AN OLEFI N EPOXI DATI ON PROCESS, A CATALYST FOR USE IN THE PROCESS, A CARRI ER
FOR USE | N MAKI NG THE CATALYST, AND A PROCESS FOR MAKI NG THE CARRI ER FI ELD
OF THE | NvaNwe@Mi4iee i nvention relates to a catal yst, aPCaruse@e/00sm09 use in
maki ng the catal yst, and nethods for nmaking the catalyst and the carrier.
The invention also relates to a process for the epoxidation of an olefin
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therewith, on a carrier, typically containing al phaal um na. Such catal ysts
are confbArglaepar ed by a nethod i nvol ving inpregnating or coating the
carri erBE&QfKGﬁb‘Eﬁ\Jﬂ‘dﬁ‘TﬁEWﬁﬁ Nonprising a silver conponent. The

carrier IS commonly preparea by formng particles froma dough or paste
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amine to form an alkanolamine. Thus, 1,2-diols, 1,2-diol ethers, and alkanolamines may

be produced in a multi-step process initially comprising olefin epoxidation and then the
conversion of the formed olefin oxide with water, an alcohol, or an amine.

Olefin epoxidation catalysts are generally comprised of silver, usually with one or
more additional elements deposited therewith, on a carrier, typically containing alpha-
alumina. Such catalysts are commonly prepared by a method involving impregnating or
coating the carrier particles with a solution comprising a silver component. The carrier is
commonly prepared by forming particles from a dough or paste comprising the carrier
material or a precursor thereof and calcining the particles at a high temperature, commonly
at a temperature in excess of 900 ‘C.

The performance of the silver containing catalyst may be assessed on the basis of
selectivity, activity, and stability of operation in the olefin epoxidation. The selectivity is
the molar fraction of the converted olefin yielding the desired olefin oxide. As the catalyst
ages, the fraction of olefin reacted normally decreases with time. To maintain a desired
constant level of olefin oxide production, the temperature of the reaction genérally is
increased. However, increasing the temperature causes the selectivity of the reaction to the

desired olefin oxide to decrease. In addition, the equipment used in the reactor typically
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20  component in the silver containing catalyst with the effect that the initial selectivity of the

olefin epoxidation is increased. EP-A-352850 also teaches that the then newly developed
catalysts, comprising silver supported on alumina carrier, promoted with alkali metal and
thenium components have a very high selectivity.

With regard to efforts to improve the process of preparing the catalysts, US-B-

25 6,368,998, which is incorporated herein by reference, shows that washing the carrier with
water, prior to the deposition of silver, leads to catalysts that have improved initial
performance properties.

Not withstanding the improvements already achieved, there is a desire to further
improve the performance of olefin epoxidation catalysts.

30
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fluori nperocrl?lcrtll%ﬁ %'f'aﬁ?zqdlg ,a l,f-dlol ether or an alkanolamine comprising converting an

olefin oxide into the 1,2-diol, the 1,2-diol ether or the alkanolamine wherein the olefin
oxide has been obtained by a process for the epoxidation of an olefin in accordance with

20  the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The catalyst carriers of the present invention are prepared by a process that involves

the acid digestion of aluminum. Catalysts prepared in accordance with this invention,

using a carrier obtained from a process in which aluminum is subjected to acid digestion,
25  exhibit an unexpected improvement in performance in olefin epoxidation relative to

catalysts, which, while otherwise identical, were prepared using a different carrier. In

preferred embodiments, the carrier of the present invention is a fluorine mineralized

carrier.

The improved performance achieved as a result of the present invention is apparent

30  from one or more of improved initial activity, improved initial selectivity, improved

activity stability, and improved selectivity stability. Initial selectivity is meant to be the

maximum selectivity that is achieved in the initial phase of the use of the catalyst wherein



The i nproved performance achieved as a result of the present invention is
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resulting in large quantities of hydrogen that may overpressure the digestion vessel. At

20  low concentrations, the reaction rate may be too slow for economical reasons. Thus, acid
concentrations ranging from 0.5 to 10 wt.%, in particular from 2 to 4 wt.%, are typical.
Acetic acid at a concentration of 3 wt.% is particularly preferred.

The time required for digestion may vary based on the dimension of the aluminum
source and acid strength and concentration. Typically, the digestion is carried out for a

25  period ranging from 15 to 40 hours. The digestion is desirably carried out at a temperature
sufficiently high to provide adequate viscosity to achieve digestion and sufficiently low to
avoid hazards. Thus, digestion is conveniently carried out at temperatures ranging from 50
°C to 110 °C, in particular from 75 °C to 90 °C.

Once all the metal has been digested, in various embodiments, it may be desirable

30  toincrease the crystallinity of the alumina sol obtainable from the acid digestion. The

crystallinity may be increased by stirring the sol while maintaining the temperature in the
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20  more in particular as much as 1000:650, and even more in particular as much as 1000:7 00.
Desirably, the weight ratio of transition alumina powder to alumina sol is as low as
1000:850, in particular as low as 1000:800, and more in particular as low as 1000:750. A
particularly desired weight ratio of transition alumina powder to alumina sol is 1000:730.
Tt is believed that the extrusion benefit of the alumina sol is due, at least in part, to its

25  acting as a peptizing agent. Other acceptable extrusion aids include, but are not limited to,
acids, including nitric, acetic, and citric; organic extrusion aids, including methocel, PVA,
and steric alcohols; and combinations thereof. Binding agents may also be used during the
formation of the carrier particles.

The carrier particles of the present invention are subjected to a high temperature

30 calcination, generally in excess of 900 °C, typically in excess of 1000 °C, in particular in
excess of 1100 °C, and often as much as 1400 °C, in particular as much as 1300 °C, and

more in particular as much as 1200 °C to convert transition alumina into alpha-alumina.



acids, including nitric, acetic, and citric; organic extrusion aids,
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20 Tn certain embodiments, the process for preparing the carriers of the present
invention also comprises incorporating in the carrier a fluorine-containing species, as
further described hereinafter, which is capable of liberating fluoride when the combination
is calcined, and calcining the combination. Such carriers are conveniently referred to as
fluoride-mineralized carriers. Preferably, any calcination conducted after the incorporation

25  of fluorine is conducted at less than 1200 °C, more preferably less than 1100 °C.
Preferably, any such calcination is conducted at greater than 900 °C, more preferably
greater than 1000 °C. If the temperature is sufficiently greater than 1200 °C, an excessive
amount of fluoride may escape the carrier.

Within these limitations, the manner by which the fluorine-containing species is

30 introduced is not limited, and those methods known in the art for incorporating a fluorine-
containing species into a carrier (and those fluoride-mineralized carriers obtained

therefrom) may be used for the present invention. For example, US-A-3,950,507 and US-



fluoride-mneralized carriers. Preferably, any calcination conducted after
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matrix having a morphology characterizable as lamellar or platelet-type, which terms are

20  used interchangeably. As such, particles having in at least one direction a size greater than
0.1 micrometers have at least one substantially flat major surface. Such particles may have
two or more flat major surfaces. In typical embodiments of this invention, carriers may be
used which have said platelet-type structure and which have been prepared by fluoride-
mineralization, for example as described herein.

25 Fluorine-containing species that may be used in accordance with this invention are
those species that when incorporated into a carrier in accordance with this invention are
capable of liberating fluoride, typically in the form of hydrogen fluoride, when calcined,
preferably at less than 1200 °C. Preferred fluorine-containing species are capable of
liberating fluoride when calcining is conducted at a temperature of from 900 °C to 1200

30  °C. Such fluorine-containing species known in the art may be used in accordance with this
invention. Suitable fluorine-containing species include organic and inorganic species.

Suitable fluorine-containing species include ionic, covalent, and polar covalent
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20 85 percent by weight, more typically at least 90 percent by weight, in particular at least 95
percent by weight alpha-alumina, frequently up to 99.9 percent by weight alpha-alumina,
based on the weight of the carrier. The carrier may additionally comprise, silica, alkali
metal, for example sodium and/or potassium, and/or alkaline earth metal, for example
calcium and/or magnesium.

25 Suitable carriers are also not limited with respect to surface area, water absorption,
or other properties. The surface area of the carrier may suitably be at least 0.1 m%g,
preferably at least 0.3 m”*/g, more preferably at least 0.5 m?/g, and in particular at least
0.6 m?/g, relative to the weight of the carrier; and the surface area may suitably be at most
10 m?/g, preferably at most 5 m?*/g, and in particular at most 3 m’/g, relative to the weight

30 ofthe carrier. "Surface area” as used herein is understood to relate to the surface area as
determined by the B.E.T. (Brunauer, Emmett and Teller) method as described in J ournal of

the American Chemical Society 60 (1938) pp. 309-316. High surface area carriers, in
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conprise, a Goup |IA netal
The catalyst comprises silver as a catalytically active component. Appreciable

20 catalytic activity is typically obtained by employing silver in an amount of at least 10 g/kg,
calculated as the weight of the element relative to the weight of the catalyst. Preferably,
the catalyst comprises silver in a quantity of from 50 to 500 g/kg, more preferably from
100 to 400 g/kg, for example 105 g/kg, or 120 g/kg, or 190 g/kg, or 250 g/kg, or 350 g/kg.

The catalyst may comprise, in addition to silver, one or more high-selectivity

25  dopants. Catalysts comprising a high-selectivity dopant are known from US-A-4,761,394
and US-A-4,766,105, which are incorporated herein by reference. The high-selectivity
dopants may comprise, for example, components comprising one or more of rhenium,
molybdenum, chromium, and tungsten. The high-selectivity dopants may be present in a
total quantity of from 0.01 to 500 mmole/kg, calculated as the element (for example,

30  rhenium, molybdenum, tungsten, and/or chromium) on the total catalyst. Rhenium,
molybdenum, chromium, or tungsten may suitably be provided as an oxide or as an

oxyanion, for example, as a perrhenate, molybdate, and tungstate, in salt or acid form. The
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pr ef er r R SRRSO thehlitn ENBRIMIRGE pRIVAIRE theXlafridr iOMtInaterifl tohe
invention. For example, the thenium co-promoter may suitably be provided as an oxide or
20  as an oxyanion, in salt or acid form.
Suitably, the catalyst may also comprise a Group IA metal component. The Group
IA metal component typically comprises one or more of lithium, potassium, rubidium, and
cesium. Preferably the Group IA metal component is lithium, potassium and/or cesium.
Most preferably, the Group IA metal component comprises cesium or cesium in
25  combination with lithium. Typically, the Group IA metal component is present in the
catalyst in a quantity of from 0.01 to 100 mmole/kg, more typically from 0.50 to 50
mmole/kg, more typically from 1 to 20 mmole/kg, calculated as the total quantity of the
element relative to the weight of the catalyst. The form in which the Group IA metal is
provided to the carrier is not material to the invention. For example, the Group IA metal
30  may suitably be provided as a hydroxide or salt.
As used herein, the quantity of Group IA metal present in the catalyst is deemed to

be the quantity in so far as it may be extracted from the catalyst with de-ionized water at

10
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used in accordance with the present invention. t hods "of preparing the
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T e ey
6, 368, 9Afnt, Wo-RambE3 33 oxalMie 08LAE3&4/irRNgep/IDs0RAblP 3aHed v 4 A t@hferhtior por at ed
o b R ARG Byt most 380 °C, more préferably at mott 260 °C and suitably |
at a temperature of at least 200 °C, preferably at least 210 °C, more preferably at least
220 °C, suitably for a period of time of at least 1 minute, preferably at least 2 minutes, and
20  suitably for a period of time of at most 60 minutes, preferably at most 20 minutes, more
preferably at most 15 minutes, and more preferably at most 10 minutes.
Although the present epoxidation process may be carried out in many ways, it is
preferred to carry it out as a gas phase process, i.e., a process in which the feed is contacted
in the gas phase with the catalyst which is present as a solid material, typically in a fixed
25  bed under epoxidation conditions. Epoxidation conditions are those combinations of
conditions, notably temperature and pressure, under which epoxidation will occur.
Generally, the process is carried out as a continuous process, such as the typical
commercial processes involving fixed-bed, tubular reactors.
The typical commercial reactor has a plurality of elongated tubes typically situated
30  parallel to each other. While the size and number of tubes may vary from reactor to

reactor, a typical tube used in a commercijal reactor will have a length between 4 and 15

meters and an internal diameter between 1 and 7 centimeters. Suitably, the internal
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tenmperatyre and pre re,..under whi ch_.epaxidati on w || cur neral ly,
the. pr odeseeeptoREp et BHich s AdmiSgHE PAABUL® B CBOLS erk nLBLeANeEy o cal
COMMEr ClofifinRs 8 GRMS lefid) Y&H okbmle 1-b@dndedsotiuidie! Prefe@BE] BeSolefidi@ at YPI Cal
comercial reactor has a plurality of elongated tubes typically situated

par al | emadno-ce-atsfinpfon exammlhil Heiterieer propyleawad The mvst preferted lpdefinia gthyteny. f r om
reacfor to reactor, a typical.tub sed.in o r.cial..reactor will have a
[ engfh bet wedheaieiGoneeHtralsh o R ired i aealeadT b e HI6 BB 1 and 7
cent i MetfepRallpihd QBN colddfiratinah R RE@HEN BE af Bost 8D IE A refafivéfoaasmodat €
the catalyst.”  Frequently, in comercial scale operations, the process of

t he i nvéoteli foed. nissitablyoit wall fe duthetringe aftfrosm0 &1ty IO mele-dh in paiculeaefiem 110 kg,
for exa at_ least, 2 freque N e 4 e. f.r 02 to 107 kg,
nor e frgaaé(gﬁjtoﬁey@ ﬂn% ees%pgﬁis.gs.o gfu F%&% %ﬂg’ntp%?Tf}égg(g?SI#&eg tSI%gft kl}en used in the

pr esent ceppadibai thatis pomastsd withthdeata@nst. ol efin, such as an aromatic ol efin,
for exanple styrene, or a di-olefn, whether conjugat egas;r not . for exanple
1, 91¥ecadi endhdpregery. cporidafisrReocess may g rE-kepedprYgen-hasrdates K- used.

pyet cal OhmblencibBhidla b CRafRACTANAS By, B edRIA M finte $U0RAG 0143 39PUL ene.

Pref erably, In 1S a nono-a-o , tor exanple 1-butene or
pr opy! efethehivebased propessf @r oredr elreshied with oatyerl ie emplofied apthefsonrce ofithent r at i on

I e {oatorm ke o6 sched M A do ange  DRLEALLY .o o
mole-%) oxygen is employed as the source of the oxidizing agent. Presently, most
20  epoxidation plants are oxygen-based and this is a preferred embodiment of the present
invention.

The oxygen concentration in the feed may be selected within a wide range.
However, in practice, oxygen is generally applied at a concentration that avoids the
flammable regime. Typically, the concentration of oxygen applied will be within the range

25 offrom 1 to 15 mole-%, more typically from 2 to 12 mole-% of the total feed.

In order to remain outside the flammable regime, the concentration of oxygen in the
feed may be lowered as the concentration of the olefin is increased. The actual safe
operating ranges depend, along with the feed composition, on the reaction conditions, such
as the reaction temperature and the pressure.

30 A reaction modifier may be present in the feed for increasing the selectivity,
suppressing the undesirable oxidation of olefin or olefin oxide to carbon dioxide and water,

relative to the desired formation of olefin oxide. Many organic compounds, especially
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total feed. Desirably, it will be in the range of fromO0.5 to 70 nole-% in
particular from1l to 60 nole-% on the sane basis. As used herein, the feed
i s consi awoedod/mi4re t he conposition that is contacted wpCh/usheecoascad yst .
The present epoxidation process nay be air-based or oxygen-based, see
"Kirk- O hner Encycl opedia of Chem cal Technol ogy", 3rd edition, Volune 9,
1980, pp. 445-447. I.n the air-based process, air or air, enriched with
oxygen’ PEBiiRbmmaSTE SHOEEL G HE, SR ARG TN n (he
oxygen- Raaatbr PNAGSSA J%idds, Hyariide! NydrbYRhbate!of afimdnfAnhy B0 efiBloSedds OXygen is
enpl oyed as tr_he sourcel of.q{};\e o>?| dillzi}yn}g agent. Pr élsent?'y, eﬁgso?eepsom dation
pl ants wel. &y frequandly ednsidrted thiabunder themperfating edndititredifrodefin epoxidatiopr esent

i nventign. .The oxygen concentrat.i.on in the feed nay be selected within a

w e r allBiT RSt RARER hAITEH o oot o Rl SF afficPeie: e ate
concent satdlRd nithaé- @Riigs fdrend do@rﬁﬁ&ﬁﬂﬁ(cfﬁkg% p-ATA6AD Gal 6-AL4822900
concentration of oxyq%en applied will be within the range of fromi to 15
nol e- % Whisheare ipspparaisd hereimby refgrenge)rol e- % of the total feed. In order to

[ t si | ' . . L. f o en_i.n the
feed nay be PoruitchyigBr MRl e T B nEANTEL ] BlriParaii Pl The
act ual asaf moryie patticalyr bpageschiteiden dPrefdred®ridridhdlides hreetlgoiyipsdations, on

the reaction conditjons, such as the reaction tenperature and the pressure.
A react %‘?fOWBgY‘ﬂPW!’?WnBéﬁpPr@gé?hly sfleqterbiremdhe gigup of Breld phlgride ethyl

sel geti M N e T ' i f ' in
A Y L R L e L R L L e

ol ef i n mwbtgeeleivid grganigdnlidescoepihyhcdoridesanditlali¢neatigdoide. hal i des and organi c

it . b | oyed as t reaction nmodifier, Nitrogen
A SRR T T Pl L A TR R A S
frequenfrby 100 haleiRidt Fa exdRPRI NONR,OPSIANIOY Seinmid eRsc aftrd2ksf i N

epoxi dation the nitrogen containing reaction nodifiers are precursors of
ni t r at e@onaRoOURls aremitEo compoungdpdyjtresoecosponnds, amines initates arsknitrites; ifore- f or mi ng

co un . - A d - A- 4822900, whi ch.ar .ncor por at ed
hepglon %%HF‘)Z% rél}rgtﬁ%teh)aﬁgd%lgr%%pﬁ% ?rﬁgﬁé) g°Ptaﬂ%O’B’rPé?f§FF‘é8m58@8FP{§n nodi fiers,
i n par t nieateaor nitrjfa+foenihg osinpfatnds gl nibsgeni okides hhd/etibitnio m@iadbed chl ori des.
Preferred organic halides are_chl orohydrocarbons or bronohydrocarbons and
are pr efERROYRGS. 38 wed Kpethes withpe oggasimhalide mamagticulas ap or gaic ehlorde.

The reaction modifiers are generally effective when used in low concentration in

the feed, for example up to 0.1 mole-%, relative to the total feed, for example from

20 0.01x10"* t0 0.01 mole-%. In particular when the olefin is ethylene, it is preferred that the
reaction modifier is present in the feed at a concentration of at most 50x10™ mole-%, in
particular at most 20x10™ mole-%, more in particular at most 15x10* mole-%, relative to
the total feed, and preferably at least 0.2x10™ mole-%, in particular at least 0.5x10™ mole-
%, more in particular at least 1x10™ mole-%, relative to the total feed.

25 In addition to the olefin, oxygen, and the reaction modifier, the feed may contain
one or more optional components, for example inert gases and saturated hydrocarbons.
Inert gases, for example nitrogen or argon, may be present in the feed in a concentration of
from 30 to 90 mole-%, typically from 40 to 80 mole-%, relative to the total feed. The feed
may contain saturated hydrocarbons. Suitable saturated hydrocarbons are methane and

30  ethane. If saturated hydrocarbons are present, they may be present in a quantity of up to
80 mole-%, relative to the total feed, in particular up to 75 mole-%. Frequently they may

be present in a quantity of at least 30 mole-%, more frequently at least 40 mole-%.
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chloride, ethylene dichloride, ethylene dibrom de, vinyl chloride, or a

m xture thereof. The nost preferred organic halides are ethyl chloride and
et hyl ene wochéezmi4te. Suitabl e nitrogen oxides are of thecgasesdlooscos mul a
NOx wherein x is in the range of from1l to 2, and include for exanple NO N
B8 and N A4. Suitable organic nitrogen conpounds are nitro conmpounds,
nitrosoconmpound mnes, nitrates and nitrjtes, for exanple nitronethane,
1-nit roéf‘%‘?&‘fﬁh@b@%ﬂnﬁﬁ?ﬁ%@gﬂ%‘i to the %eéfllép HloRErsaTeHBHO%YECRI trat e- or
nitriteflaphidbilgy GaFPOUNds, e.g. nitrogen oxides and/or organic nitrogen

conpounds, are used together with an organic halide, in particular an
organi ¢ chl ofheepoxitasionesercsomayrbelcdriied sutarsmgpporidationy carfditenss; ineludingn used

in low ¢conc bon . in.th for.,exanplg u 00.1 nble-% relative to
the tot SRR Al BRsble) Becldifim s RigdERAE, enbest s eadiortipthnfireL o
whens t hés ialied fafigd 6f fdh e Be340 1C, inforp HeG@IMEIHGn tﬂ@ahn%ehﬁ*ﬁ&mgo guod fier is
present in the feed at a concentration of at nost 5x1O0'4 nole-% in

par t i cuilhs reaetigptemporayremey g iecrogsedgradually or-n rinkurkiy ofstepador et 4

le-% . ' | d bl | 0 | Q4
L 0 G I TR GO B RO
lleast | wtdDidor8aRt en e réRkivh tefShdrRuicifay B @lthd B8Fe of RoRAD tH1190 EOmbRe ol efin,

oxygen, and the reaction nodifier, the feed may contain one or nore
opt i onatyptahp dreen2&io ¥09r°Ge XErepkactionderhpayatsresmaybe sataasat tgpichlyylfromar bons.

I ne gases, for exanple nitrogen or argon, nay be present in the feed in a
con&nt %XF]I 1 fherengs ohiras 1pg t‘gé&h&,én%? tyRpeallydrany 209 R "G, oVl arfissh- o
relativ . o f ajA_saturated hyd rbons. -
i £ abl S UG Gl oS 38 T R0 RPN (R R o R

hydr ocagre, viticd thé €880t hat BEred¥BY ibR1iRTP 888Ho dgling, quantity of up to 80
nmole-% relative to the total feed, in particular up to 75 nol e-%

Frequent |y t Regenpxjdagien prassisris typically gamistiont/atef reagtor ipkes pre@@irerl he % nor e

fr equently, 6 il 8A%0 40300 INSERrSIBe Ry iDBe3ggc0, to the

(VO“ »el
feed in OFder 1o increase the c%gélég&énéﬁ‘e(?% "Boxi dat i on

pr oL¥es svetame b€ gasat moatalaerhpersiufgarRinaudsteat (0@) 1cndi.é. 1003, kPanpassihis e er
tenperature.a‘g)g‘ggre sure, selected frgma w de range. Frequently the

react i of% WY fipEP3ckeq ratalysl nenhejy- drequentiy, Pdwnithe epepidation prcesstis aquent | y
in the ée@'}ﬂﬁscﬁﬁo dsOMvbRingd  fiRdPcdftyst Hag, the ISR ﬁﬁ@faﬁ%ﬁy’f if'omg?@ﬁ

I ncreased gradually or in a pluralfty of steps, for exa e 1 n steps of
from 0. 10606 MIGLB)XC, in particular 0.2 to 10 OC, nore in particular 0.5 to 5
C. The

Carbon dioxide is a by-product in the epoxidation process, and thus may be present
20  inthe feed. The carbon dioxide may be present in the feed as a result of being recovered
from the product mix together with unconverted olefin and/or oxygen and recycled. The
term “product mix” as used herein is understood to refer to the product recovered from the
outlet of the epoxidation reactor. Typically, a concentration of carbon dioxide in the feed
in excess of 25 mole-%, preferably frequently in excess of 10 mole-%, relative to the total
25  feed, is avoided. A preferred concentration of carbon dioxide in the feed is in the range of
from 0.5 to 1 mole-% relative to the total feed. A process conducted in the absence of
carbon dioxide in the feed, however, is within the scope of the present invention.
The olefin oxide produced may be recovered from the product mix by using
methods known in the art, for example by absorbing the olefin oxide from a product mix in
30  water and optionally recovering the olefin oxide from the aqueous solution by distillation.
At least a portion of the aqueous solution containing the olefin oxide may be applied in a

subsequent process for converting the olefin oxide into a 1,2-diol, a 1,2-diol ether, or an
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total increase in the reaction tenperature nmay be in the range of from 10
to 140 OC, nore typically from20 to 100 OC. The reaction tenperature may
be i ncreasododsypiqal |y froma | evel in the range of fromctAB2d06/08£09 0C,
nore typically from200 to 280 0C, when a fresh catalyst is used, to a
| evel in the range of from230 to 340 C, nore typically from240 to 325 C,

when the cat aI as eas actjvity due to eing. The epoxi dation
pr ocess 2fkenlgny I’(‘:3al Ih§ %%#3531 g‘i}fedg?r Sych gapvegonsrg ot 3}%%?@1 hQsg he range
of frompldYas kﬁo@@ﬁpthléﬁ?c mayBddthp lgﬁedGalslle%H{}ér¥1o§B?g%evleﬁ %leto}‘tﬂesl 3he unit

vol unme of gas at nornmal ternperature and pressure 101. 3
kPa) padisil athetwmay comprisenfar evmhphereetﬁthgahk eltfinaxadeysith weter, hmmably Esmg uent | Y,

when th i dati on ce is a cess a fixed

cat al yoi BAC ¥ RSP PE TRy e PR BTS00t bNAFon)

Car bon  dj20sblhdrsthe olfmuxadtiiahy béirdabied SR 18R 10 MdMirQ&E&S of dAkkrtius may be
present in the feed. The car bon di oxi de may be ftpresent inthe feed as a

resul t HAUEPha rpaction ér Brgsence of emacis paialyeft, em»@ -b§dbwenlfntie acidrtmori/er t ed

ol efin r d, T roduct mx" as used herein is
under st §‘3§{eq8ta?€ font@lxtgﬁ g%@gﬁc%c ’?’tg gﬁ%@t r B £ 58S DliESe BPoign ¢lhe

epoxi daf 3040 €@&APL0- 4615&& £AbluYe, pef&ﬁm?%tﬂeaaﬁogemee%ae%geﬁ 1diexi de in the
feed in excess of 25 nole-% preferably frequentl xcess of 10 nol e-%

rel at i veroportionef waetealis fosstkd, e propsirdedof AZ-@ncdfee}Iersed 1mnmeused1t Tixt 1,2nliclf car bon

dio de n the fe f fr .5 1to0 nol e- 9 reIatlvetothe
tota égrs ﬂﬂlsdjlr%@ggé E’S (ﬁgglef %nt eratﬁgﬁ'ﬁ T g 2 RUDSEEIentet %‘?& de in the
f eed, hAW@Mﬁﬁvely,Sl Wididh bﬁefshﬁaﬁﬁ@;?&@p&fad b GodeRifithe bR¥@MdRWitTAe ol efin
oxXi de produced nay be recovered om the product m x by using nethods known

in the #leeholippaicylenperipprnplsehali sigh enmetians] ar cthandle by rephacingatdenste ni x in
wat er 181%&‘91@%&%@%?2{1‘351&&9 the ol efin oxide fromthe aqueous sol ution

by distillation porti on of the aqueous sol ution containing the

ol efi n oxi deThmgoﬂversmnphtoetﬂe hlkagol smhi® @ariesvimise e€Rfing e oleVeNidd Witht he
ol eﬁon oxi de int diol,_ a 1,2-diol her, or anal kanol am ne. The

dsa‘e?mﬂgy%ﬁﬁ\a%?mg{?@}?’ e Akt %‘P’&ﬁ’sorér‘léalﬁ%]@qnﬂ%m droji§ 9T ag¥98S net hods
known i Antldgiadhdy me@eﬁﬁm@uegmxge lgfg@vc%r@ Loy tb%&h&ﬁﬁeg&tg hQe or the

1,2- diol ether ‘may conprise, for reactin In oxide with
wat er , Behealkinplangne gFenmetbodh appticabde inatba corwarsairycsﬁthe dlefin exaiephte thé or

xlgl Bg %mb?mmrﬁ%g%%%fc?zl}% 2 d'q%ﬁnggd I es§g€j§r \%&@gvﬁ he the ol efin oxide

incorporated herein by reference.

20 The 1,2-diol and the 1,2-diol ether may be used in a large variety of industrial
applications, for example in the fields of food, beverages, tobacco, cosmetics,
thermoplastic polymers, curable resin systems, detergents, heat transfer systems, etc. The
alkanolamine may be used, for example, in the treating (“sweetening”) of natural gas.

Unless specified otherwise, the organic compounds mentioned herein, for example

25  the olefins, 1,2-diols, 1,2-diol ethers, alkanolamines, organic nitrogen compounds, and
organic halides, have typically at most 40 carbon atoms, more typically at most 20 carbon
atoms, in particular at most 10 carbon atoms, more in particular at most 6 carbon atoms.
As defined herein, ranges for numbers of carbon atoms (i.e., carbon number) include the
numbers specified for the limits of the ranges.

30 Having generally described the invention, a further understanding may be obtained
by reference to the following examples, which are provided for purposes of illustration

only and are not intended to be limiting unless otherwise specified.
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| i qui d phase reaction in presence of an acid catalyst, e.g., 0.5-1.0 %wv
sul furic acid, based on the total reaction m xture, at 50-70 OC at 1 bar
absol ut e,wonoeemargas phase reaction at 130-240 OC and 20TAQ2@Mm0mbSOl Ut €,
preferably in the absence of a catalyst. If the proportion of water is

| owered, the proportion of 1,2-diol ethers is increased. The 1, 2-diol

et hers thus Eroduced may be a di-ether, tri-ether, tetra-ether or a
subsequ Alternatively, 1,2-diol ethers may be prepared by

i
converting t W ;]E i i ry
al cohol , suc?ﬁgggﬁsﬁeﬂtlcﬁl fiI:rﬂle‘;lrp et Bﬁg %tgﬁg %Fgglst%%r%?ﬁ eg{swﬁe%%??l on of
t he wat et.%ycetibacidlsolmkioh wﬁﬁrsammga \Emmtg]he drgesndrf;&o@dsk,ah@temperwummasc onpri se
reacting the olefin oxide with an am ne, such a al kyl _am ne,

or a di Blakyiaed brweeh iR oy ark9rC aé@éba%h%m%h the W&w béd b@?@dﬂgwﬂ#y dhus
o F
ot hoco ST Mk Rtiafist BROGA A HmbiEeR NG AT n@%&@e"?%@?h@@ e

al kanol g¥anedditicharedss tdmyrels: tﬁad@stammtfyo IThesBIhe séISvA-tHe P&fed whi ch
is incorporated herein by reference. The 1,2-diol and the 1, |oI et her

may be tpseainghatransitipa alEping Pgwaer. i ndust r i aI appl i cati ons, for exanpl e in
the fields ol fo0d, aRl%Ylg{l ﬁ&ﬁ&er x{a%%ﬁx %Eed%ﬁ{@ anﬁfa 'so %%{dﬁ?a% eafstde.@r%rﬂa%hy”er S
curabl e resin systens trans systens,

al kanol apoveginrebletder fsdd, mlanfeS e fumnl a3, extmdiﬁiepaslteaarhdtgm(si'tmm:mna ng") of

natuyral gas. Unl peci fied otherw se, the organic Qun ti oned
her &9 n, b9 er@%éﬁ&r@n%% b%@f%naﬁyzv yerejis lanao\rvelgh%'%le of TodEERe: ani nes,

organic nit r?ﬁﬁgas@@%%&ﬁﬁed ﬁﬁacﬁhm%fy tﬁath@érb dasd a0 BP6GRLSY TRE MOSt 40
carbon atons re typically at nhost carbon atons, in particular at nost

10 car boylimieseere thenealcmedat 60&UT for @tmmums ipa uztatbmaémmns As defi ned

the. nurber s SpdRPIoEB Lo e TR Brrpl e e S g eRarigery *°

descri bago %Bﬁdisﬁ}l&fﬁvht@fl , Tl dobidudnd 6F ariidaiust ARGH ROvaARItdRIRAAE ned by
reference to the follow ng exanples, which are provided for purposes of

illUstration only and are not i ntended to be limting unl ess ot herw se
speci fied. EXAMPLE | The transnIl on_ al umi na} powder was obtai ned by digesting

alumnumwre in a 3 wgpacet f lution with stirring. During the
di gestion process, the tenﬁ‘é‘l“ 1100 e wit@&NH , F

where F is a factor that is at least 1.5. The amount of water was determined by:

Fxm x WABS

alumina

20  where Mayumina 1S the mass of the transition alumina starting material, wt%NH4F is the
weight percent of ammonium fluoride used, and WABS is the water absorption (g H>O/g
alumina) of the transition alumina. The factor “F” is large enough to provide an excess of
impregnation solution that allows the alumina to be completely submerged.

320 grams of the transition alumina carrier cylinders obtained above were

25  evacuated to 20 mm Hg for 3 minute and the final impregnating solution was added to the
carrier cylinders while under vacuum. The vacuum was released and the carrier cylinders
were allowed to contact the liquid for 5 minutes. The impregnated carrier cylinders were
then centrifuged at 500 rpm for 2 minutes to remove excess liquid. Impregnated transition
alumina cylinders were dried in flowing nitrogen at 120 °C for 10 hours.

30 The dried impregnated transition alumina carrier was then subjected to a calcination

step. 25 grams of the dried impregnated transition alumina carrier cylinders were placed in
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mai nt ai ned between 70 C and 95 C. After 30 hours, all the netal had been
di gested. The system was thereafter nmaintained at a tenperature between 70
C and 95 WO 2mdidvsBi rring for an additional 3 days to i RCTABI@®GHB09
crystallinity. The alum na sol was then spray dried to obtain the
transition alum na powder. Transition alum na powder was conbined with
alum na sol, obtainable as described above, in a blender for 10 mnutes to
f or m an adistrhighalemperage elunihecrueibles i Appsexinlataly g plodvm artleayasmlacgd s ol

10% al uni na b i, ght d._j i ght ' - t
s ext sonspiER AT PpraFe iR o R i or & By e e e SHE Pt ©
cyl i ndekgicis. eThd1gBh Chperied sAimiBR Oricitfle thablortainet B imnpregnated hnsitipn

cal ciner. An inpregnation solution was made by dissol ving .19. 589 of
amoni uglunindedrder eyhindge vys placed e thesgeapdthagh temperaliirs ahinIB? CFRf i um

fl uog i d%vh‘f@i/;%og%fé’d%gg cimﬁ: or%\%? %ﬁd E/)%é ﬁ1eﬁ cggé}&?wggat%% glgﬁt‘t%%l%&%el 5. The

anount of was det erm mal um na X hma 1S the
mass of ahigind cratidid ofamalibtidinmates than thexgcomt encible, andtgbdtetfdiamsetettbamtheght

percent of anmoni um f | uq%ri_de used and.V\AI?S is the waltr’eg{ ahsorption (g
H2Q g afisticHigiblesuehiat! Sh‘é‘P’EelgB?’fe%FEﬂﬁ“H&aW@afcﬁE}%Fyl 1 FUPERGE Bnough to
providej e@ﬁ@?}éﬁe d'rd RES DL AN QlMI xR, 1TaS aRbhBNSydsiRackl ithRa to be
conpl etely su rged. 320 grans of the transition alum na carrier cylinders
obt ai nedoelbmoe temperabva fwrased The t@Operaturdgofitbe fignadermasdncapased freny jona)

i npregnati ng sol uti was added tq.the carrjer cvylinder i

vaedlio et apos e 20uRA g MRuEELThe B bbb VP R B 4 Foea <o
cont act &) thirfits dnd Berdnfith RikSto 1206 °C BRECHPadabiuBmiineles.CYh AdenBlyver e
then centrifuged at 500 rpmfor 2 mnutes to renpve excess |iquid.

| mpr egnaias thenrheltkattl286 °@ifern heurc he derapce wis theriplianed ta cpplapdARe ni t r ogen at
120 C for._ 210 hours. .The.dri pnpregnated transition alumna carrier was

t hen SUBI‘@@P%EF%Oa’egf%’a t(lzll r?gst%ﬁ%:ly'step. 25 grans of the dried inpregnated
transition alfhgicagiet ik bbaineyt (Cader 3) hed theprayetiesi deacrfed st Thiblgh. tTheper at ur e
al um na crucjble. Approximately 50g of cal cium oxjde was pl.aced in a second
hi ghS t eSpEIcRbaft ePHTIGHAIG ARG BpHRS 2 fnpIpholesy drracieizable &5 TgelffE ERaEIEn ¢ he
first cryeible. The high tenperature alumina crucible that contained the

i npregnated transition alumna carrier cylinders was placed into the second
hi gh tenperature alum na crucible, which contained the cal ci um oxi de, and
was then covered with a third high Ll%rfe)elrature

Properties of Carrier Support

20
Carrier A
Properties
Water Absorption (g/g) 0.53
Surface Area (m”/g) 0.71

In a 5-liter stainless steel beaker, 415 grams of reagent grade sodium hydroxide was
dissolved in 2340 mL of deionized water. The temperature of the solution was adjusted to
50 °C. In a 4-liter stainless steel beaker, 1699 grams of silver nitrate was dissolved in 2100
25 mL of deionized water. The temperature of the solution was adjusted to 50 °C. The
sodium hydroxide solution was slowly added to the silver nitrate solution with stirring

while the temperature was maintained at 50 °C. The resulting slurry was stirred for 15
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al um na crucible of smaller diameter than the second cruci ble and greater
di aneter than the first crucible, such that the inpregnated transition

al um na ocwonrb@rocy8i nders al um na were | ocked in by thepthiusdooscnossodl e and
t he cal ci um oxi de. This assenbly was placed into a cool, roomtenperature
furnace. The tenperature of the furnace was increased fromroomtenperature
to 800 C over a period of 30 mnutes. The assenbly was then held at 800 C

for 30 mimeeshaid phibesalution wes mainicined at20ovold by e additioniof NapH 40
i t : . .
Then ai Pt #530RR AGaHEBodeddl hs Rl Lok PG b 2205 108,

t hus obtimiusedf § Giier wand Rlowad by bie ipplapmidnt esthdeamovdidifuidwiialahe 1. The

carrier had . a particulate.matrix having. a norphol ogy characterizable as
| anel | afdBralgRtae Phfrromzegyyaiery T%‘%‘ﬁg%h%ffge%m%efd“@awﬁ peatethipsiihg n g

5-liger g a j dr oxi de
B R P e S L e R

sol ut i otastvaashagles 1 ¥ mb ofdeidGized water fxak pddad, &fllmimel byshesadditionba36r , 1699
grans of silver nitr issol ved.in 2100 f deionized.water, The
Penper aBitts oeadd il (ed? Raled i e b araneBhficmparak de

sol ut i ofhaHRSnR M so1@staed 4boCct®s <) YaE pglloéfféﬁé @Pﬁaﬁin%ésﬁﬁgﬂﬁ&réq Slrdg | N9

while the tenperature was naintai néd at e resulting slurry was
st i r r edthfeadditi®niofi thtedast 130 gramis affoxaheadd dinyilote tocnsuraitiet i diédotatrombove 10 by
t he, addj t.i o NaOH sol uti o required. A washi.n rocedure.was used
an B0 Rl o HeRGe Regal Byne LG ebfomEVee B DranbOpb itBded by ¢ he
repl acegR&twald 4odghé SIRY Shs tbolbd b 1 Had50 e@.us_wlg B8 dedqb WBsoRitiofalani zed
wat er. This washing procedure was repeated until the conductivity of the
filtrat@Ugramsed D% chyl@divntina- Thotenperafirt eras inaéntainapbeloiv@0 6f durlng | ast
wash cycgl.e,. 1500 of deioni zed water was added, foll owed. by the addition
of 630 év%mght&n- o%ﬂ’%@aa@ﬁﬁs tﬁmﬁ@v ftkr.tgwlweégifl?mqghg%%wss of 100
granms Whck&t & mbEanfta St TBIH il sdiGkid wasS Qe bl 28t08k i fey The pH
of them{s}llgl ution was r%ogi tlor ed dl,?l‘i nglt heaadgi t onoof Si?%é%é??“m grans of
oxald ¢ sditibrdi hydrate to ensure that it did not drop below 7.8 for an
extended period of tine. Water was renoved fromthe solution with a filter
wand and t heTkd mpryggnation salotied fdr prdpasing ChtaiysBA W4s. m&ledwt mixanisibth.@ o t he

. o i
rsrg: ﬁ: i,i?gr@%%g g?’ i \?egﬂlﬁ{iplg éfﬂs)p%tci@él g?gv?tgrl 1? Onge/éc $p[ﬁ atsg u igrrl %% 8584X"§ %f

NH4ReO; (ammonium perrhenate) in ~2 g of 1:1 EDA/H,0 (ethylenediamine/water),

0.0439 g of ammonium metatungstate dissolved in ~2 g of 1:1 ammonia/ water and 0.1940
20 g LiNOs (lithium nitrate) dissolved in water. Additional water was added to adjust the
specific gravity of the solution to 1.507 g/cc. The doped solution was mixed with 0.0675 g
of 44.62% CsOH (cesium hydroxide) solution. This final impregnating solution was used
to prepare Catalyst A. 30 grams of Carrier A was evacuated to 20 mm Hg for 1 minute and
the final impregnating solution was added to Carrier A while under vacuum, then the
25  vacuum was released and the carrier allowed to contact the liquid for 3 minutes. The
impregnated Carrier A was then centrifuged at 500 rpm for 2 minutes to remove excess
liquid. Impregnated Carrier A pellets were placed in a vibrating shaker and dried in
flowing air at 250 °C for 5.5 minutes. The final Catalyst A composition was 18.3% Ag,
400 ppm Cs/g catalyst, 1.5 pmole Re/g catalyst, 0.75 umole W/g catalyst, and 12 pmole
30 Li/g catalyst.
Catalyst A was used to produce ethylene oxide from ethylene and oxygen. To do

this, 3.829 g of crushed Catalyst A was loaded into a stainless steel U-shaped tube. The
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this addition. A spatula was used to manually stir the mxture until enough
liquid was present to nechanically stir. The final solution was used as a
st ock silwenoeepiggnati on sol ution. The inpregnati on solpatriuseodmoseps epari ng
Cat al yst A was nmade by m xi ng 145.0 grans of stock silver solution of
specific gravity 1.550 g/cc with a solution of 0.0944 g of NHMReO4

(amroni um perrhenate) in ~2 of 1:1 EDAZHZOé_et hyl enedi am ne/ wat er) ,
0. 0439 &hhswasiheminpsird: iaaumeliandnetalhaiis deglagedipm) andjthgrends wergnmoni a/ wat er

and 0.1 [ i ki ni j ' LLional water
was addg0 tegtegg(}\%%s(ﬂtlﬂggg%%ﬂéi ;F %‘%%%5?{@“‘%%#’% %d %&V@%%ﬁ %%\gﬂ&%g g/ cc. The
doped swolerd adjustetbid givexeghsdotdly 8pd26 #blogity bf 23NN G3, @l célcekatedfony dr oxi de)
solution. Thig final Jj,mpregnatin olutia used. to prepare Catal yst A
30 gr anEngps PPﬁaB’F{&f s &'c‘ﬁ%f? %’3“585‘?& "-Qd%rfwﬁb ig‘? lﬂietn":feﬁ CESUEHY S he fi nal

i mpregnagyggpsol uti on was added to Carrier A while under vacuum then the

vacuum was rel eased and the carrier allowed to contact the liquid for 3
m nut es. TheThegeseyixture pasad threughthowmatalysidredciort Tonterfedught’ ope@tiopm f or 2

i Liquid, | ted. Carrier A.pellet | aced

et o oS 8 e Faineyltheng ARG ALY G, S BF gt O Do

The fi nairbéudkide! 615 YANHAEEdN HA X6 6.6 palts wmimaﬁbgﬁmuﬁfmﬁms éhyst, 1.5
nmmol e

mmol e Re/ g catalyst, 0.75 nmole Wg catalyst, and 1 i/g catal yst.
Cat al ysehlgrid@s used to produce ethyl ene oxi de from ethyl ene and oxygen. To

d is, 3.8 . i inl I
P By 21225 CuBbecs MIERR ARl AR, LSPARE Wity B BRLER 481 °°
medi un) a adtelof h@°@peishonete2200 el theh ddjustedssasitb avhieysd @dsired Benstumk ght  of

catal yst used and the inlet gas flowrate were adjusted to give a gas
hour |y Lﬁ?!ﬁlc%f T%Eiqxg,ded%roglwgnmozntfwmtgf rgeasped a§ PartBlPTesTIre s g pes

cat al ysty; 1 : I gas pressure
was 137%“&%2& hgl'?lidc{g;&égmrlrlé@t% lﬂ%ﬁ%gh&?#%g%%ﬁh% Le ?;g@“g@]t“ oed, in a
"once-t hr ougAt awpibykné oxide grodupigort leweledidil kPa farsithylenre dxidd patiaigpredsere,
start-u 30 % et hylene, 8 % axygen 2.0 9% carbon dioxide .61.5 W
ni tﬁogeﬁz“t&wg?é.%o‘fl ecﬁg@%&gﬁ@ecﬁyﬁpﬁoﬁpg&w%? ?/@flé’r?é a?m?mée[‘ﬁiﬁ%scﬂl ori de.
For Cgt Thy Setttall%t skREtivif feindinetl 9B&¥E7% QRIS Gnktil St WRsih ISR Qe Wo&dionaS
FAMPEE 5P0.62 1eT/m® had been achieved.

COMPARATIVE EXAMPLE

20 AX300, a commercial gamma alumina extrudate available from Criterion and not

prepared in accordance with the present invention, was used.

An impregnation solution was made by dissolving 14.14 g of ammonium fluoride
in 485.1 g of distilled water, with the amount of ammonium fluoride and the amount of
distilled water being determined as described in Example 1.

25 231 grams of AX300 gamma alumina extrudate were evacuated to 20 mm Hg for 3
minutes and the final impregnating solution was added to the carrier cylinders while under
vacuum. The vacuum was released and the carrier cylinders were allowed to contact the
liquid for 5 minutes. The impregnated carrier cylinders were then centrifuged at 500 rpm
for 2 minutes to remove excess liquid. Impregnated transition alumina cylinders were

30 dried in flowing nitrogen at 120 °C for 10 hours.

25 grams of the dried impregnated transition alumina carrier cylinders thus

obtained were subjected to the calcinations procedure described in Example 1.
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a rate of 10 OC per hour to 220 0OC and then adjusted so as to achieve a
desired constant | evel of ethylene oxide production, conveniently neasured
as parti avopo@smw7e of ethyl ene oxide at the reactor outrcetusesoscnodcas
percent ethylene oxide in the product m x. At an ethyl ene oxi de production
| evel of 4 1 kPa for ethylene oxide partial pressure, Catalyst A provided
an initial selectivity of as nuch as_90.4% at a_tenperature of 250C. The

catal yst sel dbeicatrieythus phiained (GpoiveBhiad ihtﬁﬁ)rqpe&w@dﬁmr@reii%T& #91 dA8 oxi de
duct / 00,
omrer ool PR ale d el S enaf SR o Tl Bl 6200, @

prepar egygen accordance with the present invention, was used. An
i npregnation solution was made by dissolving 14.14 g of ammoni um fl uori de
in 485.1 g of distilled water, wth'f Zanount of ammoni um fl uori de and the
anmougt of distilled water being,, gggﬂqggngpgq§?§ﬁribed in Exanple 1. 231
grans of AX300 gamma al um na extrudate were evacuated to 20 mm Hg for 3
m nutes and the final inpregnating solution was added to the carrier
cyl i nders—whil-e—unrder—racuum—Fhe—vacuuim-was—eteased and the carrier
cylinders were allowed to contact th@ | Ogttied B or| 5 mi nutes. The i npregnated
carri en—eylinders were then—scent+ifuged—at—560+pmfor 2 mnutes to renove
excess |l i qui d. Inpp Alegd transition alunina cylinders were dried in
flomjnd ni trogen %%G C for. 10 hours. rans| of the dried inpregnated
tran5|t|on alu ﬁﬁA%ﬁWPpﬁﬂﬁﬁgﬂlnders thus 8 tai ned were subjected to the
cal ci ngtions pggﬁﬁg qg.ggﬁp 5y bed in Exanphesl. The carrier thus obtained
(Carrigr B) had the properti'es described in Tablg 2. The carrier had a
particulate mat ri x haV|ng a nnrphology character|zable as | anellar or
pl at el ettype—TFabte2Propertiesof —Carrier Support The stock silver
i npregnation solution described in Exanple 1 was used to prepare Catal yst
B. The i npregmaisiook siadrtimbeanitivn sohejoardesgibea inByatplB 1wes usedie frgpart xi ng
145.0 grans of the stock $I|V?r sol ution,w h a lutio %f Q.D?ﬁﬁ % of
NH4Re 04 ity B (rhcjepreseatiqresolytipn for pregring Gatplysl i pigs made by mixing 145
(et | e } |l ved in ~2

p)zs %?ghmsagﬁpgwgﬁa ﬁ[eorer sﬁgﬂgﬁ%gg a%mﬁ%}gw @g?gﬁ}%ﬁébﬁﬁnﬁbﬁﬁﬂ

perrhenate) in ~2 g of 1:1 EDA/H,0 (ethylenedlamlne/water) 0.0352 g of ammonium

Q

metatungstate dissolved in ~2 g of 1:1 ammonia/ water and 0.1555 g LiNO; (lithium
nitrate) dissolved in water. Additional water was added to adjust the specific gravity of the
solution to 1.507 g/cc. The doped solution was mixed with 0.0406 g of 45.4 % CsOH

15  (cesium hydroxide) solution. This final impregnating solution was used to prepare Catalyst
B. 30 grams of Carrier B was evacuated to 20 mm Hg for 1 minute and the final
impregnating solution was added to Carrier B while under vacuum, then the vacuum was
released and the carrier allowed to contact the liquid for 3 minutes. The impregnated
Carrier B was then centrifuged at 500 rpm for 2 minutes to remove excess liquid.

20 Impregnated Carrier B pellets were placed in a vibrating shaker and dried in flowing air at
250 °C for 5.5 minutes. The final Catalyst B composition was 22.83% Ag, 300 ppm Cs/g

catalyst, 1.5 pmole Re/g catalyst, 0.75 pmole W/g catalyst, and 12 umole Li/g catalyst.

Catalyst B was used to produce ethylene oxide from ethylene and oxygen. To do
this, 2.58 g of crushed Catalyst B was loaded into a stainless steel U-shaped tube. The tube
25  was then immersed in a molten metal bath (heat medium) and the ends were connected to a

gas flow system. The weight of catalyst used and the inlet gas flow rate were adjusted to
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nitrate) dissolved in water. Additional water was added to adjust the
specific gravity of the solution to 1.507 g/cc. The doped sol uti on was

m xed W tWOQo@APG47g of 45.4 % CsCOH (cesi um hydroxi de) selwtusews/od3sns fi nal

i npregnating solution was used to prepare Catalyst B. 30 grans of Carrier B
was evacuated to 20 mmHg for 1 mnute and the final inpregnating solution
was added to Carrier B while under vacuum then the vacuum was rel eased and

t he car givera gas howdyisiace velaeiticef 3308 N1i(Hik as eadeulgedforpnesishedatalyssr 8aat ed

Carrier B was then centri i to renove excess

li qui d. &f ?‘@6"&5?@3“@&? ;%gggﬁ‘pz#lﬁﬁ’g@gt %\%?@ésg‘%gc%&éﬁl?’ﬁé ?%’i brating shaker and
dried in flowhagadinixtée pd&dd Girbogh the 52/1taiy§tui£i$in a'l’hﬁlcé-ithrahglﬂaipl aia}zish, B |
conposi tion was 22.83% Ag, 300 ppm Cs/g catalyst, 1.5 e Re tal yst,
0. 75 mmér@dngbg eatalteéﬁsmr}lnﬁh@nlgzﬁwéprWP@% a{v?/Vaqﬂg»élﬁr}e, éé%‘gwﬁenag@\g@v used to
pr odice 0x{ €@, f & I 1; ' ) of

crus edc%{}%}i@g@ eBé‘%AgSA)\f %lggg% %Hréit%@go gta gﬁﬁ%(gggﬂlgf gquﬁl@ﬁgaggg%g E%gg The

t ube washlbtide i nmersed in a nolten netal bath (heat nediun) and the ends

ted flow Th i gh tal yst th
ol et Cone 1 56 PaeBetirine it aVetetr st W 190G RSN B B of
3300 N LehielFi0a8 Rl&aﬂdﬁﬁf' kdAFPd d HBEEYaNEHsF Rl Bla¥Bibve 4 D& SohdtAW Was

adj usteg to 16.9 NI'/h. The inlet gas pressure was 1370 kPa. The tgas m xture
passed tdvebolipthyléne axddeprpductivad Atian ethytens oaidetpredughion tgyel efi41dda fdur i ng t he

entire test run.dincluding th art-up...was 30.9 by e % oxygen,

> 0t8y ePlssh ohids Rrial pRSet TR tBrialR e rirtea RO sl e Y Pon by
vol ume QRAWY At aet'éllﬂg&raﬁﬁé of 2682C. Ade clalyst 6idctility tdigaihdd dboge STHALIOE
tenperature was 190 0C, which was raﬂ?ed up at a rate of 10 OC per hour to
220 0C swaulativecthyfiene pxide grodustianpoibH kl/a Jad besen eedivsfst ant | evel of

et hyl ene oxi de production. At an ethyl ene oxide production |evel of 4 1 kPa
for ethylene oxide partial pressure, Catalyst B provided an initial
selectivity of as much as 88.4% at a tenperature of 268C. The catal yst
selectivity remai ned above 87% until a cumul ati ve et hyl ene oxi de production
of 0.16 kT/nB had been achieved. CL Al MS 1. A nethod of preparing a
carrier conprising: a. acid digesting alumnumto obtain transition
alumna; b. formng a paste conprising the transition alumna; and c.
formng carrier particles conprising transition alumna fromthe paste.
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2. The nethod as clainmed in claim1l wherein step (a) conprises the steps of
acid digesting alumnumto obtain an alum na sol, and converting the

al um na swb 20@/mn4msi tion al um na powder. 3. The net hodpras/ush@icmestod n
claims 1 or 2 wherein the paste is fornmed froma m xture conprising the

al um na sol and the transition alum na powler, and wherein the al um na sol
and the transition alum na powler are obtained froma process conprising
acid digestion of alumnum 4. TheCrAM Ss clained in clains 2 or 3
wherein the weight ratio of transition alum na powder to alumna sol is
from 1000: 500 to 1000: 850. 5. The nethod as clained in any of clains 1-4
wherein th 1 : 1 .Wre. 6. The nethod as clainmed in
any of c? a?‘n@e%%\lﬁg}eﬁ’el né%ﬁ%ﬁgﬁdéﬁ%r% fises acetic acid. 7. The nmethod as
clainmed in aangcid)ﬂiged;tiaugrmnﬁmﬁmfturobtaintrmmitmﬂzﬂﬁmg]:a, d. calcining the carrier

particles erat ure befween 900 nd, 1400 OC. 8. The nethod as
clairmed in clg’lr‘i‘i‘ingp feiomprisedhg fransit loﬁ'af’i Pe@dre calcined at a
tenmperature afid Qrtﬁ[lsg c%%%ﬁsﬁgtraﬁmua_ﬂ‘ﬁuﬂﬁﬁm&nﬂﬁe ﬁz{s?é med in claims8

wherein the nethod addi t| onal onpri ses incorporating a
fl uorine2. c&duteaahathodgassq@mém clnmn lhavh@mm step (a) cOmprisesdhe steps @fcm:ph sing

al pha-al ym na, which car obtai able from t.ho of clains
6T R R bl S al A0 RV R alVER RS Sk o o
conpri si NGmak gbviliegest i on of alum num 12. The carrier as clainmed in clains
10 or 11 wherein the carrier is a fluoride mneralized carrier. 13. The

car ri®r %s Theapatied aselaimgd i cleimg her 2 whargingfhe pasteistipenedbromaymixgipr i ses a
ticul ' A
arrior oSl bl afiith Gt An SRRSO LARNEROFELT AR it AR R b D

carrier aid the cahsitigrsdluiniia poselet sreabimdeBan hProdekecompmisingedciddigestioa

ol efin. ]15. A catalyst for the epoxidation of an olefin conprising a silver
conponent'"d¥Pd%i ted on a carrier conprising al pha-al unmi na, wherein the

carrier is T9RLRAPIRISiFRA iR IRMACESS3 wherein the weight ratio of transition alumina
15  powder to alumina sol is from 1000:500 to 1000:850.

5. The method as claimed in any of claims 1-4 wherein the aluminum comprises

aluminum wire.
6. The method as claimed in any of claims 1-5 wherein the acid comprises acetic acid.
7. The method as claimed in any of claims 1-6 further comprising:
20 d. calcining the carrier particles at a temperature between 900 °C and 1400 °C.
8. The method as claimed in claim 7 wherein the carrier particles are calcined at a
temperature between 900 °C and 1200 °C.
9. The method as claimed in claim 8 wherein the method additionally comprises
incorporating a fluorine-containing species in the carrier.
25  10. A carrier comprising alpha-alumina, which carrier is obtainable from the method of any
of claims 1-9.
11. A carrier comprising alpha-alumina obtainable from a process comprising acid
digestion of aluminum.
12. The carrier as claimed in claims 10 or 11 wherein the carrier is a fluoride mineralized
30 carrier.
13. The carrier as claimed in any of claims 10-12 wherein the carrier comprises a

particulate matrix having a morphology characterizable as lamellar.
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conprising acid digestion of alumnum 16. A catalyst for the epoxidation
of an olefin conprising a silver conponent deposited on a carrier according
to cl ai mw0.20ds/091448cat al yst as clainmed in clainms 15 or PEI/Ush@6®05609 he
catal yst additionally conprises a Goup |IA netal conponent. 18. The
catalyst as clained in any of clains 15-17, wherein the catal yst
additional ly conprises a high selectivity dopant conprising one or nore of
rheni um 1Myhdienmlaiﬁfed®mb]anhamiu Jurigsh edrriedi8 suitateforuysis DcarGéraifed in
any of cle% f15 17, wherein the catalyst additionally conprises a rhenium
conponenfatalyst B y§edn ARRece Bﬂ}ﬁrﬂpoé’ﬁa“%?ﬁr?é‘rﬂl H-co-promoter. 20. A process

for the epox beg:ﬁltybtqar fk eggxﬁétﬁ;d oF aﬁQ)ngHﬂ rfsé‘aa ﬁfvgpéongﬁgo'r?gﬁf;&&)lﬂfi{éd% a feed

conprising an ofefin and oxygen Wlt a cata conpri ver
conponent C@t@pbsommmmlphaaalmm wherggr ths |cmg1eaisp1’mminzihlerfmm a@ncespr oduci ng a

prod t mx g.l fi.n oxide, wherein the carrier is obtained
from=a p?%@%séng%%%fi ‘T’t’r?é‘ @F Wigi%ast i on of al uminum 21. The process as
cl ai med i6 At&ahRsid0r thwragasﬁuahdnhﬁf a8l o finbonMRIeSesiivet thSdnt deposifedRnOCeSS

for the production of a 1,2-diol, a 1,2-diol ether or an aIk ol am ne
corrprlsmgarélémﬁéptdﬂtﬁgtomlmllé}l n oxide into the 1,2-diol, the 1,2-diol ether

o e LT LA L R e R St
Group IA metal component.

10 18. The catalyst as claimed in any of claims 15-17, wherein the catalyst additionally
comprises a high selectivity dopant comprising one or more of rhenium, molybdenum,
chromium and tungsten.

19. A catalyst as claimed in any of claims 15-17, wherein the catalyst additionally
comprises a rhenium component, or a rhenium component and a rhenium co-promoter.
15 20. A process for the epoxidation of an olefin comprising the steps of:
contacting a feed comprising an olefin and oxygen with a catalyst comprising a silver
component deposited on a carrier comprising alpha-alumina; and
producing a product mix comprising an olefin oxide, wherein the carrier is obtained from a
process comprising acid digestion of aluminum.
20  21. The process as claimed in claim 20, wherein the olefin comprises ethylene.
22. A process for the production of a 1,2-diol, a 1,2-diol ether or an alkanolamine
comprising converting an olefin oxide into the 1,2-diol, the 1,2-diol ether or the
alkanolamine wherein the olefin oxide has been obtained by a process for the epoxidation
of an olefin as claimed in claim 20.

25
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