactive dissolution of various non-anionic materials
such as the oxides such as SO, SO3, MoO3, W03, Cra03,
etc., as well as other materials such as halides,
oxyhalides, hydroxyhalides, hydroxides, sulphides, etc.,
of the metals.

When a co-promoter is used, the carrier is
impregnated with rhenium co-promoter ions, salt(s),
compound (s) and/or complex(es).

The preferred amount of co-promoter present on or
deposited on the support or catalyst ranges from 0.1 to
10, preferably from 0.2 to 5 micromoles, expressed as the
element, per gram of total catalyst.



exact formof the co-pronoter on the catalyst is not known. The
co-pronmoter, it is believed, is not present on the catalyst in the
el enental form since the co- pronoter is applied to catalyst in the form of
lons, salts, conpounds and/or conplexes and the reducing conditions
generally used to reduce the silver to -~ 14 23 - netallic silver are not
usual Iy sufficient,to reduce the sul phur, . nol enu ungst chrom um
to the el emental folmCTPIRYTT SBP{RIS 1 h%a co> pz}r%%%refacod@%b%?sed on the
support or preseitalle tfer csal istthe prepdrs tiompoamhdtierinstant probably in
the formof a = C L Ooxd o Y.
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Cr[err]derr], Generally, the carrier is contacted with a silver

salt, a silver compound, or a silver complex which has
been dissolved in an aqueous solution, so that the
carrier is impregnated with said aqueous solution;
thereafter the impregnated carrier is separated form the
aqueous solution, e.g., by centrifugation or filtration
and then dried. 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



etc., as well as other materials such as halides, oxyhalides,

hydr oxyhal i des, hydroxi des, sul phides, etc., of the netals. Wen a
co-pronmoter is used, the carrier is inpregnated with rheni um co-pronoter
ions, salt(s), conmpound(s) and/or conplex(es). The preferred anmount of
co-pronoter present on or deposited on Lhessupport or catalyst ranges from
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nitrites; the halides, such as fluorides, chlorides,
iodides, bromides; oxyvhalides; bicarbonates; borates;
sulphates; sulphites; bisulphates; acetates; tartrates;
lactates and isopropoxides, etc. The use of alkali
metal, magneéium, rhenium or co-promoter salts which have
ions which react with the silver salt in solution is
preferably avoided, e.g. the use of cesium chloride
together with silver nitrate in an aqueous solution,
since then some silver chloride is prematurely
precipitated. Here the use of cesium nitrate is
recommended instead of cesium chloride, for example.
However, cesium chloride may be used together with a
silver salt-amine-complex in aqueous solution, since then
the silver chloride is not precipitated prematurely from
the solution.

The promoters may-be deposited on the carrier
(support) or on the catalyst, depending upon the
particular impregnation technique 6r sequence utilized.
In this specification and claims, the term "on the .
catalyst" when referring to the deposition or presence of
promoters and/or co-promoters refers to the catalyst
which comprises the combination of carrier (support) and
silver. Thus, the promoters, i.e., alkali metal,



conveniently heated to a tenperature in the range of from50[err]C to
600[err]C, during a period sufficient to cause reduction of the silver
salt, conpound or conplex to nmetallic silver and to forma |layer of finely
di vided silver, which is bound to the surface of the carrier, both the
exterior and pore surface. Air, or othes Dg&i+dizing gas, reduci ng gas, an
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magnesi um rhe@ %@ E% rpp%ggi %1s%fwg %1ons of alkali metal,
magnesium, rhenium and/or rhenium co-promoter between the
support and/or the catalyst.

The amount of the alkali metal and/or magnesium
and/or rhenium promoters and/or rhenium co-pfomoters on
the porous carrier or catalyst may also be regulated
within certain limits by washing out the surplus of
promoter material with an appropriate solvent, for
example, methanol or ethanol.

In general terms, the impregnation process comprises
impregnating the support with one or more solutions
comprising silver, alkali metal, magnesium, rhenium and
rhenium cofpromoter; The concentration of the silver
(expressed as the metal) in the silver-containing
solution will range from 1 g/l up to the solubility limit
when a single impregnation is utilized. The
concentration of the alkali metal (expressed as the
metal) will range from 10 x 10~3 g/1 up to 12 g/l and
preferably, from 10 x 10~3 g/1 to 12 g/1 when a single
impregnation step is utilized. The concentration of the
magnesium (expressed as the element) will range from 0.04
g/l up to 4 g/l and preferably, from 0.06 g/l to 0.8 g/l
when a single impregnation step is utilized. The



ions which react with the silver salt in solution is preferably avoi ded,
e.g. the use of cesiumchloride together with silver nitrate in an aqueous
solution, since then some silver chloride is prematurely precipitated. Here
the use of cesiumnitrate is recommended instead of cesiumchloride, for
exanpl e. However, cesiun1ch|oride may be WM3ed together with a silver
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di stributions Oféﬁgggﬂ ﬂ§¥éﬂbeen shown to have a particularly high
selectivity stability for ethylene oxide production in
the direct oxidation of ethylene with molecular oxygen to
ethylene oxide. 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, residende 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
employing recycle operations or applying successive
conversations in different reactors to increase the
yields of ethylene oxidé, and to any other special
conditions which may be selected in processes for
preparing ethylene oxide. Pressures in the range of from
atmospheric to about 3500 kPa are generally employed.
Higher pressures, however, are not excluded. Molecular
oxygen employed as reactant can be obtained from
conventional sources. The suitable oxygen charge may



magnesi um rheni um and/ or rheéni um co- pronot er between the support and/or
‘the catalyst. The anpbunt of the alkali metal and/or magnesi um and/ or
rheni um pronot ers and/ or rheni um co-pronoters on the porous carrier or
catalyst may also be regulated within certain [imts by washing out the
surplus of pronoter material with an apprbgr+ate solvent, for exanple,

met hanol or e t t 0cgss conpri ses
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wll range from1l g when a single I npregnation
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Concentrations selected within the above noted ranges w |l depend upon the
pore volune of the catalyst, the final _anbunt desired in the final catalyst
and whet her



the inpregnation is single or multiple. The silver catalysts according to
the present invention have been shown to have a particularly high
selectivity stability for ethylene oxide production in the direct oxidation
of ethylene with nol ecul ar oxygen to ethyl ene oxide. The conditions for
‘carrying out such an oxidation reaction iygthe presence of the silver

catal ysts according to the present invention_broadly conprise those already
described in the prior art. This appli28BLEQL exanple, to suitable

t enper at ur es, iden i L rial ch
ni trogen, car l-oxi de, steam argon, nethane or o _sAat t ed
hydrocarbons,bggsghe presence of noderating agents t%ggéniﬁbpb he catal ytic
action, for eXahkptePrésgurdi chl oroethane, vinyl chlotD06-380AyKPahl ori de or

chl ori nat ed pghxggegggdconpounds, to the desirability of enploying recycle

operations or successive conversations in different reactors to

i ncrease the yi el BEhpterenhyl ene oxide, and to any ot he#0%pecial conditions
whi ch nay be seleg&ed in processes for preparing ethyglepg oxi de. Pressures
in the range of from at nospheric to about 3500 kPa are_generally enpl oyed.
Hi gher pressures,EFg%B9er, are not excl uded. Nbleculé?3gxygen enpl oyed as
reactant can be ohkrgbnednélyom metkenei and/osources. The suitabl e oxygen
charge may 3 -_consist essentially or rel atively-pyke g
concentrat ed 8%§é§ﬁe§trean1conprising oxygen in najob'gngénPgﬁ%tﬁgFggser
anount s qQf one ordiduenti chéarehyduchazboni medgeatand argon, or anot her

oxygen-cont ai pLRY a5k" EaRbesHEdras air. It is therefojgoeyhgent that the use
of the present S|Fver catal ysts in ethylene oxide

Catalyst temperature 180-325°C

02 conversion level . | 10-60%

EO Production (Work Rate) 32-320 kg EO/m3

catalyst/hr.

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

In a preferred application of the silver catalysts
according to the present invention, ethylene oxide is
produced when an oxygen-containing gas is contacted with
ethylene in the presence of the present catalysts at a
temperature in the range of from 180°C to 330°C and
preferably 200°C to 325°C. . '

While the catalysts of the present invention 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
presently preferred olefin for use in the practice of this
process is butadiene, because of its ready availablility,



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 followi ng table shows the range of conditions that are often used in
current commercial ethyl ene oxide reactor units. - 19 - TABLE | *GHSV
1500- 10, 000 Inl et Pressure - 20 - 1000- 3800 KPa Inl et
Feed Et hyl ene . 1-40% g err ,

3-12% Et hane Telative low cost, and the wige;zaR &oﬁ]faﬁﬂﬁérﬂ?ﬂr& HsRE R/ or

ni t rogen the epoxide reaction productQ. 8.80 patentoNsl. 8i,08en096,

hl hyd A t | t ) . s
180315 er 1] CrEangR, SAPRERY, dp, 3802, “HECIOUEE o silverspassy  piKaLd or 1)
conversi on | emeltal-promoted, supported tet8dysEOWRicHudsi edaptedk tRatde
32-320 kg EQ Eh%&&ha%%ﬁ' BE bﬁrtad*ig%uﬂgr ‘E%Fiiﬂ@ ¢fe g?:oibﬁ%gg%lt

nd p p ofle vo p

tenperature a ressure passing .over U “uni t acked”caf al yst
per hour. |n 8feef ditsecdmpygonakippnvatht Resilvesr companpsy sWathording to

the present i Ry@Rbigen cohitklitaiagoyageatsaPtefipetdttenndtt exyraeaisagnt ai ning
gas is contac% ﬂ th _ethylene in the presepce of the esent catal ysts at
a tenperature ?’ \t%ne T%ﬁgéa’&? ¢aRNPe ’é?r‘]’htl't‘ot%%o‘{:%?ﬂtsﬁﬁdaﬁ?%?‘ﬁﬁgl y
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used to epoxi di se ot her I'ns
illustrative embodiments.

Illustrative Embodiments
Illustrative Embodiment 1

The following illustrative embodiment describes
typical preparative techniques for making the catalysts
of the instant invention (and cbmparative catalysts) and

the typical technique for measuring the properties of
these 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
hydroxide in 2340 millilitres (ml) deionized water.
Adjust the temperature to 50°C.

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

3) Add sodium hydroxide solution slowly to silver
nitrate solution with stirring while maintaining a
temperature of 50%5. 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.



allylic hydrogens, such as are broadly defined in U S. Patent No.
4,897,498. Exenplary such olefins are butadiene, tertiary butyl ethylene,
vinyl furan, nmethyl vinyl ketone, N-vinyl pyrrolidone, and the like. A
presently preferred olefin for use in the practice of this process is
but adi ene, because. of its ready avallabthnty, - 20 - relative Iom1cost
and the w de range of ssrbl use L.t he_ e de, reaction rod
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illustrated by the fallown | "'ustrative enbod] nents lustrative
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i nstant inventiaq conparat ve ca t and the typical technique for
measuring the g’?{] dees, it éi:,r@ cg’t; "’Es/tsls ‘Part A Preparati on of

stock silver dﬂalammkwmhﬁbemmchdmamemefxomuthenmﬁxtumeeaBnppssabﬁa: . .
DR T Be e, B8 TR o o mpet gadt Ty 01 S 1
2) Dissolve 1@@@@@“@@@1&0@;@0%1@1%@1&}?@ | $eolnitheasd Ivier2100 m
dei oni zed wat Jxa1dHd!H1drs to 30°C.
7) Add 699 g of 92 percent weight (%w) ethylenediamine
(8% deionized water). Do not ailow the temperature to
exceed 30°C during addition. |
The above procedure yields a solution containing
approximately 27-33%w silver.
Part B: Preparation of impregnation solutions
For Catalyst A (Mg/Re); into a 10 ml beaker is added
0.2 g of NHgReO4 and approximately 2 g of
ethylenediamine/Hp0 (50/50 by weight), and the mixture is
allowed to dissolve with stirring. 0.08 G of LipS04.H20
.is dissolved in 1 ml of water in a weighing dish, and
then added to the perrhenate solution. 0.3 g of LiNO3 is
dissolved in 2 ml of water and added to the perrhenate
_solution. The perrhenate/lithium sulphate/lithium
nitrate solution is allowed to stir, ensuring complete
dissolution. Separately, 0.2 g of Mg(NO3)5.6H20 is
dissolved in 3 ml of water. Both dopant solutions are
then added to 190 g of the above-prepared silver solution
(specific gravity = 1.556 g/ml), and the resulting
solution is diluted with water to a total weight of
205 g. One-fourth of this solution is used to prepare a
catalyst. 0.05 G of CsOH is added to a 50 g portion of
the silver oxalate/dopant solution to prepare the final



tenperature to 50[err]C. 3) Add sodi um hydroxi de solution slowy to silver
nitrate solution with stirring while maintaining a tenperature of 50[err]C.
Stir for 15 mnutes after addition is conplete, and then |ower the
tenperature to 40[err]C. 4) Insert clean filter wands and withdraw as nuch
water as possible fromthe.precipitate ergated in step (3) in order to
remove sodium,and nitrate i ons Measure the conductivity of the water
renoved and a&ﬂpﬁﬁgkaﬁéoﬁufﬁ PF&?H *dei oni zed water as was renoved by the

filter wands. Fo?lCatSﬂysthr(RE onilyf) gsthe ppeedhCe Bepefbtiiyst

rocess until rr is.l.e
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hi gh-purity opaltheaca&adwﬁydrate in approximately 100 g increnments. Keep
t he tenperatU@gr%tc40[erthQ Q@%tsthr%%n%kﬁobh%bﬂ”&%&ﬁngAdd the | ast

portion of oxalic_acid rate slowy and nonitor pH. to ensure that pH
does not drop bel Bncpatal Y§¥ Réﬁﬁ%@ra§aﬂﬁéﬁ FecPIPPEKLiRE RPRCELbess

possi bl e usi npedlotan sf ks ivarte ifdlloddhg exbaples Andhliylvsreaniivas ed
silver-contaigbg galur%y. al th silver q alate slurry to 30[err]C. 7)
Add 699 g of % @?HtswggaﬁFs( PEXF e REFTEN ne (8% dei oni zed water).
Do not allow the tenperature to exceed 30[err]C during addition. The above
procedure yields a solution containing approxi mately 27-33%v silver. Part
B: Preparation of inpregnation solutions For Catalyst A (My/Re); into a

10 ml beaker is -added 0.2 g of NH4AReO4 and approxinmately 2 g of
et hyl enediam ne/H err] O (50/50 by weight), and the mxture is



allowed to dissolve with stirring. 0.08 Gof Li[err]SOerr].Herr]Ois
‘dissolved in 1 m of water in a weighing dish, and then added to the
perrhenate solution. 0.3 g of LiNO3 is dissolved in 2 m of water and added
to the perrhenate solution. The perrhenate/lithiumsul phate/lithiumnitrate
solution-is allowed to stir, ensuring comgB ete dissolution. Separately, 0.2
g of Mg(NO err])[err].6Herr] Q.| Ed'fsolved in 3 mM of water. Both dopant
solutions are then added to 1 5E§—ei—the above- prepared silver solution
(specific gravity = 1. Bbépertigs afidCahriersulting solution is diluted with
water to a to£?£c§ﬁight of 205 g. One-fourthyofethis solution is used to
prepare a catalyst. 0.05 G of CsOH is added to a 50 g portion of the silver
oxal at e/ dopantagpegimgnSidigateare the final 0-78% 22 - jnpregnati on

sol ution. Foratahal XstmBngRe only), the procgdypfcior Catalyst Ais
fol l onwed, except that no nmagnesi um was i npregn %gd on the catalyst. Part C
Cat al yst i nprBgh&Fi BRSQRBLEARI ng A cat al yst cas er having the properties

descri bed bel gpubR 88ednygtht he fol | owi ng exanpl.eskgnd illustrative

enbodi nents upl ess _otherw se stated: - 23 ; BLE || Properties of
Carrier Zirco%Pﬁ%ace Azl 1.086%@8%Zgiun18ilicate
0. 78% Al pha ATaotahaPore Volume (Hg) bal anfe4 ml/g

Median Pore Diameter ' 4.3 pm

Approximately 30 g of the carrier are placed under 25
mm vacuum for 3 minutes at room temperature.
Approximately 50 g of doped impregnating solution 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 8500 litre/hr air
stream flowing across a cross-sectional area of
approximately 3-5 square inches at 250-270°C for 5-6
minutes. If significant mono-ethanolamine is present in
the impregnating solution, then the impregnated carrier
is cured by being continuously shaken in a 8500 litre/hr
air stream at 250°C for 2.5 minutes, followed by a
2800 litre/hr air stream at 270°C for 7.5 minutes (all
over a cross-section area of approximately 7.6-12.7 cn?) .
The cured catalyst is then ready for testing.

This procedure will yield catalysts on this carrier
which contain approximately 13.5%w Ag with the following
approximate dopant levels (expressed in parts per million
by weight basis the weight of the total catalyst, i.e.,



Wat er Absorption 38% Crush Strength

6.8 kg Surface Area 0.7 n2/g Total Pore Vol une (Hg)
0.4 m /g Median Pore Di aneter 4.3 pm Approximately 30 g of
the carrier are placed under 25 nm vacuum for 3 minutes at room
tenperature. Approximately 50 g of doped 28&p+regnating solution is then

I ntroduced to r _carrier nd.th cuum.i s _mj ntai ned at 25 nm
for an addi i SRETSaHR kIR Rker hppBRd ey O BT itnl Kb " bR500h Fox

rel eased, andtbecgivennpgidyezt and sbentiiumnand suviphud fievelshendarrier. by
centrifugatioByubghr? WiRH! ¢803raO28 LRTLihL LAFCLERLEERALERESehUl kaat S
prepared wi thoutl” nonoethanolamne, then the rnpregnated carrier is then
cured by bei ngorgAtinnsudrgcERBRENPRACH-8500 litre/hr air stream fl ow ng
across a cross-sectional area of approximately 3-5 square inches at

250-270[err]C for 5-6 mnytes. If sigpificant nonQ-ethanol amne is present
in the inpregnating sol ut ~84-PPH¥N th&ﬂ%ﬂﬂi@ﬂ%teggéaﬁpﬂgr iéLeﬁﬁﬂﬂpby
bei ng continuously shaken in a 8500 | ppmes hr air streamat 250[err]C for
2.5 mnutes, I y 800 litre/hr ai, strea 270[ err for 7.5

m nutes (all §§3F8§%2r355%§§0ti0n area of%gpproxing?gby 7.6-12k$ cnR). The
cured cat al ys€atelyis&nBred®P for testingNoTleis proc@8@re will diBel d
catalysts on this carrier which contain approximately 13.5%v Ag with the
foll owi ng approxi mate dopant | evels (expressed in parts per mllion by

wei ght basi s the WwePgRFtHR1t fdlveraconientyof theecatalystrgan ppwy and
whi ch are appdetefratigled Bt by ToifN aCasimberf of lkandardy publdshaad rheni um

and sul phur l%%%%%d%@%s. The actual level of rhenium on the catalysts )

prepared by the above process can be determined by
extraction with 20 mm aqueous sodium hydroxide, followed
by spectrophotometric determination of the rhenium in the
extract. The actual level of magnesium on the catalyst
can be determined by standard atomic emission
spectroscopy. The actual level of cesium on the catalyst
can be determined by employing a stock cesium hydroxide
solution, which has been labelled with a radiocactive
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 leaching the catalyst with boiling
deionized water. In this extraction process cesium, as
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
comparison to standard solutions of reference alkali
metals using atomic absorption spectroscopy (using Varian
Techtron Model 1200 or equivalent).



support with regard to initial selectivity under the test conditions

‘descri bed bel ow. Cs, ppnw Magnesium Re, ppmw S, ppnw ppnw Catal yst A
460 50 280 48 Catal yst:B 460 None
280 48 The actual silver content of the catal yst can be determ ned
by any of a nunber of standard, published2procedures. The actual |evel of

rheni umon the cagalysts p ared by.the_abaove_p ap _be determ ned by
extracti on w th JBafi BouoSEaneaHR i FoaFaRPHer FAFRLVEG post
spectrophotonébndmtdehsVErandumeof the rheniumin the extract. The actual

e Ssi on Spactrossogy OTRS. Ot capehediratatEhtl g6 el 0, 808TEA, 2500 [
determi ned by3 8n§ﬁ§£¥ngr§ dpadedcanitamahPdformddismeteroftainilesshas been

l'abel | ed “ﬂthsﬁeéidbﬂéﬁhFéa tﬁBbOpeTHE PeEUME 15N ifAbRkEd! Bfﬁpﬁbﬁtbﬁn The
cesiumcontent of .th al yst can then be determ ned by neasurin

radi oact i vi t ym§Eagdnhbagh: dhpst mﬂﬁ%@@ha?P@eFPe Fﬁéscé§ﬁuﬁPBﬁﬁF§ﬁg gP 2he
catal yst can asdetiewnsyetehy | gaehivagghlieofathkyshtwiiBtbaskdnandeitaai zed

t I n thi t th | k S
S measured byPhREy 285 SO SATEnETBaPA0YSE 8 tBoPFIHE "E0 2 Bafe PBEE IOl o
cataly;t i n 2@paickel vielbcdsyobfnw&B860 mdr of gasupesx, miepfatatglyisé gpleave two
nore tines, Cﬂ%ﬁ&n'n@gkhﬁnﬂg%VGaEXbEégéhQQS1§n§5§9t%@g‘n'ng t he amount of

al kali metal present dard sol utions of reference
alkali metals u5|W&eagéﬁl@l§5§§ﬁpPﬁ§ﬁe§p§BPF9§€Bp§h€u§ﬁﬁ§19§F|BﬁdTééﬁtron

Model 1200 or op@ei-tar@tigh operatden) during the entire test run
(including start-up) consists of 30% ethylene, 7.0%
oxygen, 5% carbon dioxide, 56.0% nitrogen, and 1.0 to 6.0

- ppmv ethyl chloride. _

The initial reactor (heat medium) temperature is
225°C, After 1 hour at this initial temperature, the
temperature is increased to 235°C for 1 hour, and then
adjusted to 245°C for 1 hour. The temperature is then
adjusted so as to achieve an ethylene oxide production
level of 1.5%.° Performance data at this production level
are usually obtained when the catalyst has been onstream
for a total of at least 2-3 days. 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 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 catalysts
tested at different times, the catalysts described in
this and the following illustrative embodiments were
tested simultaneously with a reference catalyst. All
performance data reported in this and the following
illustrative embodiments are corrected and stated
relative to the average initial performance of the



Part D:. Standard M croreactor Catalyst Test Conditions/ Procedure 1.5 to 2G
of crushed catal yst of 0.841-0.595% mm (20- 30 nesh) are loaded into a 6.4
nm di anet er stainless steel U shaped tube. The U tube is imersed in a
molten netal bath (heat nmedium and the ends are connected to a gas flow
system The wei ght of the cat aI yst used-apé the inlet gas flowrate are

adj usted to achi Ly space velocity of 6800 m of gas per m of
cat al yst "per (\r%f%\é%‘\:%eg%rs?lt%t s pressure is 1550 kPa. The .gas m xture

passed t hor oudi®1t, e =c &lalAgdt. bed (i n once-through oper atlon) during the
ti t est 9 0%
entire test run (Nfgg‘fd /0 maitn%%: qﬂéﬁgg?sg%ﬁ°2§“8%%é %ﬁ%”%% o oxygen,

5% car bon di oxi de ride. The

10
initial react&eleedds %énﬁ&héltlw PS‘lgESPéﬁQd]Uthm €l hour at

this initial tc%'ﬂéﬂ@%ttlg %zret @?11:1 RRYP Y ?nlg% 's'é‘irre%%‘izd dgeiadplerr]C for 1
hour; and thenO?)g{ Usted to_245 Ierr]C for 1 hqur. The tenperature is then
adj usted so a¥ e Jhsse &9 ctihen CBEPHYSSF 1. 5%

Perff)r manﬁe dmmﬂéﬁmwﬁ)@x@dmﬂcﬁwe{ceme 1@@&]6;3&% dimedadrend Ihe )
cat al yst has e Qr tal, of at st OSIgt
di fferences i lr% e%r};é;t;e &5 3&‘-’%‘18 d‘d§ 1 8\36 gtgés Ofsrifg@/%gt[)g& S*at i on of
anal ytical i néfteres §h§8¢d pex iget efriacceliesatesd a&ted-qgr,omm gdalyst
conposi tions, 1tshe rlﬁ:‘é)u'iﬁteq:td 'l 1o mchetnl VI ?ﬁ)i og!u\éq:rloqptaq{d/st may

vary sllghtly from one test run to the ani ngful conpari son

of the perfor R@MRtigizeg 19:§‘t§qsé>ﬁcédt&t %1Pfrétd¢91t‘mlcﬁef¥e§tatnl¢é‘r@at al ysts
described in tdorgiidiorishe fold @ulrEdivist el iagR igmhedisiidd wie tested

Thi's and the FEMRRRSR o IEhE EHae %ﬁ%hﬁ%%ﬁw&aﬁ%ﬂ dred |

relative to ttmftazerta@e new (sedleqeEivficynaadeieofist Rietermined, this cycle
is repeated, and the selectivity decline of the catalyst
is continuously measured under standard 1.5% ethylene
oxide production conditions relative to its fresh initial
performance. The results are presented below in Table
III. All selectivity values are expressed as %. The
initial perforniances of Catalysts A and B were determined
to be the same, within experimental error. Initial S1.5
values of 89.6% + 0.3% were obtained.
Loss in Selectivity (%) = { S;1.5, % (Aged) } - {S1.5, %
(Fresh) } '

TABLE III
Loss of Selectivity from Fresh CataLystl)

Cumulative Ethylene Oxide Production (kg/litre)
(Data Obtained at 1.5% Ethylene Oxide Production Level)

Catalyst 0  81.5 163 244.5 326
kg/litre kg/litre kg/litre kg/litre

A (Re/Mg) 0% 0.2% 0.8% 1.5% 2.2%

B (Re) 0%  0.9% 1.6% 3.2% 5.7%

1) This test was carried out at conditions which are



- 26 - reference catalyst (S[err] = 81.7%. After obtaining initia
*performance val ues for selectivity at 1.5% et hyl ene oxi de production the
catal ysts are subjected to high severity ageing conditions. Under these
conditions, the catal yst ethylene oxide production level is elevated in
‘order to accelerate degradation, i.e., ageyng, of the catalyst. After a
short period of accelerated ageing, th cgtal IS again _brought to 1.5%
et hyl ene OX|d@uﬁsoﬁafFi8ﬁV§ﬁﬁ gbBBtWﬁPigd & ¥ ePe%BesngﬁrsﬁPgride under
standard condbpeeatiomhénselrdeti tot gccelagakte thasdegdadabdonoofiathd to the
ori gi nal vaIu a@gl§ fresh catalyst. After the new selectivity value is
det er m ned, IS CyCl'é is repeated, and the selectivity decline of the
catal yst is contlnuously measur ed under standard 1.5% et hyl ene oxi de

producti on CO”d'thgngeE%F@hE&e % FBEFE?QS%f?@b%?@%%?ﬁ&é&iﬁﬁ?cﬁs dee

results are presente OW I n ues _are
expressed as @?emﬁédpﬁﬁtﬁ&Pnﬁ@#FoFW§ﬁ€§§nﬁﬁ Eﬁ?&l?é@@sAnﬁné pakalyst,

determ ned togbg &:@Qa&amg wlel Aee1RAkl FRRbakafr 186d tBi bighiBicantal ues
of 89.6% 0.3% were ohtaine in Sglect|V|%¥ &A& Z L i? rr], % (Aged)
} - {Serr], FPVEPESH}™ CPR SE |%§ E88sP6f SQEPeLEPHi t+§ ¢

fesh
Catalyst[err]paeaaybatBvamﬁghpbenm—ebnda1Bin§ucar@metkgithtne) (Dat a

CoLained ot LyBlnRulhea R 5 Crpgishlpiony/aklyakalysh, seepribhed
(Re/ My) 0% m@choguore raglgwy than @ogq)Catalygtzm)whlch contalns a
' promoting amount of magnesium impregnated on a magnesium-

containing carrier. Thus, catalysts which contain both
magnesium and rhenium supported on a magnesium-containing
carrier maintain their selectivity significantly longer
than catalysts which contain rhenium but no additional
magnesium on a magnesium-supported carrier.



B (Re) 0% 0.9% 1.6% 3.2% 5.7% 1) This test was
~carri ed—out—at——conditions which are - 27 - much nore severe than woul d

be used,] ' eration in order to accelerate the degradati on of
t he cat tlﬂmmwmwﬁﬂed previously, selectivity decline is of trenendous
“economi C'x -swhen choosing a catalygt, and retarding this decline
rate can lead to significant savings in costs. As can be e [0 abl e
11, Catalyst B (nagnesiumcontaining carrier with no na d by

| npregnati on) decreases in selectivity much nore rapidly than does Catal yst

A whi ch contains a pronoting anount equRgf§§i§n1inpregnated on a

magnesi um containing carrier. Thus, whi ch contain both magnesi um
and rheni um supported on a nagnesi umcontaining carrier maintain their

selectivity signiil caphiyst 089tablansGa! hd sbgokhasty GRNGA! SLEBERL UM DUt
no addi ti onal magnesi um™0n a,  magnesi um supported carrier. - 28 - TH 0026
SINCL Al N&vingmeaphiykicshydapgens otntPrrebeRiaht bhYHENSt eVikh

havi ng no alIdkygeﬂyﬂﬁoaﬁe,vépo@arphsgéarc@ﬁﬁyigﬂﬁg'Mﬁ&atsxyaﬁeainythe
vapour phase, ﬁfﬂg£L3|ng a.c talytlfally effective anount gllxﬁr . a
promoti ng anoBhESHFLXEKEMPUREL F ) S BPBoRi RECURDLRS FPORREneEi atkaldy a
pronnting anometadf ahpnomotsngpamdentoofamagneseumcanraspngmatihgast 85
percent by “Béﬁgﬁnefo@'9ﬂén?hﬂ”é&8p899e8r8ﬂ‘a carrier comprising at
least 85 percent by weight of alpha alumina and from
0.001 to 2 percent by weight (measured as the element) of
magnesium in the form of an oxide.
2. The catalyst of claim 1 wherein the carrier
additionally comprises from 0.01 to 5 percent by weight
(measured as the dioxide) of silicon in the form of an
oxide and from 0.1 to 10 percent by weight (measured as

t

the dioxide) of zirconium in the form of an oxide.

3. The catalyst of claim 1 wherein the carrier has a
water pore volume between 0.1 cc/g and 0.6 cc/g and a
surface area between 0.1 m2/g.and to 3 m2/g.

4. The catalyst of claim 1 wherein, in the carrier, the
magnesium oxide is present in an amount ranging from
about 0.01 percent by weight to about 0.1 percent by
weight, basis the total weight of the carrier.

5. The catalyst of claim 1 wherein the amount of silver
is in the range of from 1 to 25 percent by weight of the
total catalyst, the amount of alkali metal promoter is in
the range of from 10 to 1500 parts per million, expressed
as the metal, by weight of the total catalyst, the amount
of magnesium promoter is in the range of from 10 to 1000
parts per million, expressed as the element by weight of
the total catalyst and the amount of rhenium promoter is
in the range of from 0.1 to 10 micromoles of rhenium,
expressed as the metal, per gram of total catalyst.



0. 001 f"?‘béTCEﬁr—by—mEfght (measured as the el enent) of nmagnesiumin the

-f or m of atalyst of claim1 wherein the carrier
addition I #H n10 01 to 5 percent by weight (neasured as the
di oxi de) ILCOm | € e formof an oxide and fromO0.1 to 10 percent by

‘wei ght (neasured as the d|0X|de) of Z|rcqmgLun| n the formof an oxide. 3.
The catal yst aof c |n11 |n t he car has a_wat e re v me bet ween
0.1 cc/g and 8 %ﬁ?gcgﬁ u?FaEgaé?e ﬁ%éﬂ Bhe ﬁi%ggflﬁegﬁg ‘to 3
nferr]/g. 4. ﬁbgneaﬁamyahdothehaumlarehéoand ihdivheuaaiyi er, ihhengagnesi um
oxide is pres a t ra n bo 1 t .y ight to
about 0.1 per@gﬁthe Ehggﬁ#@ Bésggétga£%ggg? 8£ gFg ?8§%§92a99|8$B 5. The
cat al yst of cbath1Ihahgaéahysheaadouhe éﬂppprter is in the range of from1

to 25 percent7by TﬁégEEtgiygheofoéﬁglﬁaia%ﬁéielﬁhgaﬁanﬂﬂkaﬂi ﬁéﬁﬁh' met al
promoter is in'the range of from I 1500 parts per m | Tion, ﬁwfssed as

the metal, bypﬁemﬁﬁ?roﬂsthéeﬂﬁFEPdc§F8WyEPta§ﬁéUQnDEHP1€#uﬁagﬁ§§F
pronoter is initheukagad gﬁxtﬁggglehb@eéﬁoo parts per mllion, expressed as

the elenment b meight o% ghe to allcata and t he, nnrﬂt of _rheni um
promoter is ifi-thd&tFafig&ad¥sStr 8k 61311 ﬁFE?BnﬁPé 2hents expressed
as the netal, ppenogeamisf cestialn.cat al yst . - 29 - 6. The catalyst of

clai m 1 vher egn hfealkRbi, BBt 8F: cFRORCS! UkR0dy " BEThUE 300 QURL

i ndividually or in an he Ssupport or
on both the cQﬁ?@méiteraﬁ@mﬁéS§§p§§ﬁﬂ-um7plu$hétcé?ésys?ngf aéiiaithrpma erein
sai d al kali nmatghpraepher, is selected from potassium rubidium cesium

lithiumand m_xtures thereof.
0. The catalyst of any orie of claims 1-9 additionally

comprising a rhenium co-promoter selected from sulphur,
molybdenum, tungsten, chromium and mixtures thereof.

11. The catalyst of claim 1 wherein the rhenium co-
promoter is selected from sulphate, sulphite, sulfonate,
molybdate, tungstate, chromate and mixtures thereof.

12. A process for preparing the catalyst of any one of
claims 1-11 which comprises impregnating a carrier
comprising at least 85 percent by weight of alpha alumina
and from 0.001 to 2 percent by weight (measured as the
element) of magnesium in the form of an oxide, with one
or more solutions comprising solvent having silver
compound (s) dissolved therein, alkali metal compound(s).
dissolved therein, magnesium compound{s) dissolved
therein and rhenium compound(s) dissolved therein
sufficient to deposit -on the support from 1 to 25 percent
by weight of the total catalyst of the silver

campound (s), expressed as the metal, from 10 to 3000
parts per million by weight of alkali metal compound(s), -
expressed as the metal, by weight of the total catalyst,
from 10 to 1000 parts per million by weight of the total
catalyst of magnesium compounds), expressed as the
element, and from 0.1 to 10 micromoles per gram of total



st of claim7 wherein said alkali nmetal pronoter is cesium 9.
-The Mﬂm 7 wherein said al kali netal pronoter conprises cesium
pl us tional alkali metal. 10. The catal yst of any one of

clainms 1- 9 addltlondlly conprising a rhenium co-pronoter selected from
'sul phur, nol ybdenum tungsten, chrom um-agg #i xtures thereof. 11. The

tal yst of cl th heni t | ect
st phate, _sul BAEPLYSEUBEoRBER o FoBRIRBS (6 ho SRBEBSSERr BRnESAMICALRL ur os
thereof. 12. Aoppeoeidef theprepallysy wuahcatabyaﬂymﬁcanyyoaéfettdwalns 1-11
whi ch COMP!! SERoliR 84AIR,2 CALLLRLHGRRPLLSLAY Bl LE3Sh BRdRzaceRt bY

wei ght of al pha um na~an percen medsured as

the el ement) promegisgi amountt & megnesﬂumnaoﬂuaeprwmphlogeampummref

sol utions conmpii.giing . Sol vent having silver conpound(s) dissolved therein,

al kali met al conpound(s) di ssol ved therein, nmagnesi um conmpound(s) dlssolved
therein and rRéni ReCcBHFPESERE( OF G#§§EIdiwbﬁéﬁépnt§GfFﬁ€FéﬁF to deposit-on

thle support fr‘a@mll)klbaaziiyp@bﬁ@&tlsla% \ﬂibﬁhb ofl the i:% 9tte@beg@t b'y)’&tblqhtt he
Siiver conpou expr es S rrom ar

11 on by weiGREsHr sl s e PRt a0 bRued) 18Ry s b8 30t e tralal

wei ght of theoxkdde anat dryet 0.f1r & 10 pert@ﬁm pyr weipht mmbbsumeUyawelght
of the total %%tei‘g&%&l% ”%%“%i'r%%‘i%ﬁ{p%“‘éi)e’ R %&Sgﬁ dxibae el enent,

and fromO0.1 t m Cro ram o catal'yst of
r heni um conpoddd( Fhe mpuce§§e@fa§ltahm Adt air, 1Bowpeseiineathercat al yst with a

ﬁg: Z: yt :aca' Y ielireiats PR Qfi1%ehVes radicePibNthe?dRYRL 2k 196kl
heating at a temperature between 50°C to 600°C.
15. The process of any one of claims 12-14, additionally
comprising the impregnation of the carrier with a
solution sufficient to deposit thereon from 0.1 to 10
micromoles per gram of total catalyst of rhenium co-
promoter compound(s), selected from the group consisting
of sulphur, tungsten, molybdenum, chromium and mixtures
thereof, expressed as the element, to provide the
catalyst with a catalytically effective amount of silver,
a promoting amount of alkali metal, a promoting amount of
magnesium, a promoting amount of rhenium and a promoting
amount of rhenium co-promoter.

C19/THOO26FF



pronoting.:anmount of nagnesiumand a pronoting amount- of rhenium 13. The
cprocess of cla“n112 wherein the carrier additionally conprises from0.01 to
5 percent by wei ght (nmeasured as the dioxide) of silicon in the formof an
oxide and fromO0.1 to 10 percent by wei ght (neasured as the dioxide) of
=zirconiumin the formof an oxide. 14. The process of claim12 or 13
wherein after inpregnation, the silver is reduced to netaII&c
heating at a tenperature between 50[err]C to. 600[err]C. 15——1E§héﬁ§$£ss of
any one of clains 12-14, additionally conprising the inpregnation of the
carrier with a solution suffici entAti gepﬁlé ;Etzfreon fromO0.1 to 10
m cronol es per gram of total catal f co- pronoter conpound(s),
sel ected fromthe group consisting of sul phur, tungsten, nolybdenum
chrom um and m xtures thereof, ??Bk&%ﬁ&?oﬁschﬁ ?ggnent to provide the

0

catalyst with a catalytically effective anount silver, a pronoting
anount of alkali netal, a pronoting anount .of nmagnesium a pronoting anpunt

of rhenium and a PHYEAFEh B te X tdaid WA Chddidmifin <k INEHO26FF
having improved selectivity stability which catalyst

comprises silver, a promoting amount of alkali metal, a
promoting amount of magnesium, a promoting amount of
rhenium and, optionally, a promoting amount of rhenium
co-promoter selected from sulphur, molybdenum, tungsten,
chromium and mixtures thereof, supported on a carrier
comprising at least 85 percent by weight of alpha alumina
and from 0.001 to 2 percent by weight (measured as the
element) of magnesium in the form of an oxide.

C19/THO026FF



