1 29 May 2006 CATALYST AND A PROCESS USI NG THE CATALYST BACKGROUND OF THE

| NVENTI ON 5 The present invention relates to a catalyst and to the use of
the catalyst in olefin epoxidation. In ol efin epoxidations, catalyst
performance may be assessed on the basis of selectivit3dMaxeP®%ty and
stability of operation. The selectivity is the percentage of the 10
“converted olefin yielding the desired ol efin oxide. As the catalyst ages,

t he percentage of the olefin converted nornmally decreases with tinme and to
~maintain a constant ~ph@Y&lsroh NG &f IPROPESEE URITRAU GO AT Yi@nper at ur e of
the reaction is increaseg. However this adversely affects the 15
selectivity of the conversion to the desired olefin oxide. |In addition,

t he equi pne neratures only up to a certain level so
that it i y—+-0 - e reaction when the reaction
tenper gt ure wourkk greagdhtd 1reralt ioRpREOPEéateo forcitglyeacand . tdhtiset he 20
| onger the selectivity can be maintained at a high. |level and the

epoxi dat i oAt HehpeGFtarkiest akn Ml ke R Y43 64PN t enperat ure, the |onger
the catal yst c ; Yol he ﬁﬁé@f ' r ct is

obt ai ned. Qui tgﬂ{rmgagleegflmi Aégl\%an%ir}?%g’i nc%tﬁ%ﬁ;rr% ena(?\%ga’g?égré eyélvi ty over
| ong 25 perssissed edrdstHuiden i /i @l neks] e ot e g, cictptoiegsanefdtadehiyy

O efin epoxidation catalysts conprise a sjilver conponent, usually with one
or more flﬁé RS RINt s ThE '?Jt"ethh_’e?e‘%eﬂP %"E%‘?eri%f.&t%rri ers are
typi cabl y hJeorvmf Dfesdird eym&éru{ & HEASS Ard QX €8s S USH @S, a-18d Uipda  and
I n general higher purity has been Tound to correlate wth better

per f or manczatdHwav g, Haw dexrddand auhdhorolaefkimptenyented he presence

of mi nor qﬂggﬂgfﬁ§ﬁdéég%g§é§(%ﬁﬁﬁléﬁme and to maintain a constant

level of olefin oxide production the temperature of the

reaction is increased. However this adversely.affects the

15 selectivity of the conversion to the desired olefin oxide.
In addition, the equipment used can tolerate temperatures
only up to a certain level so that it is necessary to
terminate the reaction when the reaction temperature would
reach a level inappropriate for the reactor. Thus thev

20 longer the selectivity can be maintained at a high level and
the epoxidation can bé performed at an acceptably low
temperature, the longer the catalyst charge can be kept in‘-
the reactor and the more product is obtained. Quite modest
improvements in the maintenénce of selectivity over long

25 periods yields huge dividends in terms of process
efficiency.

Olefin epoxidation catalysts comprise a silver
component,.usually with one or more further elements co-
deposited £herewith on a carrier. Carriers are typically

30 formed of a temperature resistant oxide such as a-alumina
and in general higher purity has been found to correlate
with better performance. However it has also been found for

example that the presence of minor amounts of impurities in



29 May 2006 the carrier such as alkali netals and sonme forns of silica can
have a beneficial effect. Intuitively it mght also be considered that the
hi gher the surface area of the carrier, the greater the area 5 avail able
for deposition of the silver and therefore the nore ef29ddey¥@0q he sil ver
deposited thereon. However, this is generally found not to be the case and
in nmodern catalysts the tendency is to use a carrier with a surface area
of less than 1 n2/g. 10 SUMVARY OF THE | NVENTI ON The present invention

teaches that the picture with ect to_carrier surface ar
significanabﬁ ﬁBFEleEoﬁﬂchﬁﬁeﬁlgﬁiﬁ Rgsalf fPAsSORSHLOEMS: & §|§&€athe

nat ure ofcgnehggéoglbgngtlggglcggfbgg in particular the pore size 15

di stribution and the pore vol une prOV|ded by the pores which have a pore
size within a déntned1vahgelthmsghéwabéenbéogndsld@rpﬂayhatsmgﬁuhu@@@@
role. Ont a S I repare N xidation

catal ysts gﬁ%hggggéFFenf %c??v?bg Sar% ?rv?s 9 SE us(ER Iy%pPoIonged
ret ent ison @6a12@bnhefaetuépbylamdnsbabthetglheéelanaheheaEEbQQSthéVIng an

advant ageous pore size distribution may be made fromparticulate materials
whi ch have"3pecPffechparei Epe §i2¥sr d?ﬁéstégeﬁPeFﬁ%ntlHﬁwﬁﬁ’éﬂdééllé

catal yst “@écgeneﬁQﬂP 'fSé 8 n68r £behedpfleS théraﬂap9ﬁ RSQegﬁ the carrier,
25 which carr sur ace area. of at [east g, a pore size
di stri butiontzlgdtshbhepbendencyhidi boeteesai narheerrangb of shrdace. 2 to 10
pm represent at kef St 70h960% tg; total pore volunme and such pores

t oget her pPotf dBta’pdret¥8I 4n® ‘F- at least 0.27 mi/g, relative to the

wei ghtjgof ¢ineMaAR® oartier ainVhRTIONENti on al so provides a process for the
preparation of a catal yst Wi ch process conprises: a) selecting a carrier
whi ch has a surFheecpPredgnpfimyention teaches that the picture with

respect to carrier surface area is significantly more

complicated than was at first appreciated since the nature
of the porosity of the carrier, in particular the pore size

15 distribution and the pore volume provided by the pores which
have a pore size within a defined range, has now been found
to play a significant role. On this basis it was possible
to prepare olefin epoxidation catalysts with excellent
activity, selectivity and unusually prolonged retention of

20 the activity and stability level. The carriers having an
advantageous pore size distribution may be made from
particulate materials which have specific particle sizes.

The present invention provides a catalyst which
comprises a carrier and silver deposited on the carrier,

25 which carrier'hasba surface area of at least 1 nF/g, and a
pore size distribution such that pores with diameters in the
range of from 0.2 to 10 pm represent at least 70 % of the
total pore volume and such pores together provide a pore
volume of at least 0.27 ml/g, relative to the weight of the

30 carrier.

The invention also provides a process for the
preparation of a catalyst which process comprises:

a) selecting a carrier which has a surface area of at



29 May 2006 least 1 n2/g, and a pore size distribution such that pores
with dianmeters in the range of fromO0.2 to 10 pmrepresent at |least 70 %
of the total pore volume and such pores together provide a pore vol une of
at least 0.27 mi/g, 5 relative to the weight of the ca&%May20¢nhd b)
depositing silver on the carrier. The“invention also provides a process for
the preparation of a catal yst which process conprises depositing silver
on a carrier, wherein the carrier has been obtained 10 by a net hod which

conprises foruoipg,a m xture, conprising; ) framb0 to 9 filst
parti cul at e(ig%gurlﬁ ﬁg}gha?/ri’%ga AT gee Cgasr ]flf:]?%aé?ées'?%%cg“ag{‘ rroérﬁr nor e
than 10 upwiehlBQameredsdih) theomahfet 6£50r&w 0f 2atsetondmpaepreseat e
a-alumna 15 having_a d50 of from1l to 10 p %v bei ng based on the total
wei ght of a2hl 4RRAR 7H #nef ﬁh?tEPé?laﬂar?iYglﬁm?hénﬁi§PGPePPBG?orn1the

carrier. Intgget aPogkggﬂae Qggegétveiaﬁésoftgé TLXEHr 6. BBYmBggShaped into

f or med bodi es an§ t he r med dies are fired to formthe 20 carrier. Wen
the forned bedetsvar tof bheedebghexvfushencarriemayahd desirable to include

conventionaL)burgout ngteria%i andIOéﬁextrusion ai ds, and an aqueous
liquid, e.g> wat8FPOPR *PHeSH XBhr 8™ FiTtH2F1¥he invention provides a

process for the 2heepp¥eAeibANalEoaPprol £8és, aWr6BePE0EBESLRENDT i Ses
reacting an olefin with oxygen in the presence of a,catalyst which
conpri ses aPE@PRFREi@Rdosi fveRrtaLpesi YetChnPrpeesar FPBPI1SRA| éAPRREFI”F has

Coruc! o SSEREE B LEPFLLIGRE duatoth R nookferiat dhslshitonspes o
| east 700 % b§ ahmethodawhpohecumbnﬂneanﬁosmthgbmrmﬁxtogetbemppisﬂm@e a pore
vol ume of ag)leaiiog.gg gL/gO éS'g%iXefigsEh§a¥§i93 agg &bgluﬁfggier.
having an average particle size (dsg) of from more than 10
up to 100 pm; and
b) from 10 to 50 %w of a second particulate a-alumina
15 having a dsg of from 1 to 10 um; | '
tw being based on the total weight of a-alumina in the
mixture; and firing the mixture to form the carrier. In an
embodiment, amongst others, the mixture may be shaped into
formed bodies and the formed bodies are fired to form the
20 carrier. When the formed bodies‘are formed by extrusion, it
may be desirable to include conventional burnout materials
and/or extrusion aids, and an aqueous liquid, e.g. water, in
the mixture. ‘
Further, the invention provides a process for the
25 epoxidation of an olefin, which process comprises reéctiﬁg
an olefin with oxygen in the presence of a catalyst which
comprises a carrier and silver deposited on the carrier,
which carrier has a surface area of at least 1 mz/g, and a
pore size distribution such that pores with diameters in the
30 range of from 0.2 to 10 um represent at least 70 % of the
"total pore volume and such pores together provide a pore

volume of at least 0.27 ml/g, relative to the wéight of the

carrier.



4 29 May 2006 The invention also provides a process for the epoxidation of
an ol efin, which process conprises reacting an olefin with oxygen in the
presence of a catal yst which has been obtained by a process which
conprises depositing 5 silver on a cayrier, wherein the%%%?V2996has been
obtained by a nethod which conprises formng a m xture conprising: a)
from50 to 90 %v of a first particulate a-alumna having a d50 of. from
nore than 10 up to 100 pm and b) from 10 to 50 %v of a second particul ate
a-alumna 10 having a d50 of from1 to 10 pm %wv being based on the total
wei ght of a-al uni hBei AnVRETipnxadFe; PEANLAREI AgPrREeAPXEAFeths form t he

carrier. In éﬁox%ﬁ?ﬁgbﬁgrne 3Rs 28§En9t9ﬁ Ireé?§0 étebﬁﬁg?¥gger§989§9g'”t°

f ormed bodi es an Ies are ornt carrirer
the fornmed bauni eteéiie Wmthedxbgeextnushenpresenaayobeadeataapbe thikchcl ude
conventi onal burnout %Eterlals and/ or extrusion aid and an agueous

i

liquid, e.g. h3mt BFEN| QPtEABeHi RY uRePTIRBSF nYRAE OHOQPEBSﬁ?og?HE 151R8¢t hod

of using ;an ol ehép oR0a0xhdeiER! WRKFBInatfe 2cdbpk erands2pdif! oBLASHeQr an,
al kanol am ne conpri si ng convertlng the olefin oxide into the 1,2-diol, the

1, 2-di ol et hey armegkod] kamghaqonerm\nets efarmheg elmixhuomqemnassbaen

obtained by pro r.th £POoX] dat f an 0 accordance with
this |nvent| §§$n a@cordg%cegwn lrfg C%i P%I% f %@n??on by

maxi m zi ng trtmvnugrberdg,f o[:fOrfG:@mhﬁt\blrégtﬁadl amshpr tlon 10lbepmr:angd of 0.2 to 10
pm in particular by mnimzing the nunber of pores having a_dianeter
greater tharP10 pﬁfoTheo Eﬁté@y%? ?5 avRFRRG R ByEFutatal §32suRkRRe are

prepar ed 30 {4P{mgal ra%r%fvw} BR hayg aosyhstantial nunber of pores having
a dianeter greater t hah
%w being based on the total weight of a-alumina in the

mixture; and firing the mixture to form the carrier. 1In an
embodiment, amongst others, the mixture may be shaped into
formed bodies and the formed bedies are fired to form the

15 carrier. When the formed bodies afe formed by extrusion, it
may be desirable to include conventional burnout materials
and/or extrusion aids, and an aqueous liquid, e.g. water, in
the mixture. |

The invention also provides a methoa of using an olefin

20 oxide for making a 1, 2 diol, a 1,2-diol ether or an
alkanolamine comprlslng converting the 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 this invention.

25 In accordance with the teaching of this invention, by
maximizing the number of pores having a diameter in the
range of 0.2 to 10 pm, in particular by minimizing the
number of pores having a diameter greater than 10 pm, the
catalyst is advantaged over catalysts where are prepared

30 from carriers which have a substantial number of pores

having a diameter greater than 10 pm.



29 May 2006 DETAI LED DESCRI PTI ON OF THE | NVENTI ON "Surface area" as used
herein is understood to refer to the surface area as determ ned by the BET
(Brunauer, Emrett 5 and Teller) nethod as described in Journal of the
American Chenical Society 60 (1938) pp. 309-316. As us¥Meg280%, wat er
absorption is deened to have been neasured in accordance with ASTM C393,
and water absorption is expressed as the weight of the water that can be
absorbed 10 into the pores of the carrier, relative to the weight of the
carrier. The pore size distribution nay be neasured by a conventi onal
mercury intrusion device in which liquid nercury is forced into the pores
of a carri eDETAGLES OESCRIPTASIUIOT ITHENGAWENTIION or ce the nercury into the
smal l er pores and the neasurenent of pressure increnents corresponds to

volune_increnpntsSPﬁfFﬁ@ F3F8s FéndSesk 8§ TR Hén@@dF6StPW@ $ioz &gt ke
pores in thenengierarkals /eal WIE deAS HS8Ed %?rQh%’Ekge(@Qﬁ%a%%%g Emmett

distribution and the pore volunes are 20 as neasured by nercury intrusion
to a pre8supadoffedlery r@8hofa assidegcaibledr dme Jetirne 1Agifopdee 20200 candel

(130 contac ngle, .ner.cur it urface tension of 0.473 Nm and
correction FBF%%%FEU§$C&8#B¥é?;#gﬁ%égpPPedﬁpgTﬁ 6average particle size,
referred to hererg aseddbhereingd5 wia®edS abBagpitednby sa ddemela tbABGYepBEEhC] €

size analyzer and represents a particle dianeter at which there are equal
spheri cal ~eBGPFHFEAt 1RoRGRESdgNCRaithl BSTMaFgEB ar@d paiteircrbsospairer

(e, e L ESet BLESaBR 43 LhE Bealte of DegTERRRY wiskuden dhogElstagil e,
into prl%ar?ntpathbcpesesTbEsthentét&abtonrbﬂaaﬁnentoisheowbﬁghedomnthb no
further chagggrkgrghe d50 value is noticed, which 6 29 May 2006
The pore size distribution may be measured by a
conventional mercury intrusion device in which liquid
mercury is forced into the pores of a carrier. Greater
15 pressure is needed to force the mercury into the smaller
pores and the measurement of pressure increments corresponds
to volume increments in the pores penetrated and hence to
the size of the pores in the incremental volume. As used
herein, the pore size distribution and the pore volumes are
20 as measured by mercury intrusion to a pressure of 3.0 x 10°
Pa using a Micromeretics Autopore 9200 model (1306 contact‘
angle, mercury with a surface tension of 0.473 N/m, and
correction for mercury compression applied).
The average particle size, referred to herein as "dso",
25 is as measured by a Horiba LA900 particle size anélyzer and
represents a particle diameter ét which there are equal
spherical equivalent volumes of particles larger and
particles smaller than the stated average particle size. _
The method includes dispersing the particles by ultrasonic
30 treatment, thus breaking up Secondary_particles into primary
particles. This sonification treatment is continued until

no further change in the dsg value is noticed, which



typically requires 5 mnute sonification when using the Horiba LA900
particle size analyzer. As used herein, pore volune (m/g), surface area
(nm2/g) and water absorption (g/g) are defined relative to the 5 wei ght of
the carrier, unless stated otherw se. . Typically, the pdMdagzg®
distribution is such that pores wth dianeters |less than 0.2 pmrepresent
|l ess than 10 % of the total pore volunme. Typically, the pore size
distribution is such that pores with dianeters greater than 10 10 pm
represent less than 20 % in particular |less than 15 % of the total pore
vol ume. Prefleyrbtally ee@eoreesi zeniniise rsoui fbratsosuehenhasintetheres with

di aneters iméﬁ%{]}%@ﬂgiégﬂzf’e%i&lo ﬁnzréalp.resent nmore than 75 % in

particul ar nore nore preferanly re than 85 % 15 nost
preferably nore timnu$d dhefeihe potal vebhige VOhLNg) , t erf POt earsbt m?/q)

di aneters greater than 10 pmrepresent less than 12 % in particular |ess
than 10 % MfHE TH St RARF 1969/ Thars dFhinedherebiiveore W¢une; and

the pores wipdy gHamt &ife | &85 {0AN hre N IEN ESEHENEEFEsL han 7 % in 20

particular at nost 5 % and nore Iin particular at nost 4 % of the total
pore vol une. Frediamidal lyhetlporepose zei 2k sdistutbunions ssickuchathahe pores

with dianmeters in t. range of from0.2. to m represent_|less than 99.9
% nore fredtientt Wlihtj%sdalt%ﬁﬁtw 0 DT otrzh':'lrheo‘g%t“&' TREE I untSSt he'Hor es
with di anetere greptefe dded b RMFEPIRSENTYETCa1 @) thd SoréDsfze
frequently nore than 0.5 %of the total pore volune; and the pores with

di anet ers | eSS RIHRNTGLON i repplesdint makes ikl disgetare greatmentdan nore
t han 0. 30% ofg tm@ eg}r’ﬁ%ose%&[ glé{%’ Wiy, 3h & 'pllcﬁal Yrti zPPrI? %%m ‘%]lkrgl aneters

in the range of fr pm provi de a pore volune o east 0.28
m /g, in parki cuyl arf athd eastal.ord /plumr e iBrgfetalcly artled peasts 2635
m/g. Typi C%ilgﬁrirlargﬁ:i%%’ eiss V\él;[crl'l 7that the pbrés with diameters in the
' range of from 0.2 to 10 um represent more than 75 %, in
particular more than 80 %, more preferably more than 85 %,
15 most preferably more than 90 % of the total pore volume; the
pores with diameters greater than 10 um represent less than
12 %, in particular less than 10 %, more in particular less
than 5 % of the total pore volume; and the pores with
diameters less than 0.2 um represent-less than 7 %, in
20 particular at most 5 %, and more in particular at most 4 $%
of the total pore volume. |
Frequently, the pore size distribution is such that the
pores with diameters in the range of from 0.2 to 10 um
represent less than 99.9 %, more frequently less than 99 %
25 of the total pore volume; the pores with diameters greater
than 10 pm represent more than 0.1 %, more frequently more
than 0.5 % of the total pore volume; and the pores with
diameters less than 0.2 pm répresent more than 0.1 %, more
frequently more than 0.5 % of the total pore volume.
30 ' Typically, the pores with diameters in the range of
from 0.2 to 10 pm provide a pore volume of at least
© 0.28 ml/g, in particular at least 0.3 ml/g, more in

particular at least 0.35 ml/g. Typicéily, the pores with -



29 May 2006 dianeters in the range of fromO0.2 to 10 pm provide a pore

vol unme of at nost 0.8 m /g, nore typically at nost 0.7 m /g, in particular
at nost 0.6 m/g, nore in particular at nost 0.56 n1/% I n a referred
enbodi nent, the pores with 5 dianeter? in the range of Pridmy to 10 pm
provide a pore volune in the range of from0.35 to 0.45 n1/g. The tot al
pore.volune of the carrier may vary between w de ranges. Typically the
total pore volune is at least 0.28 m/g, in particular at least 0.30 m/g,

more in 10 par Hk%%&%rlﬂtth§a§%n BEfWE&%m byBl &gl hy. Rhgrggﬁﬁl %O%%reVO|unE
Is at nost 0.8 m /g, and nore typically 1t is at nDsP . n1fb, n
particul ar aplmet od. @tninbgt ﬁuBemﬂMgpambmeuk&plcaﬁlynat BioS& 0l./7gmllg, a

referred enbodi t he otaI volune of the carri.er is |n t he range
bf from 0. 387 B2TFACHLAZ AL/ BOSTha- Eulidfe TIPSR of PRECAGPARET AsTREt| onst

1 nR/g. Typi.cal ki/gthe sur EaﬁﬁeiéQéeb{Seﬂ\boﬁQﬁEne 9tRR/ Borelr afl%abl y, the
surface area Is in the range of froml to ) 8 nore preferably from
1.4 to 226 AEpgetgsst ipotpretanabl QI iféﬁ'm1062t §0219 pp/ grovadeecrappire from

1.6 to 2.0 g@@geor fgﬁg]% §%08%3 g g/g.3§hg Vgt gg ﬁ9§§rpt|on of the

carrier is typlcal , nore yplcal | east 0.35 g/g.
Frequently, the W&éeto&bfﬁopptem]ollemat offosheOc8rgigr mayevaﬁyf begueshl y at

nost 0.7 g/% or at nost 0. gi& Preferably, the water absorgtion of the
carrier is FA9Eh&aNPSAge SYPFF 8. 85°1 5°62F BPES Y6l UBRakpl 8L01885§/ g, or

0.41 g/g, op. @eymxaguelhnpsbeleamsf gt EEQ§E003§otH1 55m§ée ihn particular
0.38 to 0.5 g/g or g/g 30 or 0.48 to g/g. A higher water

absor pt 1&n pagtachlgheat ieaat PoBb mdVgme ayplcallaVOUhelnotaémpotea nmor e
ef ficient ition_of si ro.and further_elenents
QSES%SnéFi ﬁ_mgﬁses § g{ga ANGHRP I G ot ¥P Caiiy 1 1s aE most

carrier by inpre ve
0.7 ml/g, in partlcular at most 0.6 ml/g, more in particular

at most 0.56 ml/g. 1In a preferred embodiment, the total
pore volume of the carrier is in the range of from 0.35 to
15 0.45 ml/q.
The surface area of the carrier is at least 1 mz/g.
Typically, the surface area is at most 2.9 mz/g.
Preferably, the surface area is in the range of from 1 to
2.6 m’/g, more preferably from 1.4 to 2.6 m?/g, most
20 preferably from 1.6 .to 2.2 m?’/g, for example from 1.6 to 2.0
m?/g or from 1.8 to 2.2 m%/g. | |
The water absorption of the carrier is typically at
least 0.3 g/g, more typically at least 0.35 g/g.
Frequently, the water absorption is at most 0.8 g/g, mote
25 frequently at most 0.7 g/g, or at most 0.55 g/g.
Preferably, the water absorption of the carrier is in the
range of from 0.35 to 0.7 g/g, for example 0.39 g/g, or
0.41 g/g, or any value in the range of from 0.35 to
0.55 g/g, in particular 0.38 to 0.5 g/g or 0.40 to 0.55 g/g
30 or 0.48 to 0.55 g/g. A higher water absorption and a higher
total pore volume are in favour in view of a more efficient |
deposition of silver and further elements, if any, on the

carrier by impregnation. However, at a higher water



8 29 May 2006 absorption and higher total pore volune, the carrier, or the
catal yst made therefrom may have | ower crush strength. . The carrier may
be based on a wide range of materials. Such materials nay be natural or
artificial inorganic 5 materials and they may include r&Ma¥2809 material s,
silicon carbide, clays, zeolites, charcoal and al kaline earth netal
carbonates, for exanple cal cium carbonate. Preferred are refractory
materials, such as al unm na, nagnesia zirconia .and silica.. The nost
preferred material s a-alumna. 10 T Elcall , the carrier conprises at

| east 85 o, aHﬁPépt%%.%am’;&l@be%vwFﬁ pBPERCUPARTEE bREaCaFideRa, OF the

frequently dpth@y99. ﬁa&@/éhékéﬁkaﬁ Fayrheve ﬂBMe998§ﬁ§h|¥tQ%n€Eﬁe by
firing particulate m neral conponents at an el evated tenperature until the

15 particl es sint8retogerher. may penbaaed ﬁnrangldg C@ngengédmauﬁtualshe

particles argag gggeafgg%qg%%roéthg£ug lt g{fgéio?e 8F§agl osts from

any added bon sin erlng pr e beyond

t he pointS atmawbithl & hsnavatteéyarbsprphcmdef réheactdrienateriadygcedil20odhe
wat er absorption, of the carrier_may suitably be controlled by the use_ of
so-cal | ed bufAbbtdfmt&ta¥ss, Z%%lt%s'.§%F@%h@ﬂdt%lsﬁiamy gapthnvatal

material WhegaphasiiLl Ndrot hér?ax’n ysn&%\g&mﬁ%g bgReer | plasateotyle kNOUN

in the art (cf. exanpl e, ﬁB , " Treatise on terrals 25
Sci ence and ﬁ%ﬁhmot@gy"matkwxm¢59 swchBSbakumiﬂaﬁ)ma@@esI@, 8irconid S

Reed, "Introduction to the P f New Yor k,
1008}, pp. 18551 T Cdn . o bt PHER EFTEPE RAGSHah b8 QSBAUPE nsurc 1 he

pr eser vao omp;ﬁlwmy,stﬁwt@ﬁ;erﬂ@fl@@n@rgéé!@natl1@asﬂné5r€d Rbase of the
carrier 30 preparation, for exanple the phase in which forned bodies are

shaped, for &¥RRe?Llpy9@xivusiDroamhibchlanod? Hmters minar ef Feauertlyiuri ng
the firing. Jpetgsggpg §“N&uggu£@ﬁ§flals

Carriers may generally be made by firing particulate
mineral components at an elevated temperature until the

15 particles sinter together. 1In general, firing is continued
until the particles are bonded together, either by the
formation of bond posts from any added bond material or
through sintering, but preferably not beyond the point at
which the water absorption of the carrier is reduced.

20 The water absorption of the carrier may suitably be
controlled by the use of so-called burnout materials, and.it
is preferred to employ a burnout material when practicing
this invention. Burnout materials are well known in the art
(cf., for example, F F Y Wang (Ed.), “Treatise on Materials

25 Science and Technology”, Volume 9, (New York, 1976), pp. 79—
81; or J S Reed, “Introduction to the Principles of Ceramic
Processing”, (New York, 1988), pp. 152 ff.). The burnout
materials may also be used to ensure the preservation of the
structure during a green, i.e. unfired, phase of the carrier.

30 preparation, for example the phase in which formed bodies
are shaped, for example by extrusion. Thebburnout materials
are removed during the firing. The use of burnout materials

also allows more complete sinféring without too great a



al so allows nore conplete sintering without too great a 9 29 May 2006
reduction in water absorption of the carrier. The burnout nmaterials are
typically finely divided solid organic materials that vaolatilize or burn,
leaving as little residue as possiblg. The selection &P M#e2¢%r nout
material is 5 considered not to be of "any criticality to the invention.
Burnout. materials may be selected fromthe group of carbohydrates, guns,
flours, proteins, lignins, resins, waxes, alcohols, and esters. It is also

a common exRe R Jdr0 Y642 o1 Ligl .8 mat e, al ,whi ch
reduces the |ength ofJéinteringgfgﬁgﬁlggpﬂfek%Fbcggﬁ “the BE%EF€F8§Ut
t oget her, amétietriiad spragfee rtiygd catld ye fpineyl ys didlv ilderd seatier oalgawien practici ng

this invention. .Lt is.advantagequs that.the bond nmaterial .also forns a
coating on E%QFéégﬁsa%ﬁﬁr V8 agﬁgl5§rPFeP“§Grf E8ViRAI 8R 13tidresespdue

carrier surbaceosidlieeCemhieVaclseitidhl @rOeRd pLIBRLheLEahatBaYG10eeN
specified hereinafter. It has been found that, suitably, alumna carriers

for use’ i nCPRPIdeReENNIOEN teaPebefmady byisiseilhss ®hi theconmyenseésnt or m ng

a mxture c hSkng. . f 9 f a first particulate
a-al uni na EEEFESka&ggggéghFr%%phggeggﬁggtég gﬁopogkﬁogﬁﬁPpiﬁ% particul ar
from 11l to 68rpmhynmaéeisn gambLcﬂnanrécOﬁr$2eiﬁs,4@igﬁln5)'Eé@ﬂhé? to 50 %w

of a second garticu atg -alum na 25 having a d50 of from1l to 10 pm in
particul ar FP8fP2 £5<° °§ﬁ7 8RH BFEPEFably in addition. C) a bond material;

e T L L e A
typi call§ af-&-tanpetaripe ehithoneda&est bhé50en@tht of f simtéhéngat imer .
applied to bond the particles together, and it is preferred
to employ such bond material when practicing this invention.
It is advantageous that the bond material also forms a
coating on at ieast a part of the carrier surface, which

15 makes the carrier surface more receptive. Suitéble bond
materials have been specified hereinafter.

It has been found that, suitably, alumina carriers for_
use in this invention may be made by a method which
‘comprises forming a mixture comprising:

20 a) from 50 to 90 %w of a first particulate a-alumina
having a dsy of from more than 10 up to 100 um, in
particular from 11 to 60 um, more in particular from 12 to
40 um; |
b) from 10 to 50 %w of a second particulate o-alumina

25 having a dsg of from 1 to 10 pm, in particular from 2 to
6 pm; and preferably in addition.

c) a bond material;
tw being based on the total weight of a-alumina in the
mixture; and then shaping the mixture inﬁo formed bodies and

30 firing the formed bodies, typically at a temperature of from
1250 to 1500 °C, to form the carrier.

The present method for making alumina carriers is well

adapted to produce the carriers for use in this invention,



The present nethod for making alumna carriers is well adapted to produce
the carriers for use in this invention, 10 29 May 2006 in view of the
careful matching of |arge and snall partlcles of the a-al um_na conponents.
The alumina particles are readily comrercially avallab¥ﬁwﬂﬁﬁ Phey nmay
readily be nmade, for exanple, by subjecting nore course materials to
grinding 5. and sieving operations. In an enbodi nent, the smaller
particles may be prepared fromthe |arger particles by grinding, and the
ground and un-ground particles are then conbined. |In another enbodi nent,
the desired hrxyige therqar efigl shat¢hieg 19k kargmy2ne $ma hbdPayt feiesli ng

1O Ehat el e | OSBRI Lo L et etnd Btk e TBXHIELOL ppar ol es

has the desired blnD i Si ze ribu e first
particul ate peadimy neorrse iy D) edavahl sbXpiandt tyhef dapnr&ddi by Nbe Unade,
relative to the total_ 15 weight, of a-alumna in the nlxture %Plcally, t he

second partFREI SXARLS B PRI SOV S (P TRAMT 1S B 1F r bin 9511411135

%, relatsi vea 49 Loy {0] Alpde] Hbn O arQl 4N ddbddkdie, m,m;ugrﬁali@r
particul ar” when the carrler is an a-alumna carrier, 20 nore in particular

conpri si ng aparttebsteBOnam,be( Bapa ved Qﬁrémw%llmqmr partlscmeﬂeyred t hat
the bond materi al Si *tlon co r|S|ng a

|
crystalli zat?’bjnn‘ihrfh?’bl?rb‘fecql%kﬁ%‘?‘f’?‘?‘llg&?%g&??‘#fg%ncgrPaIf V3t aﬁ'l

si|i ca- cont atSHBh&PNPOS] tdrifthet temSodimenty5 Hefddseted hat xtiee b@:nd
material provides a coating of a non-crystalline silica conpound to the

carrier surfhtege al%liéfaﬁll%/ pasﬂi‘é%ﬁ%d?ﬂ)éﬁﬁ nfgné‘éﬁﬁ:)d%YtQWWﬁ use as a
ooy, e FEBILEP ST 5 LS LTI MNED B 1o
an anDrphOUSp&&&iélesnﬂ&H tdid | deed for et blmodal particle size
distribution.
Typically, the first particuléte a-alumina is employed
in a quantity of from 65 to 75 %w, relative to the total
15 weight of a-alumina in the mixtufe. Typically, the second
particulate a-alumina is employed in a quantity of from 25
to 35 %w, relative to the total weight of a-alumina in the
mixture. )
In particular when the carrier is an a-alumina carrier,
20 more in particular comprising at least 80 %w, 90 %w, or ‘
95 %w o-alumina, it is preferred that the bond material is
based on a silica-containing composition comprising a
crystallization inhibitor, inhibiting the formation of
crystalline silica-containing compositions. It is also
25 preferred that the bond material provides a coating of a
non-crystalline silica compound to the carrier surface.
Typically, silica-~-containing compositions for use as a
bond material comprise an amorphous silica compound which
may be, for example, a silica sol, a precipitated silica, an
30 amorphous silica, or an amorphous alkali metal silicate or
aluminasilicate. Typically, silica-containing compositions
for use as a bond material may also comprise hydrated

alumina. The crystallization inhibitor that is most



alum nasilicate. Typically, silica-containing conpositions for use as a
bond material may al so conprise hydrated alum na. The crystallization
inhibitor that is nost 11 29 May 2006 conveniently incorporated is an

al kali metal conpound, in particular,a water soluble S8IMay3¥h as a
sodiumor potassiumsalt. A conveniéht bond material may conprise a

m xture of 5 boehmte, amoniumsilicate or silica sol, and a water

sol ubl e sodiumsalt. Simlar effects can be achieved by incorporation of
conventional ceram c bonds fornulated to gﬁg%sg? aquLnosiIica es. and an

al kal i met FOEHHHHEMY HFRIR & ri%®re? o AUR NS ETRME Hore in

10 parti culgdrconprd Si 10 ed e8s1uPe %4190 Jeh Ms B Jeam dwumnna, it is
preferred that the bond material is based on a) from1l to 10 %, in
particul ar Potassiwmy, skt an al umi na hydrate, cal cul ated as al uni num oxi de

relative to the i of the as 1. na, ) t 9 i
particular 0.2 t%\ecd.gg‘;%/%e%? q?i%r?d Z‘Ilrf%ér’gpﬂlﬁauls% i%%ﬂﬁn%%#nd&%tsu%pe%ﬁjfi ed
her ei nbaf oryehmeid &,ul Btrfsh Agm S$1 1 tert oo tlesilel ad | kel t caridea wedtght of the a-

alumna; and c¢) fromO0.01 to 0.5 %w, in particular 0.05 tq 0.3 %Of 20
an al kal i mREHPEFRAMET 3 tul st ey ir tenfefeacf%lqarhe?ealadb’ﬁvc?éj reY ative to

the vei ght Qf-d 6 8@ 4 'c&f\z@ntpfcﬁ'fﬂ r &8 HIROBIFRIY - £4:f 18 A nay carrier

has an alumna content of at [east 95 %w and nmay be nade by a nethod
whi ch conprésesa froraid ungi reosi kicate s anpd iz g kbt aetfabre@®anems. %y,

relative to the total ,wei ght of a- alum'na]r#n.the mxture, of a first

particul ate a-al'UfithaPhaATG & 50 Bt F1HMYIE SBT v’ i"W Par r{cul ar from
12 to K0 pErt)cdrm ongoi Sthdat redadt veo tow t heo tok alomed Prew af- a-

alumina, it is preferred that the bond material is based on

a) from 1 to 10 %w, in particular 2 to 5 %w, of an alumina
hydrate, calculated as aluminum oxide relative to the weight
of the a-alumina;

15 b) from 0.1 to 1 %w, in particular 0.2 to 0.8 %w, of an
amorphous silica compound, as specified hereinbefore,
calculated as silicon oxide relative to the weight of the a-
alumina; and
c) from 0.01 to 0.5 %$w, in particular 0.05 to 0.3 %w, of

20 an alkali metal compound, calculated as the alkali metal
oxide relative to the weight of the a-alumina.

In a preferred embodiment, the alumina carrier has an
alumina content of at.least 95 %w and may be made by a
method which comprises forming a mixture comprising:

25 a) from 65 to 75 %$w, relative to the total weight of a-
alumina in the mixture, of a first particulate o~alumina
having a dso of from 10 to 60 um, in particular from 12 to
40 pm; |
b) from 25 to 35 %w, relative to the total weight of a-

30 alumina in the mixture, of a second particulate a-alumina
having a dsg of from 2 to 6 um;

c) from 2 to 5 %w of an alumina hydrate, calculated as

aluminum oxide relative to the total weight of o-alumina in



30 alumna in the mxture, of a second particulate a-alum na having a d50
of from2 to 6 pm c¢) from2 to 5 %v of an alum na hydrate, cal cul ated as
al um num oxi de relative to the total weight of a-alumna in 12 29 May 2006
the mxture; d) from0.2 to 0.8 %v of1€n anor phous si | 2@MeedBund, as
speci fied hereinbefore, calculated as ‘silicon oxide relative to the total
wei ght of a-alumna in the mxture; and 5 e) from0.05 to 0.3 %v, of an

al kali metal conmpound, calculated as the alkali netal oxide relative to
the total weight of a-alumna in the m xture; and then shaping the m xture
into forned thedimreisxtarme;firing the forned bodies at a tenperature of from

1250 to 1500, C to formthe _carrier. The preferred.al um na hydrate is
boehn e, t Mugh Tigbsid E° Bafenit & ot SIS dinp HISH [ETRIS, 25
Sui tabl e al kddcinEted hedeBnbe@o reXamisulldtdd We sSadidéRn 30 ROtRSIH tiRje OF

conbi nation thereof. Suitable 15 alkali netal conpounds are, for exanple,
al kal i net alto ddrebdradtads Wedighdl io fmet-all uasietaaties thel ekt unstialarichr mat es,

al ka! i et ale)ni tr to%s 0 .%rﬁsd t%orapiBn@ow’pQ% tar}fraﬁ a.liTyr{%iﬁccﬁl I Y é)g‘_{}‘eqloveral I
atomic ratio’of silTicon to the alkali metal 1's "in e’range o roml to
10, nore typiadaldlatad @s8,thle0kl12Qlaxaarlad @xibee redartdhle atcorime radtia) of
silicon to the alkali netal is deened to relate to the total alkali netal

content and “HeN ol siAlivEdRacaRt &RE BFL4HESCarrier, which includes any
al kal i retal, g Ry s?x'a'%i%%{‘ Wl ﬁl{iXWebe.LrRroesf%Qrme'dn poldg eGArdHErf ity than

in the bond material. Is also preferred that the carrier particles

be prepar edhen fdiamddobvdifesf atnmad teagieast uree ofi Ze-oaf 1@%i0chd S 500 gener al
determ ned by the dinmensions of a reactor in which they are to be
deposi t é8. &nhdoam FhsowavaEdert s

The preferred alumina hydrate is boehmite, though
gibbsite, bayerite or diaspore may also be used.

Suitable alkali metals are, for example, lithium,
sodium and potassium, or combination thereof. Suitable

15 alkali metal compounds are, for example, alkali metal
carbonates, alkali metal acetates, alkali metal formates,
alkali metal nitrates, and combinations thereof. Typically,
the overall atomic ratio of silicon to the alkali metal is
in the range of from 1 to 10, more typically 2 to 8, for

20 example 6. The overall atomic ratio of silicon to the
alkali metal is deemed to relate to the total alkali metal
content and the total silicon content of the carrier, which
includes any alkali metal and any silicon which may be
present in the carrier other than in the bond material.

25 It is also preferred that the carrier particles be
prepared in the form of formed bodies, the size of which is
in general determined by the dimensions of a reactor in
which they are to be deposited. Generally however it is
found very convenient to use particles such as formed bodies

30 in the form of powdery particles, trapezoidal bodies,
cylinders, saddles, spheres, doughnuts, and the like. The

cylinders may be solid or hollow, straight or bend, and they



found very convenient to use particles such as forned bodies 30 in the form
of powdery particles, trapezoidal bodies, cylinders, saddles, spheres,
doughnuts, and the like. The cylinders may be solid or hol | Qw, strai ght or
bend, and they 13 29 May 2006 may havg,their |ength and Mg <0 g@ctlonal

di mensi ons about the sanme and from5 to 10 mm The forned bodi es can be
formed fromthe m xture by any. conveni ent nol di ng process, such as
spraying, spray drying, 5 aggloneration or pressing, but preferably they

are forned S f X Eor a ica net ho ence
B be mode ey HRES cBR 1) 1EDGAN Xhl B L0 SRR LRaY 54 e nESRs. 585555
US-A-5100859h&ndaﬂ8—Ana7$38é25 wbi ¢0 Aame hereln i ncor porated by reference

To facilitate su B n%Idin 0 processes, parti cul ar extrusion, the

m xture may suiti Fy OEQego%ﬁgdﬁaeSaﬂnPﬁ GBrFSdaEBBW §GGWMF§ﬁHrBr€YeF%MIy
from2 to %5n%@h1@ﬁ%eﬁoQalhg FW@bQQE OEuEﬂeaglébHE F%EgSBQQ | ds.
Extrusion aids (also referre o by the term’ proce hown

inthe abt ééglomﬁeﬁteﬁanptepreﬁslﬁKbrhUCIPHBfeEabyylDped|areff6hmaﬁchy
Technology" i Lico Vol. u 5, ui t extr sion aids
may be for exgkg eggeProF Sn@fﬁge§e 8?59@88 éSAB}F meggﬂgﬁetFE SFEbhoI
synthetic esk§rbeghyael to; p@byobeiamplemds Aosmsbyet hykepesghysep, s nout

materials are t plcallé 20 agglled In a guantltégof up to 30 %w, in
particul ar f7erP230¢0 95-3mp1PRPARI 3RAYUSDAr hé3 ﬂéhtWB#Cbherﬁ1&@n¢en Boric

acid my al $qchepaddedal Byt PeeBLahuLe: FOTeEXaTPLELNsGoyoYRRLE Ay OF up tO

0.5 %v, nore typically in"a quantity of from ef fect of
t he preﬁbncergtebeesc 28 aerdluayabeeatreduced tbetmnktofelmaghebiEamiyali
metal ions n_the carrier, after f|r|n be added to the

g glﬁu wat er g
mxture to Hﬁk% FRRUARSE uP & x??uﬁ%b?% FbyS? hev nch PFRECIARIYhETRR £ he
m xture", agougedshierghbef 6heihé SwdEBGMt dHethe mixture, of extrusion

aids. Extrusion aids (also referred to by the term
“processing aids”) are known in the art (cf., for example,

15 “Kirk-Othmer Encyclopedia of Chemical Technology”, 4%
edition, Volume 5, pp. 610 ff.). Suitable extrusion aids
may be for example petroleum jelly, hydrogenated oil,
synthetic alcohol, synthetic ester, glycol, polyolefin oxide
or polyethylene glycol. Burnout materials are typically

20 applied in a quantity of up to 30 %w, in particular from 2
to 25 %w, relatively to the weight of the mixture. Boricl
acid may also be added to the mixture, for example in a
quantity of up to 0.5 %w, more typically in a quantity of
from 0.01 to 0.5 %w. The effect of the presence of boric

25 acid may be a reduced content of leachable alkali metal ions
in the carrier after firing. Enough water may be added to
the mixture to make the mixture extrudable (by the term “the
weight of the mixture”, as used hereinbefore, is meant the
weight of the total mixture, but excluding the welght of any

30 added water).

The formed bodies are dried and fired at a temperature~

high enough to ensure that the alumina particles are joined

together by a sintering action and/or by the formation of



wei ght of the total m xture, but excluding the weight of any 30 added
water). The forned bodies are dried and fired at a tenperature high enough
to ensure that the alumna particles are joined together by a sintering
action and/or by the formation of 14 29 May 2006 bond p8d¥ay #fi%ed fromthe
bond material, if incorporated in the mxture. Cenerally, drying nmay take
pl ace between 20 and 400 C and preferably between 30 and 300 C, typically
for a period of up to 100 hours and preferably for from5 5 mnutes to 50
hours. Typicall%, drgin is perforned to the extent that the m xture
contai ns | esRORRaROSE IMfQFMGRt EFOm Hapcbandymaterial, nhf iRRErpPERESHeiNeen

1250 and 1500,C,ns LYGEER! | o holueey, 1250, 00700 b 2LeraBLyeDeLypen

1300 and 1450 C, nore prefera et we and 1 typi ca Iy_fof

a period of ampdtooabwutark harse rand yneferad 30 fo1d fIoame2,t @ ypikauns.
Drying and firing may be carried out in any atnosphere, such as in air,
nitrogen, orf®el?upgried of xurires 1herieetrs mrd pepfgrabhy pheti £xdmrS when

t he forned [ cont g ni i al, i ' i.n 15
part or antiTary LA o QUTe anrdat BTy SR AF PP B 48 M U
contai ni ng a¢xosphetleat the hasxtesn dontwhhdaleddetlpet fDromnce witéhe
catal yst may be enhanced if the carrier_is washed, to renove sol uble
resi dues, betenerabbosifiomaimay Hexke ap b getbetrgeni ¥hte amd 290G hE,
carrier. On the other hand, unwashed %ar%;ers may al so. be used

[

successf ul | y-YRR TEFI PHEHTY For0 oA ¢ h&'cBEFET 2dp P SRasifg t he
carrier in a .o s %P'e%g%%%&ﬂﬂf%@t%%%hgﬁéﬁb'%?g%ﬁgﬁﬁgfcunt'l the

el ectrical congﬁ%grvify o] dert “wat' er 'doés "no 25

decreasd0 A tsyhiedl ey tEspes gPairiddiof hep dafidial isatbyed eind i Sréfetdifl y
range of 80 to 100 C,_for exanple 90 C. or 95 C., Reference may be made to
WO 00/ 15333 v femB- a8 Fodous ch Drying and firing may be carried out

in any atmosphere, such as in air, nitrogen, or helium, or
mixtures thereof. Preferably, in particular when the formed
bodies contain organic material, the firing is at least in

15 part or entirely carried out in an oxidizing atmosphere,
such as in oxygen containing atmosphere. -

' It has been found that the perfoimance of the catalyst
may be enhanced if the carrier is washed, to remove soluble
residues, before deposition of other'catalyst ingredients on

20 the carrier. On the other hand, unwashed carriers may also
be used successfully. A useful method for washing the
carrier comprises washing the carrier in a continuous

- fashion with hot, demineralised water, until the electrical
conductivity of the effluent water does not further

25 decrease. A suitable temperature of the demineralised water

is in the range of 80 to 100 °C, for example 90 °C or 95 °C.
Reference may be made to W0-00/15333 and US—B?6368998, which
are incorporated herein by reference.
Generally, the catalyst of this invention comprises

30 silver as a catalytically active metal. Appreciable
catalytic activity is obtained by employing a silver content
of the catalyst of at least 10 g/kg, in particular at least
50 g/kg, relative to the weight of the catalyst. The



are incorporated herein by reference. Generally, the catalyst of this

i nvention conprises 30 silver as a catalytically active netal. Appreciable
catalytic activity is obtained by enploying a silver content of the

catal yst- of at least 10 g/kg, in par{i/gul ar at |east 290MayRe06relative to
the wei ght of the catalyst. The 15 29 y 2006 preparation of the catal ysts
irs known in the art and the known nethods are applicable to the
preparation of the catalyst of this invention. Methods of preparing the

catal yst include inpregnating the carrier wth a silver 5 co und and
Ber f of i ng B FRARTTGh To T AARLTTE &1 | VAT Phritie T8 e erlhce may
be nade, fkn®xaMEtthod® die ArpPBBiidie (465-thd UYL a i B- 866298,

US- 2002/ 0010094 A, EP- A-266015, WO 00/.15333, WO 00/15334 and WO 00/ 15335,

which  are GHeOY I Rled e dinv et ¥@t er diRtd100D P TIRABGHALFH nay
i nclude i aegegﬁ;' - Wt : i :ﬁpj ' H b 12,
:‘(r)](r: gx:rr;:)lngg 1 ogrtowzl%eaalb%%g I sﬁwﬂeyubgba%%%nrglﬂis}ﬂzdéb%%%% aag\éieti on

of a base tapmpwardyETel D farsiolgita areddari exanplfo rn indt ald y dy ok ate,
cesium hydroxi de or a tetraalk Iammrgum 15 hydroxi de, such as;q
%2t a

tetranet hylw]l.ﬁﬁ'hy G mq¥% mi iﬁﬁﬁ%’oxﬁ‘ﬂe, Tl}f_
sufficient spegddty.us-epeniants ofud-e ey L 2004 /oo 1009 £00mat I Kn-
solution, a quantity of base in. the range of from 20 to 70 mmol e/ kg
catal yst, fAor2&dipl dBE0/4G3FH O Ml B e Qi QA1 336 207 bech
sufficient t chi eve a . sufficientl eq%‘é ...The reduction of cationic
silver to rﬁe’{)eal Cr{Ecoer |CTI\a/élé:re%fn1s}tlye]“leolg1 aséf:r(}lrrp i'shed duri ng a step in which the
catalyq0 is drime iSeprhdiaiatdivh meducincdudgs isylegdeas srequiitle & separ at e
process step._ This rra% be the case if the inpregnation 25 solution
conpri ses @} eHAhPagich fde Sthii%e 2 At lGka Q% o&%r"r’ﬁ’é@]i% t he
Exanpl es heridlaffi£r or above. This may be accomplished by the
addition of a base to the impregnation solution, for example
lithium hydroxide, cesium hydroxide or a tetraalkylammonium
15 hydroxide, such as tetramethylammonium hydroxide or
tetraethylammonium hydroxide, in sufficient quantity.
Dependent of the composition of the impregnation solution, a
guantity of base in the range of from 20 to 70 mmole/kg
catalyst, for example 30, 40, 50 or 60 mmole/kg catalyst may
20 be sufficient to achieve a sufficiently high pH.
The reduction of cationic silver to metallic silver may
be accomplished during a step in which the catalyst is
dried, so that the reduction as such does require a separate
process step. This may be the case if the impregnation
25 solution comprises a reducing agent, for example, an
oxalate, as described in the Examples hereinafter.
The catalyst preferably comprises silver, and a further
element or compound thereof. Eligible further elements may
be selected from the group of nitrogen, sulfur, phosphorus,
30 boron, fluorine, Group IA metals, Group IIA metals, rhenium,
molybdenum, tungsten, chromium, titanium, hafnium,
zirconium, vanadium, thallium, thorium, tantalum, niobium;

gallium and germanium and mixtures thereof. Preferably the



The catal yst preferably conprises silver, and a further elenment or
conpound thereof. Eligible further elenents may be selected fromthe group
of nitrogen, sulfur, phosphorus, 30 boron, fluorine, Goup |A netals, G oup
IIA netal's, rhenium nolybdenum tungsten, chromum &P®4& RO haf ni um

zi rconium vanadium thallium thorium tantalum niobium galliumand
germani um and m xtures thereof. Preferably the 16 29 May 2006 G oup | A
netals are selected fromlithium potassium rubidiumand cesium Most
preferably the Goup A nmetal is [lithium potassium and/or cesium
Preferably tGeow@ ol meralaein ssalecsweﬁr@d 1ithioml chatreamdubari um

Were 5 poss rther eIe b provi de

oxyani on, fc$$é&%h% e arid asC @ s r at €, oﬁgaéf% eﬁ% #% ﬁg?e&roﬂ8lgﬁd3?g adris
nitrate, in Bathiam, qmtdaé@jilﬁﬂl dndisrpeed pified Ppe 8PLOYyt BReCBEHLST T DA
this invention in the preparation of a highly selective catalyst. The 10

hi ghly sel ec‘f“'?’i/%l%lq%rﬁ%la%%‘be%af%?’?s?%l%wc%fh%rb%élumn Whereion to
Silver, 8ne 9sdi R OfcfIeh] e 0L YOREIL Ry Langplely ngéa”s&aé

and a nitrate. or nitrite- orm ng conrpoun eac resent a
quantity of dxyaniel for 50emmid e/ kg, a calmm,edbasaté\;a pésrmematéS

(rhenium nol ngsten, the Goup | A net nitrogen) on the

total cat alﬂ ﬁgf?%%lqrr Jetr%fre'nlltrh?%h?o?ﬁﬁfbl‘go%’é‘ﬁnds and particul ar
sel ections of nitrates Prerdiidd s faigid\g UMEMPLSe AT &f ash 98T { Be&ntion
hereinafter. The nitrate- or nitrite-formng conpound is in particular a

20 Group | A Fettdle masrakatorom & cuphighetsglestive ecambmum 'I‘rlmdiybdenum
tungste or trate: r 0 nd suitably. b
) 0 Hl&q‘l % Jealectf)\re rgll\}ére bJé)é&né.éqc Cl)ﬂg;@s may m?r%:aza?% Jfrl]mgst at e

prOV|de as a anion, or ‘éxanple as a perrhenate,
or nitrate,additsiat tar sﬁu(:]l\dazf ,0rone 2o Morspest athe 2wy anskyidendthe hi ghly
sel ective tungsten, a Group IA metal, and a nitrate- or nitrite-
forming compound, which may each be present in a quantity of
from 0.01 to 500 mmole/kg, calculated as the element
15 (rhenium, molybdenum, tungsten, the Group IA metal or
nitrogen) on the total catalyst. The nitrate- or nitrite-
forming compounds and particular selections of nitrate- or
nitrite-forming compounds are as defined hereinafter. The
nitrate- or nitrite-forming compound is in particular a
20 Group IA metal nitrate or a Group IA metal nitrite.
Rhenium, molybdenum, tungsten or the nitrate- or nitrite—.
forming compound may suitably be provided as an oxyanion,
for example as a perrhenate, molybdate, tungstate or
nitrate, in salt or acid form.
25 Of special preference are the highly selective
catalysts which comprise rhenium in addition to silver.
Such catalysts are known from EP-A-266015, US-A-4761394 and
US-A-4766105, which are incorporated herein by reference.
Broadly, they comprise silver, rhenium or compound thereof,
30 the further element (as defined hereinbefore, in particular
tungsten, molybdenum and/or a Group IA metal, in particular
lithium and/or cesium) other than rhenium or compound

thereof, andnoptionally a rhenium co-promoter. The rhenium



catal ysts which conprise rheniumin addition to silver. Such catalysts are
known from EP- A- 266015, US-A-4761394 and US-A-4766105, which are

i ncorporated herein by reference. Broadly, they conprise silver, rhenium
or conpound thereof, 30 the further et;nent (as defined@I9Mdae?¢efore, in
particular tungsten, nolybdenumand/or a Goup IA netal, in particular
Fithium and/ or cesium other than rheniumor conpound thereof, and
optionally a rhenium co-pronoter. The rhenium 17 29 May 2006 co- pronoter

may be sel ected from one or nore of fur hosphor us, horon,. and
éoﬁpounZS trﬁﬁﬂ&ﬁoW°$F§fEF%%&”%&EHﬁ?Ei%g ﬁ%%@ 8§ﬁp%%eﬁF§%bF’ ﬁ@q dtal ysts

are, when cahasptorehsas toierg! RN tconRudidsvenkecblie wei ght 5 of the
catalyst: - silver from10 to 500 g/ kg, - rheniumfrom0.01 to 50 mmol e/ kg,

if present, - th&rederred amovats of dhemermponentsr efetthe eachAlysém 0.1
to 500 mmol %(E\%?’ WA, Ja‘icm%*i%c{ %%”'t%t’%].‘é‘iéﬂreg@t e616+9PO+d tt‘i’)e39e§gﬁlce( kg,
t i's netal abl'y in

if present. h resﬁect to silver, i's present ~ preéefer

an anount ofof5@hteo ca@@lgiskg, nmore preferably 50 to 400 g/ kg, in particular
50 to 250 g/ kg, .for exanple 15 105 g/ kg, or 120 g/ kg, or 145 g/kg, or 191
g/ kg, or 200 gPRgVeRn&AP 1@a§°pﬁ@@eﬂd%9y be present in an anount of from

0.1 to 10 mbl eplhGuml erorXdMRI1E & BPLRS1EI g0l i3 lse$ikg, or 5
nmol es/ kg. The further elenment or elenents nay each be present in a

preferred, anothe éhrthem elemens g tdementbe/ k§. PEeseakangbeh funyst en

may typically.be present in ,an ampunt in the range of from0.5 to 20
nmol e/ kg, s&%% §§ fﬁﬁngpg}ﬁé%gérade nol es/ kg, or 5 mmol e/ kg, or 15

mol e/ kgo el yhdenuheRaymt yp-pabhytee fpomsent ts 30 anvlaykgh the range of
from1l to 4%rrgs*rgIn%/.kg,
With respect to silver, this metal is present
preferably in an amount of 50 to 500 g/kg, moré preferably
50 to 400 g/kg, in particular 50 to 250 g/kg, for example
15 105 g/kg, or 120 g/kg, or 145 g/kg, or 191 g/kg, or
200 g/kg. Rhenium may preferably be present in an amount of
from 0.1 to 10 mmoles/kg, for example 2 mmoles/kg, or
3 mmoles/kg, or 5 mmoles/kg. The further element or
elements may each be present in a preferred.iamount of from
20 0.5 to 100 mmole/kg. For example, tungsten may typically be
present in an amount in the range of from 0.5 to |
20 mmole/kg, such as 1 mmole/kg, or 1.5 mmoles/kg, or
5 mmole/kg, or 15 mMole/kg; molybdenum may typiéélly be
..... present in an amount in the range 6f from 1 to 40 mmole/kg,
25 such as 2.3 mmole/kg, or 12 mmole/kg, or 25 mmole/kg; and
the alkali metal may each typically be present in amount of
from 5 to 100 mmole/kg. Suitable amounts for lithium are
for example 5 mmole/kg, or 10 mmole/kg, or 22.2 mmole/kg, or
30 mmole/kg, or 40 mmole/kg, or 50 mmole/kg. Suitable
30 amounts for cesium are for example 5 mmole/kg, or
5.3 mmeole/kg, or 5.4 mmole/kg, or 7.2 mmole/kg, or
10.3 mmole/kg, or 10.5 mmole/kg, or 33 mmole/kg, or

47 mmole/kg. -



25 such as 2.3 mvol e/ kg, or 12 mmol e/ kg, or 25 mmol e/ kg; and the al kal i
nmetal nay each typically be present in amount of from5 to 100 mol e/ kg.
Sui tabl e amounts for lithiumare for exanple 5 nnDIe/k or 10 mol e/ kg,

or 22.2 mmol e/ kg, or 30 nmol e/ kg, or,4£40 mmol e/ kg, égfwﬁﬁﬂQQQg Sui t abl e
30 amounts for cesiumare for exanple mol e/ kg, or 5.3 mol e/ kg, or 5.4
mmol e/ kg, or 7.2 mmol e/ kg, or 10.3 nmol e/ kg, or 10.5 nmol e/ kg, or 33
mmol e/ kg, or 47 mmole/kg. 18 29 May 2006 Although the present epoxidation
process may be carried out in many ways, it is preferred to carry it out
as a gas phase phbtkegghitke presecessponidnttont heoressd naychat aersdedin
t he gas phase wth the catal yst, which_ i rese o] ter
typically in atpé%ke%n%eﬁayﬁbn%$a}?yp¥% epﬁ?§c€é5g$£§¥ar?|égg Q? gsbgg
continuous pplesessprdbess) efia. forptiseesd 1:Ina~lp1eseﬂheef)@emdah|oanpaocess
may be any olefin, such as an aromatic olefin, for exanp rene, or a

di-ol efin, whetHas %%ﬁjﬂ@ﬁ?%dwhﬁhn%ﬁe ?%ﬁahXF%xﬁﬁbF% isgpﬁ%%ﬁﬂ ef® Br
1, 3- but adj eNo1 Y JB]Yalt heypPLEf19 15 & gBoRehebed, |@LnEXaIPYerRebut ene
era I's ol ef

or isobutene. nono- a- n, for exanple 1-
but ene or prppq¢eme 1§heannsedpmuﬁeasem mwmﬁlmmossephq¢@ms The ol efin

trat he f be selected 15 withj
Typi cal 1y, the ol BRFroLoRERneBivan Th CRETERt b FrOBLIAt ADSE-BBSHDI e%

relative to hhe 5@t@xky oféedh, Peedieradlan dtomhtlcberénit hefoanggadpirér om
0.5 to 70 noleo, in partlcular from1l to 60 nole% on the sane basis. As

used her ei n, SEnEER@edF 52 cohse krRF - tle%’éthheCOQDU‘E@)‘ﬁ%s?h@‘htvmf%ﬁ is
contact o W LRad D ORI 81 48LaqildiSe RLLSERLSROKIABIL ON PrOrese PRV RE

ai r- base ge -based, see ncyclop em ca
Technol Ogy" ,oBéﬂlrediﬁ I @ﬁnoﬁ@dﬂﬁ@ir&, ﬂc&BO&xaﬁ!ﬁpléMB—Mﬂené nor isobutene.

Preferably, the olefin is a mono-a-olefin, for example 1-
butene or propylene. The most preferred olefin is ethylene.

The olefin concentration in the feed may be selected

15 within a wide range. Typically, the olefin concentration in
the feed will be at most 80 mole%, relative to the total
feed. Preferably, it will be in the range of from 0.5 to
70 mole%, in particular from 1 to 60 mole%, on the same
basis. As used herein, the feed is considered -to ‘be* the

20 composition which is contacted with the catalyst.

‘The present epoxidation process may be air-based or
oxygen-based, see “Kirk-Othmer Encyclopedia of‘Chemical
Technology”, 3 edition, Volume 9, 1980, pp. 445-447. 1In
the air-based process air or air enriched with oxygen is

25 employed as the source of the oxidizing agent while in the
oxygen-based processes high-purity (at least 95 mole%)
oxygen is employed as the source of the oxidizing agent.
Presently most epoxidation plants are oxygen-based and this
is a preferred embodiment of the present invention.

30 The oxygen concentration in the feed may be selected
within a wide range. However, in practice, oxygen is
genera%ly'applied at a concentration which avoids the

flammable regime. Typically, the concentration of oxygen



the air-based process air or air enriched with oxygen is 25 enployed as the
source of the oxidizing agent while in the oxygen-based processes

hi gh-purity (at least 95 nole% oxygen is enployed as the source of the
oxi dizing agent. Presently nost epoxjgation plants ar 89 MaptifShased and
this is a preferred enbodi nent of the present invention. 30 The oxygen
concentration in the feed nmaybe selected wthin a wi de range. However, in
practice, oxygen is generally applied at a concentration which avoids the

flamrabl e regime. Typically, the concentration gf oxygen 1? 29 May 2006
appl i ed wil pPREIGR t i hlthe vaRgenorher baRdet o 157 4BI £o4 Ombr et §pi cAPTY
from2 to 12 gPJ;ﬂVigffEBﬁ borgl 1hegdied Nopr dge tOc&EMBEBOUL Side the
flanmabl e regine, the concentration of oxygen in the feed may be | owered
as the 5 concenimabdrderofot hemalinfpnt$idéntheafbammahbe aregihnesatle
operating ranges depend, along with.the feed conposition, SQ.0 he
reaction coﬁﬂg??%ﬁgggh%ﬂ 9§ ?%@g?aaﬁ?igﬂe f%ﬁ%éﬂg u?é gﬁﬁefﬁé %?eggére. A
reactiors mogdbflent PRYDEnPEESERL bleths {eednépeasdd. i nTheasétgalhsafe

sel ectively, suppressing the undesirable oxidation of olefin or olefin

oxi de to capperatiingidenand demerf, ?é@%@i%é??ot?ﬁefﬁﬁgiF%Bp?ﬁ¥ﬁﬁ??on of
e Ol 18100 MY RLORRLE - EOAPRURAEL 1 650°Ch8h Y5 OffaNLEabBlofeS and

organi ¢ nitFogén conrpo npl oyed as reaction 15 nodifier.

Ni t rogen oxtéeserdydrazaned, thgdpogykanene or anmmonia may be enpl oyed as
well. It is frequently  considered that under the oge;géin? cgngitions of
olefin epoxidat®oreRReian: PogLAieEnPaY PRGPFe3EET on nbaff FBFS HP%

precurspys ofcpbhLahgesStRE QE&&EE%el%- esu.% BY¥s8L g SehE&abheds2Papiérate- or
nitrite-tormng conpounds (cf. e.qg. P-A-3642 and US- A- 4822900, which are
i ncor por at edxh@aeionbyf odé€iernce)olefin oxide to carbon dioxide and

water, relative to the desired formation of olefin oxide.
Many organic compounds, especially organic halides and
organic nitrogen compounds, may be employed as the reaction

15 modifier. Nitrogen oxides, hydrazine, hydroxylamine or
ammonia may be employed as well. It is frequently
considered that under the operating conditions of olefin
epoxidation the nitrogen containing reaction modifiers are
precursors of nitrates or nitrites, i.e. they are so-caldeg .«

20 nitrate- or nitrite-forming compounds (cf. e.g. EP—A-3642.
and US-A-4822900, which are incorporated herein by
reference) . '

Organic halides are the preferred reaction modifiers,

in particular organic bromides, and more in particular

25 organic chlorides. Preferred organic halides are
chlorohydrocarbons or bromohydrocarbons. More preferably
they are selected from the group of methyl chloride, ethyl
chloride, ethylene dichloride, ethylene’dibrdmide, vinyl
chloride or a mixture thereof. Most preferred reaction

30 modifiers are ethyl chloride and ethylene dichloride.

Suitable nitrogen oxides are of the general formula NOy

wherein x is in the range of from 1 to 2, and include for

example NO, N;03 and N0q4. Suitable organic nitrogen



Organic halides are the preferred reaction nodifiers, in particular
organi c brom des, and nore in particular 25 organic chlorides. Preferred
organi ¢ halides are chl orohydrocarbons or bronohydrocarbons. Mre
preferably they are selected fromthe group of nethyl 29May2eeo et hyl
chloride, ethylene dichloride, ethylene dibromde, vinyl <chloride or a
m xture thereof. Most preferred reaction 30 nodifiers are ethyl chloride
and et hyl ene dichloride. Suitable nitrogen oxides are of the general
formula NO. wherein x is in the range of from1l to 2, and include for
exanpl e NO, &R2f@BoandsN2bd. nfbroabbapougdaicnmttbegenoﬁﬁoﬁﬁd&hyammﬁés,

conpounds are, gltro conpounds, nitroso conE nds anlneg irates and
nitrites, foflekahBFedfrtPbibitefe, I3L fke Bg?oﬁéﬁEOB?t aﬂ?tr propane. In
preferred enpoeigBRbBane NbE M AL 81 t BpRbbahte- f PANMpREfEPPPAUBKBOdEmENt s,
ni trogen oxides 5 and/or organic nl?rogen conpounds, are used together with
an organi c hatrdee- |ﬁrp@ttitﬁ$afoéml©@g@ﬂmboéhﬁér|@eg Thetredgeni exides
nodi fiers ar r f cf in W n t

5 arfnd 8? QL{;XM% rﬁ gg};("‘f&e'rfn%{}riﬁgs %ge gg{ia‘f%é@ LON, i Pyt 08

feed, for exanp rve to? f or “exanpl e

from 10 O. OLGﬂ@aﬁltOthD&enDiﬁgbatﬂl@@lércuhabrgbﬁmctbBlOfEﬁen is
ethylene, it is preferred that the reaction nodifier is__present in the
feed at a concent FAgi BR2GEIPR JRPDL 11QD% 42¥9 ggbﬁielﬁyn%FE@EtFﬁepﬁP?Pcular

from 0.3x10-dstg 30xi0s Acopbetbrat bRt iNecho FOEal OF8t Egfp1dSubnegddition

to the ol efin, oxygen and e reaction nodifier, the f may contain one
or nore opt|@nhlmobeﬁponehas;vsut© dse caobah ﬂeed;dé9r|ﬁeampgasésoand
saturated hydr ocar bgn Carbon dioxide is a by-product in_ the epoxidation

process. (¥bm%v%}X1QarBenodpéxmﬂéeéeneFEIP?r?@CH&éraHhﬁavéP§e°éﬁfé8t16n t he
cat al yst aCtéﬁ’I‘\%%’enJ}’piEa:H: Yorefe FPOSEORLAEL QD PLaLATDR Ay PXIEE 18 the

feed.in excess
present in the feed at a concentration of from 0.1x10™* to

50x107% mole%, in particular from 0.3x10™! to 30x10™* mole3,
relative to the total feed.

15 In addition to the olefin, oxygen and the reaction
modifier, the feed may contain one or more optional
components, such as carbon dioxidé, inert gases and
-saturated hydrocarbons. Carbon dioxide is a by-product in
the epoxidation process. However, carbon dioxide generally

20 has an adverse effect on the catalyst activity. Typically,
a concentration of carbon dioxide in the feed in excess of
25 mole%, preferably in excess of 10 mole$%, relative to the
total feed, is avoided. A concentration of carbon dioxide
as low as 1 mole$ or lower, relative to the total feed, may

25 Dbe employed. 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%. Suitable saturated
hydrocarbons are methane and ethane. If saturated
hydrocarbons are present, they may be present in a quantity

30 of up to 80 mole%, relative to the total feed, in particular
up to 75 mole%. Frequently they are present in a quantity

of at least 30 mole%, more frequently’at least 40 mole%.



25 nmol e% preferably in excess of 10 nole% relative to the total feed, is
avoi ded. A concentration of carbon dioxide as |low as 1 nole% or |ower,
relative to the total feed, may 25 be enpl oyed. Inert agses, for exanple
nitrogen or argon, may be present inzghe feed in a cor®Meya®%n of from
30 to 90 nole% typically from40 to 80 nole% Suitable saturated

hydr ocar bons are net hane and et hane. |f saturated hydrocarbons are present,
they may be present in a quantity 30 of up to 80 nole% relative to the

total feed, Ji.n particular up,to 75 nole% FErequent h re_prese in a
quanti ty oP Rz Ry rashBrbRes el PqnaREr) L thE s e ThopEEEE SR \ay
2006 Sat ur atiedrbgdeoeaeberygeny fhamaddedity thmiteed in order to increase
the oxygen flammbility lLimt. The epoxidation process may be carried out
using reaction ?Eﬁpépsﬁapé§l§€l@épéﬁsﬁrﬁﬁyabﬁﬁSérFéﬁSe9u¥ BSéP8rably the
reaction teppgratuhe tbfpbBatligekaiygelt el @Fbnl0ywtAe32anGe . Mre preferably
in the range of fron1188 to 300 t. The epoxidation process is preferably
carri ed but Paefarabégctbe rebetipnessuperihurheipangetbe rogel000from3500
10 kPa. "GHSV' or Gas Hourly Space Velocity is the unit volune _of gas at

normal tenpéP8t tPe34Ad pr B2kR ePYBfErall iR the rangy af kPegm Lty over

one unit vo% Eeogf packed catal yst per hour. Preferably, when the
epoxi dati on g ocess is as a gas phase process involving a packed catal yst

bed, the GHSV 15thg EBokhBataBaepebcbsoni $580ekerdBRQ0chrifidhdut at a
Preferably, the process is carried out at a work rate in the range of

from 0.5 toreeckasl éndpef pnesgide pnotheedapes a8 &romcaPAPyse BePOhour, in
our 1o o32hni o BHcTel 2655 BBkt 8 rnRte bEeEeReh IE har BhEH IPhLRRE .
hour. As used ghsrgtnnothg1Weekpeaheuté bhe preYBLref (bhec ol efdth 04 de.
101.3 kPa) passing over one unit volume of packed catalyst
per hour. Preferably, when the epoxidation process is as a
gas phase process involving a packed catalyst bed, the GHSV
15 is in the range of from 1500 to 10000 N1/(1.h). Preferably,
the process is carried out at a work rate in the range of
from 0.5 to 10 kmole olefin oxide produced per m® of
catalyst per hour, in particular 0.7 to 8 kmole olefin oxide
produced per m® of catalyst per hour, for example 5 kmole
20 olefin oxide produced per m® of catalyst per hour. As used
herein, the work rate is the amount of the olefin oxide
produced per unit volume of catalyst per hour and the
selectivity is the molar quantity of the olefin oxide formed
relative to the molar quantity of the olefin converted.

25 The olefin oxide produced may be recovered from the
reaction mixture by using methods known in the art, for
example by absorbing the olefin oxide from a reactor outlet
stream in water and optionally recovering the olefin oxide
from the aqueous solution by distillation. At least a

30, 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 or a 1,2-diol ether.



produced per unit volume of catalyst per hour and the selectivity is the
nol ar quantity of the olefin oxide formed relative to the nolar quantity
of the olefin converted. 25 The ol efin oxide produced nay be recovered from
the reaction mxture by using netho known in the art29¥ay20 %(arrple by
absorbing the olefin oxide froma reactor outl et streamln wat er and
optionally recovering the olefin oxide fromthe aqueous sol ution by
distillation. At least a 30 portion of the aqueous solution containing the

ol efin oxide nmay be applied in a subsequent process for converting the
ol efin oxide intdhe plgafd.,nopxd,deap]l_:ogku;ed:] &t Hdie eRerislalhem fie° olefin

oxi de_produgad, iyl (e RAGLIALIAN POGERR o1TRY, b, £AMNEN thdal G2 an

1,2-diol, a 1,2 et her, or al kanol am ne. ‘As this invention leads to
a nore attr adlhar@lamwmess Afsorthtnhse iprveduditaron esfds He @ afdre alitdeact ives

concurrently | eads t nor e _at ctive proces [ npr..ses produci ng
the ol efin %’)ﬁ FE 55 f% C&I)‘&alli’f@%ct%ﬁ%e #] tﬁ\?erﬂi % d“’[cﬁ subsequent use
of the optaiceedt @ity Q6ade ith theornutactaye W diteess2+didh 1, 2-di ol
ether, and/or al kanol am ne. 10 The conversion into the 1,2-diol or the

1,2-diol et FEMPIiREsc ARPCUSENTf Gheepdmfiie Q@-ﬁﬁllﬁg A9 15laErG e iR t h
vater, sui t ghl "c%]o'f’xg aﬁ{é %‘ﬁ' di %b%r gﬁ)ﬁ%s'u(\s %zfat olobgtt me@(ﬁﬁigét‘é] for

naklng pr edom nant ess 1 er efin

oxi de may b@xrlenactled t\het hxaautfantﬁnled off5 thel dr, 2extieds df, dnvatier], atrhexr i qui d
phase reaction esence of an acid catalyst, e.g. 0.5-1.0 % sulfuric
acid, base@ CFhé ksnalapdB€ti on mixture, at 50-70 C at 1 bar - absol ute,

or in ajgas phaSQ‘Hee%trﬂv%'}sahnl:iQt%Ath@ ang -21-14¢ haheahsel i1 afear ably
in the absence of a catalyst. 20 If the proportlon of water is lowered the

proportion oRylcomprdisel, éblieesampliehe negadtiingn thiexohed iins axideasiddr The

1,2 water, suitably using an acidic or a basic catalyst. For
example, for making predominantly the 1,2-diol and less 1,2-
diol ether, the olefin oxide may be reacted with a ten fold

15 molar excess of water, in a liquid phase reaction in
presence of an acid catalyst, e.g. 0.5-1.0 %w sulfuric acid,
based on the total reaction mixture, at 50-70 °C at 1 bar

absolute, or in a gas phase reaction at 130-240 °C and 20-
40 bar absolute, preferably in the absence of a catalyst.

20 If the proportion of water is lowered the proportion of 1,2-
diol ethers in the reaction mixture is increased. The 1,2~
diol ethers thus produced may be a di-ether, tri-ether,
tetra-ether or a subsequént ether. Alternative 1,2-diol
ethers may be prepared by converting the olefin oxide with

25 an alcohol, in particular a primary &alcohol, such as
methanol or ethanol, by replacing at least a portion of the
water by the aicbhol.

The conversion into the alkanolamine may comprise, for
example, reacting the olefin oxide with ammonia. Anhydrous

30 or aqueous ammonia may be used, although anhydrous ammonia
is typically used to favour.the production of

- monoalkanolamine. For methods applicable in the conversion

of the olefin oxide into the alkanolamine, reference may be



diol ethers thus produced may be a di-ether, tri-ether, tetra-ether or a

subsequent et her.

Alternative 1,2-diol ethers may be prepared by

converting the olefin oxide with 25 an al cohol, in partlcular primary

al cohol ,

such as

nmet hano

t he mater by the al cohol.
reacting the olefin oxide wth amoni a. Anhydrous

conpri se,
30 or aqueous

for exanple,
anmoni a may be used al though anhydrous amonia is typically

or ethanol 53 by replacing at 2PMay 2% or ti on” of
The conver5|on into the al kanol am ne may

used to favou the Qducti o ol am ne. Aapplicable
in the con/& ’iheéca&fgf § ot ée'};%%n# : tr‘f’fa}1 a(fr}kanollanrﬁ ne&’re:f efence may

be 23 29 Nh*n%ggﬁh@aq%ﬂg%eﬁég,exanple US- A- 4845296, which is incorporated

herein by reference.

The 1, 2-

diol and the 1,2-diol ether may be used in a

| arge vari ety ofThendyst+diadl appl itdet iloPsdifodr esheampimeyi pet hsed ifri & ds of

food, beverages

t obacco,

cosnetics, thermoplastic polyners, curable resin

systens d a§@§eﬂ@§13ﬁ¥ﬂ°ﬁr%ﬂﬁﬂﬁ%fla§y§P@%§C@¥ﬁ9nSFhéQﬂ XS e FRE be
AL or 11 JRAIRL (RN 2 ohneldl; B! YRR o s lcesS

speC|f|ed otherw seé, ‘the |OMFHD| cul’ar weig or gani ¢ conpoun
ment i oned herigmersf,orcueraiE e ddim @@etems" dele%gﬁnﬂss hkaz- direinsdiehrer s,

al kanol am nes and reaction

used,

atons, mor &YSFHIScality -at TSR

i.fiers, .have typicall at_ nost 40 .car bon
(iﬁfqa%ﬂmﬁ? afﬁﬁ%e’ + ifQH &FFaP st 10

carbon at ong, Hy @Al | Ol o 175 Q)fCQfab:Q.{}ﬂ . As 15 defined

her ei n,

ranges for

nunbers of car

on atons (i.e. carbon nunber) include

the nunbers spedinlieed fspedifa dd Wthe refi skhe thangese-ridd\€ctg agemeriaihlty
descri bed the invention,
ref er elfe (CF IHE F COFBRAWGES XENi@RSIe S TRANC h LT S¥eaPlGed o Plﬁérlﬁéses of

'||UStrat'992—dlols, 1,2-diol ethers, alkanolamines and reaction

15

20

25

30

a

further understandi ng nay be obtalned by

modifiers, 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)

of the ranges.

include the numbers specified for the limits

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.

EXAMPLES

Preparation of Carriers

A carrier (designated hereinafter as “Carrier A”) was

made by mixing the following ingredients:

1. 67.4 parts by weight (pbw) of an a-alumina with dso of
29 pm;

2. 29 pbw of an a—alﬁmina with dso of 3 pm;

3. 3 pbw of aluminum oxide (in the form of boehmite);

4. 0.5 pbw of silica (in the form of ammonia stabilized

silica sol);

and



only and are not intended to be limting unless otherw se specified.
EXAMPLES Preparation of Carriers 25 A carrier (designated hereinafter as
"Carrier A') was mnmde by mxing the followi ng ingredients: 1. 67.4 parts
by wei ght (pbw) of an a-alunina with g50 of 29 pm 2. 22MBpeP%f an
a-alumna with d50 of 3 pm 30 3. 3 pbw of alum num oxide (in the form of
boehmte); 4. 0.5 pbw of silica (in the formof ammnia stabilized silica
sol); and 24 29 May 2006 5. 0.1 pbw of sodiumoxide (in the form of sodium
acetate). To this m xture were added 5 %v, relative to the m xture.

wei ght, of pétrol euln pev| gf apdddunpxideativethe fhem 6fnsedipe wei ght, of
bur nout nateriak nd 0.1 %, relative to the m xture weight, of boric acid.
Wat er (abouta§8 @gf "relative to the m xture weight) was then added in an

amount  to make the Phxé uhexexté uskabé eaadddt i swiri xeuseiwastbhene extruded
to formforned bodies in the formof hollow 10 cylinders that are about 8
nmin di anetBixhREegveRdhbnef APleselakPelhty dPfed 3¥id FEieBiVe BOkFDE at

1425 G IO i ReHES LOighe {0f PEONGE: RELLELaL oS DEOLAS PLOGEGVESE,
followed in this carrrer preparation, reference nay be made to
US- A-5100859thé5mixsecende gt j eof (berecnatiér "WaterefaBiyitwad8 #wde by

t he sane procegure as, Carrier. A except th?t 14 %w of urnout material was

used, instealSoPtoemFO AR PHTRTT i Br LIRS} eYRar T ?“"%35??e%“c?? ALLUNhde

by th? Sa”?t@rﬂﬁﬁgufﬁea§i£@ﬁféE%xf&u@%ﬁ?@taﬁ@aihigomix@Qr@bwéQfth@ﬁ
a-alumna with d50 of 3 pm was used
extruded to form formed bodies in the form of hollow

10 cylinders that are about 8 mm in diameter and 8 mm long.

These were then dried and fired in a kiln at 1425 °C, for

4 hours in air to produce Carrier A. As regards procedures
followed in this carrier preparation, reference may be made
to US-A-5100859.

15 A second carrier (hereinafter “Carrier B”) was made by
the same procedure as.Carrier A, except that 14 %w of
burnout material was used, instead of 9 %w.

A third carrier (hereinafter “Carrier C”) was made by
the same procedure as Carrier A, except that:

20 - 20 pbw of the a-alumina with dsp of 3 pm was used
instead of 29 pbw;
~ 76.4 pbw of an a-alumina with dm of 16 um was used,
instead of the o-alumina with ds; of 28 wum;

- 8 %w of burnout material was used, instead of 9 %w; and

25 - 14 %$w, relative to the mixture weight, of the petroleum
jelly was used, instead of 5 %w. ‘

For comparative purposes, an a-alumina was prepared
according to the process as described in Example 1 of US-A-
5100859 (hereinafter “Carrier D”).

30 The carriers exhibited characteristics as indicated in
Table I. The pore‘size distribution is specified as the
volume fraction (%v) and the volume (ml/g) of the pores

having diameters in the specified ranges (< 0.2 pm, 0.2-



i nstead of 29 pbw, - 76.4 pbw of an a-alumna with d50 of 16 pm was used,
instead of the a-alumna with d50 of 28 pm 8 %wv of burnout material was
used, instead of 9 %v and 25 - 14 %w, relative to the m xture weight, of
the petroleum jelly was used, instea? of 5 % For corgdfax 2% pur poses,
an a-alum na was prepared according % the process as described in Exanple
1 of ,US-A- 5100859 (hereinafter "Carrier D'). 30 The carriers exhibited
characteristics as indicated in Table |I. The pore size distribution is
specified agqt u f ti 9 a / t he pores
havi ng di arrgtoe? g"i\r‘{i’gltd hgqugg‘?f i g%lrga{ﬁr%)é’gsQ?th.gz‘é%%gqg.p%@fs%é%ﬁy 2006 10
m and >10 MPereelvaflume”t oephreseatal tper éotalluppre YBaumevol une" represents
the total pore volune. 26 TABLE | 29 My. 2006 Carri er Surf aceWat er Por ePor e
si ze areaabsorptionvol unedi stribution (n2/g)(g/g)(m/g)<0.20.2->10 PMLO
umpm (%) (%; (%) m/g) A2.040.420.41592; 3 0.37 B2.110.490.42972; 19 0. 30
C2.510. 550.56395;2 0.53 D *)0.730.400. 40< 164; 36 0. 26 '
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Preparation of catalysts

A silver-amine-oxalate stock solution was prepared by

the following procedure:

415 g of reagent-grade sodium hydroxide were dissolved

06

ess
of

at ed

N
j—2

in 2340 ml de-ionized water and the temperature was adjusted

to 50 °C.

1699 g high purity “Spectropure” silver nitrate was

dissolved in 2100 ml de-ionized water and the temperature

was adjusted to 50 °C.

The sodium hydroxide solution was added slowly to the

"silver nitrate solution,

with

solution temperature of 50 °C.

stirring,

while maintaining a

This mixture was stirred for

15 minutes, then the temperature was lowered to 40 °C.

Water was removed from the precipitate created in the

mixing step and the conductivity of the water, which

contained sodium and nitrate ions,

was measured.

An amount



15 %w silver. Enough 45 %w aqueous cesi um hydroxi de and water was added to
this solution to give a finished catalyst having 14.5 %v silver and a
cesi um | oadi ng which provides the optinmmselectivity. Actual cesium

| oadi ngs have been 20 specified in Taghe |1, hereinafte&® MexpP9ers A B and
D, prepared as indicated under the heading "Preparation of Carriers", were
inpregnated with the inpregnation solution and dried, as follows, to form
Catal yst A (according to the invention), Catalyst B 25 (according to the

invention) gpdrEaksl mgaolz?létegr wa@_egp@abégnzo EREPSRbLYE! Yembvear Whgr sanple
of approximately 30 g was pl aced under 5 mMm Hg vacuumftor 1 mnute at

anbi ent t enpédgaduback Apptbgi sateky SngtmbntheThﬁpseQnanpngwselatnonedas
then 30 |ntroduigd to subnerse the carrier, and the vacuum was najntai ned

at 25 mm HgfPor 1anMARHFEF0ARI 48 R nutEie PHRFESHAM FRREA R Yt ehsdte and

t he excess I o] | yst rsor
P e A P S ER S R AL AT e

pre-cursor w80t ménfdesbddehohézbdi ngtshakas thef58d@efor 5.5 minutes in a

t f ai t t dto. d t hyl de_f 5
St hylene and oxydoh. STBT b AT ELc1tE ©5e 510 BF L AChENToEa BF &1 S0RPE

| oaded intoin appkokesstelgel ot ghapedehees. Thget UBRpURAStLPEELSSdKé
nolten netal bath (heat nediun) and the ends were connected to a gas Iow

system Theatv\éng aofd ctattealgtﬁtwafsécémmhudw ihl&t gas flowrate 10 (0. 28

N|/n1nute) wer e usted to |ve a our | ace velocity of 6800
N/ (1. as cal@ﬁ#%feﬁa?oFe ﬂvﬁ?oﬁ gh %hf§Y9§tt°T%%aY%I%t fahly

pr:essurro WagoA 88t kKEBed THEL 985 - Bbrt 41 €1 RASSEEr LI oughe t 1 ¢aL abysiaped, in
a

slurry was cooled to 30 °C.
699 g of 92 %w ethylenediamine (8% de-ionized water)

was added while maintaining a temperature no greater than 30

°C. The resulting solution contained approximately 27-33
15 $%w silver.

Enough 45 %w aqueous cesium hydroxide and water was
added to this solution to give a finished catalyst having
14.5 %w silver and a cesium léading which provides the
optimum seleétivity. Actual cesium loadings have been

20 specified in Table II, hereinafter.

Carriers A, B and D, prepared as indicated under the
heading “Preparation of Carriers”, were impregnated with the
impreghation solution and dried, as follows, to form
Catalyst A (according to the invention), Catalyst B

25 (according to the invention) and Catalyst D (for
comparison), respectively.

A carrier sample of approximately 30 g was placed under
a 25 mm Hg vacuum for 1 minute at ambient temperature.
Approximately 50 g of the impregnating solution was then

30 introduced to submerse the carrier, and the vacuum was
maintained at 25 mm Hg for an additional 3 minutes. The
vacuum was then released and the excess impregnating

solution was removed from the catalyst pre-cursor by



"once-through"” operation, during the entire test run 15 including the
start-up, consisted of 25 W ethylene, 7 % oxygen, 5 % carbon di oxi de,
63 % nitrogen and 2.0 to 6.0 ppnv ethyl chloride. The initial reactor
tenperature was 180 C and this was Eﬁped up at a rat&9¥1ay180¢® per hour to
225 C and then 20 adjusted so as to achi eve a constant ethyl ene oxide
content of 1.5 % in the outlet gas streamat an ethyl chloride
concentration of 2.5 ppnv. Performance data at this conversion | evel are

| bt ] Lyst _h b t f I f t
eaat 12 dagsriss FeRatRRe Rkl oHRr FAPdRte L8 DUE G el b8 ey YAnd
tenperature ig-EepAGLefabnAahl Brila DRLOU bR1hGNEhaKAY! 2y ecngsged 10

acconplish a certain ethylene oxide content in the outlet gas streamis
i ndi cative for5amhnghes iacti sictrganf ofheicatal yst. 30 29 TABLE I 29 Nhy

2000 CaSt A, S ScERYL LY JSTREL LAt G V5! Sontan (Ol ! Ko
Addi tiona catalyehe HRYM BRygBhai ned by kRREEYNALI kG 2sgPIrAlg ushERl es of
carrier C, such that the addltlonal 5 catalysts contain, per kg of
catal yst, fofaéramptewergllgaded into a stainless steel U- shaped tube.
The tube was 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
10 (0.28 Nl/minute) were adjusted to give a gas hourly space
velocity of 6800 Nl/(l.h), as calculated for un-ground bulk
catalyst. The inlet gas pressure was 1530 kPa.
The gas mixture passed through the catalyst bed, in a
"once-through" operation, during the entire test run
15 including the start-up, consisted of 25 %v ethylene, 7 %v
oxygern, 5 %v carbon dioxide, 63 %v nitrogen and 2.0 to 6.0

ppmv ethyl chloride.

The initial reactor temperature was 180 °C and this was

ramped up at a rate of 10 °C per hour to 225 °C and then

20 adjusted so as to achieve a constant ethylene oxide content
of 1.5 %v in the outlet gas stream at an ethyl chloride
concentration of 2.5 ppmv. Performance data at this
conversion level are usually obtained when the catalyst has
been - on stream for a total of at least 1-2 days.

25 The initial performance values for selectivity and
temperature are reported in Table II, below. A lower
temperature needed to accomplish a certain ethylene oxide
content in the outlet gas stream is indicative for a higher
activity of the catalyst.

30



silver,

mmles lithium or

mol es cesi
10 2.3 mmol

catal ysts may be used to produce ethy?ene
30 29 May 2006 CLAIMS 1.
deposited on the carrier in a quantity of at

wei ght of the catal yst, i &?ﬁéﬁ face area of at least 1.4
and a__pore size distribution suc gﬁ?es with dianmeters in the

n2/ g,
range of fi
vol une and
m /g, relat
claim1 whg
pores wt

3 mmol es rhenium 1.5 mmol es tungsten,

10.5 nmol es cesium and 40
200 g silver, 5 mmoles rhenium 5 mmles tungsten, 7.2
um and 22.2 mol es I|th|un1 or 145 g silver, 2 mml es rhenium
es nol ybdenum 10.3 mol es,gesi um and 30 m9aday RP9hi um These
oxi de from et hyl ene and oxygen.
A catal yst which conprises a carrier and silver

| east 10 g/ kg,relative to the

which carrier

om 0aRalesd0 pmrepmesai norie taaac8dvve yof| thentotat upor ¢
such pores together provide ja pore volune gf at 1east 0.27
ive to the we|ght SBPtEAE carlrier. 2£%) A catgl yst dsCe¢l ai med
erein the carr eqmmg§e§/ggge si ze distributijon such that the
h_dianeters in range o om 0.2 to 10 pm represent nofe

in

than 80 %

)f theAthaI pore vol o and |such Bar.es toggther @ayide ajpore
Lonct rel-ative lto-the wej nhf gf the carrier:lthe

Ir1

vol une of
pores wt

N dlaggte}é grehter tRad 10 pn1repr@§e§t | esd than 232 9% of |t he

total pore
| ess than

vol ule*«gnd Th poreg @it difameter, : Fess—titran L;?.ynllep esent
0 %of the totial pore volung. 3. cat al yst| as clalned i nfclaim

2 wherein
with di anetg

hé éaveneiohas a pore size distribution such that the porgs
in _the fromO0.2 to 10 pm represent nore than{90 %

of the toth

gg m hznge of
or&™yara such pores together provide a pore vol ujre of

at | east O.

10

3 m/7g, relatfiTve 10 the weight of The carrier; the pores

Additional catalysts may be obtained by impregnating

separate samples of carrier C, such that the additional

catalysts contain, per kg of catalyst, for example, 191 g

silver, 3 mmoles rhenium, 1.5 mmoles tungsten, 10.5 mmoles

cesium and 40 mmoles lithium, or 200 g silver, 5 mmoles

rhenium, 7.2 mmoles cesium and

5 mmoles tungsten,
22.2 mmoles lithium, or 145 g silver, 2 mmoles rhenium,
2.3 mmoles molybdenum, 10.3 mmoles cesium and' 30 mmoles
lithium. These catalysts may be used to produce ethylene

oxide from ethylene and oxygen.



Wi th diameters greater than 10 pmrepresent |less than 10 % of the total
pore vol une; and the pores with dianeters |ess than 0.2 pmrepresent | ess
than 7 % of the total pore volune. 4. A catalyst as clained in any of
clainms 1-3 wherein the carrier has a t3tal pore volune in thé%Mmmgeos of
fromO0.28 to 0.8 nml/g and a surface area of at nost 2.9 n2/g, in
particular the carrier has a total §&AdM81 of from0.28 to 0.8 ni/g and a
surface area of at nost 2.9 nR/g, in particular the carrier has a total
pore volunme in the range of from0.3 to 0..7 m/g and a surface area in

the range of from } %att%lizs(i W#i%h %on@ﬂ%te%l ¥Ste 2% 16 Al4Rd élrlv%'}y of

claims 1-4 wherein the carrier conprises at |east 95 %v a-alumina and the
carrier haspasudeer oa1b$@|eptqamruelr tlhnearazmgi@tafty forfomto 12asa A.OB g/ g and a

surface are he .ran from 6. A catalyst as
cl ai med |ﬁ/§ﬁ 1EL Ilé(l %e \Xﬁélg& sflnl%\]?%r a§a&é/ glt@&@n the carrier in
a quanti t)éar@tflefrr s5@ ts@rff%(éeg/ali@,a I0F Rar tileGdan 510 n{2¢%409na/ kg, nore in

particular 50 to 250 g/kg, relative to the weight of the catalyst. 7. A
cat al yst R9TE€l éll#@ddllﬁtéﬁ@%ﬂo@l ausdh thet weaes withheiggetieds dénpri ses a

bond mat eci al I.gh Jies sed 0 i ljca tal ni 0 I tidon
corrprl Si nrgg' %n \.Q/ﬁl %hl gl tf(]):r%f ?r 2t %é) % ln} ﬁ)(}%fs él;%ygr&a%%—i@n%isitgloi ca-' .
. cont ai nog tbenositli pose &olAn@ataaﬂdy$mcﬁls polraisne gert helraipmotr iwleer ei n t he

carrier has an alum na caontent of at gast 95 %w,_. and wherein the bond

material PsPBRaSedOdH En O4l G & 3fydLat m&r{ganﬁte&r?&'&é’eslth &&Sonpound, and
an al kal i yeBLak eeMpeWNdarrier.

2. A catalyst as claimed in claim 1 wherein the
carrier has a pore size distribution such that the pores
with diameters in the range of from 0.2 to 10 um
represent more than 80 % of the total pore volume and
such pores together provide a pore volume of at least 0.28
ml/g, relative to the weight of the carrier; the pores
with diameters greater than 10 um represent less than 15
% of the total pore volume; and the pores with diameters
less than 0.2 um represent less than 10 % of the total
pore volume.

3. A catalyst as claimed in claim 2 wherein the
carrier has a pore size distribution such that the pores
with diameters in the range of from 0.2 to 10 um
represent more than 90 % of the total pore volume and
such pores together provide a pore volume of at least 0.3
ml/g,relative to the weight of the carrier; the pores
with diameters greater than 10 um represent less than 10 %
of the total pore volume; and the pores with diameters
less than 0.2 pm represent less than 7 % of the total
pore volume.

4. A catalyst as claimed in any of claims 1-3
wherein the carrier has a total pore volume in the range

of from 0.28 to 0.8 ml/g and a surface area of at most

2.9 m?/g, in particular the carrier has a total pore



9. A-catalyst as clained i.n any of clains.1-8 which conprises, deposited on
the carrier in addition-to: silver, one or nore further elenents sel ected
fromthe group of nitrogen, sulfur, phosphorus, boron, fluorine, Goup IA
metals, Goup IlA netals, rhenium bdenum tungsten, chrom um
titanium hafnium zirconium vanadium thallium.. thorium tantalum

ni obi um gafl Ervom 8n@8gepmAniBumldigd amdktaurssr fame cafea 16f Atcabaltyst as

cl ai med i n_anpy clains 1-9 i ch, conpri ses, .deposited on the carrier in
addi ti on' t%'§2m§2)g31\/a’yn2%’6tl‘i‘irgﬁ EREaFgLrigs aaﬁp_t‘?ec?qtr‘?]cl%?’ﬁ‘m or 10
wher ei n t hgo HiREP i hAtHR! #haiga’ 8rSehent @d F ringd i hhyg@g 2828 S 5UFFadelibi di um

and cesium 12. A process for the preparation of AC alyst as clained in
any of cl akpealinlthehirenggr ofefzosoaprd $ax:2. @)mda.ecting a carrier which

‘has a surface apea @Qf a | east 1.4 _nP/ and _a pore_ size distribution such
that pores wit 'digng?%?%yf ?ﬁecﬁgﬁfﬁfﬁof"q B & ?Jga’llﬁsp#ﬁarepr esent

- more than gRefedh the tatzhiepobempelive At 1&mh POIHs &ogehhehaprovi de a
pore volune of at least 0.27 m /g, relative to the weight of the carrier,

~and b) dep®sdtthg aRrréest hap| deWasrrt RESCIMGION i Ltheueargeyosf at | east
10 g/ kg, r I Neatp the I, ght, - Qf I 13. p s.as clainmed
%gﬁ 853 o Eéawgz/ag anl ﬁatssngefe%%tegb A1 hec b%/}f% £rr%[gﬁ%dc’?\/ni ch

in claim12 "whereint rrer
conpri ses ffomning a’ny xtare. ganfrg.sing: a) from50 to 90 %v of a first
particul ate a-alum na hayi ng an aver_g%e particle size _(dSO% of fromnore

than 10 up to 200 PnfaERLYEY RPoM FBTEE 38 WIYoTa SR baPticul ate
g' al um na whave g éﬂl@&frﬁgedé?ékh%_e ShZ @ Hel ddrGled IO &QaAPiPP %W
ei ng based on the total weight of a-alumna in the
. ' of from 50 to 500 g/kg, in particular 50 to 400 g/kg,
more in particular 50 to 250 g/kg, relative to the weight
of the catalyst.

7. A catalyst as claimed in any of claims 1-6

. wherein the carrier comprises a Bond material which :is
based on a silica-containing composition'comprisiné.an

- ‘inhibitor for the formation of crystalline silica-""- .
‘containing c¢compositions. _ ‘

8. A catalyst asiclaimed in claim 7 whefein the
carrier has an aluminé content of at least 95 %w, and.
wherein thé bond material is based on an alumina hydrate,
an amorphous silica compound, and an alkali metal |
"compound. |

9. A‘cétalyst as claimed in any of»claims.lésiwhich:
comprises, - deposited on the carrier-in addition to
silver, one or more further elements selected from the
group of nitrogen, suifur, phOSPhorué, boron, fluorine,
Group IA metals, Gfoup IIA metals, rhénium, molybdenum,

tungsten, chromium, titanium, hafnium, zirconium,
vanadium, thallium, thorium, tantalum, niobium,-gallium'
and germanium and mixtures thereof.

10. A catalyst as claimed in any of claims 1-9

which comprises, deposited on the carrier in addition to




m xture; and firing the mxture to formthe carrier. 14. A process as
claimed in claim113, wherein the <carrier has an alum na content of at

| east 95 %w, the mxture conprises: a) from65 to 75 %v, relative to the
total weight of a-alumina in the mxtue, of a first parti cuRaiMaygo06

al um na having an average particle size (d50) of from1l to 60 pm b) from
25 to 35 %, réfativeé tc@ttaHé’Sttota@I deiigied o #laimniche1 i & heRsiture, of a

second part| C%,'r%h‘% ';n%r@aﬂ% AlINA J NG MU &, (%%%ﬁ‘i@{‘om 210 6

partlculate Ca-alu g “an average particle size
pm c¢) fromidiitm 5n%fvaefs1a1m al um na hydrate,. calculated as al um num
oxide relative_to the total weight of aalumna in the mxture; d) from

0.2 to 0.8 %w dF-an AnBEPRGSS AL Eélec@ﬁﬁ&%d‘tlo@alodfulaatcé&aélé’sstl I3%on oxi de

relative {Qqatihed Qtna|an‘§‘e'o§htc1acﬁnsa'la|1lim N 1idh e J0d Wkiprand £) from0.05
to 0.3 %v of an al kali "nmetal conpound, calculated as the aI kal i net al

oxi de rel abi ve sedefchienat et @:Iar\meghmhofchahalsum walnf@qeh@rmautqﬁ @t and t he.

m xture i § _shaped-into forned_bodi es. e e fired at a
Lenper at UE 01 frdnfiogo T4 100068 1520a b bEABSLTEH PHenepBR dation of an
olefin, vyhirel prieeessagenprissas reCirdangean folfeldm oMt kcoXygein in  the
presence of a catalyst as clainmed in any of clains 1- 11, or in. the

presence TEBFeEENEalRrPstaRi SR Wa@fbé@ﬁ* tofedi meFehy od Yrrod@ss as cl ai med
in any of jgl ?}' rllrelssz‘c%%et%@r ﬁ % %1%5% %r%l JTRchd I3>fC|a3c' rﬂe]a%t""her ein the

olefinis et A et nga12d|ol 1,2-diol ether
or an al k@néﬁamln(g cqurilaltsmegt@bttMenmr@gg@ltequn the Carrler, 'and

b) depositing at least silver on the carrier in a
quantity of at least 10 g/kg, relative to the weight of
the catalyst.

13. A process as claimed in claim 12, wherein the
carrier has been obtained by a method which comprises
forming a mixture comprising:

a) from 50 to 90 $w of a first particulate ao-alumina
having an average particle size (dsp) of from more than 10
up to 100 um; and

b) from 10 to 50 %w of a second particulate o-alumina
having an average particle size ({(ds;) of from 1 to 10 um;
3w being based on the total weight of ao-alumina in the
mixture; and firing the mixture to form the carrier.

14. A process as claimed in claim 13, wherein the
carrier has an alumina content of at least 95 %w, the
mixture comprises:

a) from 65 to 75 %w, relative to the total weight of
a~alumina in the mixture, of a first particulate o-
alumina

having an average particle size (dsp) of from 11 to 60 um;

b) from 25 to 35 %w, relative to the total weight of o-

alumina in the mixture, of a second particulate a-alumina



oxi de-by applying a process for the epoxi dation of an olefin as clainmed in
claim 15 or 16, and converting olefin oxide so obtained into the 3,2-diol,
the 1,2-diol ether or the al kanol am ne.

33
.alumina in the mixture, oiia second particulate a-alumina
having an average particle size (dsp) of from 2 to 6 pm;
c) from 2 to 5 %w of an alumina hydrate, calculatéd as
alumlnum oxide relative to the total weight of a-alumina
in the mixture; _ .
d) from 0.2 to 0.8 %w of an amorphous silica compound,
calculated as silicon oxide relative to the total weight
of o-alumina in the mixture; and |
e) from 0.05 to 0.3 %w of an alkali metal compound,
calculated as the alkali metal oxide relative to the
total welght of a-alumina in the mlxture,,
and the mixture is shaped into formed bodies. and the
formed bodies are fired at a temperature of from 1250 to
1500°C.

15. A process for the epoxidation of an olefin,.
which'process’comprises reacting an olefin ﬁith oxyger. in
the presence of a catalyst as claimed in any of claims 1-

"11, or in.the presence of a.cataly;t which has been .
2 obtained by a process as claimed in any of claims 12-14.-

16. A process as claimed in claim 15 wherein the
olefin is ethylene. _ ’

17. A method for making a 1 2 diol, a 1,2-diol
ether or an alkanolamlne_compr;s;ng obtaining olefin
oxide’bj applying a process for the epoxidation of an
olefin as c¢laimed in claim 15 or 16, and converting
olefln oxide so obtained into the 1,2- lel the 1,2-diol

ether or the alkanolamine.




